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The Impact of Network with Central City on Urban Growth
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Abstract

The development of science and transportation technology leads to the increase of inter - city networks that play an im-
portant role in urban growth. Overall, numerous studies based on network theory pay attention to positive effects of urban
network on urban growth. However, some studies have pointed out the negative effects of inter-city interactions such as
straw effects. This implies that the network between cities may not be positively correlated with urban growth, and that the
direction of the influence may vary from a certain threshold, such as the marginal utility curve. In this context, the purpose
of this study is to measure the impacts of network with central city on urban growth in the capital region and examine the
relationship between urban network and growth. Two multiple regression models are employed with changes in population
and employment as dependent variables. The urban network index and other control variables are used as independent
variables. Especially, the urban network indexes are used in quadratic forms to examine non linear relations with urban
growth such U-shape or an inverted U-shape. The results show that the relationships between networks with the central
city and urban growth are not a simple linear, and the influence can be changed from the critical point.
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Figure 1. Utility curve according to city size
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Table 1. Variables and calculation formulas

Variables

Growth rate of population

Calculation Formulas

(Population in 2015 — Population in 2005) / Population in
2005

Dependent variables
Growth rate of employees

(Number of employees in 2015 — Number of employees in
2005) / Number of employees in 2005

Population density in 2015

Population / Urban area(km?)

Social variables -
Aged-child ratio in 2015

Population with age 65 and over / Population under 15

Establishments in 2015

Number of establishment

Change rate of establishments

(Number of establishment in 2015 — Number of
establishment in 2005) / Number of establishment in 2005

Economical variables

Establishments per a employee in 2015

Number of establishment / Number of employees

Industrial structure in 2015

Number of each industrial(manufacturing, wholesale and
retail trade, food service and lodging) employees / Number
of the total employees

Ratio of dilapidated dwellings in 2015

Number of dwellings built before 1995 / Number of dwellings
in2015

) ) Ratio of new dwellings in 2015
Physical variables

Number of dwellings built since 2010 / Number of dwellings
in2015

Ratio of small-sized dwellings in 2015

Dwellings under 60m? in 2015 / Number of dwellings in
2015

Dwellings in 2015

Numbers of dwellings in 2015

Distance from Seoul
Impacts of urban

Distance from the center of Seoul to each city(Km)

network with central Travel network with Seoul

Urban network index

city Commodity network with Seoul
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Table 2. Descriptive analysis of network indexes

Classification Mean Std.Dev Min Max(city)
2005 1, 505 95,985 76,616 2,548 294,461(Goyang Deogyang-gu)
W, 2005 0318 0177 0.081 0.720(Bucheon Ojeong-gu)
12015 122,799 100,507 739 476,993(Seongnam Bundang-gu)
Travel 2015
W, 015 0.271 0.151 0.067 0.683(Hanam)
Al 0.376 0.686 -0.710 2.664(Hwaseong)
Change rate
AW, -0.065 0.374 -0.789 1.135(Incheon Jung-gu)
- T, 2005 2,298,194 1,686,084 100,762 9,369,928(Incheon Jung-gu)
W, 2005 0.245 0.058 0.124 0.338(Seongnam Jungwon-gu)
, Loois 1,231,713 1,229,970 42,690 6,970,583(Incheon Jung-gu)
Commodity 2015 -
W,2015 0.191 0.084 0.003 0.397(Guri)
Al -0.487 0.256 -0.887 0.323(Goyang llsandong-gu)
Change rate
AW, -0.2256 0.308 -0.986 0.663(Goyang llsandong-gu)
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Table 3. Results of correlation analysis between network indexes and urban growth

2015 Change rate
Classification - -
Population Employees Population Employees

1015 0.567%* 0.384** -0.048 0.208

W, 2005 0.001 -0.14 -0.061 0.04
Travel

Al 0.251* 0.401* 0.445%+* 0.341**

AW, -0.048 0.035 -0.072 -0.156

12015 0.379** OI573% 0.41%* QI2i7ias

) W, 2015 0.088 0.028 -0.002 0.069

Commodity

A, 0.247* 0!3755% 0.435** 0.444%%*

AW, -0.032 -0.005 0.121 0.126

#*p<0.01; **p<0.05; *p<0.1, round off the numbers to three decimal places.
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Table 4. Urban growth trend(2005~2015) according to urban network with central(core) city

Network Urban growth index
Gu Year - Commaodity Population Employment
Quantity Growth rate Quantity Growth rate

2005 10.00% 18.20% 38,707 - 58,680 -
2006 11.40% 18.30% 39,329 1.61% 62,644 6.76%
2007 10.60% 18.10% 39,082 -0.63% 63131 0.78%
2008 11.50% 20.70% 38994 -0.23% 60,584 -4.03%
2009 12.40% 15.90% 39991 2.56% 65,656 8.37%
Incheon 2010 17.40% 14.00% 42,065 5.19% 66,693 1.58%
Jung-gu 2011 18.60% 10.60% 42,288 0.53% 71,104 6.61%
2013 19.90% 10.00% 47949 13.39% 74848 5.27%
2014 20.20% 8.40% 49,874 401% 82,627 10.39%
2015 21.40% 7.80% 51,240 2.74% 91,689 10.97%

Ch&“g%f‘e 113.5% 57.0% 32.4% - 56.3% -

2005 53.50% 22.40% 83335 : 73574 :
2006 45.80% 33.60% 90,376 8.45% 8,868 7.20%
2007 47.20% 33.90% 97,464 7.84% 88,669 12.43%
2008 45.70% 31.40% 100,066 267% 95213 7.38%
2009 45.40% 29.00% 100678 0.61% 97,020 1.90%
Goyang llsan 2010 36.10% 28.80% 104,091 3.39% 102,842 6.00%
dong-gu 2011 36.30% 32.90% 106,924 2.72% 108,509 5.51%
2013 35.70% 35.90% 109,634 2.53% 118,434 9.15%
2014 35.10% 35.30% 110,182 0.50% 125776 6.20%
2015 35.00% 37.30% 111,620 131% 129,905 3.28%

Change -34.7% 66.3% 33.9% - 76.6% -

rate(05-15)
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Table 5. Descriptive analysis of variables

3. Az AlRle| HEHII ZAKESE Dlxl= S X
SJe 2ME

B eio) myolA] AN W] 7| 25 A BAEIE (&
5ok (6L FHEAS) YEYA EARA 1)
a9 gare) e o] Sat ShEE ARGl e
Havolrt, By 172 ATHSEE FHUSE S myo]
W, 2 33} 4 DEUSHES FHWS oL 9}, o 5 2
20 B8 41 W= ulF WS Wae] 2ahe S Tt
8 glom, o] Fae] FAEA|2e] W= EAA Ao
vl 3l FargeEls skt

1) BAZAIRIS] YIESTH Q0| 0jkl= F3t
Ve )% W e 0] 2318 EREAL QA ke 2 13},
2Aahe TR 29 20 AT, nyo] SRS ek A
8- A2 EelA] et F Ryl AR SA AukE
uojglon Mol dvd Anke BAHAT, AR W
SRE g4 2] FAR 4 Hl& WL F 2y oM uE g
ofgt 29 g AU Aom BAH, o)t Ag % LU
0] F7He 24 ) AFAAONE BRI Gk F Aow
shHEich ol AlulAle] Flo] THE FARIG Ak HS
S U BFEASH RFAEANA trehhs A 3 4
Q20 F7P7} ke 2 Aow voEr,
Be)d Wsnt iR A5 veETL E 2o

Variables Obs Mean Std.Dev. Min Max
Dependent Growth rate of population 54 0.204 0.250 -0.116 1.108
variables Growth rate of employees 54 0.428 0.248 0.074 1.102
Social Population density 54 5,398 5373 51 21,433
variables Aged-child ratio 54 0.895 0.515 0.292 3267
Establishments 54 18,778 10,230 1910 51,953
Change rate of establishments 54 0.306 0.224 -0.053 1.136
Economical Establishments per a employee 54 0.197 0.043 0111 0.285
variables Share of employees in manufacturing 54 0.215 0.153 0.01 0.535
Share of employees in wholesale 54 0.149 0.039 0.078 0.307
Share of employees in food service&lodging 54 0.111 0.046 0.055 0.292
Ratio of dilapidated dwellings 54 0.383 0.152 0.060 0.664
Physical Ratio of new dwellings 54 0.135 0.075 0.018 0.349
variables Ratio of small-sized dwellings 54 0437 0119 0225 0788
Dwellings in 2015 54 85,848 46,740 6,731 202,097
Distance from Seoul 54 355 27.8 13.2 209.0
Impacts of : _ _
urban network Change rate of travel network share with Seoul 54 0.065 0.374 0.789 1.135
Change rate of commodity network share with Seoul 54 -0.225 0.308 -0.986 0.663
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Table 6. Impacts and relationships of urban network with core city on urban growth

Population Employees
. Excluding Including Excluding Including
Variables quadratic quadratic quadratic quadratic
terms terms terms terms
(Model 1) (Model 2) (Model 3) (Model 4)
Social Population density -0.0001 -0.0001 - -
variables Aged-child ratio 0.020 0.060 -0.069 -0.071
Establishments 0.0001 0.0001* -0.00071** -0.0001*
Change rate of establishments - - 0.998%** 1.09%%*
Economical Establishments per a employee - - -0.765 0.774
variables Share of employees in manufacturing 0.212 0.043 0.281 0.254
Share of employees in wholesale -0.428 -0.939 0975 1.197
Share of employees in food service & lodging -1.784* -2.706%* 2.182* 5] A%
Ratio of dilapidated dwellings -0.616** -0.646%+* 0.254 0.268
Physical Ratio of new dwellings 0.36 0.428 0215 0.192
variables Ratio of small-sized dwellings -0.671% -0.670%* -0.116 0.026
Dwellings 0.0007** 0.0007** 0.00071* 0.0001
Distance from Seoul 0.005%** 0.006*** 0.0001 0.0001
Change rate of travel Linear term ONBEAR 0.205** 0.020 0.011
Impacts of network share with
urban Seoul Quadratic term - -0.1917 . -0.006
network )
Change rate of Linear term 0.282** 0.366%+* -0.095 -0.175*
commodity network
share with Seoul Quadratic term - 0.297** - -0.24*
Cons 0.632** QR -0.185 -0.310
Adj_R-sq 0.735 0.769 0.780 0.787

note) **p<0.01; **p<0.05; * p<0.1; *p<0.11, round off the numbers to three decimal places.
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Table 7. Average of commodity network with central city classified by network’s direction

L Travel Commodity
Classification
To Seoul From Seoul Inter-Seoul To Seoul From Seoul Inter-Seoul
2005 31.5% 32.0% 31.8% 28.4% 20.5% 24.5%
2015 26.8% 27.5% 27.1% 21.3% 17.4% 19.1%
Average rate of change -5.2% -1.2% -6.5% -26.6% -14.2% -22.5%
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