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Abstract — Pricing is one of the important research topicsfo
road congestion charging policy. Bi-level programnmg
model is highly effective in research traffic conggion
charging. Road congestion charging policy and parkig
charge policy are combined to transform the bi-leve
programming pricing model, using Gini coefficient which is
resource allocation fairness index. Gini coefficienfunction
and parameters for controlling the Gini coefficient were
added into the model. The designation of traffic aogestion
charging and parking charging for different fairness
requirements could be gotten through the selectingof
different control parameters. This new model couldhot only
make the objective function as large as possible,ub also
balance the fairness of the system. Examples havgosvn that
the results, the road network resource utilizationand system
fairness could be improved using the charging modethich is
considering Gini coefficient.
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|. INTRODUCTION

Not like the road congestion charging is not sugabr
by the public, the downtown parking charge is eafsie
people to accept [6]. Through the analysis of #miits of
the O-D (ORIGIN-DESTINATION) survey in Sydney
city, using Logit model, David came to the conabmsthat
every 1% increase in downtown parking charge, tesise
parking in downtown will reduce 2.04% [7]. But ugithe
parking charge policy to regulate traffic flow will
significantly reduce traffic attraction intensity the town
center. And it will reduce the utilization rate pérking
facilities in congestion network [8-9].

On the basis of predecessors' research, in thier pthye

road congestion charging and parking charging are

combined to make up for the inadequacy of theiglsin
use, and the established Bi-level programming mgici
model using Gini coefficient is used to researcle th
combination pricing considering the network reseurc
fairness.

[I. ANALYSIS OF MATHEMATICAL M ODEL

In recent years, urban residents travel demangigl ra A. The Calculation Method of Gini Coefficient
growth makes the city traffic congestion problem |n urban life, there are four common modes of

increasingly serious. Blindly increasing the supplyoad
facility cannot ease road congestion, but stimulite
traveler increase the amount of travel insteads Tethod

transportation, respectively is walking-travel,ibtctravel
(including aided-bicycles, motorcycles, etc.), sl
and driving-travel. The ratio of each mode’s ocedpioad

will make roads more crowded [1]. Road congestioresources and the average traveler resource isegsir
charging and parking charge as two means @idex. The road congestion charging and parkinggeha
transportation demand management have importasiicing method is researched to make the Gini aefft

influence on people’ s traffic demand. It can ct@ngsmaller, and get the maximum system total resource

people's travel time, travel modes, travel rousesas to
achieve the aim of relieving urban road congestion.

Bi-level programming model is highly effective in

utilization, under the condition of the road tatesources
without increasing.
The calculation steps are shown as following:

research traffic congestion charging, it can refltee 1) |dentify ' as the number of traveler which chosen

traffic managers and travelers' interaction gamategy

[2-3]. The upper model reflects the strategy which

designed by policymakers from the macroscopic leisl

objective function is the maximum total revenuetioe )

minimum total cost. The lower model is used to dbsc
the travelers' decisions following the upper pebcilts

different modes of transportation. Walking-travel,
biking-travel, bus-travel and driving-travel are
represented biy= 1,2,3,4 , respectively.

According to each means of transportation trips and
per capita road area, the resources consumed hy eac
the means of transportation is calculated.

objective function is the traveler's maximum owip tr 3)
profit or the minimum cost [4].

The main problem of congestion charging is the ipubl
questioned and resistance instead of technologgl lev
difficulty. Cervero points out that, public resista comes
from the highly charge, they think the implemertatof 4)
congestion charging policy is only benefit to the
government managers and a few high-income earaeds,
they believe that policy is not fair to them [Shérefore, 5)
the public the sensitive degree of road chargingtnbe
reduced, in the guarantee of congestion chargeymli
effect, and the fairness level must be improved.
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Through calculating the road resources consumed and
the percentage of the population by each the maians
transportation, the cumulative percentage of road
resources and the cumulative percentage of popaolati
are calculated.

Data is fitted according to the allocation of reses.

And transformed it into the Lorentz curli¢x(q)]
through the linear regression which shown as Fig.1.
Draw the Lorentz curve, and Gini coefficient is
calculated a6 (q) formula (1).

G(q) = 1-2J, Llx(@))dx(q) (1)
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The probability of different traveler chooses thB(©

s) pathk as shown in formula 4.
P exp(—ec,l,s‘k)
Prse = Srep(-6ck ) 4)

The attraction of different modes of transportatitn
represented ag. .

Traveler's cost can be afford in the @Dg) pathk is
represented & .

Traveler's utility in the OD( s) pathk is shown in

=]

~

o
T

=]
L
=]
T
=

A

The resource percentage
=
o
T

Lorentz curve L

0 02 04 06 08 1 formula 5.
. The population percentage U;'S — h]l.;s + maxkekrs(_q's,k) (5)
Fig. 1. Lorentz curve L Combined with the formula 2, 3, 4, formula 6 cobll
. . otten.
B. The Establishment of the Mathematical Model 9% e _ b
The objective function of upper model is the maximu s ;
) PP = his + E(maxey, (—Clsx)) (6)

system total profits. The combination pricing scleem ; D

should be designed under the condition of the ujspe = hzs _Srs(Crs,k) )

system overall efficiency, and the network resource Traveler's expected cost in the ®D§) path k is

allocation fairess also should be considered sthaller represented &, (CY ;) shown in formula 7.

the Gini coefficient).For this purpose, the Ginefficient SL(Clsx) = E[minge, (Cli )]

and its control parameter are added into the uppetfel. _ 1 i

The traditional Bi-level pricing model is modifieit, order = —ginZexp(-6er) 0

to achieve both the goal of efficiency and fairness
The upper model (P1) is shown in formula 2:

maxy Z(u, q,x) = [1- /IG(Q)] Zi Za xtizutiz
ul = f(uhy, )

The random item is represented &s, which is
mutually independent and obey the parametersgfor
Gumbel distribution.The probability of traveler cses
different modes of transportation is shown in folzriL
exp (ﬁ (hi”s—sj’s))

St <ul, <upes @ Prs = Srena{atiz-s10) ©
Ugp" < Ugp < Ugp The volume of traffic relationship formula betwesach
1-2G(q) > 0,1 € (0,+x) mode of transportation and network system can beago

In the formula, Gini coefficien&(q) is calculatedby shown in formula 9.
Lorenz curvel is the control factor, which could be adjust . exp(B(nbs-sks)) 9
to satisfy the different equity requirements of doa rs = Qrs 'ziexp(g(hgs_g;‘s)) ©)
congestion charging and parking charge pricing. The Trayveler's cost in themode of transportation is shown
charging strategies made by policy makers are septed i, formula 10.

asu = (-+,ug, ). Road congestion pricing scheme is cl(xl,ul) = t& +ul (10)
represented ag. = (-, Ugy, =+ ). In the formula, traveler's relative cost of tratiehe in
The road congestion charging price range can B@thq with thei, mode of transportation is represented
allowed is represented pg;™ - ug®*]. astl. The charging strategy made by policy makers in
Parking charge pricing scheme is represented, as path with they, mode of transportation is represented
(-",ufw, ) asul, .It can be shown in formula 11
The parking charge price range can be allowed is ul, = f(ubyuly) (11)
represented a{ag;,"" " Ugy™ |- According to the probability of travelers’ choice$
Traffic flow made by different modes of transpartthe different modes of transportation and path, thestolevel
road network is represented as= [+, x}, - ]. mathematical model can be set up as shown in faril
From the model we can see that, in the case otains minZ(x, f,q) =
control coefficient, in order to achieve the maxmu [ iy v ff,is,k e |
objective function, system interest is requiredb® as | e<rsckdo 7 |
large as possible, and the Gini coefficient is ieglito be i (l _ l) ¥ [ Ino| (12)
as small as possible. [ o B/ J
The lower level is the description of differentvieters’ = s s * Grs
path choices. Traveler's utility in the QDE) pathk is Y fxa ¢l (xt,ul)
shown in formula 3. i
U7£s,k — _9671’:'5,16 + ‘97{5 (3) s.t. Zkfrs,k ={rs Ziqrs ={rs

In the formula, traveler's cost in the QD§) pathk is x{? = Xrs Zk,frlsrk )
represented ag, . frse 20 %320 qrs 20 g 20
Mutually independent and obey the parameters!n the formula, the traffic flow in thés mode of
for & Gumbel distribution random item is representedf@nsportation is representedfas, .
asel.
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SOLUTION METHOD EOR M ODEL 7) After reaching the iteration precision, the appiater
combination pricings, = f(u,, ul,) can be got.
Function of the optimal combination pricing scheime

solved under.the conQderation of both. t.he up_p?,el le IV. CALCULATION EXAMPLE OF M ODEL

system’s maximum efficiency and the Gini coeffitiers

small as possible. Model calculation method is shas
follows:

1) According to the requirements of fairness, selbet t
appropriate control factoll to decide the Gini
coefficient AG(q).

2) Determine the initial value,® of combination pricing,
and choose the iterations numher

3) The initial trip volume valuegy}, of each transportation
mode and the initial traffic flow valueg, of each path
can be calculated from the lower level whénwas
added in.

4) According to the initial data, the resource allamat
proportion of each transportation mode can be

calculated. Then the Lorentz curve can be fitted t The ﬁt.”p tlme. in ?ecno_n AA'.S representedt@s and
calculate the Gini coefficient. the traffic capacity of section A is s represerded, .

5) The new valueu,! ofcombination pricing can be Walking-travel, biking-travel, bus-travel_ and drigr
calculated from the function of upper level modeFraVeI are rgpresented by= 1,234, respectwe_ly.
wheng., andx, was added in The specific values are shown in the following ¢abl

s a :

6) The iterative precision is set kn Stop calculating
whenmax|u?*! — u?| < k; otherwise, set =n + 1,
continue the iteration.

The typical traffic network can be used to validtte
effectiveness of the established model.

As shown in the following Fig.2, it contains 4 nede
one OD pathr( s) and 5 sections.

Fig.2 The typical traffic network

Table 1 Details of the path parameters

Patha traveler's relative cost of travel ti traffic capacit
tli(min)  t2(min)  t3(min)  tX(min) c,(peurh?)
1(1,2) 10 7.t 6.2 5 150(
2(1,3) 12 9 7.t 6 100(
3(2,3) 2 1t 1.z 1 150(
4(2,4) 12 9 7.t 6 150(
5(3,4) 6 4.5 4 3 100(

The specific values of road resources consumeddly e
mean of transportation in the OD pair are showrhim
following table 2.

Table 2 Schedule of road resources consumed bymeaah of transportation

Mode Trip volume Road are occupiet  Travel time¢ Road resourct Percentag
(per/h’ (m/per’ (h) (m**h) Resource (%) Populatiot (%)
1 35( 2 3 210 2.2 117
2 100( 6 4 2400( 24.1 33.¢
3 75C 3 4.t 1012¢ 10.2 25
4 90( 20 3.5 6300( 63.t 30

The road resources consumed by each mean of :

transportation can be calculated through formula 13 09
RE;=L-T=XREq=QL;n) T 13) 0s

Trip distance is represented &s travel time is
represented &B, and the road area consumed by each
mean of transportation is representeg;as

The polynomial approximation method is proposed to
obtain the Lorentz curve as formula 14.

The percentage of road resources

Llx(q)] = 1.961x* — 2.405x3 22
+1.388x2 + 0.05541x (14) o1
The Lorentz curve is shown as Fig.3. % 02 04« 05 o8 1

The percentage of the population

Fig. 3. The Lorentz curve before charging
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Without traffic congestion charging, the Gini coefnt The saturation of traffic flow in each section cha
was 0.4374 when OD pair is (1, 4). Its value igbigthan calculated through the calculation of the lowerdam
the Gini coefficient watch point value of 0.4. Theuser model when the initial value® =0 without
conclusion shows that, at this time road netwodouece charging, and it is shown as table 3.
fairness doesn't stay in high level.

Table 3 Schedule of road resources consumed bymeaah of transportation

Patha X5 xa X5 xg C  Roacsaturatiol
(man-time) (man-time) (man-time) (man-time) (Pcu) (%)
1(1,2) 224 639.: 479.f 575.4 861. 57.¢
2(1,3) 125t 356.¢ 267.% 321.2 480.¢ 48.1
3(2,3) 125.¢ 357.¢ 268.¢ 322.1 4823 32.2
4(2,4) 98.¢ 281. 211.1 253.¢ 379.2 25.%
5(3,4) 250.¢ 714 536.: 643.2 963.1 96.2
The totalflow volume of each section is representedATLAB for programming calculation, whea = 2.5,
asC, which is converted to standard value. the function is convergence @t = 10.2.At this time,
As can be seen in the table 3, the saturation \@fltitee road congestion pricing ratio}, = 7, parking charge
section 5 is 96.3%, and it is a relatively congespath. pricing ratiou’,, = 8, the objective function of upper level

Consulting the documents and materials, the systefodel reach the maximum value.

faimess is appropriate when the Gini coefficiemtthe  Bringy” = 10.2 into the lower level model, the traffic

range of 0 to 0.4.0ne of the constraints in the ehodfow volume in each section can be calculated bietd.
is1—AG(g) > 0, the Gini coefficient is smaller than

watch point 0.4 under the condition df> 2.5 .Using

Table 4 Schedule of road resources consumed bymeaah of transportation after charging

Patha xd x2 x3 xp C  Roacsaturatior
(man-time) (man-time) (man-time) (man-time) (Pcu) (%)
1(1,2) 291.1 654.t 556.% 352.¢ 661.2 44.1
2(1,3) 162.7 372.¢ 310.5 196.¢ 371.1 37.1
3(2,3) 162.¢ 372.1 310.t 196.¢ 371.2 2475
4(2,4) 128.¢ 290.2 245 155.¢ 292 19.5
5(3,4) 325.1 745.2 621.% 393.¢ 742.5 74.C

As can be seen in the table 4, the saturation wflueroad resources consumed by each the means of
section 5 is decreased from 96.3% to 74.3%, arffictra transportation in the OD pair are shown in theofelhg
congestion has been effectively alleviated. Theieslof table 5.

Table 5 Schedule of road resources consumed bymeaah of transportation after charging

Mode Trip volume Road are occupiec  Travel time¢ Road resourct Percentag
(per/h (m/per’ (h) (m**h) Resource (%) Populatiot (%)
1 455.1 2 3 2730.¢ 3.t 15.7
2 1023.: 6 4 24559.. 31.7 35.¢
3 869.7 3 4.t 11740.¢ 15.1 30.C
4 550.1 20 3.5 38507.1 497 19.C

The Lorentz curve can be fitted as formula 15.
Llx(q)] = 3.047x* — 4.35x3 1

+2.355x% + 0.05129x (15) 09

At this time, the Gini coefficient is 0.3541, anldet o
Lorentz curve is shown as Fig.4.

)
g

o
>

)
o

V. THE MODEL SOLUTION OF DIFFERENT
CONTROL FACTORS

)
=

)
w

The percentage of road resources

o
[N

The parameterl is selected according to different
requirements of traffic equity, and the road cotiges
pricing u5, and the parking charge pricing, can be _ " e pocomgeatvepopuston
calculated by MATLAB compiler as table 6. Fig. 4. The Lorentz curve after charging

o

o

)
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Table 6 Charge pricing of different requirementgraffic equity

A=0 A=05 A=1 A=15 A=2 A=25 1=28
Roaccengestion chargir g 57 59 33 59 7 11.5
(‘unit cost of travel-time)
Parking charg 23 24 25 28 51 8 10
(‘unit cost of travel-time)
Gini coefficient 0.4382 0.4367 0.4321 0.4264 0.3920.3541 0.3378
The objective function 987.4 594.3 511.4 354.9 481. 53.7 17.4

When the value of parametéris 0, the function is [7]
conventional Bi-level pricing model without consiihg
Gini coefficient. When road congestion pricing. = 2.6
and parking charge pricing}, = 2.3, the objective [8]
function of upper level model reaches a relativgdasize
of Z = 987.4, but the Gini coefficient value is higher than
the alarm value 0.4. Based on the table 5, onedraw a
conclusion that, both Gini coefficient and systeotalt
revenue is decreased, along with the increase of
parametef. Different requirements of traffic equity can
be achieved by changing parametén this way.

s
VI. CONCLUSION '

The calculation result shows that, traffic congastis
alleviated as expected, and conditions of systeonie as
well as traffic equity are improved in virtue ofaffic
congestion combination charging design based on Gig
coefficient.

The combination charging is analyzed with measurin
the fairness by taking the road resources as thexjn
under fixed demand of traffic assignment. In foliogy
studies, under elastic demand of traffic assignmerih
the objective function of maximizing the user’s bfiis,
aiming at different modes of transportation or efiént
time value of travelers, the combination chargitrgtegy
with the considering of fairness could be reseatche
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