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Abstract— Both parking revenue and parking tax are the potential income for most local authorities in Indonesia since they are
considered as part of their revenue. However, currently, many local authorities in Indonesia, including Surabaya, have a problem
determining the target of annual parking revenue. Meanwhile, there are growing public and private facilities in many capital cities in
which many parking spaces will be provided to support their activities later. Therefore, the providing of new parking spaces will
potentially contribute to the local authorities’ revenue as the consequences. The main variable to contribute to the parking revenue is
the number of parked vehicles and the parking duration (progressive tariff is applied). This paper discusses parking modeling of
shopping stores in Surabaya. The parking volume model is based on the following variables; accumulation, turnover, dynamic
capacity, parking index, and average duration, while the model of duration is based on these following variables; accumulation,
turnover, dynamic capacity, parking index, and parking volume. Since all variables has a multicollinearity problem, the model
principal component regression is then used. This paper proposes the model of volume as well as percent duration of parking facility
for shopping stores based on data in Surabaya.

Keywords— off-street parking; principal component regression; shopping stores; Surabaya.

The absence of system to estimate the potential parking

[. INTRODUCTION revenue due to some reasons, as follows:

« The real number of the parked vehicle is not yet
recorded entirely.
In the site, the parking charge per vehicle is not
applied consistently (a higher parking fee is found).

- The progressive tariff is applied in some facilities
which make parking duration is important.

« There is no guidance regarding the collecting parking
tax for both on-street and off-street parking.

« The variation of land use influencing parking
characteristics.

« The numerous non-registered parking facilities are
identified due to the development of the city.

« Many free-parking facilities in both government office
and private facility still charge parking fee to users.

Currently, parking supply and parking restriction are
commonly used as the vehicle movement restriction [1,2].
On the other hand, parking activity is one of the potential
local government's revenues, especially for high car
ownership and high economic activity. Compared to other
local tax components, in Surabaya, parking revenue is not
the biggest share [3].

However, most local governments in Indonesia, including
Jakarta and Surabaya, has the parking management of both
on-street and off-street. The revenue collected indicated less
than supposed to be obtained due to the absence of collecting
system methods, especially parking revenue prediction tools.
Surabaya's target for annual parking revenue in 2014 is IDR

80 billion, while the real income is only IDR 48 billion, heref hi h del of th K
which is only 60% of the targeted revenue [4]. This under- Therefore, this paper proposes the model of the parking
volume and percent parking duration for shopping stores

targeted realization parking revenue has lasted for a long land thin the ci b d he i
time period, it is can be proved by following records; the type land uses within the city to be used as the input to

realization percentage of on-street parking revenue in 2009OrediCt _the parking revenue of local authority. This parking
and 2010 are 65.5% and 51.73%, respectively [5]. model is expected to support the parking system revenue
Meanwhile, it is found that the loss of parking revenue is collecting of local authorities since the revenue prediction is
40%[6]. Moreover, from 2008 to 2011, the realization of important during the feasibility study of parking facilities [7].

total parking tax is always below the target [3] By the existence of a parking system collecting method,
' the parking operator and investor can make their financial

planning more accurately. Simultaneously, the local
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authority can easily predict their future income based on theaccuracy of 40.37% and 77,21%, respectively [13].
existing and future parking facilities. The concept of Additionally, PCA plays the main role in reducing humber
modeling parking volume and parking duration for several of variables influencing metabolic change into 65% of total
land use types in Surabaya has been proposed [8]. Thereforaariables. Furthermore, PCA is used to explaining a group of
this paper discusses more in-depth about such models fosamples based on every chemical constituent, including all
only the shopping stores. Moreover, local authorities canof 56 compounds detected in mango wine [14].
eliminate or at least minimize the parking lost revenue The principal component's forming is based on the
(parking fee and parking tax) to achieve more local income correlation matrices since the range of value among
funds. independent variables is quite big [12]. The obtained

This paper aims to propose the model of parking volume principal component is Wvhich the ' principal component
as well as the parking duration of vehicles of shopping storesis based on standardized value Z'5(Z,, Z;,....,Z;) as well
related to the parking indicator performances. The parkingas covZ)=p can be written as follow:
indicators performance includes turnover, accumulation,
parking index, dynamic capacity [9] and operational W =gz +e,Z,+...+ 8.2, i=12....p (1)
characteristic (operational duration), and physical variables,
including the number of parklng spaces and.parklng areas. Meanwhile, the proportion of total variance explained by
The sample of the shopping stores are consist of randomlykth rincial component based on the standardized
selected shopping stores within Surabaya city. The locations princip >0mpC )

) X . ; independent variable is as follow:

are including shopping stores of Central Business Park (Ir.
Sukarno Street), shopping stores of Sentra Fortuna (Jagung
Suprapto Street), shopping stores of Darmo Galeria (Mayjen (
Sungkono Street)

)

TotaProportionofpopulatiorsvariance), A, _ A,
explainnetby thek principaiomponeny  tr(p)  p

Il. MATERIALS AND METHODS Where A is the eigenvalue g and k=1, 2, ...., p

The proposed concept to create parking volume model as  gne of the purpose principal component analysis is to
well as percent duration model for various type of land uses eqyce the number of the independent variable, the previous
is already proposed [8]. the model was proposed by using, mper of independent varialpecan be consolidated into
the following variables; for volume model the independent \,mper of principal components. The selection of principal
variable will be accumulation, turnover, dynamic capacity, component can be based on several methods, one of them is
parking index and average duration. The physical variablea¢ the total cumulative variation of source data can be
(number of parking space and the area of building) andgyplained by 80% ok number of principal component[15]
operational variable (operational hours) will be needed to yhjle other research mentioned that the total cumulative

obtained those variables. , variation of source data can be explained is 75%[16].
The duration will be in form of percentage of duration of ~ rpq principal component regression based on the the
each group of duration as the dependent variable. It isqqrelation matrices is as follow:

subject to accommodate the progressive tariff that may occur,
while the independent variable will be as follow;
accumulation, turnover, dynamic capacity, parking index
and volume. WhereY is dependent variabley is intercept, | is vector in
. . which its elements are 1 with the size md. W, is the
A. Parking Performance Indicator matrices with the size ofxk which have a principal
Parking performance indicators consist of several items: component in its element whel,=ZP,, while oy is a
dynamic capacity, parking volume, parking accumulation, vector of principal component coefficient with the sizdodf

Y =0l+Way+€ 3)

parking duration, parking index, and turnover. [10,11]. ande is an error.

B. Multiple Linear Regression 1) Prediction of Principal Component Regression
Since all independent variables are suspected related, thefoefficient: Supposed a0, al, ..., ap is predictor principal

the multicollinearity phenomenon is predicted occurred. In component regression of coefficientaO, al, ..., ap. The

order to check whether multicollinearity does exist, VIF prediction by using maximum likelihood produces equal
(Variance Inflation Factor) need to be checked if the VIF is prediction with least square method. However, to fulfill
bigger than 10 (VIF>10), it means the multicollinearity does normal assumption, the prediction of coefficient use
exist. If this condition occurs, one of the analysis solutions is maximum likehood. The predicting procedure of a'=(a0,

by using the regression of principal component [12]. al, ...ap) is by using maximum likelihood which
o ) multiplying density function of f(ei), taking logarithmic
C. Principal Component Regression value (In) and differentiated to a'=(a0, al, ...,ap), then

Principal component analysis (PCA) as part of principal equalized with zero. The prediction of principal component
component regression, can also reduce high dimensionategression coefficient by using maximum likelihood is
data. In this case, they are combined with other reductionexplained with this following equation:
techniques, minimum noise fraction (MNF), resulting in an
increase of image classification accuracy to 80.77%. In am,_(gl’gz’_._’gn;az):il R W BPAE VTV T
comparison, both PCA alone and MNF alone produce an™ 55 aa" u%e (4)
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Having said that, the prediction of coefficient a is as some researches related to the behavior of parking user have
follows: been conducted at the on-street parking facility. First, the
needs of parking lots from the perceptual-behavioral
a=A\" ((zP)Y) anda,=Y (5) approach connected with economic and financial analysis is
simulated in Verona, Italy [7]. Second, the parking demand
WhereAtis a diagonal matrices which has main diagonal modelling related to the public transit accessibility of both
element of (-, ((N-1M.)™%., (n-1M\)™ and Py is supermarket and shopping centre in China. The relation of
matrices with size dtxl which its elements are eigen vector. Parking demand and public transit accessibility in this paper
Each eigen vectoe,, &, ...., g hask« in size [12]. This ~ &re as follow:[18]

equation should be free from multicollinearity problem. - -053
ini H H H H H ashopping centre 28.61A1 (8)
Minitab is used during the analysis of principal component
regression.
Xsupermarket = 3.11417040 (9)

2) Prediction of Principal Component Regression
Coefficient: The principal component W in principal Where Al is the public transport accessibility index,
component regression equation will be re-transformed into additionally, vehicle parking research is conducted to
original X variable. The transformation will need two step, determine the probability model of a motorcycle in Surabaya
firstly transformation from W to Z and then continued with to choose using a lot of parking, garage parking, or on-street
transformation from Z to X. Transformation procedure of parking facility [19]. Nonetheless, there is still no research in
variable W into variable Z which has regression coefficient predicting the parking volume and the duration based on the

* is as follow: obtained parking performance indicators for specific land,
f \WeoZ uses. However, this paper is only working on shopping
' (6) stores only.
Y=0,1+ZB*+e
. . . - . - E. Data

Trgnsformanon conyerts var!a.ble Z' into original variable  paia collected for four days representing two working
X, which has a regression coefficientyas as follow: days and two weekend days. In this paper, data are collected
f: Z—X 7 from three samples of shopping stores in Surabaya. They are

y=VB* andy, =Y -prVv¥2X () collected during the operational time of the parking facility.

With the parking demand data, the parking supply is also

D. Vehicle Parking Study collected, including the number of parking spaces and the

Mostly, the parking study discusses the performance parking facility's service time. The demand for parking data

indicators of the parking facility. They mostly finished COVers both carand motorcycles.
calculating _durationz turnover, accumulation, parking. index g Methodology
and dynamic capacity with no further research to utilize the
obtained parking performance indicators [9,11,17]. However,
The methodology of this paper is summarized in Fig. 1.

Parking data
- operational hour
- parking spaces
- in and out parking time

Analysis

- duration

- parking index

- turnover

- dinamic capacity
- volume

!

Model Test

Y (volume); xi
(accumulation, tumover,
dynamic capacity, parking
index, average duration)

Multicolli
nearity test.
VIF>10.

Polynomial
regression

Y (Percent duration);
xi(accurmulation, turnover,
dynamic capacity, parking Principal Component
index, volume) regression

.

Proposed model for parking
volume and parking duration

Fig. 1 Methodology of analysis
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I1l. RESULTS ANDDISCUSSION

A. Results

1) Parking Performance Indicators: Shopping stores of
Central Business Park, (Situated on Ir. Soekarno Street). Th
parking facility characteristic within this shopping stores is

as follows: No. The parking spaces available are 43 for car
and 57 rooms for motorcycle (MC) while the operational
time of this shopping stores is 16 hours. Therefore, the
percent duration, average parking duration and the parking
aolume are presented in Table 1.

TABLE |
PERCENTDURATION, AVERAGE PARKING DURATION AND THE PARKING VOLUME
Type . Duration (d) Group (Minute) and Mid value Total Average
of Day No. of vehicle and a b [ d e f g h i j (Parking Duration
percentage .
Veh. 5 35 90 150 | 2100 270 33p 390 450 480 Volume) (minute)
Car No. of vehicle Qg g 27 15 2Q 5 q Y. 14 r 104
Wednesday
Percentage (%) 0.p0 7169 25.96.4.44 19.21 4.81 5.7y 1.92 13.46 6.3 1] 220.48]
Thursda No. of vehicle Q 2 1 3( 28 18 14 21 8 6 138
y Percentage (%) 0.p0 145 5.0721.74 20.29 13.04 13.04 15.22 5.80 435 1] 264.85f
Saturda No. of vehicle Q 1 4 8 1Q 1§ 9 14 B 10 81
y Percentage (%) 0.p0 1/19 4769.54 11.9¢ 19.0% 10.70 2143 9.52 11/90 1 314.344
Sunday No. of vehicle Q [s 34 26 g 2 [0 a ( 7%
Percentage (%) 0.p0 6|67 45.3384.6] 10.67 2.67 0.00 0.00 0.00 0.p0 1 124.73
MC No. of vehicle 7l 101 160 3] 17 2( 1( ( 11 60 423
Wednesday p p p N
Percentage (%) 1.65 23.88 3783 7.3 4.04 473 236 142 2.60 14.8 1 167.80]
Thursda No. of vehicle Q 42 7 51 41 49 29 3 16 23 351
y Percentage (% 0.0 11.97 19.94 14.5J 11.64 13.9¢ 8.2¢ 8.5 4.5 6.5 1 218.71
Saturda No. of vehicle 2 44 31 23 23 19 1§ i B fl 17p
y Percentage (%) 1.12 24{58 20.6712.8§ 12.89 10.61 10.0p 3.35 1.68 2.3 1] 166.704
Sunday No. of vehicle 10 49 4 3] 9 6 3 3 1 1 158
Percentage (%) 6.p4 32|03 26.120.2¢ 5.8§ 3.92 1.96 1.96 0.65 0.65 1] 108.59¢

Note:a:<10, b: 10-60, c: 60-120 d: 120-180, e:180-240, f:240-

TABLE Il
ACCUMULATION, TURNOVER, DYNAMIC CAPACITY AND PARKING INDEX
Day IAccumulation[TurnoverDynamic CapacityParking Index
Car | MC |Car [MC| Car MC Car | MC

Tuesday 47 1492.427.42 0.73 1.27 1.09 2.6]
Friday 67 1463.216.16 0.81] 1.3¢0 1.5 2.56
Saturday 57 471.9593.14 0.51 1.2 1.33 0.87
Sunday 26 371.742.68 1.29 1.97 0.60 0.69
Additionally, the other parking indicator, including

accumulation, turnover, dynamic capacity, and parking

TABLE

300, g: 300-360, h: 360-420, i:420-480, j:>480

index of these shopping stores are presented in Table 2. All
the value above are summarized as the input for regression
analysis later. All of the values above are summarized as the
input for regression analysis later on. Shopping stores of
Darmo Galeria (situated on Mayjend Sungkono Street). The
parking facility characteristic within this shopping stores is
as follows: No. Of parking spaces available are 41 for car
and 55 spaces for motorcycle (MC) while this shopping
store's operational time is 18 hours. Therefore, the percent
duration, average parking duration and the parking volume
are presented in Table 3.

DURATION AND PARKING VOLUME

Type of Day No. of vehicle and a b Du(l;anon (d)dGroupe(Mlnut? and Q/“d valuhe i i Total (Parking I/D\;/?e:;lgr?
Veh. percentage Volume) .
5 35 90 150 2100 27(Q 330 390 450 480 (minute)
Car No. of vehicle 28 617 44 3L 9 2 2 1 1 11 196
Wednesday - -
Percentage (%) 1429 34|18 22.45 1H5.8259 1.02 1.02 0.51 0.51 5.61 1 103.59
Thursday No. of vehicle 7 52 51 19 4 4 2 1 3 9 152
Percentage (%) 4.61 34.21 3385 1250263 2.63 1.32 0.66 197 5.99 1 117.99
Saturday No. of vehicle 21 8( 45 21 18 10 g Y. 1 1 207
Percentage (9 10.14 38.69 21.74 10.14 8.7 4.8 3.8f 0.97 0.4 0.44 1]  101.13f
- No. of vehicle 17 26 21 25 g 4 6 1 0 7 115
Sunday 15 centage (%) 14j78 22|61 1826 217696 3.48 520  0.87 00( 6.0 1 131521
MC No. of vehicle 7Q 174 100 34 13 7 2 3 12 3 448
Wednesday > n
Percentage (%) 1563 38|39 22.32 y.52.9¢ 1.56 0.45 0.67 2.6 7.81 1  109.64
Thursday No. of vehicle 2(Q 107 61 21 g 10 4 12 18 5(Q 311
Percentage (9 6.43 34.4] 19.61 6.79 254 3.29 1.29 3.8 5.79 16.04 1] 176.73
Saturday No. of vehicle 34 107 79 37 31 28 21 17 12 19 385
Percentage (9 9.3 26.44 19.74 9.6] 8.0 7.2%4 7.0] 442 314 4.94 1] 156.54¢
Sunday No. of vehicle 24 28 38 3F 20 11 4 1 1 2 166
Percentage (9 14.44 16.8] 22.84 22.24 12.04 6.6 2.4] 0.60 0.6 1.2 1]  122.65]
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Note: a:<10, b: 10-60, c: 60-120 d: 120-180, e:180-240, available are 37 for car and 45 spaces for motorcycle (MC)
f:240-300, g: 300-360, h: 360-420, i:420-480, j:>480. while the operational time of this shopping stores is 18 hours.
Additionally, the other parking indicator, including Therefore, the percent duration, average parking duration,
accumulation, turnover, dynamic capacity and parking indexand the parking volume are presented in Table 5.
of these shopping stores, is presented in Table 4. Shoppind\dditionally, the other parking indicator, including
stores of Sentra Fortuna (Situated on Jaksa Agung Supraptaccumulation, turnover, dynamic capacity, and parking
Street). The parking facility characteristic within this index of these shopping stores, are presented in Table 6.
shopping store is as follows: No. The parking spaces

TABLE IV
ACCUMULATION, TURNOVER, DYNAMIC CAPACITY AND PARKING INDEX
Day Accumulation Turnover Dynamic Capacity | Parking Index
Car MC Car MC Car MC Car MC
Wednesday 51 120 4.78 8.15 1.4§ 1.8§ 1.24 2.18
Thursday 46 114 3.71 5.65 1.3¢ 1.17 1.12 2.07
Saturday 44 159 5.05 7.0C 1.35 1.17 1.07 2.89
Sunday 28 41 2.8( 3.02 1.04 1.49 0.6¢ 0.75

All of the value above are summarized as the input for regression analysis later on.

TABLE V
DURATION AND PARKING VOLUME
Type No. of vehicle and Duration (d) Group (Minute) and Mid value . _ Totgl Avera_lge
of Day ) a b [ d e f g h i i (Parking | Duration
Veh. percentage 5 35 90 | 150| 210 270 330 39( 45D  48oVolume) | (minute)
Car No. of vehicle v 30 11 1 2 2 1 g ¢ 24 84
Wednesda ]
Percentage (%) 8.3385.7] 13.10 8.38 2.3§ 2.3 1.19 0.00 0.00 28.5 1 189.70]
Thursd No. of vehicle 5 4( 14 8 4 1 0 0 0 21 93
S8y o ercentage (%) 588301 1505 86D 430 1.0 000 000 0.40 22.58 1 162.09]
Saturday No. of vehicle 2 18 23 18 3 9 4 0 1 2 8C
Percentage (% 2.50 22.5( 28.79 22.5(0 3.79 11.25 5.0( 0.0( 1.25 2.5( 1  140.00
Sunday No. of vehicle 5 5 8 6 4 7 2 3 6 4 5C
Percentage (9 10.0¢ 10.0¢ 16.0¢ 12.00 8.00 14.0¢ 4.0¢ 6.0¢ 12.00¢ 8.0( 1 220.00
MC No. of vehicle 0 2 14 26 18 16 14 19 28 26 163
Wednesda > >
Percentage (% 0.00 1.2 8.59 159511.04 9.84 859 1164 17.1§ 15.95 1  309.44
Thursday No. of vehicle 1] 1 15 34 1§ 12 1(Q 13 23 25 157
Percentage (9 0.6 0.6 9.84 22.3111.84 7.89 6.5 8.59 15.13 16.45 1 290.98]
Saturday No. of vehicle 1 10 24 16 2 6 3 1 0 3 68 ]
Percentage (%) 1.404.7] 38.24 2358 2.94 8.82 4.41 1.47 0.00 4.41 1 146.39
Sunday No. of vehicle 5 20 37 11 3 1 1] 0 0 3 81
Percentage (¢ 6.17 24.69 45.6§ 1354 3.70 1.23 1.29 0.0¢ 0.00 3.7(¢ 1 103.39%

Note:a:<10, b: 10-60, c: 60-120 d: 120-180, e:180-240, f:240-300, g: 300-360, h: 360-420, i:420-480, j:>480

TABLE VI
ACCUMULATION, TURNOVER, DYNAMIC CAPACITY AND PARKING INDEX
Day Accumulation Turnover Dynamic Capacity | Parking Index
Car MC Car MC Car MC Car MC
Tuesday 3¢ 115 2.27 3.62 0.65 0.48 0.92 2.56
Wednesday 39 85 2.51 3.3¢ 0.76 0.52 1.0§ 1.89
Saturday 21 16 2.16 1.5] 0.88 1.02 0.57 0.36
Sunday 21 22 1.35 1.8C 0.56 1.45 0.57 0.49

The parking volume model's input data for regression show independent variables, including accumulation,
analysis are summarized in Table 7 and Table 8. Table 7turnover, dynamic capacity, parking index, and parking
show independent variables, including accumulation, volume. These table are prepared for the parking volume of
turnover, dynamic capacity, parking index and average both car and motorcycles for weekend. Meanwhile, input
duration. This table is prepared for parking volume of both data for weekday are presented in Table 10. The y value
car and motorcycles for week day. Meanwhile, input data for including W, Y2,Ya, VYa ¥s» Ve Y72 Y8 Yo» Y10 represents
weekend is presented in Table 8. duration (d) for d<10 min, 10-60 min, 60-120 min, 120-180

The percentage duration model input data for regressionmin, 180-240 min, 240-300 min, 300-360 min, 360-420 min,
analysis is summarized in Table 9 and Table 10. Table 9420-480 min and >480 min, respectively.
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TABLE VII

INPUT DATA OF PARKING VOLUME MODEL FORBOTH CAR AND MOTORCYCLE(MC) DURING THE WEEKDAY

Independent Variable
Parking .
;%%?Cg Volume Accumulation Dynamic Parking Average
(vehicle) (Vehicle) Turnover Capa}uty Index Dura}tlon
(vehicle) (min)
y x1 X2 X3 x4 x5

138 67 3.21 0.81 1.56 264.86

104 47 242 0.73 1.09 220.48

Car 152 46 3.71 1.30 1.12 117.99

196 51 4.78 1.48 1.24 103.60

93 39 251 0.76 1.05 162.10

84 34 2.27 0.65 0.92 189.70

351 146 6.16 1.30 2.56 218.72

423 149 7.42 1.27 2.61 167.80

MC 311 114 5.65 1.17 2.07 176.74

448 120 8.15 1.88 2.18 109.64

152 85 3.38 0.52 1.89 290.99

163 115 3.62 0.48 2.56 309.45

TABLE VIII
INPUT DATA OF PARKING VOLUME MODEL FORBOTH CAR AND MOTORCYCLEDURING THE WEEKEND
. Independent Variable
Type of Parking . Dynamic . Average
Vehicle Vqu_me AccumL_JIatlon Turnover Capacit Parking Duration
(vehicle) (Vehicle) Pacily | ndex :
(vehicle) (min)
y x1 X2 X3 x4 x5
75 26 1.74 1.29 0.60 124.73
84 57 1.95 0.51 1.33 314.35
Car 115 28 2.80 1.04 0.68 131.52
207 44 5.05 1.35 1.07 101.14
50 21 1.35 0.56 0.57 220.00
80 21 2.16 0.88 0.57 140.00
153 37 2.68 1.97 0.65 108.59
179 47 3.14 1.28 0.82 166.70
MC 166 41 3.02 1.49 0.75 122.65
385 159 7.00 117 2.89 156.55
81 22 1.80 145 0.49 103.40
68 16 151 1.02 0.36 146.40
TABLE IX

INPUT DATA OF PARKING PERCENTDURATION FOR CAR AND MOTORCYCLE(MC) DURING THE WEEKEND

% of duration Accumulation Turnover Dynamic Capacity Parking Index Parking Volume
Car MC Car MC Car MC Car MC Car | MC Car MC
Y1l x1 X2 x3 x4 x5
0.0C 0.07 2€ 37 1.74 2.6¢ 1.2¢ 1.97 0.6C 0.6% 7% 152
0.0C 0.01 57 47 1.9¢ 3.1¢ 0.51 1.2¢ 1.3¢ 0.82 84 17¢
0.1% 0.1¢ 28 41 2.8C 3.02 1.0¢ 1.4¢ 0.6¢ 0.7% 11t 16€
0.1¢ 0.0¢ 44 15¢ 5.0% 7.0C 1.3¢ 1.17 1.07 2.8¢ 207 38t
0.1¢ 0.0¢ 21 22 1.3¢ 1.8C 0.5¢ 1.4¢ 0.57 0.4¢ 5C 81
0.0 0.01 21 16 2.1€ 1.51 0.8¢ 1.02 0.57 0.3€ 8C 68
Y2 x1 x2 x3 x4 x5
0.07 0.32 26 37 1.74 2.6¢ 1.2¢ 1.97 0.6C 0.6% 7% 152
0.01 0.2t 57 47 1.9¢ 3.1« 0.51 1.2¢ 1.3¢ 0.82 84 17¢
0.22 0.17 28 41 2.8C 3.0z 1.04 1.4¢ 0.6¢ 0.7% 11t 16€
0.3¢ 0.2¢€ 44 15¢ 5.0% 7.0C 1.3¢ 1.17 1.07 2.8¢ 207 38t
0.1¢ 0.2t 21 22 1.3¢ 1.8C 0.5¢ 1.4¢ 0.57 0.4¢ 5C 81
0.22 0.1t 21 16 2.1€ 1.51 0.8¢ 1.02 0.57 0.3€ 8C 68
Y3 x1 x2 x3 x4 x5
0.4% 0.2€ 26 37 1.74 2.6¢ 1.2¢ 1.97 0.6C 0.6% 7% 152
0.0% 0.21 57 47 1.9¢ 3.1« 0.51 1.2¢ 1.3¢ 0.82 84 17¢
0.1¢ 0.2 28 41 2.8C 3.02 1.04 1.4¢ 0.6¢ 0.7¢ 11t 16€
0.22 0.2C 44 15¢ 5.0% 7.0C 1.3¢ 1.17 1.07 2.8¢ 207 38t
0.1¢ 0.4¢ 21 22 1.3¢ 1.8C 0.5¢ 1.4¢ 0.57 0.4¢ 5C 81
0.2¢ 0.3¢ 21 16 2.1€ 1.51 0.8¢ 1.02 0.57 0.3€ 8C 68
Y4 x1 x2 X3 x4 x5
0.3t | 0.2 26 | 37 1.74 2.6¢ 1.2¢ 1.97 0.6C | 0.6 75 15¢
0.1C | 0.1 57 | 47 1.9t 3.1¢ 0.51 1.2¢ 132 [ 082 84 17¢
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0.2 0.2 28 41 2.8C 3.02 1.04 1.4¢ 0.6¢ 0.7t 11F 16€
0.1C 0.1C 44 15¢ 5.0t 7.0C 1.3¢ 1.17 1.07 2.8¢ 207 38t
0.17 0.1¢ 21 22 1.3¢ 1.8C 0.5€ 1.4% 0.57 0.4¢ 5C 81
0.2: 0.2¢ 21 16 2.1€ 1.51 0.8¢ 1.02 0.57 0.3¢€ 8C 68
Y5 x1 x2 x3 x4 x5
0.11 0.0¢€ 26 37 1.74 2.6¢ 1.2¢ 1.97 0.6C 0.6t 75 152
0.12 0.1z 57 47 1.9¢ 3.14 0.51 1.2¢ 1.3 0.82 84 17¢
0.07 0.17 28 41 2.8C 3.02 1.04 1.4¢ 0.6¢ 0.7t 11F 16€
0.0¢ 0.0¢ 44 15¢ 5.0t 7.0C 1.3¢ 1.17 1.07 2.8¢ 207 38t
0.0¢ 0.0¢ 21 22 1.3 1.8C 0.5€ 1.45 0.57 0.4¢ 5C 81
0.0¢ 0.0 21 16 2.1€ 1.51 0.8¢ 1.02 0.57 0.3¢€ 8C 68
Y6 x1 x2 x3 x4 x5
0.0 0.0¢ 26 37 1.74 2.6¢ 1.2¢ 1.97 0.6C 0.6t 75 152
0.1¢ 0.11 57 47 1.9¢ 3.14 0.51 1.2¢ 1.3 0.82 84 17¢
0.0 0.07 28 41 2.8C 3.02 1.04 1.4¢ 0.6¢ 0.7t 11F 16€
0.0t 0.07 44 15¢ 5.0t 7.0C 1.3¢ 1.17 1.07 2.8¢ 207 38t
0.1¢ 0.01 21 22 1.3 1.8C 0.5€ 1.45 0.57 0.4¢ 5C 81
0.11 0.0¢ 21 16 2.1€ 1.51 0.8¢ 1.02 0.57 0.3¢€ 8C 68
Y7 x1 x2 x3 x4 x5
0.0C 0.02 26 37 1.74 2.6¢ 1.2¢ 1.97 0.6C 0.6t 75 152
0.11 0.1C 57 47 1.9t 3.14 0.51 1.2¢ 1.3 0.82 84 17¢
0.0t 0.0z 28 41 2.8C 3.02 1.04 1.4¢ 0.6¢ 0.7t 11¢ 16€
0.0¢ 0.07 44 15¢ 5.0t 7.0C 1.3¢ 1.17 1.07 2.8¢ 207 38t
0.0¢ 0.01 21 22 1.3 1.8C 0.5€ 1.45 0.57 0.4¢ 5C 81
0.0t 0.0¢ 21 16 2.1€ 1.51 0.8¢ 1.02 0.57 0.3¢€ 8C 68
Y8 x1 X2 X3 x4 x5
0.0C 0.02 26 37 1.74 2.6¢ 1.2¢ 1.97 0.6C 0.6t 75 152
0.21 0.0 57 47 1.9¢ 3.14 0.51 1.2¢ 1.32 0.8 84 17¢
0.01 0.01 28 41 2.8C 3.02 1.04 1.4¢ 0.6¢ 0.7t 11¢ 16€
0.01 0.04 44 15¢ 5.0t 7.0C 1.3¢ 1.17 1.07 2.8¢ 207 38t
0.0€ 0.0C 21 22 1.3 1.8C 0.5€ 1.45 0.57 0.4¢ 5C 81
0.0C 0.01 21 16 2.1€ 1.51 0.8¢ 1.02 0.57 0.3¢ 8C 68
Y9 x1 X2 X3 x4 x5
0.0 0.01 26 37 1.7¢4 2.6¢ 1.2¢ 1.97 0.6C 0.6t 75 152
0.1 0.02 57 47 1.9¢ 3.14 0.51 1.2¢ 1.32 0.8 84 17¢
0.0 0.01 28 41 2.8C 3.02 1.04 1.4¢ 0.6¢ 0.7t 11¢ 16€
0.0C 0.0: 44 15¢ 5.0t 7.0C 1.3¢ 1.17 1.07 2.8¢ 207 38t
0.1 0.0C 21 22 1.3¢ 1.8C 0.5€ 1.45 0.57 0.4¢ 5C 81
0.01 0.0C 21 16 2.1€ 1.51 0.8¢ 1.02 0.57 0.3¢€ 8C 68
Y10 x1 X2 X3 x4 x5
0.0 0.01 2€ 37 1.7¢4 2.6¢ 1.2¢ 1.97 0.6C 0.6t 75 152
0.17 0.02 57 47 1.9¢ 3.14 0.51 1.2¢ 1.32 0.8 84 17¢
0.0¢ 0.01 28 41 2.8C 3.0Z 1.04 1.4¢ 0.6¢ 0.7t 11¢ 16€
0.0C 0.0t 44 15¢ 5.0t 7.0C 1.3¢ 1.17 1.07 2.8¢ 207 38t
0.0¢ 0.0¢ 21 22 1.3¢ 1.8C 0.5€ 1.45 0.57 0.4¢ 5C 81
0.0z 0.0¢ 21 16 2.1€ 1.51 0.8¢ 1.02 0.57 0.3€ 8C 68
TABLE X

INPUT DATA OF PARKING PERCENTDURATION FOR CAR AND MOTORCYCLE(MC) DURING THE WEEKDAY

% of duration Accumulation Turnover Dynamic Capacity Parking Index Parking Volume
Car MC Car MC Car MC Car MC Car | MC Car MC
Y1 x1 x2 X3 x4 x5
0.0C 0.07 2€ 37 1.7¢4 2.6¢ 1.2¢ 1.97 0.6C 0.6t 75 152
0.0C 0.01 57 47 1.9¢ 3.14 0.51 1.2¢ 1.3¢ 0.82 84 17¢
0.1t 0.14 28 41 2.8C 3.02 1.0¢ 1.4¢ 0.6¢ 0.7t 11¢ 16€
0.1C 0.0¢ 44 15¢ 5.0¢ 7.0C 1.3¢ 1.17 1.07 2.8¢ 207 38¢
0.1C 0.0¢ 21 22 1.3¢ 1.8C 0.5¢ 1.4¢ 0.57 0.4¢ 5C 81
0.0: 0.01 21 16 2.1€ 1.51 0.8¢ 1.0Z 0.57 0.3¢ 8C 68
Y2 x1 x2 X3 x4 x5
0.07 0.32 26 37 1.7¢ 2.6¢ 1.2¢ 1.97 0.6C 0.6t 75 15¢
0.01 0.2t 57 47 1.9¢ 3.14 0.51 1.2¢ 1.3¢ 0.82 84 17¢
0.2¢ 0.17 28 41 2.8C 3.02 1.0¢ 1.4¢ 0.6¢ 0.7¢ 11t 16€
0.3¢ 0.2¢ 44 15¢ 5.0¢ 7.0C 1.3¢ 1.17 1.07 2.8¢ 207 38¢
0.1C 0.2¢ 21 22 1.3¢ 1.8C 0.5¢ 1.4¢ 0.57 0.4¢ 5C 81
0.2 0.1t 21 16 2.1€ 1.51 0.8¢ 1.0Z 0.57 0.3¢ 8C 68
Y3 x1 x2 x3 x4 x5
0.4t 0.2¢ 26 37 1.7¢ 2.6¢ 1.2¢ 1.97 0.6C 0.6t 75 15¢
0.0t 0.21 57 47 1.9¢ 3.14 0.51 1.2¢ 1.32 0.82 84 17¢
0.1¢ 0.2¢ 28 41 2.8C 3.02 1.0¢ 1.4¢ 0.6¢ 0.7¢ 11t 16¢€
0.27 0.2C 44 15¢ 5.0¢ 7.0C 1.3¢ 1.17 1.07 2.8¢ 207 38¢
0.1¢ 0.4¢ 21 22 1.3¢ 1.8C 0.5¢ 1.4¢ 0.57 0.4¢ 5C 81
0.2¢ 0.3¢ 21 16 2.1¢€ 1.51 0.8¢ 1.02 0.57 0.3¢ 8C 68
Y4 x1 x2 x3 x4 x5
0.3t 0.2C 26 37 1.74 2.6¢ 1.2¢ 1.97 0.6C 0.6t 75 152
0.1C 0.1z 57 47 1.9t 3.14 0.51 1.2¢ 1.3 0.82 84 17¢
0.22 0.27 28 41 2.8C 3.02 1.04 1.4¢ 0.6¢ 0.7¢ 11¢ 16¢€
0.1C 0.1C 44 15¢ 5.0¢ 7.0C 1.3¢ 1.17 1.07 2.8¢ 207 38¢
0.12 0.14 21 22 1.3¢ 1.8C 0.5¢ 1.4¢ 0.57 0.4¢ 5C 81
0.2 0.24 21 16 2.1¢€ 1.51 0.8¢ 1.02 0.57 0.3¢ 8C 68
Y5 x1 x2 x3 x4 x5
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0.11 0.0¢€ 26 37 1.74 2.6¢ 1.2¢ 1.97 0.6C 0.6t 75 152
0.12 0.1z 57 47 1.9¢ 3.14 0.51 1.2¢ 1.3 0.82 84 17¢
0.07 0.17 28 41 2.8C 3.02 1.04 1.4¢ 0.6¢ 0.7t 11F 16€
0.0¢ 0.0¢ 44 15¢ 5.0t 7.0C 1.3¢ 1.17 1.07 2.8¢ 207 38t
0.0¢ 0.0¢ 21 22 1.3 1.8C 0.5€ 1.45 0.57 0.4¢ 5C 81
0.0¢ 0.0: 21 16 2.1€ 1.51 0.8¢ 1.02 0.57 0.3¢€ 8C 68
Y6 x1 x2 x3 x4 x5
0.0 0.04 26 37 1.74 2.6¢ 1.2¢ 1.97 0.6C 0.6t 75 152
0.1¢ 0.11 57 47 1.9t 3.14 0.51 1.2¢ 1.3 0.82 84 17¢
0.0z 0.07 28 41 2.8C 3.02 1.04 1.4¢ 0.6¢ 0.7t 11¢ 16€
0.0t 0.07 44 15¢ 5.0t 7.0C 1.3¢ 1.17 1.07 2.8¢ 207 38t
0.1¢ 0.01 21 22 1.3 1.8C 0.5€ 1.45 0.57 0.4¢ 5C 81
0.11 0.0¢ 21 16 2.1€ 1.51 0.8¢ 1.02 0.57 0.3¢€ 8C 68
Y7 x1 X2 X3 x4 x5
0.0C 0.02 26 37 1.74 2.6¢ 1.2¢ 1.97 0.6C 0.6t 75 152
0.11 0.1C 57 47 1.9¢ 3.14 0.51 1.2¢ 1.32 0.8 84 17¢
0.0t 0.0z 28 41 2.8C 3.0Z 1.04 1.4¢ 0.6¢ 0.7t 11¢ 16€
0.0¢ 0.07 44 15¢ 5.0t 7.0C 1.3¢ 1.17 1.07 2.8¢ 207 38t
0.0¢ 0.01 21 22 1.3 1.8C 0.5€ 1.45 0.57 0.4¢ 5C 81
0.0t 0.04 21 16 2.1€ 1.51 0.8¢ 1.02 0.57 0.3¢ 8C 68
Y8 x1 X2 X3 x4 x5
0.0 0.0z 26 37 1.7¢4 2.6¢ 1.2¢ 1.97 0.6C 0.6t 75 152
0.21 0.0: 57 47 1.9¢ 3.14 0.51 1.2¢ 1.32 0.8 84 17¢
0.01 0.01 28 41 2.8C 3.02 1.04 1.4¢ 0.6¢ 0.7t 11¢ 16€
0.01 0.0¢ 44 15¢ 5.0t 7.0C 1.3¢ 1.17 1.07 2.8¢ 207 38t
0.0€ 0.0C 21 22 1.3¢ 1.8C 0.5€ 1.45 0.57 0.4¢ 5C 81
0.0C 0.01 21 16 2.1€ 1.51 0.8¢ 1.02 0.57 0.3¢€ 8C 68
Y9 x1 x2 X3 x4 x5
0.0 0.01 26 37 1.7¢4 2.6¢ 1.2¢ 1.97 0.6C 0.6t 75 152
0.1 0.02 57 47 1.9¢ 3.14 0.51 1.2¢ 1.32 0.8 84 17¢
0.0C 0.01 28 41 2.8C 3.02 1.04 1.4¢ 0.6¢ 0.7t 11¢ 16€
0.0C 0.0 44 15¢ 5.0t 7.0C 1.3¢ 1.17 1.07 2.8¢ 207 38t
0.1 0.0C 21 22 1.3¢ 1.8C 0.5€ 1.45 0.57 0.4¢ 5C 81
0.01 0.0C 21 16 2.1€ 1.51 0.8¢ 1.02 0.57 0.3€ 8C 68
Y10 x1 X2 X3 x4 x5
0.0 0.01 2€ 37 1.7¢4 2.6¢ 1.2¢ 1.97 0.6C 0.6t 7% 152
0.17 0.02 57 47 1.9¢ 3.14 0.51 1.2¢ 1.32 0.8 84 17¢
0.0€ 0.01 28 41 2.8( 3.02 1.04 1.4¢ 0.6¢ 0.7t 11E 16€
0.0C 0.0t 44 15¢ 5.0t 7.0C 1.3¢ 1.17 1.07 2.8¢ 207 38t
0.0¢ 0.04 21 22 1.3¢ 1.8C 0.5€ 1.45 0.57 0.4¢ 5C 81
0.0z 0.0¢ 21 16 2.1€ 1.51 0.8¢ 1.02 0.57 0.3€ 8C 68

2) Regression component regression. Moreover, the result of the principal

The example polynomial regression analysis for car cOmponent regression is as follow:
parking volume during the weekend is presented below:

(output of Minitab) Model

Sunmary

S R-sq R-sq(adj) R-sq(pred)
7.43496 98.16% 96. 94% 88. 56%
Coefficients
Iog g-2i3 +0262228X15+ 41.16 x2 - 3.124 x3 - Term Coef SE Coef T-Value P-Value WIF
+f.x. e X Constant  127.83 3.04  42.12  0.000
Coef ficients W 25.53 2.02 12.65  0.001 1.00
Term Coef SE Coef T-Value P-Value VI F W 1. 60 223 0.72 0.525 1.00
SinSt ant ‘2 ggg : : : 316. 98 Regr essi on Equati on
2 a1 16 . . v TEoa1 Y = 127.83 + 25.53 W + 1.60 W2
x3 -3.124 * * *  235.08 . : . :
x4 -102.0 * * « 15716 The _regression equa’qon obtained is free of
x5 -0. 02148 * * * 134,55 multicollinearity problem since the VIF value of new

variable ‘W’ is 1.00 and 1.00 for W1 and W2, respectively
The VIF shows the value of much greater than ten, while which all are less than 10 (VIF<10). These ‘W’ value is then
when VIF>10, it is concluded that there is multicollinearity transformed to original independent ‘X’ value, therefore the
among independent variables. In this case, the commorall ‘X’ values are presented in Table 11, Table 12 and Table
polynomial regression can not be used to use the principall3 below.

TABLE XI
THE REGRESSIONMODEL OFPARKING VOLUME
Tvpe of Coefficient of Principal Component Regression
V)gr)\icle Day type c x1 X2 x3 x4 x5
Car Weekend 62.25159 1.32315/ 3.70528] 59.80993 54.54047 0.065764
Weekday 130.13889 8.50679( 6.99743] 41.97097 3.057564 -37.99887
MC Weekend 21.36756 0.713814 19.42289 26.83586 39.58958 0.12109
Weekday 65.07496 0.94589( 19.30114] 70.56161 18.38022 -0.48538
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TABLE XII
THE REGRESSIONM ODEL OF PERCENTDURATION OF CAR

Type of Coefficient of Principal Component Regression

V)(le%icle Day type C x1 X2 X3 X4 x5
Weekend
y1 0.03236 -0.00045 0.00596 0.03502 -0.02081 0.00013
y2 -0.05612 -0.00091] 0.03116] 0.14455 -0.04104 0.00073
y3 0.30291 -0.00318} 0.00808} 0.11435 -0.145814 0.00015
y4 0.29426 -0.00214 -0.00122 0.051114 -0.09830] -0.00005!
5 0.06108 0.00053¢ -0.00032f -0.01532 0.02472 -0.00000
y6 0.13548 0.00127 -0.01193] -0.07951 0.05820] -0.00026'
y7 0.029634 0.00089] -0.00270] -0.03384 0.04104 -0.000054
y8 0.03279 0.00231¢ -0.01064 -0.10169 0.106014 -0.00022
y9 0.09185 0.00074¢ -0.01020 -0.05905! 0.03402 -0.000234
y10 0.07599 0.00092] -0.00819] -0.05576' 0.042034 -0.000184

Car
Weekday
vyl 0.08149 -0.00145] 0.01419( 0.05513 -0.075764 0.00025
y2 0.72031 -0.00657/ 0.02556¢ 0.13246 -0.34157] 0.00032
y3 1.707104 -0.02913] 0.17296¢ 0.76741 -1.51415] 0.00272
y4 -0.77710 0.01475( -0.07104 -0.33863 0.76689 -0.00102
5 -0.113644 0.00323] -0.01527( -0.07330 0.16805 -0.00021!
y6 -0.10175 0.00201§ -0.00760] -0.03991 0.10485 -0.00009
y7 -0.12404 0.00221¢ -0.00795 -0.04266 0.11533 -0.00009
y8 -0.18474 0.002714 -0.00767/ -0.04597 0.14104 -0.00007
y9 -0.00611 0.00105( -0.00763] -0.03190 0.05458] -0.00012
y10 0.54055 -0.00260] -0.01672] -0.02871 -0.13513 -0.00044
TABLE XIII
THE REGRESSIONM ODEL OF PERCENTDURATION OF MOTORCYCLE
Type of Coefficient of Principal Component Regression
V)(le%icle Day type C x1 X2 X3 X4 x5
Weekend
y1 0.04917 0.00007¢ 0.00203 -0.00341 0.00425 0.00003
y2 0.21449 0.00008} 0.00225 -0.00378 0.004724 0.00003
y3 0.35438 -0.00031] -0.00830 0.013934 -0.01737 -0.00014
y4 0.13281 0.00017{ 0.00473 -0.00795 0.00992 0.00008
v5 0.06321 0.00006( 0.00159 -0.00267 0.00333 0.00002
y6 0.05593 0.00003¢ 0.00104 -0.00176 0.002194 0.00001
y7 0.02872 0.00007 0.00207 -0.00348 0.00434 0.00003
y8 0.006534 0.00006] 0.00166 -0.00279 0.00348 0.00002
MC y9 -0.00118 0.00005{ 0.00142 -0.00239 0.00298 0.00002

y10 0.02138 0.000034 0.00091 -0.00152 0.00190 0.00001
Weekday c x1 X2 x3 x4 x5
vyl 0.17180 -0.000504 0.00875 0.04222 -0.08869 0.00012
y2 0.19042 -0.000404 0.02555 0.11161 -0.14798 0.000374
y3 -0.18978 0.00092] 0.01150 0.038194 0.04804 0.00018
y4 0.27152 -0.00029¢ -0.00793 -0.03001 0.00198 -0.00012
y5 0.06806 0.00010f -0.00611. -0.02683 0.03655 -0.00009
y6 -0.04774 0.00040( -0.00501 -0.02548 0.06295 -0.00007
y7 -0.00421 0.00022] -0.00518 -0.02417 0.04442 -0.00007
y8 0.06142 0.00009( -0.00693 -0.030124 0.03859 -0.00010!
y9 0.23872 -0.00030( -0.00999 -0.03864 0.01038 -0.00015
y10 0.23807 -0.00024] -0.00460 -0.01670 -0.00592 -0.00007

, , accommodate hourly base progressive tariff with maximal
B. Discussions tariff applied is 8 hours (480minute) for a whole day as well
The parking indicators, including percent duration, as free charged will be applied when the duration is below
average parking duration, and the parking volume, are10 minutes. The percentage explain the percent of vehicle
presented in Table 1, Table 3, and Table 5. The perceniwithin the class interval of duration, the total of percentage
duration is classified into ten class intervals: <10 minutes, should be 100%. The parking volume is the total number of
10-60 minutes, 60-120 minutes, 120-180 minutes, 180-240vehicles counted parking in the facility during the service
minutes, 240-300 minutes, 300-360 minutes, 360-420, 420-time. The other parking indicators including accumulation,
480 minutes and >480 minutes. This classification is chosenturnover, dynamic capacity, and parking index.
since in Surabaya, some applied parking tariff schemes
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The inputs of regression analysis of the parking volume percentage of duration (yi) must satisfy this rilgi=100%.
model for both dependent and independent variables duringSince, it is highly possible to have the condition thagt
the weekdays as well as weekends are summarized in Tablebtained from the model is not 100%. Therefore, the result
7 and Table 8, while the inputs of regression analysis ofneeds to be corrected based on the proportion of yiyto
percent duration model are summarized in Table 9 and Tableaccordingly so that thelyi is equal to 100%. For the
10. These values are basically summarized from previousillustration, suppose the independent variable values are as
table (Table 1, Table 2, Table 3, Table 4, Table 5, Table 6).follow: accumulation (x1) =42, turnover (x2)=2.42, dynamic
These tables are prepared for regression analysis. capacity (x3)=0.81, parking index (x4)=1.09 and parking
Principal component analysis as well as principal volume (x5)=220. Then by using the model for weekday car
component regression is used in this paper. This method i©f percent duration, the y1, y2, y3, y4, y5, y6, y7, y8, y9,
also widely used in reducing number of variables and wheny10 will have the result of 6.55%, 28.02%, 32.77%, 8.02%,
multicollinearity issue occurred [12-14,16]. Therefore, this 7.71%, 3.57%, 3.11%, 2.46%, 3.02%, and 10.93%
method is quite reliable. However, this method is not yet respectively. The}yi in this case is equal to 106,16%
used in vehicle parking analysis, especially in terms of (#100%). Therefore, the value of yi need to be corrected
modeling of vehicle parking volume and vehicle parking proportionally so that they become 6.17%, 26.40%, 30.87%,
duration. 7.56%, 7.26%, 3.36%, 2.93%, 2.32%, 2.84%, 10.29% for y1,
Many of vehicle parking studies only come to an end at y2, y3, y4, y5, y6, y7, y8, y9, y10, respectively. The new
the calculation of vehicle parking Indicators including correctedyiis then equal to 100%.
accumulation, turnover, dynamic capacity, parking index, paid accordingly. The parking volume model will be useful
volume, and duration [9,11,17]. The other parking study if the parking charge is only based on a single payment (flat-
discuss about the relation of parking demand with the publicrate) paid accordingly. The parking volume model will
transit accessibility for both shopping centre and provide Both vehicle parking volume model and vehicle
supermarket in Beijing, China[18], However, this paper is parking duration can help local authorities and investors
not only calculating vehicle parking indicators, but also interested in off-street parking supply to estimate the parking
utilize them as the input to create the model for vehicle facility's revenue and the parking tax charged be useful paid
parking volume as well as parking duration so that they canaccordingly. The parking volume model will be useful if the
be used for further function, especially in order to determine parking charge only based on single payment (flat rate) but
the vehicle parking revenue as well as parking tax predictionwhen the progressive tariff is applied, both parking volume
This paper is also different from probability of choosing on- and parking duration will be very useful. Suppose the
street parking facility for motorcycle in Surabaya [19]. vehicle parking tariff scheme for car are as follow; 1. First
The vehicle parking volume model obtained as presentedten minutes are free, 2. First one hour is Rp. 8000, 3.
in Table 11 can be used by inputting independent variable ofAdditional hourly charge is Rp. 2000 and 4. The maximum
x1, X2, x3, x4 and x5 for accumulation, turnover, dynamic charge is 8 hours while the parking tax is 15%. Additionally,
capacity, parking index and average duration, respectively.the number of car parking in the parking facility is 220
Meanwhile, the percent duration model of yi as presented invehicle a day. The illustration of calculating parking revenue
Table 12 and Table 13 can be calculated using theis presented in Table 14. The revenue of car parking for
independent variable of x1, x2, x3, x4 and x5 for weekday within a tear is Rp. 671,871,200, while the parking
accumulation, turnover, dynamic capacity, parking index potential tax is Rp. 100,780,680. Same steps can be applied
and parking volume, respectively. to other type of the day as well as other type of vehicles.
However, in its use, the model of percent duration needs
to be corrected to the total of 100% since the sum of the

TABLE XIV
THE ILLUSTRATION OF PARKING REVENUE CALCULATION, YEARLY

Duration (minutes) <10 | 10-60| 60-120 120-18080-240 240-300 300-360 360-420 420-480 >480
Percentage, a 6.17% 26.409 30.879] 7.56% 7.26% 3.36% 2.93%0 2.32% 2.84% 10.29Y
Addition parking charge 2,00¢ 2,00¢ 2,00¢ 2,00( 2,000 200¢ 2,000 2,00(

(Rp), b
Parking charge (Rp), ¢ - 8,00¢ 10,00¢ 12,00¢ 14,00( 16,00( 18,00¢ 20,00( 22,00( 24,00(
Daily car Parking volume 220

(weekday), d
Number of vehicles within

class interval, esad 13.574 58.08 67.914 16.63215.972 7.392 6.446 5.104 6.24B 22.63{
Daily Revenue, Rp. (car,

weekday), f=&c - 464,64( 679,14( 199,584 223,60{ 118,27] 116,02{ 102,08( 137,45¢ 543,31!
Total daily revenue, Rp. (car, weekday)yd= 2,584,12
Number of weekdays within a year, h 26(
Yearly Revenue, Rp. (car, weekday), xdh 671,871,200
Parking tax should be paid, (15%), Rp., j=Xx15 100,780,680

Note: Rp. is Indonesian currency (Rupiah)
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IV. CONCLUSIONS

(5]

Parking volume at the shopping stores can be modeledg

with the input variable of accumulation, turnover, dynamic
capacity, parking index, and average duration. Those

variables are commonly used to assess the parking facilitym

performance so that they have a multicollinearity problem.
Therefore, the forming of the model use the principal
component regression. The example of parking volume
model for car during the weekend is y=-

62.251594+1.323154x1+3.705282x2+59.809931x3+54.540
470x4+0.065764x5. Additionally, the percent duration can
also be modeled with the input variable of accumulation,
turnover, dynamic capacity, parking index, and parking
volume. Like the parking volume model, the independent
variables of percent duration, including accumulation,
turnover, dynamic capacity, parking index, and parking
volume, also have a multicollinearity problem. The model

(8]

9]

[10]

(11]

can be developed with principal component regression. The

models of vehicle parking for shopping store are available
for both vehicle and motorcycle, they are also available for

[12]

both weekend and weekday to represent the type of the day.
The example of percent duration model (duration<10minutes)

for car during the weekend is
0.000458x1+0.005962x2+0.035025x3-

0.020813x4+0.000137x5.

y1=0.032362-
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