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Predicting the Impact of Shared Autonomous Vehicles on the Change of Parking
Demand in Seoul, Korea
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Abstract

Autonomous Vvehicle technology, which has been rapidly developed in recent years, is expected to greatly change urban
parking demand in particular when autonomous vehicles are used as shared cars. However, few studies have focused
on investigating the potential parking demand changes incurred by the shared autonomous vehicles (SAVs). Under this
background, this study attempts to compute the required fleet size of SAVs to provide transportation services for some
portions of passenger car travel demand in Seoul and estimate the resultant parking demand changes based on a simu-
lation approach. For this purpose, 20 scenarios are established by varying fleet size and relocation strategy of SAVs. The
scenario-based analyses identify that the required SAV fleet size is 5,000 for both 3km and 5km relocation strategies when
the SAV market penetration rate is 10%. The model with assumptions of 5,000 SAVs deployed and a 5km relocation strate-
gy shows the greatest reduction in parking demand, which is equivalent to 277 vehicle-hours per day. In addition, the wider
relocation strategy implies tradeoffs between operational efficiency and travel distances with no passenger. Although
models with a 5km relocation strategy show greater reductions of parking demand and waiting time, they suggest travel
distances with no passenger can be longer due to the relocation of SAVs over longer distances.
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Origin Destination Travel Demand for SAV Travel Distance  Travel Time  Travel Speed
(dong) (dong)  g9-01 01-02 22-23 23-24 (km) (min) (km/h)
Sajik Sajik 1 1 1 1 0.88 2.10 25.06
Sajik Buam 1 0 1 1 3.90 17.98 13.01
Sajik Pyeongchang 1 1 1 1 6.39 20.44 18.76
Sajik Muak 0 0 0 0 217 23.27 5.60
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Sajik Gahoe 0 0 0 0 2.83 5.33 31.86

52 "ZEAE, M543 ®M4E (2019)



ox
A==

SH =2
S O

7 XSAH ol ME MEBA| FRIeL HEt oS

H2 25 Z0 oAl Table 2. Example of model result
N . . oM EsR
. . omgy  EUAZ EMl sEssAn TUSSIT smug
HF F =) Z<3H .
SAV il = 2t AR _.IOIE."'}E Travel Travel Cumulative ERllane State of
Origin Destination Time SRA S : . . Travel
ID Hour > Time Distance Travel Time ; Charge
(dong) (dong) Step  SAV Behavior : . Distance 5
(min) (km) (min) (km) (%)
Guui2 Guui2 8 1 \F’,V"’““”g for 967 o000 2501 8.45 60.24
assenger
Guui2 Guui2 8 7 IntemalTravel 50, g5 2803 9.40 59.83
to Origin
Guui2 Jayang3 8 1 Passenger 6.60 377 34.63 1317 58.19
Travel
2 Mangwon2  Mangwon2 8 1 \é"a't'”g for 443 o000 1.43 0.00 78.26
assenger
Internal Travel
2 Mangwon2 Mangwon?2 8 1 o Origin 3.63 1.16 5.06 1.16 78.76
2 Mangwon?2 Eungam3 8 1 Pa?faev';?er 1675 670 21.81 7.85 81.67
2 Eungam3 Eungam3 8 1 \F/)Va'“”g for 159 0.0 23.40 785 81.67
assenger
2 Eungam3 Fungam3 8 1 IntemalTravel 5 55 (g 2636 875 82.07
to Origin
2 Eungam3 Sinsa2 8 1 Passenger 653 205 32.90 10.80 82.96
Travel
3 Myeonmok2  Myeonmok2 8 1 \Q’a't'”g for 375 000 375 0.00 25.69
assenger
3 Myeonmok2  Myeonmok2 8 1 Intemnal Travel =5 o 073 5.95 073 25.14
to Origin
3 Myeonmok2 Myeonmokbon 8 1 Pafrsaevne?er 347 230 9.42 3.03 24.60
IS 92017) Farste] 2021d0l4] 2025 Afe] Ho] o] Wi S ofd I o e PAF 1 EEY 3
Fojx]a, Al FPAETL 230kmE AV FER= 24K A7) AFsA oS ARSSR e H, AlQ2)Lk Tk
= S, ole] el 82 AFAS AT 54 -
230kmolA} L A] ZHo] Pasin g et & Ispd, =) 423” #i @

A Arefi(state of Lharge) ey B0l A)ZF A A 0~100%
& FAQE AQGHET, o] o, SR 0%t A2 2 T4
FYA 7} 230km 7} Eo] SA| AsHo] Ak Aefoln,

2)Q)olA Ispd = HEE
g5 illA 3”10 e YAE

& 12 W55 +501u4 spd,= %
5 J7HA] FHEEE HERdTH

100%+= 2% 24 § 361 o2 s vehdich, 542 A opRERo 8 H5E A7R ﬂ%@ﬂl— 164 sto] HFAIE 53
7] AFEA; FAA0NA o] oA, B ApolA= A7] AFsAt & oAbl v 2711 R AlRto] AR E =S 7hEA
47} 2F Bl 1704 okar gy, £ A&k ol2fdt 7 Al v A=E B89 4HEst 3
B W32 53 A2l= Plaza and da Silva015)9] ¥ A AEA] ZF YAALZEE LEFAA (KAl S A=A,

HES A8oto] PAs WAl Hige] dgAor Agsiole et AD7HAY SHARE MIE 2AR ARSI oA
o off| A)(1)x 2}, T~8A19F @5 17~18A9= 71 FAE 1t Sl 1,254,

QO 8~9X|e} 25 18~19A]0l= 1.58]9] SFATIO] AR EE

Idist,=0.81+ (Darea,)"” (1) F7AE 285kt

A(DAA Idist= 3% i WS Ao, Darea =
A5 10 WAL Hehdict,

3 2 U XE2FH S XSt AS

Al 36 AER gl that ARdlold nRe 755

Journal of Korea Planning Association Vol.54,No.4 (2019) 53



a1, ohA AT o HlolEE Sl 24e
gefstal Je AT S AR de ()%
g olgshe A, 054, 054
HEAR oS A% A5, )4 He
AEH, O T sk A, (7)
A 7R ek AEFold BE W A
T daelEe (d pek L

HA, (DS A3l LR ofsshe 3X
S} HAE ey AsAke] Fgolt lé Aol A -3t
= AlEgoldollA AeFY Asake 4]
SHR7E Qlo) AT AuA B2
g Ao S AHE A S AHE E
2E S4 o1F 230km o FH3 FALE7E 0%
7k ZA7) ARs AR %?ﬁii Ol%ﬁ}@l 3027t A

Kl
v
ok
2
o
b=
ol}

w3 5 9]
= ol Akl e A7t sl A5
2 WA A F AL
ofok 5H AIZRE Eahu] A)(3)2} 2ol 4

zﬂ—
o=

= 3

S HE 4l i @Toﬁ AR} HXI

o] Z3l 2HEals o HEF

o}, o AT} BHE AT A5t B
HSAR olFS ATt AT, (5)57

EAA| 20| AFY A| 7HA = -

35

YL FHAL,

3R
S
£

|

chg
Mext

SAV
SAV

o5y

Passenger Travel

4L 7|
Waiting for Passenger
Travel Occurrence

k.

r

73| S8

Internal Travel to Origin for
Passenger Boarding

A

oi7y

%

Passenger Travel

L smesny

5 ZEAE, M543 ®M4E (2019)

Time Step

A7 23t 220
Checking Exceeding

Time Step

R
£% 8

Checking a Need

to Charge

ETa H

Demand

Checking Travel

i
2|9 %2 Y
Checking Travel Demand
in Adjacent Dongs

Wtime,= 0.5+ (Rtime;/ Tdmd,,) ()

Q)M Wtime= AH&F32L i9] 524 A t71AES 5
St el 2ol tHe22 Rtime> A&FYAL 7} jARE
ol A g AREE 5ok, o2 di7] A2 AEe] 5A] 402012k
HSAL ARl A 2020] AL & 4 ok vHAHe R,
Tdmdy= jAZYH O AReF3 A2t 1A% A4S koll Fot
= TS Uepdt), A2, 5A] 4020 ATt 914
she WAl 5319 FATarE SARH, S22 H71A

72 2 Ho] Fr}

SAHSS 3 FAFHLS 52 WA di7] & 53S9
3 $2& G5A1717] $8l G WolA so] YAlshs A-
7] o)t AL Lkt B dAtoAe 37 99l 3HF

o= st 9o} AT o] A8 A5 9ixeh
3}

AU 91X xg;sl el 5 7] o], S At
%5

ASHSIE), oIS A colels] Aol WS 1 B
711*0& % éazs x}%-w AT PHES WA= 8

77777777 2
! Charging

L2 HBEY
Internal Travel to Charging
Station

'
: 34 (302)
' Charging (30 min) '
;

:
SAV 2f{gf3] 1
Relocating SAV d
i

EY22 WY 7| Relocation and Waiting
Waiting for Travel
Demand Occurrence '

Hulfz] Y cf7| E

321 AE01E 2 HollM Xedl AisAte] s LualEs
Figure 1. Algorithm for depicting SAV behavior within the simulation model



2T 7 XSk ol M2 MEA FxakeQ HE o=

87} 9he 739 AR AR AR O A =AY 05 Al
H717] i gsol A di7IskAl At WA, g At
7} 9173t WAHE 3km HE Skm ol Ujol] $IX/3 HABA £
%27} QIrhE, AH85 AHEAHE skm o|lol $1F BE
= 7},—4 Eg2=q 7} wo| Yol PAE o2 o]E3ic} wWhd,

Z3) B $IXT WS 29 3km o]l FHE S|
BYRaTL G A9 ARFY AFAE kg AR HY
A5 of7] it

3. 22

o

9| M=

£

Slof o] T Aol d BRE Boste] AT B
ARgARe] Th4ot A B AEA] A Ak sfeto)
El2A BshA, T Auele sl dat ke =9
o} olefet Bale] 1244 At gho.z A AT B9 Al

L oy, =
SR NhA, A7Rgo] AT 6 AEAR Seo] A
so] o] ST Fo FABHA g, hE A0 E o] 53
Aol o Aole) #as 7}0} i e £

= XVP%M X]’E
]Tomx] e A0 HI FAER A

Aol SR8} flol AT F AR AE s Aol o

I8k 7B S Al FARslopslke B¢ 5= ATl ¥

160,000
140,000

-

20,000
00,000
80,000

[

60,000
40,000

Number of Passenger Travel

20,000

4l

=& 3km relocation -~ 5km relocation

100 500 1,000 2,000 3,000 4,000 5000 6000 7,000 8000

Fleet Size of SAVs

212, K26l Xj2F [ 2 ES1AQ EFME Q|0 2

oTLH oo

F AeAF S o2 Q8| WAsh= 7t FAR S EEkct
e W elA Aolsk= Fa 9 Hate] HojE arsto] &}
EX}EXH b:lﬂE = -3?_— ot Y %Piow 7ok A5

Sepe] 49 19 93 2.290) 150 B o1 2
Sk bl B AT AR B S ol 84 ol A% 2.29)
o A7hg 17k Al 2O FPgslsie E3, 20164 A

Al AFAEY] MA] A= 1

of A== A7 19T Hasle FA8E ALt

FAAZH1363.918)& 2835

2.
v. =24 Z1t

# Aol = TR B e 9 AT AFsAke] dis
of wjgt F 20702 AU & AAste] AlEHo]AE =353
o}, A AR E 21 S 848 2 #9= 3km, Skm 7 7F
A A5 Agstaon, A8 At thg== 100thollA]
8,000t 7141 10709] gk A-8stlet, WA A& A5t
OMESY o~ 25 ApEA} QYo7 QIS AR 9] A=
GE3) 9 (Y ekt

B2 A ] 3kmollA] AEFY At ABTHY 4
= AT A ti4=9] F7tel weh & o' SksiohE A
A E342(138,2872))<] 95% ol SFHA7]= 5,000t ©]F
F2RE 1 7o) A EolEe= AE ERIE = o), A2, &
F=E 1,0000191A4 2,00012 S7HHS e A58 As
2po] oAMESY 3147} 36,5193 Z71st vHH | 7,000t ol A
8,000t 2 S7HFAS W= vl 2] 22 82275 3Yrto] S7staict.

T8 B H9] skmolMe A& ApEEol Bt W
HJHoﬂ/\{ E 3 _/’: E El—AHo}q EI—J\HHJH 3km o—‘é—" H]
o] 2 A& A tigeol| A T W o A 53S A2
= & 58Uk A=, 5358 S| 3km, AT i}
4= 5,000t EFoA= HA| B2 °F 95.31%5 sh=

0

I

Kl
ofr
=i

OSH

of
T
RS

Empty Travel Distance

=@ 3km relocation -8 5km relocation

r.dl

100 500 1,000 2,000 3,000 4,000 5000 6000 7,000 8,000
Fleet Size of 5AVs

OIS HEIH(R1Z)0L BAFH 42| (R2Z) 15

=]

Figure 2. Changes in the number of passenger travel by SAVs (left) and empty travel distance (right) by fleet size

of SAVs and relocation strategies
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Table 3. Number of passenger travel by SAVs and replacement of private vehicles by SAVs

SxEH xjat i
swie  AERY A A S ’ﬂiﬁ’“jjﬁw L G i
Ee?o‘:tl:ation Fleet-gize g iz Ll Ofl Total ;ass::g;:r Travel I\‘/Té_an Pﬂ:;s’s':n;:r A-Ot?l Nt:ln:)bgr of [I)E_mpty Tralll el
Strategy of SAVs assbe;gi\rvgave by SSVsIT otaloTraveI Travel per SAV V:rlnai;: byrgf\tlz istance (km)
emand (%)
100 8,346 6.04 83.46 3,791.13 13,492.99
500 34,727 2511 69.45 15,774.58 55,059.65
1,000 59,611 43.03 59.51 27,032.60 94,104.05
2,000 96,030 69.44 48.02 43,621.19 159,373.95
Sk 3,000 119,854 86.67 39.95 54,4433 212,891.75
4,000 128,569 92.97 32.14 58,401.88 237,491.37
5,000 131,808 95.31 26.36 59,873.18 246,250.52
6,000 133,657 96.65 22.28 60,713.08 251,231.33
7,000 134,953 97.59 19.28 61,301.79 253,736.40
8,000 135,775 98.18 16.97 61,675.18 255,986.19
100 8,366 6.05 83.66 3,800.22 14,102.52
500 34,086 24.65 68.17 15,483.41 57,720.74
1,000 59,062 42.71 59.06 26,828.64 100,556.94
2,000 96,282 69.62 48.14 43,735.66 173,706.41
3,000 122,591 88.65 40.86 55,686.40 245961.52
ok 4,000 134,676 97.39 33.67 61,175.96 293,973.30
5,000 137,083 99.13 27.42 62,269.33 308,626.41
6,000 137,756 99.62 22.96 62,5675.04 312,608.32
7,000 138,040 99.82 19.72 62,704.04 313,052.80
8,000 138,256 99.98 17.28 62,802.16 310,118.57
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Figure 3. Unserved travel demand by time, SAV fleet size, and relocation strategies, 3km (up), 5km (down)
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Table 4. Additional parking demand generated by SAVs

%gOHHErAOH EI‘I7IE X5 xl‘%"l"@ =X{O 2 0|5} = = X X%
o x| = = = = ol - M Olot =7 § =7 X
N Agxy  sdud e R e J;LA Mg e Bz f"ﬁﬁdditi;aﬁ -':I'o}t:\_I =
S io A o4 7 [AIZH Additional SEAT £M 3% T o
S Fleet  Total Waitin Parking Demand i Mean Rarinobemandadditional
Relocation . . 9 9 Number Generated by Parking
Size Time Generated Number -
SIELE] of SAVs  (veh-hours) by Waiting ch a?'f in of Charging (‘g;‘a_‘:‘%'l:‘?s) (vgﬁm(a):‘: s)
(veh-hours) ging per SAV
100 24291 147.73 216 216 108.00 25573
500 1,821.20 1,344.27 1,088 218 544.00 1,888.27
1,000 4,757.70 383458 2,077 2.08 1,038.50 4,873.08
2,000 12,548.78 10,832.52 3,706 1.85 1,853.00 12,685.52
3k 3,000 24,564.54 22,1568.77 4,743 1.58 2,371.50 24,530.27
m
4,000 43,5644.01 40,772.40 5,158 1.29 2,579.00 43,351.40
5,000 65,529.90 62,584.30 5264 1.05 2,632.00 65,216.30
6,000 88,238.39 85,158.72 5384 0.90 2,692.00 87,850.72
7,000 111,653.18 108,387.08 5,446 0.78 2,723.00 111,110.08
8,000 134914.37 131,698.74 5,480 0.69 2,740.00 134,438.74
100 190.08 91.96 232 2.32 116.00 207.96
500 1,567.95 1,103.26 1,084 217 542.00 1,645.26
1,000 4,293.79 3389.13 2,079 2.08 1,039.50 4,428.63
2,000 11,611.76 9,923.30 3,766 1.88 1,883.00 11,806.30
” 3,000 21,634.65 19,212.23 5,011 1.67 2,505.50 21,717.73
m
4,000 37,755.02 34,760.84 5,594 1.40 2,797.00 37,557.84
5,000 58,988.95 55,739.84 5,696 1.14 2,848.00 58,587.84
6,000 82,037.99 78,703.21 5,745 0.96 2,872.50 81,575.71
7,000 105,311.98 101,934.48 5,741 0.82 2,870.50 104,804.98
8,000 129,476.15 126,073.85 5,796 0.72 2,898.00 128971.85
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strategies
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Table 5. Final reduction of parking demand by SAVs

RIS S UHIE S8 T2 UA

. o =3 27} XFIAQ £ XFIAQ ZHA
SMT  Awad Tedclnoraodenll ol i Fraimasiciono
. o ) emand by SAVs (B) Parking Demand (A-B)
Strategy
of SAVs (veh) (veh-hours) (veh) (veh-hours) (veh) (veh-hours)
100 3,791.13 86,178.70 11.25 25573 3,779.88 85,922.98
500 15,774.58 358,682.49 83.07 1,888.27 15,691.51 356,694.22
1,000 27,032.60 614,496.05 214.37 4,873.08 26,818.23 609,622.98
2,000 43,621.19 991,582.35 558.06 12,685.52 43,063.13 978,896.83
3,000 5444313 1,237,683.08 1,079.12 24,530.27 53,364.01 1,213,052.81
3km 4,000 58,401.88 1,327,572.07 1,907.09 43,351.40 56,494.79 1,284,220.67
5,000 59,873.18 1,361,017.17 2,868.96 65,216.30 57,004.22 1,295,800.87
6,000 60,713.08 1,380,109.50 3,864.68 87,850.72 56,848.40 1,292,258.78
7,000 61,301.79 1,393,491.86 4,887.90 111,110.08 56,413.89 1,282,381.78
8,000 61,675.18 1,401,979.63 5914.16 134,438.74 55,761.02 1,267,540.89
100 3,800.22 86,385.33 9.15 207.96 3,791.07 86,177.38
500 15,483.41 351,963.71 72.38 1,645.26 15411.03 350,318.46
1,000 26,828.64 609,859.70 194.82 4,428.63 26,633.82 605,431.07
2,000 43,735.66 994,184.44 519.38 11,806.30 43,216.28 982,378.15
Sk 3,000 55,686.40 1,265,844.68 955.40 21,717.73 54,731.00 1,244,126.95
4,000 61,175.96 1,390,631.53 1,652.23 37,657.84 59,523.73 1,353,073.69
5,000 62,269.33 1,415,485.65 2,577.37 58,687.84 59,691.96 1,356,897.81
6,000 62,575.04 1,422,434.95 3,588.64 81,675.71 58,986.40 1,340,859.24
7,000 62,704.04 1,425,367.34 4,610.53 104,804.98 58,093.51 1,320,562.35
8,000 62,802.16 1,427,597.77 5,673.66 128,971.85 57,128.50 1,298,625.92
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