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A Study on Regional Forecasting Framework Using Machine Learning
According to the Changes in Commercial Property Behaviors with ICT Growth
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Abstract

Advanced information and communication technology (ICT) stimulates several changes in our lives, including social
economics and living environments. Especially in urban areas, those changes stretch to commercial properties such
as the emerging needs of e-commerce and spending behaviors of customers. Now, our commercial properties face
several big movements which may affect our ecosystems in social economics in several ways. This study aims to
explore how such ecosystems operate in diverse fashions and to present how our ecosystems would be changed in
the near future with jurisdictional level. This study found several significant clues that the future demands of commer-
cial properties may differ and vary across jurisdictions with changes in urban spatial. To be specific, our results
found that the demand forecasting of the facility groups for the first- and second-category will have negative trends
across Gangwon-si, Choong-chung-do, and Jeju-si in the near future. Also, sales facilities show positive trends in
the central business district (CBD) area and similar trends can be found for office facilities in Daejeon-si, Sejong-si,
and Ulsan-si. This study expects that the developed framework in this study can play a meaningful role as a policy
decision supporting tool since estimated demands in commercial properties can prove useful in urban planning, such
as in identifying the appropriate supply that meets certain demands.

Keywords: Information and Communication Technology, Changes in Urban Space, Commercial Properties, Demand
and User’s Behaviors, Market Prospect
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Figure 1 _ BSI of Small Business Owners in
COVID-19 Era
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Table 1 _ Changes in Urban Space on the Development of Science and Technology
Types Major Changes and Issues
Increased purpose | = Expanding hyper-connectivity — Weaken the meaning of land use classifications
shifting and w Increased needs to saving travel time for work — Increased demands for complex facilities (i.e., work, business)
utilizations for | m(fast) Changes in space demand — Shifting the purpose of space to complex purposes (residence — office, office —
Space hotels)

Changes in the
use of space

m Smart city — Increased connectivity across the nation —
m Increased short-term leasing while decreasing long-term leasing to have efficiency of the space
= High demands in shared-office and -accommodation

Increased needs for sharing space on efficiency

Changes on
offline retail

spaces market

m Increased e-commerce — Decreased goods in offline retail spaces and this trend will be countinued
m Decreasing total demand in retail stores — but, this would not lead to completely disappear in offline
= Continuing demands for special goods even in offline stores — This can be expended to tailored/specialized offline

= Systematized Urban planning strategy would be accompanied to meets the tailored demands

Increased Space
isolation

m Increased space and regional gap due to location preference and market items
= Economy gap will play into space and this will lead worsen conditions such as land preferences, housing gaps.

Source: I, Cho, Chang and Choi 2020, 33.
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Table 2 _ Changes in the Commercial Properties
by Technological Development

Data Changes in the Commercial Properties

Appearance of improved consumer goods — Creating

! demand for new space

2 The polarization of employment (large cities)

Improvement of Accessibility for High-Rise Complexes

4 Financial engineering advances to expand the inflow

Development of manufacturing technology creates
large-scale industrial demand

The overall change in the commercial market as the

6
Internet evolves

Source: Modified from Zhang, Zhu and Ye 2016
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Table 3 _ Data Set and Details for Building Prediction Model

Data General Information Junsﬂlr(:ittlonal Collection Period Sources
Actual Trade Information for By purose. by area and b . 2006 — 2019 -
Commercial Properties Y purpose, by ' y P (monthly) :\/I;nls:ry :f Landd,
nfrastructure ani
Statistics on Buildings By purpose, by area, and by ownership zoo?yea_rlyimg Transport
Statistics on Local Internet Utilization | Surveyed data for internet usage By Si and Do | 2008 — 2019
across South (yearly)
Companies use electronic commerce Korea 2006 — 2019
Statistics on Electronic Commerce | service and general statistics across the (yearly) Statistics Korea
companies yeary,
Population By age, by sex Zoo?yea_rly§040
Source: I, Cho, Chang and Choi et al. 2020, 131.
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Figure 3 _ A General Process for Preparing Forecasting Model

Data Collecting and
Pre-processing

Identifying statistical distribution of data set after collecting and pre-processing reverent data

Factor Analysis

ranges across the given data set
Supervised learning model (i.e.,
contribution factors

Identifying the relationship between dependent variable and a set of independence variables
Unsupervised learning model (i.e., PCA) was chosen for identifying the degree of contributing

Random forest) was chosen for identifying the list of

Building Prediction Model

machine learning models.

independent variables

projected key independent variables.

Arranging the range of independent variables and building a prediction model using appropriate
Applying projection model using supervised learning (i.e.

Applying prediction model with Deep learning model (i.e., Stacked AutoEncoder) using

, Random forest) across key

Note: Modified from the figure in 1, Cho, Chang and Choi 2020.

Source: I, Cho, Chang and Choi et al. 2020, 135.
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Wi 014%1@4 AASIISIcE e 290 ok
Bl AEt Qs 37H) o
T gl Hy Zﬂ -2 *HRoot Mean Square Error,
RMSE)13), "t @2} Ht{(Mean Absolute Error, MAE)14),
Ao @28 (Mean Absolute Percentage Error,
MAPE)LS)S: o} &5te] megde] 21214 B AehgS 7
Zaks.

El(heuristics)

E 7|Fo2 @ AF
A8 TSNS Fgohs 2E o 7ok @A Al
HellM He 7Feet =] c]om:;: vigto 2 77t
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2 TRt glolg 0] 7FsSh ?iZH Ax f_fjﬁE
PH}, A AR o= thke HEAeFo]
S8 9ok 71A18k2] Random Forest 29 =t

10) Random Forest &of] B4 02 7=l = 3

-9 A hyper-parameteni= ABE ©9] A%,

gz 3ol thgt o] ZupR]A| el 2F
% e _fﬁﬂ}ﬁ—?% TLA)\(Over-training problem)7}, &%
ol AUAA &

2A(Under- training problem)7} A& 4= 917] w2
of gloJele] Zt ¥ 7to] Bag Aot 24513
o, F7IE wWaFEZ(K-fold Cross-Validation) 52
o 24 T W oo HIAES Sl At 31

A= 3S Alarsti

o

L

Z [e] S
B39 249 o

N

M

%

A, F ov‘i'—ErJ‘—*.‘ﬂé(Principal Component  Analysis,
L Ao glolgzt fofmgt A
B 7REA, & 2 9] HaTE 8 FsAt
AAHE 7H =& ATAPE I=AE otefsial
11, Random forest :23-& &-8510] sl W47 £l
o1 W 71| A A= olBA AESIIEAE
melsteint. PCA 24 A, o] i 7%
o7 F 147129 Hlo[e1e)7} of 92%°] dels 7}
2= Ao motr|g) 1, Random forest - o-&

3
=
filo
et
op
ol
2
<

Decision TreeolA] 7|2 wojurl=

choltE So] 9ok,
11) Golden-Section Optimization B2 o] AIs)(Global Solution)e] THE ZofA 4: ZFe ZolUrR= uplolch
12) Hill-Climbing Search ®#-> 73-%-0] 47} V== 7P 25378 IR 2pdeg Jdisks WAloH.
13) A2} (RMSE, Root Mean Sqaure Error): SE = \/ —v)
14) A APET (MAE, Mean Absolute Error): MAE= WZ|U,717,|
t=1
N oy —
15) Ao A&-H+ (MAPE, Mean Absolute Percentage Error): A/APE = %2 v U|
(N: A= = o o1& o 27D
16) 4ol Z-8% Random forest @] 147FA] W= thSalt Ak ol 14709] W52 A8 FsAte] AAe} 7 =2 AueAE
Ho|x 011:}
# Variable name Description of Variables
1 All_Under_19yrs All population between over 10 years old and under 19 years old
2 mean_Actual_Area The average value for area among trade
3 q75_Actual_Area 75-percentile value for area among trade
4 025_Actual_Area 25-percentile value for area among trade
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Figure 4 _ Variable Importance and Partial Dependency Plot for Selective Input Variables

Purpose ° Partial Dependence on All_Under_13yrs Partial Dependence on NB_U200m
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Variable Importance Plot Partial Dependency Plot for Selective Variables

Note: (1) (left) x-axis represent variable importance while y-axis each variable, (right) x-axis represents the scale of each input variable
while y-axis represent the number of actual trades. For example in partial dependency plot, the more All_Under_19yrs variables
the more trade.

(2) ‘All_Under_19yrs’ represents all population under 19 years old, ‘NB_U200m’ represents statistics on building by area under
2001, ‘NB_Com_P’ represents the number of properties for industrial purpose, ‘mean_Cost’ represents the average amount for
trade, ‘q25_Cost’ represents 25-percentile value among trade values, ‘g25_Actual_Area’ represents 25-percentile value for area
among trade values.

Source: I, Cho, Chang and Choi 2020, 134; 139.

# Variable name Description of Variables
5 NB_Com_P The number of properties for industrial purpose
6 NB_U200m Statistics on building by area between 100m* and under 200n’
7 max_Actual_Area Max value for area among trade
8 q75_Cost Amount (Cost) for trade in 75-percentile
9 std_Year Standard deviation of year among trades
10 Year Subject year
11 W_Under_19yrs Women population between over 10 years old and under 19 years old
12 W_Under_29yrs Women population between over 20 years old and under 29 years old
13 std_Area Standard deviation for the trade area
14 g25_Cost Amount for trade in 25-percentile
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Table 4 _ Prediction Results for Commercial Properties
MOE Fold 1 Fold 2 Fold 3 Fold 4 Fold 5 Average
RMSE 7492.2 4301.8 4368.5 44335 9664.4 6052.1
MAE 2865.1 2022.1 1502.3 1720.0 3086.0 2239.1
MPME 2.5% 2.0% 1.4% 1.7% 2.4% 2.0%
Source: I, Cho, Chang and Choi 2020, 137.
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Figure 5 _ Demand Prediction Results for the First and Second Category(i.e., Commercial Properties) between
2016 and 2040 with b5-year interval in Korea
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Prediction Year First Category Facilities Second Category Facilities
2031 - 2035
2036 - 2040
Source: I, Cho, Chang and Choi 2020, 145; 147. Il < 14% B 14%-29% []29%-43% [ 43% -57%

[C157%-71% [l 71% -86% [ > 86%

Figure 6 _ Demand Prediction Results for the Working Space Category(i.e., Sales facilities, Office) between
2016 and 2040 with 5-year interval in Korea

Prediction Year Sales facilities Office

2016 - 2020

2021 - 2025

126 ZEAT HM11423(2022. 9)



Prediction Year Sales facilities Office
2026 - 2030
2031 - 2035
2036 - 2040

Source: I, Cho, Chang and Choi 2020, 149; 151.
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Figure 7 _ Demand Prediction Results for the First and Second Category(i.e., Commercial Properties) between
2016 and 2040 with 5-year interval in Seoul

Prediction Year First Category Facilities Second Category Facilities

2016 - 2020

2021 - 2025

2026 - 2030

2031 - 2035
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Prediction Year First Category Facilities Second Category Facilities

2036 - 2040

Source: Lee et al. 2021, p. 153, 155. B < 14% B 14% -29% [[]29%-43% [ ] 43% -57%
C157%-71% [l 71%-86% [ >86%

Figure 8 _ Demand Prediction Results for the Working Space Category(i.e., Sales facilities, Office) between
2016 and 2040 with b5-year interval in Seoul

Prediction Year Sales facilities Office

2016 - 2020

2021 - 2025

2026 - 2030
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Prediction Year Sales facilities

Office

2031 - 2035

2036 - 2040

Source: I, Cho, Chang and Choi 2021, p. 157, 159.
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Table 5 _ Demand Prediction Results by Region

First Second Sales
Division Category | Category | faciliti | Office
Facilities | Facilities €s
Seoul O Vv O U
Gyeong-gi | (] O Vv
Incheon 4 Vv V4 Y
Gwang-won area \Y4 \Y4 \Y4 \Y4
Chung-cheong area O \V4 O V4
Jeon-la area v Y O O
Gyeon-gsang area \V4 \Y4 v |
Dagjeon 4 V4 O A
Daegu Y O V4 O
Busan Y V4 O O
Gwangju 4 Y \V4 O
Ulsan O Vv A A
Jeju 4 Vv \V4 O
Sejong | (] O A

Note: A increase in transactions, \/ decrease in transactions
[ stagnation
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