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Analysis of Impacts of Autonomous Vehicles and Car-sharing on Spatial
Configuration in Urban Areas: Focusing on Parking Demand

A5 Jang Changho™, A& Jang Jaeyong™™", <45 Song Jaemin™"""

Abstract

The emergence of autonomous vehicles(AVs) is expected to bring about dramatic changes in our cities, especially
in the use of urban space caused by changes in parking demand. Although recent studies have attempted to estimate
possible changes, not many quantitative studies have been done. Against this backdrop, our study aims to develop
a set of scenarios, build a forecasting model for parking space, and analyze the changes in parking space for the
case of Seoul Metropolitan Area. To this end, five scenarios have been identified based on literature review and
the coefficients of the forecasting model for parking demand have been obtained using a log-linear model. In addition,
relative availability of parking space has been assessed by comparing the current status with estimated parking
demand. Our simulation results show that the impact of AVs on parking demand is heterogenous: if the supply
of AVs increases without their sharing, parking demand would rather increase, while if they are shared, parking
demand could decrease compared to BAU(Business-as-usual).

Keywords: Autonomous Vehicle, Car Sharing, Scenario, Prediction of Parking Demand, Urban Space
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Table 1_Influential Factors on the Use of Autonomous Vehicles(AVs)

Influential Factor

Related Research

- In Korea, the percentage of AVs will reach 15% and 65% in 2030 and 2045 respectively(Oh, Seong, Lee and Kang 2017)

Penetration Rate | - AVs will become commercialized in the late 2020 and they will account for 40% of the total vehicles sales in 2030(Lee 2017)
of AVs™ - The spread of AVs is predicted to start in the early 2030(Yim, Chang and Yeom 2018)

- The penetration rate of AVs could go up to 90% in 2040(Kim, Kim, Hong and Na et al. 2016)

Regional Deviation | - As people get richer, more number of, larger and more expensive vehicles are preferred(Ahn and Kim 2015)
of AVs™ - Willingness to pay for AVs is larger for high-income people(Nordhoff, Winter, Kyriakidis and Arem 2018)

-Due to utility of AVs, the total traffic volume could increase(The Seoul Institute 2017)

Replacing Current | - If AVs and car sharing are not connected with a public transport networks, traffic may increase due to the increase

Car(Replacing of car usage(ITF and OECD 2015)

Public Transport) | - Traffic volume could increase because of a change in transportation mode from public transportation to the use of

AVs(Park 2016)

Additional Car | - Convenience and economic benefits of AVs will enable elderly people, the disabled and minor to use more AVs(Park 2016)
Demand by the |- AVs will contribute to the improvement of mobility of the transportation vulnerable group(Jo, Gu, Lee and Ryu 2016)
Vulnerable” - AVs will increase the mobility of the age group who is not currently driving a vehicles(Silberg and Wallance 2013)

- AVs will bring about car sharing economy(Yun 2016; LX 2017)

Level of - Cars will be shared by approximately 400 million people worldwide by 2030, showing a rapid growth. Furthermore,
Car-Sharing” AVs will have a major impact on car sharing(Bert, Colie, Gerrits and Xu 2016)

- Car sharing and AVs will grow together with synergy effects(Yim, Chang and Yeom 2018)

- Average usage of passenger cars is only around 1 hour, while they are parked during the most of other time(Bin and Kim 2017)
- The emergence of AVs will enhance the efficiency of car use from 4% to 40%, and the parking duration will be reduced

Effici f
Cf:f’;cy 2| (Atbib and Sena 2017)
g
¢ - If AVs are commercialized, more than 90% of current traveling cars will not need anymore(Oh, Seong, Lee and Kang 2017)
- Substitution effect of car per shared vehicles is described as 7.1 to 16.8(Kim, Park and Go 2015)
of Gar | Concept of car ownership will be disappeared in future according to economic and social factors(Arbib and Sena 2017)
Change
& hi™ - Car sharing will cause a decrease in the number of car registrations in the long term(Park, Jung and Moon 2014)
Owners|
P - One Nanumcar in Seoul, a kind of sharing car, has an effect on reducing 8.5 cars(Ko and Ki 2015)
- Car sharing has a direct impact on reducing traffic volume(The Seoul Institute 2017)
- Car sharing are most likely to contribute to encourage the use of public transportation for commuting(Jang, Park and Kim 2008)
Change of Shared

Vehicles Traffic™

- Car sharing and public transport are closely related to each other(Choo 2016)
- Car sharing will have opposite impacts on people between with and without a private carin their use of public
cransportation and traffic volumes(Park, Jung and Moon 2014)

Note: * Used only in scenario development, ** Used both in scenario development and parking demand prediction.
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Figure 2 _Research Flow

Analysis 1: Scenario Development

Identify influential factors and develop scenarios using Wilson
Matrix

Analysis 2: Prediction of Parking Demand

Develop a parking demand model and estimate parking demand
in 2030, 2045 BAU and each scenario

Analysis 3: Simulation of Parking Self-Sufficiency and
Availability of Parking Space

Simulate parking self-sufficiency and availability of parking space
in 2030, 2045 BAU and each scenario
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Figure 3 _Creating a Scenario through Combination of Changes in Key Factors
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Table 2 _ Synopsis of Each Scenario

Scenario

Contents

Scenario
‘Introduction’
(P. Rate 10%)

South Korea has decided to introduce AVs according to global trend, and AVs is gradually spreaded to high income
group. However, car sharing was not yet introduced due to legal and institutional obstacle.

Scenario ‘Growth’ | AVs are beginning to spread rapidly, and people of various social stratum use AVs. In accordance with global trend,

(P. Rate 40%)

car sharing economy has serviced B2B car sharing with a enterprise, so the conversion of car ownership concept is started.

Scenario
‘Stabilization’

(P. Rate 65%) individuals.

Most of vehicles on sale are AVs at now, and many people use the public transport and shared vehicles. Car sharing
is completely encouraged by the government, and car ownership has decreased further by activating P2P sharing among

Scenario
‘New Word’

(P. Rate 100%) | because people no longer own a car.

Transportation in cities take a full paradigm shift. All vehicles in the city is replaced to AVs, and the concept related
to vehicles is reestablished. Most of people use car sharing, and spatial concept of cities changes dramatically again

Scenario
“The End’

Although AVs were widely diffused, car sharing was not introduced due to legal, institutional obstacle and opposition
of related industry. Purchasing and owning a car rapidly increase on account of utility of AVs, and the needs of facilities

(P. Rate 40%/65%)” | about vehicles are enhanced. Therefore, a lot of social problems occur.

Note: 1) ‘P. Rate’ refers to the Penetration Rate of AVs.

2) In Scenario ‘“The End’, the years of P. Rate 40%, 60% are 2030 and 2045 each.
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Table 3 _ Description of Variables

Type Variable Unit Description Data Source
Building Ledger of Electronic
Dependent The Number of Parking L | Parking Lot in the Building Ledger + Street Parking| Architectural Administration
€ r Ol arKin; t 1
Variable e 8 0 © Lot + Off-road Parking Lot Information System
National Standard Parking Data
. Parking Generation Unit through Classification from| Road Name Address Developer
Generating  Amount o
) car Ministry of Land, Infrastructure and Transport Center
of Parking(2018) 0 o
X Building Gross Floor Area Data Based on Road Name
Working Age Population” | people Population of 15 to 64 Years Old
Independent Number of Employees” people -
Variable N OD Material by Means of Transportation about KTDB Information Center
Number of Car Inflow car . -
Traffic Volume Transport Analysis Data
Car Inflow Ratio” % Vehicle Traffic / All means Traffic Socio-Economic Indicator
Number of Car Ownership” car Number of Car Owners‘hip b?r Administrative Region
(‘dong’)
Applicati Regional Deviati ¢ Open Data Portal
cation egional ation of -
PP 1_ ! 8! i - Apply Deviation by Scenario to ZSCORE Standard Land Value of Individual
Variable AVs(2018)
House and Apartment House

Note: * Using a data of 2015, 2030 and 2045.
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Table 4 _Four Types of Parking Self—Sufficiency

Table 5 _Beta Coefficients of Variables

Type BAU Scenario
Lasting Parking Abundance| Self-sufficiency<<1 | Self-sufficiency<<1
New Parking Abundance | Self-sufficiency>1 | Self-sufficiency<1
New Parking Shortage | Self-sufficiency<<1 | Self-sufficiency>1
Lasting Parking Shortage | Self-sufficiency>1 | Self-sufficiency>1

V.

Mz

HI

1. FERR oS

) SR AERY 75

FA4Q FHE JEREL <Table 5>2] A¥ES Hf
goz <4 3>} 7%01 =559

log GFAFHES) = 2.9 + 8.89%107 A 52} HATHF
+ 07592 52 FUSHE + 0.418*og(AFEAt 5
S 4 0.1%107 52} LUkQ] BRAIRF + 0.129%
AR+ 0.174%log("84FE 1 <A] 3>

ZF Al folde H4=0] Pvalues 5
5] Ho} o] v—l“]o}“ﬂ] Fstatistics= 188.75%
=5 37| Alo] Aol thefl f-oJnlsich. E3F, VIF
Fhol wol ¥as 7ke] thgg4ld =AI7E A7 =2
Fow Adjusted R-squared= 0.6005% 3]7]Z 4

H1

t- Pr
value | (> |¢|) VIE

Variable Beta | Std.error

Number of

w5k
Car Inflow 0.00889 | 0.00259 | 3.43 3.93

Car Inflow Ratio(%)| 0.75860 | 0.20210 | 3.75 | *#* | 1.89

Number of Car

41 .05272 92 ok .
Ouwnershipllog) | 041770 | 005272 | 7.9 3.07

Generating  Amount

0.00010 | 0.00002 | 5.46 | #*** |1,
of Parking K 3

Number of Employees| 0.01291 | 0.00209 | 6.18 | *#* | 2,61

Working A,

Orsing 181017300 | 0.04890 | 355 | *+ | 201
Population(log)

(Intercept) 2.90100 | 0.36240 | 8.00 | ***

Note: Significant probability code “*** (0.001

OJof] & W F 60.05%= AFoh= 2 o= e
(<Table 5> X
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olgate] & 20154, 20308 2 2045 BAU F
A48 <Figure 4>9F 2k I0lA Hi= viet 2
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Figure 4 _Distribution of Parking Lots in BAU Case
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Table 6 _The Number of Parking Lot in BAU

Figure 5_Total Parking Demand by Scenario

Variable 2015 2030 2045

Tortal(Lot) 6.89m 7.45m 7.0m
‘Eup, Myeon, Dong’

Average(Loo) 9195 9935 9334
Note: ‘m’ means million.
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Table 7 _ Average Changes in Parking Demand

2030(year) Introduction | Growth | Standardization | New World | The End
Average Change
Ratio(%)" 0.42 -1.46 -18.14 -35.06 26.41
Average Change | g, 2088 | 24300 45996 | 34,248
Area(1r?)
Total Change
Area(ki?) 0.04 -1.57 -18.22 -34.49 25.68
2045(year) Introduction | Growth | Standardization | New World | The End
Average Change
« 0.41 -1. -18.28 -35.32 15.
Ratio(%) 77 35.3 5.5
A
verage Change 504 2,448 22,632 42,900 | 19,128
Area(m)
Total Change
0. -1.8 -16. -32.18 14.34
Area(ki) 37 3 97 3 3

Note: * Average change ratio of parking demand by administrate region(‘Eup, Myeon,

Dong)).



Figure 6 _Changes in Parking Demand by Each Scenario in 2030 and 2045
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Figure 7 _Changes in Parking Self—Sufficiency in BAU Case in 2015, 2030 and 2045
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Figure 8 _ Projections on Parking Self—sufficiency under Different Scenario

(a) 2030 ‘Introduction’ (b) 2045 ‘Growth’

(c) 2045 ‘Stabilization’ (d) 2045 ‘The End’
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