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Abstract

As the demand for enhancing the quality of urban life and establishing livable neighborhood units increases, the spatial
distribution and temporal dynamics of urban living facilities have emerged as critical issues in urban planning. Previous
studies have often relied on administrative boundaries or single-point-in-time data, which limits their ability to capture
citizens' actual usage patterns and the long-term changes in facility clusters. This study analyzes the spatio-temporal
change patterns of dense areas of urban living facilities in Seoul through a fine-scale approach. Point of Interest (POI) data
for eight major facility types (dining, retail, living services, lodging, leisure, education, medical, and public facilities) from the
Statistical Geographic Information Service (SGIS) were used for the analysis. A 500m grid system was employed as the
spatial unit, representing an intermediate scale between administrative neighborhoods and regional living zones to enable
micro-level pattern detection. Space-Time Cubes were constructed with 2,431 grids across 18 annual time steps from
2006 to 2023, and Emerging Hotspot Analysis was applied to identify spatio-temporal clustering patterns. This method
compares each grid's facility density with its spatio-temporal neighbors and classifies patterns into eight types including
persistent, intensifying, new, and diminishing hotspots. Results demonstrate that dining, living services, education, and
medical facilities formed consistent and intensifying hotspots in central and sub-center areas with strong co-location
patterns, while retail, lodging, leisure, and public facilities showed more localized or diminishing patterns. Core districts
such as Gangnam, City Hall, and Yeouido exhibited overlapping multi-facility hotspots, while peripheral areas displayed
cold spots, indicating spatial inequality. Education facilities formed independent spatial structures with new hotspots
emerging in residential areas. These findings offer empirical evidence for neighborhood planning: identifying functional
facility clusters beyond administrative boundaries, determining complementary service provision priorities based on co-
location patterns, addressing service gaps in education-centered neighborhoods, and incorporating temporal dynamics to
prioritize facility supply and predict spatial expansion in urban regeneration strategies.
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Table 2. Type of urban living facilities from SGIS

Type Subtypes (Total amount of subtypes)

Korean cuisine, Chinese cuisine, Japanese cuisine,
Snack bars, Western cuisine, Bakeries, Fast food,
Chicken specialty restaurants, Pubs/Casual bars,
Cafes, Other international cuisines (11)

Dining

Interior, Stationery stores, Bookstores, Grocery
stores, Convenience stores, Maobile phone shops,
Clothing, Online shopping, Flower shops,
Supermarkets, Gas stations, Hardware stores,
Department stores/Large mart (13)

Retall

Bathhouses, Real estate agencies, Barber shops,

Living Hair salons, Laundries, Banks (6)

Lodging Hotels, Inns(Motels) & Guesthouses, Pensions (3)

Libraries/Museums, Karaoke rooms, PC rooms,

Leisure Ty eaters/Cinemas 4

Tutoring academies, Language schools, Arts and
physical education academies, Elementary
schools, Middle schools, High schools, Childcare
centers, Junior colleges, Graduate schools,
Universities (10)

Education

Hospitals, Veterinary clinics, Oriental medicine,

Medical  pharmacies, Other medical centers (5)

Post offices, Administrative offices, Police

Public stations/Precincts, Fire stations (4)
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Table 3. Type of emerging hotspot resulted by space-time

cube
Visualization
Pattern o —_—
i Definition Hot Cold
spot spot
New (New)  Spot only for the final time step [ m
Consecutive Spot for final time-step intervals m "
(Con) (more than 2)
Intensifying  Spot with intensifying trend for - ™
(Int) more than 90% of time intervals
Persistent ~ Spot with discernible trend for u =]
(Per) more than 90% of time intervals
Diminishing  Spot with diminishing trend for |
(Dim) more than 90% of time intervals
Sonrsiic Spot for the final time step and
b also has been spot sporadically |

(Spo)

before
Oscillatin Spot for the final time step that
(0s0) 9 has been a opposite spot H B

(hot and cold) before

—— Not a spot for the most recent

(Hl_"?;)o ficd time, but has been a spot for at

least 90% of all time
T — Does not fall into any of the spot |

pattemns defined above

Source: ESRI (2017)
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Table 4. Number of emerging hotspots by type of urban living facilities

Type Hot spot Cold spot

(Hot:Cold: None
None® New Con Int Per Dim Spo Osc His |[New Con Int Per Dim Spo Osc His

Dining

(2519°56) 7 358 217 5 0 22 5 0 0 2 29 132 269 18 0 0 1,367
Retail

(6:094) 1 7 24 19 20 9 0 1 0 0 0 0 0 0 0 0 2,280
Lot 3 245 282 46 O 8 7 0| 0 O 9 23 205 18 0 0 1207
(28:23:50) :
Lodging

(8092) 0 17 70 46 48 21 0 0 0 0 0 0 0 0 0 0 2,229
Leisure

Q784) 0 17 28 22 131 7 0 11 4 26 25 B8 41 16 0 0 2,045
Education

(2511°64) 26 344 121 9 0 108 3 0 0 0 31 124 86 16 0 2 1,661
Medical

(271162) 24 475 93 8 4 45 2 0 0 0 9 98 156 12 0 0 1,605
Fublic 1 54 40 3 7 3 O0 o0 6 2 28 0 7 0 0 2217
(7:291) '
Sum 62 15687 875 194 210 329 17 12 4 34 192 675 7h7 87 0 2 14441
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Appendix
FE_H 1 A-H MEA U MRS AN RS
Appendix_Table 1. Number of POl by year
Year Dining Retail Living Lodging Leisure  Education Medical Public Sum
2006 85,406 71,338 44,623 2,668 10,632 23,738 18,436 1,456 258,097
2007 86,358 71,121 45,748 2,580 10,6562 24917 19,364 1,439 262,149
2008 86,650 70247 46,630 2,540 10,410 26,045 20,135 1433 264,090
2009 87,283 69,827 46,701 2482 10,140 26,376 20,880 1433 265,122
2010 89,123 69,726 46,297 2436 9,883 27,064 21,869 1,462 267,860
20M 93,028 71,162 46,710 2,393 9,660 28,239 22,716 1,600 275,397
2012 96,169 73,031 46,686 2,388 9,694 29,038 23304 1,490 281,600
2013 99,432 74170 46,804 2511 9,236 29,706 24,796 1512 287,667
2014 103,035 76,891 47,483 2,651 8,789 30,757 25145 1,600 296,251
20156 103,833 76,109 47,932 2,764 8,252 30,946 26,078 1,557 297,47
2016 107,361 76,180 49,638 2,825 8,767 31,71 27019 1,561 305,112
2017 109,234 78,627 49,980 2,881 9,169 27,222 27,583 1,581 306,177
2018 111,292 77,366 51,180 2,961 9,003 27,781 27884 1579 309,046
2019 114,993 72518 52,351 2,593 8,890 33,663 29,445 1,602 316,055
2020 128,015 89,116 57,707 2,722 8,706 38,257 32,626 1,641 358,688
2021 126,394 81,637 57,593 2,693 8177 39,660 33,519 1,652 351,125
2022 125,724 78,448 57,519 2,499 7,750 40,109 34,498 1,648 348,195
2023 125,207 74,848 55222 2,645 7,653 41,143 34,725 1615 342,858
Average 104,363 75,125 49,811 2,606 9,181 30,907 26,079 1,537 299,609
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