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Abstract: The purposes of this study are grasping of parking lot choice behavior and

examination of parking lot strategies. The first step is classification of drivers starting
points, then a sublect area entry point choice model is constructed. Also, based on
itatistics ofdriverst actual parking utilization, parking zones are set up. Then the parking
zone choice model and the-parking lot choice model at each parking zone are constructed.
When doing so, weights calculated from analytic hierarchy process, including fqman
sensatory consciousness as well, are introduced as the explanatory variables for driving
elementi and walking elements. Next, parking process simulation by adopting each

constructed choice model is canied out. Based on this simulation, parking lot strategies
in central business district are examined.

l.INTRODUCTION

With the increased need for organized parking spaces in recent years, many cities have

taken measures to establish parking lots in their centers. In addition, research in the field
has been advanced from various angles. The research that deals with parking lot issues is

based on construction of parking lot choice models. Walking distance to a destination
(time), parking fees, and parking lot entry waiting time are adopted as main explanatory
variables. In other wordi, in order to analyze a driver's behavior when parking a car,
almost all the existing research has been conducted using models that consider only
elements related to the parking lot and the distance between it and the destination.
Professor Iida and otheri have conducted research which takes into account driving
elementsr). The driving elements utilized in that research are the distance between an

entry point to an area subject to analysis and a parking lot, and the number of turns before
getting to the parking lot. However, it can not be said that drivers are really exactly. aware
of thJtocation of the entry point. Therefore, some questions still remain when using the
distance as an explanatory variable. Moreover, besides these explanatory variables, there
are some other things that need to be considered, such as road traffic.

Almost all the existing research in drivers' parking lot selection process is based on an

assumption that all part<ing lots in the subject area are available choices. However, if the

area is rather large, it is difficult to consider all the parking lots in the area to be options.
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Figure L Assumption of the Drivers' Parking Process

In other words, it can be assumed that the drivers limit parking lot selection to a certain

area (parking zones) considering the destination and the entry point to the subject area,

then select a parking lot from among the choices.

Thus, based on the assumption of the drivers' parking process shown in Figure 1, this
research endeavors to construct a mid-town parking lot choice model. In other words, the

first step is classification of drivers starting points, then construct a subject area entry point

choice model. Also, based on statistics of drivers' actual parking utilization, parking

zones will be set up. Then the parking zone choice model and the parking lot choice

model at each parking zone are to be constructed. When doing so, weight calculated from
analytic hierarchy process as a general parameter, including- human sensatory

coniciousness as well, are introduced ai the explanatory variables for driving elements and

walking elements.

2. OBJECTIVE AREAS OF ANALYSIS AND OUTLINE OF SURVEY

In this research, the survey was taken at eight main parking lots that have a capacity of
more than one hundred cars in the Tenjin area of Fukuoka, which is the subject area as

shown on Figure 2. Also, the twelve main commercial facilities were designated as

destinations. 
-Then, a 600 meter-circle was drawn with Tenjin station as its center. The

area within this circle was considered to be the mid-town area. Eleven points were

considered to be mid-town entry points that intersect eleven main trunk lines around the

circle. The locations of these mid-town entry points matched the locations of map-style

parking lot information signs that are supposed to be the first eye-catching signs for drivers

coming into the Tenjin area.

The survey was taken on Sundays between the end of July and the beginning of .September
of Year Hlisei 3 and 4. The time the survey was taken was from 10:00 to 19:00. The
weather on those Sundays was always fair. Both an observation survey and a

questionnaire survey were- held. The observation survey was conducted by keeping 1
time record of all cirs' arrival times, in and out of the garages at the entrance and exit of
each parking lot. On the other hand, the questionnaire survey was conducted by handing^

out the queitionnaire papers at the entrance gate of each parking lot, keeping a record of
the car license plate numbers, and collecting the papers at the exit gate. The content of
the questionnaiie included questions related to individual information, the starting-point
(the iddress), route, destination and so on. The number of questionnaires distributed to

drivers was 4824 and number of the paper returned was 4318.

3. GROUPING TOGETHER SIMII.AR STARTING POINTS AND
CONSTRUCTION OFA MID.TOWN ENTRY POINT CHOICE MODEL

As for the starting points, a survey was taken to allow people to write down their
respective addressei so that if used as is, the zone data would be quite detailed. Actually,
information was collected from 43 different wards, cities, and districts in the prefecture,

various prefectures in Kyushu, and other areas. Then, cluster analysis was conducted,

based on the composition-of each ward's ratio of entry point to the city center acquired as a
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result of the survey. The results were divided into four different groups: Higashi-ward

iyp., Mi""ri-ward type, Hakata-ward type, and Chuo and Nishi-ward type'

As for the choice of an entry point, it is difficult to contemplate a driver considering all

;ry ;;il. ;s iiut options. ' Iir reaiity, it is considered that a driver decides an entry point

"iiri 
iiriiirg available choices, based on the entry direction to. mid-town and the road

"""iiii"r.. 
"Th.n, choices are limited to available options by each Origin-Destination pair

itreieatter called ob pair) of the starting point and th6 destination point. In other words, a

|r"ii ii"ii.ti. analysis is'performed of-the destination and the entry point using the.same

.i.rtirj foint grou[,. from ttre result, those pairs for which the number of samples is few

il;ffi;";grr-rn"i lo* are excluded. 
' 

Only those choices conceivable as possible options

are determined.

As for explanatory variables when constructing the mid-torvn entry point choice model'

if,"y fruu"'to be ones that show the charact6ristics of the entry point' Conceivable

;#r;;!"ry 
-variables 

include: the direction o!- -9ltry ^po.r.ltl 
the 

. 
route-characteristic

*ig..iio"'t"ve1, the number of lanes, and the possibility of utilizing urban highways'

As for the direction, it is difficult to evaluate according to a fixed volume' Even if
ionau"t.a, it has to bi shown how the location of the starting point, theentry point, and the

;;;ti;;iil point are related, utilizing elements such as coordinates. This makes matters

cumbersomi and human sensation cinnot be taken into account when using fixed volume

ivaluation. Therefore, for the direction, pair comparison was conducted between the

iriv piiiit. 
"i 

iu..v Ob pairs considered accessib.ility. Based on the results, the weight

""i.Lf'ut"a 
from analytic hierarchy process was used as explanatory variables'

As for the number of lanes, the actual numbers were used. Also, as for the level of

"on!i.ti*, 
it greatly depends on human _sense, 

so the weight calculated from analytic

hierirchy proce-ss *"i used in this case. Moreover, as for the possibility of whether or not

io rtifirl the urban highway, the case of highway availability.is 1', and the case of

,""*ii"Uifity is 0, accor?ing io the relation betieen ihe starting point and the entry point'

Table 1. Estimated Result of the Parameter (Mid-town Entry Point Choice Model)

Explanatory Variable
Model I

Param eter t-v alue

-TSD.VI(Entry Point l)
A.S.D.V. (EntrY Point 2)
A.S.D.V. (EntrY Point 3)
A.S.D.V. (Entry Point 4)
A.S.D.V. (EntrY Point 5)
A.S.D.V. (EntrY Point 6)
A.S.D.V. (Entry Point 7)
A.S.D.V. (EntrY Point 8)
A.S.D.V. (Entry Point 9)
A.S.D.V. (Entry Point l0)

Direction
Possibility of Utilizing
the Urban HighwaYs

-0.305E
-0.5087
0.4867
0.2433

-0.0445
0.0921
0.0550

-0.2358
-0.0688
-0.0082
3.4602

o.2020

-1.56U
-2.014
1.904
1.426

-0.188
0.659
0.427
-1.367
-0.427
-0.053
16.690

1.242

Number of SamPles 13 96

Likelihood Ratio 0.s5
Hit Ratio (7o) 43.9

eS-O.V. : Alternative Specific Dummy Var
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As a result of constructing a mid-town entry point choice model based on disaggregate
Iogin using explanatory variables, the chosen explanatory variables were the direction and
the possibility of utilizing the urban highways. The estimated result of the parameter is
shown on Thble 1. The likelihood ratio is 0.55, which is very good. The parameter
mark is also an appropriate result; however, the hit ratio is a low value of 43.9%io. This
can be understood when a driver selects an entry point, though doesn't choose the same
route all the time even if the conditions are the same. Also, some drivers select a different
route just because they know the road well. Based on these facts, for the mid-town entry
point choice model, each driver's choice is not considered as a determining element, but
rather should be thought of as a probability element.

:\"*"

F
F
Oa-Om:Destination
irl> Mi4Town entry poini

)> Entrance of parking lot

Mapstyle parking lot infomation sign

Mini-mapstyle parking lot infomaiion sign

Daici Shoppes' Parking
Underground Shopping Mall North Parking
Underground Shopping Mall South Parking
Fukuoka Chuo Parking
Ankoku Parking
Shigematsu Parking
Ayasugi Parking
Chuo Kan Parking

EEE
l*ffiEEffi

Figure 2. Ratio of Parking I-ot Selection to each Mi&town Entry Point
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4. RET-{TIONSHIP BETWEEN THE MID.TOWN ET{TRY POINT AND PARKING
LOT SELECTION

Figure2isshowingtheratioofparkinglot-selectiontoeachmid-town.entrypointtypie
ch7rts. In order to-eliminate the effect of elements besides driving hindrances, a selection

ratio of mid-town entry point to each parking lot is calculated. Based on that value, each

parking lot ratio to each mid-town entry point is calculated.

According to the figure, the proportion of users at Daiei S.hoppep' parking lot located. in

the northJrn part of-Tenjin ar6a ii trigh at the north entry point. One can see from this that

drivers tend io choose i parking lot to avoid the center of the city, where there is heavy

traffic, and select one cross to the entry point.

From this, it can be seen that drivers' parking lot selection is strongly affected by.the

elements of driving hindrances, making it necessary to consider these facts when

constructing a parking lot choice model.

5. SETTING UP PARKING ZONE

When setting up a parking zone, it is desirable to have a parking lot group that has similar
proportions ivitir regara td mid-town destinations and mid-town entry points. We created

I 
"ios 

map of thi destination and the entry point to each parking lot. Then it was

divided into groups by cluster analysis based on the conelation coefficient. The result is

shown on Fi'gure 3. 
- 
Based on the figure, we decided to _set up three parking zones: a

Northern Par-king 7one, a Middle lait<ing 7-one, and a Southern Parking Znne. The

Northern Parkin-g Zone includes Daiei- Shoppers' Parkrlg, Ankoku Parkiqg, and

Shig".uttu Parklng. The Middle Parking Zone includes The Underground. Shopping
ptafi Norttr Parkin-g and Ayasugi Parking. The Southern Parking Zone includes The

Underground Shopfing Mail South Parking, Fukuoka Chuo Parking, and Chuo-Koen

ao oD oo a0 a0 oo bo o0
ECCtrtrtrtrE'j;'t 
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Figure 3. Result of Cluster Analysis
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Table 2. Estimated Result of the Parameter (Parking Lot Choice Model)

: t-Value : Number of
ExDlanatory Variable Model 2 Model 3

Alterntaive Specific Dummy Variable
(Daiei Shoppers' Parking)

Alternative Specific Dummy Variable
(Underground Shopping Mall North Parking)

Alternative Specific Dummy Variable
(Fukuoka Chuo Parking)

Driving Hindrances (A.H.P.)

Walking Hindrances (A.H.P.)

Parking Fee Discount SYstem

Parking Waiting Time

-0.96810
(-4.838)
r.L4921
(4.e12)

0.46349
(4.343)

7.48t65
(12.004)
6.75607
(11.442)
1.95670
(7.s26)

-0.04976
(-5.669)

5.92022
(rt.2s4)
4.58967
(10.48s)

-0.02587
(-4.ss3)

Likelihood Ratio 0.27 0.20

\a

&

Daiei Shoppers' Parking <181>

Ankoku Parking <111>

Shigematsu Parking <18>

73.9
70.6
94.2

70.6
70.0
94.2

Whole of the Northern Parking Zone <310> 79.6 78.3

Underground Shopping Mall North Parking <147>

Ayasugi Parking <65>
.l

73.1

73 2.36

62.3

Whole of the Middle Parking Zone <212> 73.1 62.3

llnd-ergroGASloppingMallSouthParking<247>
Fukuoka Chuo Parking <171>

Chuo-Koen Parking <157>

6U.5

71.3
83.0

64.9
74.4
81.7

Whole of the Southern Parking Zone <575> 74.3 73.8

Whole <1097> 75.7 73.s

6. CONSTRUCTION OF PARKING LOT CHOICE MODEL INSIDE THE
PARKING ZONE

When constructing a parking lot choice model for each parking zone based on a

disaggregate logit-model, one can possibly make predictions- of parameters for each

parking Zone. When doing so, even if the explanatory variables are the same, some
'di.c.e[.ncy in the variablesis possible depending on the parkingzone. So we decided to

make predictions of a parking lot choice model for each parking zone based on the same

utility function.

As the explanatory variables for the model, the elements included were: driving hindrances

from the .id-to*n entry point to the parking lot, walking hindrances from the parking. lot
to the destination, whether or not theie is a parking fee discount system when shopping,

and parking waiting time. As for driving and walking hindrances, in order to take into

account dri-vers' aiareness structure and include elements that could not be shown in
numbers, weight calculated from analytic hierarchy process was used. here. On the other

hand, a parkirig fee was not introduced as an explanatory variable. This is because there

was not^much-variation in parking fees at the time of survey. (The maximum difference
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was 70 yen an hour). The result of parameter prediction was shown on Model 2 of Table

i.* 1;iJ i1"finooa rutio *uib.iZ. Th" ou"t"il hit ratio was75.7Vo. For each parking

,o*, if,r f,if ratios were u. follo*t, The North zone was 79.6Vo, the Middle zone was

li.l%, and the Souttr zone w is 74.3Vo. When looking at t-values, while each of those

;;ffir";, variables ruu. *nuin"ing enougt, nevefthleless, the values of driving and

walking hindrances *rr. tiigt. O1g Eq coriid"t elements of location as the main factors

;dil;g;ri;;i.fr"tion-3i'a parking lot. Also, the results for each parameter's marks

were approPriate.

Model 2 can be utilized as a prediction of drivers' parking. Iot selection.process for each

zone when new demands occr.. However, when organizilg new parking lots, in other

;;;.,';ilihe nu*be. of choices is increased, the d-.emandlan not be.predicted just by

,iifirirg U"Oii Z au, to the mode' )ilucture. In other words, a problem occurs when

utilitv function values 
"un 

nolUi tr,,rsidered for a newly added option because choice

ffii'fi; iffi;v'"*i"ui"-"rJ "toi". 
specific variable g6vern the ielative relationships

among existing choices.

Among the variables used in Model 2, if the model were reconstructed using olly common

variables, the results **fJt" tt. same as Model 3 in the same table' The likelihood ratio

i. 
-O:0. -'ff," 

overatl friii"ti" is 73.5Vo. The hit ratio of each parking zone is as follows:

t. Nortttione islg.i%o, ttre tr{iaOte zone is 62.3Vo, and the Southzone is73.8Vo. For

the t-value, all the .*ptunutory variables are convincing enough. Also, the parameter's

marks are aPProPriate.

As shown above, two models are constructed; however, we recommend that each model be

;H;6;;int'on ttre iituation. For instance, when the number of choices is not

ir;;";;A;Mod"el 2 i.;r;Jil th" demand prediction since the accuracy.of Model,2.is

superior. When .*r.inin! nllat utso"iuted;ith organization of new parking lots' Model

3 is used.

7. CONSTRUCTING PARKING ZONE CHOICE MODEL

The explanatory variables when constructing the parking zone choice model are as follows:

iiiiiiig'[i"Ji"i""r U"i*i"n the entry. poiilt and the parking,zo_ne,_walking hindranc.es

b;il;, iil parking ronr urA the deitiriation, whether or noithere is.a parking lot in the

oarkine zone that prouiJ". a discount for the parking fee when shopping, and the average

;;;kili *"iii,i* ,iil" irft p"iri, Ezone. In addition to this, by taking into account log-

ffii1:ril;;"";brl;i;e-i6; ih; parking choice model for each parking. zone. in the

pi""ior. p"irgraph, oni can conceivi of a-model such as a nested Iogit model which can

be constructed.

The result of predicting a parameter using these explanatory variables is shown in Model 4

of Table 3. This alsi rJ* *iigf,t calc"ulated by'analytic hierarchy. process in terms.o,f

driving hindrances and walking hindrancef. And the log-sum varlables are calculateo

iiom ftoaef Z. fne Utetitrooa"ratio is 0.70. The hit ratio is 92'7%o' It can be said that

;ir;;;d;i'; arpricution poiriuility is very trigh: . The result of all the parameter's marks

;;; ;i;;ppa"drirt. foi'.if tt. eiplanatory v-ariables. Yet, with regard to t-values, thev

"i" 
[iit rv'J"niincing i;;";ilirt;"ne selection because the values of driving and walking

tirii"l"i. are high"en-o.rih, 
-bri"* 

not be considered convincing enough.in terms of

whether or not there i. 
" 

"p"if.irg fee discount system and parking waiting time'. .Then,
*ii., i""firg at i,, the uifr. i."O.fq0, which ii between 0 and 1. AlthgyCh this is 

.a

conceivable result, how:evtt, tfrit-uufu" is small since the t-value is 0'896' Therefore, this

result is dismissed *ittin-u i7, stanaard deviation. From all this, it can be understood

;il;.kt"g zone selection and parking lot selection are mutually independent'
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Table 3. Estimated Result of the Parameter (Parking Zone Choice Model)

: t-Value I Number of Sam

Explanatory Variable Model4 Model5

Alternative Specific Dummy Variable
(Northern Parking Zone)

Alternative Specific Dummy Variable
(Middle Parking Zone)

Driving Hindrances (A.H.P.)

Walking Hindrances (A.H.P.)

Parking Fee Discount System

Average of Parking Waiting Time

0.36057
(1.288)

0.3262t
(1.171)

4.30357
(10.4s6)
3.9737t
(s.3s3)

0.t5552
(0.380)

-0.03826
(-1.191)

0.34582
(1.8s0)

4.75265
(1s.178)
4.6t29t
(21.767)

-0.03841
(-2.112\

i 0.19037
(0.896)

Likelihood Ratio 0.70 0.70

s
o

Northern Parking Zone <310>

Middle Parking Zone <212>

Southern Parking Zone <575>

92.6

91.5

94.0

92.9

91.3

93.9

Whole <1097> 92.7 92.7

If the model is reconstructed by conducting variable selection, the result is the same as

shown in Model 5 in the same table. The likelihood ratio is 0.70. The hit ratio is 92.7Vo,

which is the same accuracy when compared to Model 4. The results of the parameter's
marks are also appropriate. It can be said that this is a good model since the t-value is
high enough. The choice specific dummy variable is shown only in the North Parking
zine. This is because the t-value of the choice specific dummy variable in the Middle
Parking zone has become smaller than L when using driving hindrances, walking
hindrances, and the average of parking waiting time as explanatory elements.

8. EXAMINING PARI(NG MEASURES THROUGH PARKING PROCESS
SIMUI-ATION

In this section, we will first examine a significant application of each choice model
proposed in this research. For the proposed parking zone choice model and parking lot
choice model inside the parking zone in this research, the parking waiting time is used as

an explanatory variable. However, this variable always changes depending on the

circumstances of the parking lot. Then as a way to test the model, parking process

simulation was carried out for all the aniving cars as objects. The flow chart of the

simulation is shown on Figure 4. The data for the arrival time of each car, the range of
parking time periods, starting points, and destination points was acquired from conducting
ihe obiervation and questionnaire survey. For cars for which the destination and the

starting points were not identified, predictions were made using random numbers based on
a range of actual measurement.

The results of the simulation were shown on Figures 5 to 7. For the mid-town entry point

Journal of the Eastern Asia Society lbr Tiansportation Studies, Vol.3, No.3, September, 1999
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Figure 4. Flow Chart of the Simulation
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t 2 3 4 5 6 7 8 I l0 ll
Mid-Town Entry Point

I Predicted Value El Actual Value

Figure 5. Result of Simulation (Mid-town Entry Point Selection)

Northern Middle Southern

Parking Zone Parking Zone Parking Zone

lPr.aicted v"fue trA"!L.l Y49

Figure 6. Result of Simulation (Parking Zone Selection)
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Figure 7. Result of Simulation (Parking Lot Selection)

choices, comparisons were made to the selection proportion because the actual

measurement iurvey for all the cars doesn't exist. From these figures, mid-town entry
point choices, parking zone choices, and parking lot choices of actual measurement value

ind predicted measuiement value for each level are very well matched. This confirms
that each choice model proposed in this research is significant.

As one parking measure, we tried to predict drivers' parking process and reduce the

number 6f cars waiting in line on roads, by expanding one parking lot. In this research,

we focussed on two pirking lots in the South Parkingzone which are most in demand in
the Tenjin area of Fukuoka. One is the Underground Shopping Mall South Parking.lot,
which is located in the center of mid-town and is continuously full from the morning.
Another is Chuo Park Parking lot, located in the outskirts of the mid-town area, which
usually becomes full in the aftemoon. The changing circumstances when measurements
were taken to expand these lots in capacity will be analyzed here.

First, the case of the Underground Shopping Mall South Parking lot is examined when

trying to increase capacity by 100 cars. As a result of canying out the simulation, time
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changes of occupied spaces for each parking lot were shown on Figure 8. From this
figure, of course it can be understood that thJUnderground Shopping idall South parking
lot's capacity was expanded by 100 cars. At the sarie time, it .iitai" seen that til irii;
occupied time of the parking lot was shortened compared to the situation before thi's
measurement. In other words, previously, the fully oc-cupied time was from before 11 :00
to around 18:30; but after this measurement it wai frorn before 12:00 to around 14:30.
When looking at other Parking lots in the same parking zone, the fully occupieJ tir. 

"iFukuoka Chuo Parking lot was from before tt:b0 to i.orrd 18:00 before ifri. 
"r.,r,g";however, it was different after this measurement. The parking lot was once vacant

between 15:00 to 16:00 and again, it was full after that. tvtoreovei after it became vacant
at around 18:00, the number 9f parked cars decreased compared to ihe situation before this
measurement. Lnoking at Chuo Park Parking lot, the number of parked cars decreased
9on1id91plv, The previous.fully occupied time was from around i3ro0 to around t6:00,
but ,ildidn't P:.ot quite full afier the measurement except for only a short time between
14:00 to 15:00. For other. parking lots in the same parking ,or", ih.r" were no changesfor Daiei 

-S_hgnper'9 lu*ing .lot, shigematsu S_kypark p"arking' lot, and unaergrou"nJ
Shopping Mall North P-arking lot. FoiAnkoku rarking tot unoityurugi parking iot, t-r,.
number of parked cars decreased slightly after the measuiement. '

Next, the change in the number of cars depending on the time before and after the
measurement was examined. The result was shown on Figure 9. For the Underground
Shopping Mall South Parking lor, it can be see.n that the walting timein lir" f-;;-*ki;;
spot_was shortened between before 12:00 and around 14:30, i's mentioned abovJ. Th;
number of cars waiting during the peak time also decreased. For the Fukuoka Chuo
Parking lot, the number of cars waiting decreased considerably compared to the situation
before the measurement. As for the C-huo Park Parking lot, after taki'ng this measurement,
there wasn't a line of cars waiting to get in. Iooking"at oiher parting-lots, it can Ue seinthat there was no change 

_at Daiei Shoppers' raiting lot,'Anko'ku farking lot, ;;
Shigematsu 

-l3rl.!ng lot. . .There *ls 1 
'siight 

decreaie overall at the Un&rg.orrJ
Shopping Mall North Parking lot. At Ayaslgi parking lot, rhere *u, no line of cars
waiting.

As mentioned above, it was possible to decrease the number of cars waiting in line by
expanding the capacity of the Underground Shopping Mall South parking rot." io*"u.i
the effect of that did not generalize to the other nir5lig lots, as the numbJr or curs *uitini
in line only slightly decreased at the Undergrouna Sno"pping Mall Norttr part<ing f"t -J "?Ayasugi Parking lot.

In order to look at the level of improvement in a fixed volume according to this
measurement, let's look at the average number of cars waiting in the whole aria. The
average number of cars. waiting at e.ach parking lot per minute alall parking tots auiingltre
designated analysis period defines the averageiumber of waiting cars. The result showed
that previously, the average number of clrs waiting was 1i.5 cars, but the number
decreased to 5.0 cars after this measurement.

The next step examines the case.of the. capacity.of Chuo Park Parking lot being expanded
by 100 cars' The result of the simulation was iho*n on Figures to afra tt, whi'ch iirdicate
the change in the number of cars p_arked and cars waiting at"each parking toi, aepenainj on
the time. As seen on Figure 10,.compared to the iituation before'ihir'."urur"r-"ni,
though the number of parked cars during the peak period increased at Chuo narf< raitinilot as the capacity 9f th.. parking. lot-grew, the volume of increase was very small
Iooking at other parking lo_ts, the iituation was almost unctranged at Ankoku p"itirgl"i
during-peak period and at chuo park-parking lor after tg:00, iith the number 

"f 
p;krd

cars decreasing o.nJy slightly- when looking at Figure 11, although befor'e thii
measurement a waiting line existed at Chuo ParliParkin{lot, the line did-not occur afterthis measurement. For the other parking lots, it couli be seen that the situation was
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almost unchanged.

According to this, when the capacity of chuo.Park Parking lot was expanded, the. overall

;;;-ilil ;?tr;tion'in ttrat aiea Jtranged very little. The average number of waiting cars

after this measurement ;; ib.il;t:; and since it was 11.5 cars before the measurement' it

could be seen that there was no improvement made. The reason for that is, that the

overall attractiveness foi Ct ro i"tt iarking lot is lower than the Underground Shopping

N,i;iid;i[ i"rt<ing lot- and-iukuota Chui Parking lot inside the South parking zone'

Therefore, drivers Srongfli.Jio 
"f,oot. 

those two 
-parking lots even though waiting time

is a little bit longer.

9. CONCLUSION

In this research, we constructed each choice model based on a disaggreg(t-e logit model on

;i;"';;].i,,n;iion'ttut tt. i'tit. tt.p. oid.iu.t.' parking process are.as follows: mid-town

;;iril;i;i iitection, p;rki,;; iori. ..t."tion,. and parkling lot selection in a parking zone'

According to this, *. u.iu'n;a ,nut drivers select a'parkin-g'.oT" before selecting a parking

lot. However, in o.Aeiio construct a disaggre_gate iogit ni'oaet, an important consideration

is how choices fo, maiuiJr"ii 
-utt 

t.t ,i." Frotn tf,at point of view, the parking zone

choice model can U" .""n ,i tf,e parking loi choice group determination model.

As a result of canying out parking process simulation by adopting each constructed choice

model, rhe drivers' p;rkd; ;;l;.iion process was iliustraied very accurately and .the

sisnificance of the proposeimodels wai confirmed. Moreover, by conducting sim.ulation'

ilffi;ffi;;;ilJ. i,ft;ili'.;oiitirJLt selection process when expanding parking lots'

As a result, it u""ur"'"j"uiilri;il;" parking lot'is expanded or i new parking lot is

orqanized, elements of utt-tu"tiu.ness such as loci'tion and sb on of a subject parking lot are

;;ffffiil1;;;;;;i;;;;il;, una tn. in""riveness of such action is rather low. on the

;;#';;'ri, iii,i';fi;;,i";r;:; ii achieved when relativelv attractive.parking lots. such as

rhe Undergrorna Snoppin-gii4"ff S"rit puif.ing lot are expanded or.when new parking lots

that have the same finbs 5f elements are consiructed. Fiowever, drivers tend to choose a

parking lot that i, uttiu.iiu" to them' So, when a p-alking lot is organized which is

extraordinarily attractrve, it tends to get too crowded, while the-demand for those parking

lots that are not u. ut,ru"tiu. decreasei. As a result, it can be said that the efficiency of the

overall parking tot uiilization in that area deteriorates. It can be also be said that

"rgiri-riii" 
.irptu. ";'ilr;;ii"; nqiting lots brings heavier traffic to mid-town because

ttEi. p"tfing loti are usually located in the central area'

In conclusion, in this research, although models were constructed based on the assumption

shown in Figure 1 ir];;;-'oi J;vErs' parking process, it can be considered that the

selection of the mid-to;;;1ty p;int might o"",i. it the same time a parking lot choice is

,i"4" "il"rt "n"*ura.. 
" 

i, Lit,it" t.searlh this point needs to be examined as well'
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