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Abstract: This study empirically investigates the impact of changes in urban spatial centrality on
greenhouse gas (GHG) emissions. Focusing on 20 cities and districts (si/gun/gu) within Gyeonggi
Province, the study quantifies the shift from monocentric to polycentric structures by analyzing the
distributional changes in centrality between 2010 and 2020. Centrality is measured using spatial
autocorrelation indices-LISA, Getis-Ord G, G*, and Geary’s C-based on the distribution of employment.
A spatial panel regression model, which accounts for both spatial interactions and temporal dynamics,
is employed as the main analytical framework. In addition, scatterplot analyses are conducted to

examine regional heterogeneity in responses.
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The results indicate that a higher degree of polycentricity is generally associated with an increase

in Scope 1 direct GHG emissions. However, certain regions show a decline in emissions despite

strengthened centrality, suggesting that changes in urban spatial structure do not yield uniform

environmental effects across all areas. This highlights the contextual role of factors such as

transportation infrastructure and industrial location as key moderating variables. By integrating spatial

and temporal perspectives in the analysis of urban centrality, this study underscores the need for

region-specific carbon reduction strategies tailored to urban structural dynamics.
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oJAle HEETE H114(1987)9 52l 2% 3]9|
(1992)F &l 5 A& o= A =3t= A, A &7Hset
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Figure 1. The spatial scope of the study
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Table 1. Formula for each model

Model Index name Formula
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X —x . .
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| oo - DEEw -y
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Table 2. Descriptive Statistics
Variable Mean Std. Dev. Min Max
GHG 157532 1836.45 142.15 8195.38

LISA 1.29 221 0 12

Getis Ord G 1.58 3.02 0 16

Getis Ord G* 1.71 323 0 16

Geary 1.55 1.74 0 9
21,575328, BEHAH= 1,836 4520 2 A9 7HElE 120 ol A5 A Aol A 5t F|AEF Fifo] &
S| gt Aol Efeke A o2 Yeton, 3 AHATh Getis-Ord G 414 $HEE WY shs
A 142,158, F 32 81953802 AR 2| X HZ LISAS}-FARE B %E‘Z‘i ™, Getis-Ord G*

oA w9 =2 v &=Fo] T ATt

473 A 39| 742, LISA(Local Indicators of Spatial
Association)= A& Z7F A7 A4HS 245t A
HE, BghZ 1298 tha W2 0] 2|9k F[ v gho]
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Figure 3. Rate of change in the Polycentric index (Model 1)
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Table 3. Hausman Test Results

Model S(Ee}ilt]l-sst?c Degrees ((;fﬂFreedom p-value Conclusion
Model 1 0.425080 1 0.5144 Alternative hypothesis: one model is inconsistent (RE preferred)
Model 2 0.077316 1 0.7810 Alternative hypothesis: one model is inconsistent (RE preferred)
Model 3 0.000514 1 0.9819 Alternative hypothesis: one model is inconsistent (RE preferred)
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Table 4. Spatial Panel Regression Results (Random-Effects Model)

Model Variable Estimate Std. Error z-value p-value Significance
Intercept 950.01 213.27 3.48 ok ok
Model 1
LISA 401.06 69.75 5.75 ok ok
Intercept 770.33 313.63 2.46 * *
Model 2 -
Getis-Ord G 354.24 4421 8.01 ok ok
Intercept 778.70 312.36 2.49 * *
Model 3 -
Getis-Ord G* 321.57 44.19 7.28 ok ok

*%:p<0.001, **:p<0.01, *:p<0.05

Table 5. Variance Components

Model Effect Type Variance (var) Standard Deviation (std.dev) Variance Share (Ratio)

Idiosyncratic 206597.5 454.5 0.155

Model 1 —
Individual 117292 1061.7 0.845
Idiosyncratic 81485.6 285.5 0.044

Model 2 —
Individual 1776939 1333 0.956
Idiosyncratic 99059.5 314.8 0.054

Model 3 —
Individual 1718753 1311 0.946

9] JFC] A= Table 42} o] UrERiTh 37 E 3]
A EA A2 = Model 4= A Q] SF Model 1, Model 2,
Model 30] 9 O] A7} 5-0J5F Y O & LEFT.

WA, Model 104 i= LISA A| =7} -2 A 7kA B &
I -05 o TAIE H 3 oH, LISAgEe] 199 57t
oo, T4 ¥4l AHMEF(VDT_G)Z B3 2
E401.055 570k A2 AW Yyt o= 5
g A oA 2 SAAL 7L A5 E S AT H)
S0l S7Foh= Aol U= gttt
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F< HE(VIT_G)= B4 O =& 354.235 57151t
o]= o] 79 FAA o BAME S5 2ATMA v &=
o] F7Foh= Aol AUS= AlAFRITH
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