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Abstract: It is a common aim of govermment, public transport companies and the public to upgrade public
transport efficiency and facilitate the smooth integration of the public transit system. Within this, a key problem
for the government and the compamnies involved, lies in how they can best use lumited resources in order to
construct a satisfactory public transportation system. This study considers the investment effectiveness
function, using the Lanchester competition model to study different investment strategies of public
transportation, with reference to Shanghai public transportation data from 2003-2011. In tlis context,
‘investment strategy” refers to the optimal proportion of mvestment allocated to the rail and the bus system,
respectively under the condition of dynamic market share and variable marlcet scale. Following an investigation
of this investment, this study then projects the investment allocation strategy that would be optimal in order
to achieve the required public transportation amms from the government’s perspective.
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INTRODUCTION

With the development of the regional economy and
urban expansion in China, joumney distances are
lengthemng and journey modes are diversifying.
Alongside the rapid development of China’s urban
transportation  infrastructure, traffic congestion and
environmental pollution are concurrently growing. A key
challenge, here lies in the tension between the available
supply and the actual demand for mass transit systems.
The importance of public transport in alleviating was first
highlighted in France at the end of the 1960s. Tn his book
“The Transit Metropolis: A Global Inquiry™ Cervero
(1998) mtroduced the concept of the “transit metropolis”
a region where a workable fit exists between transit
services and urban form. He discussed when, how and
why cities can grow around new mass transit systems.
Learmng from successful mternational examples, this
study aims to construct a plan of public transport
priorities for China and to develop a public transit system
to help solve the problems of city traffic.

While many countries have mcreasingly been paymg
attention to efficient multi-level public transportation
systems, this also entails several constraints such as

limited funds, a low degree of travel satisfaction and
potentially an improper mtrinsic structure of a public
transportation system.

The rail and bus systems are important elements of a
typical public transportation system however, this also
means that they compete for the government’s limited
investment. This study uses the Lanchester competition
model to describe the behavior characteristics of each of
these systems respectively. With the designed
investment effectiveness fimetion, the study evaluates
the efficiency of fund use under the condition of dynamic
market share and variable market scale and projects
optimal investment strategies, which are then designed to
provide a basis for the government’s
allocation decision-making.

There are four types of vehicle in Shanghai’s public
transport system, rail transit, bus, taxi and ferry. Given the
homogeneity of market share and services offered, this
study will mainly focus on the rail and bus systems.
Comprehensive transportation reports in Shanghai show
that passenger traffic within these two systems has risen
from 73.1% m 2003-80.7% m 201 1. Later, the proportion of
passenger traffic volume that the rail and bus systems
assume together within the whole public passenger

mnvestment
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transport model is over 80%. In addition, compared with
taxis, the rail and bus systems have greater scope to
benefit society. The 12th five year plan for Shanghai’s
public transportation indicates that public transport 1s
being prioritized in terms of the respective market share of
the rail and the bus system. While government investment
i public transport 18 set to increase dramatically, the
distributive decision of government investment between
the rail and the bus system is, as yet, uncertain. This
study aims to obtain different results according to
different mvestment allocations. In order to achieve all the
goals of 12th five year plan for Shanghai’s public
transportation, it is necessary to analyze the investment
amount and investment structure between the two types
of transportation system. Moreover, 1n order to effectively
mnprove the performance of future public transport
investment, it 18 essential to evaluate the rationale for
previous investment allocations.

THEORETICAL MODEL

This study investigates the investment allocation
between the two types of public transport companies
(bus and rail) using the Bass diffusion process and the
Lanchester competition model. Firstly, the Bass diffusion
process was used to show new products promotion. Then
it was used to map the fluctuation of company market
share under variable market scale. Over the course of the
development of Shanghai’s public transport system, the
scale and proportion of public passenger transport
assumed by the rail and the bus system 15 set to
significantly ncrease. Thus, 1t 15 feasible to adopt the
Bass diffusion process to display the variable proportion
of public passenger transport between the two types.

The Lanchester competition model is a duopoly
competition model. The reason for choosing this model
for this study is due to the competitive relationship
between the bus and the train or subway, in passenger
traffic volume and investment allocation. If one chooses
to travel by subway, it 1s impossible for that individual to
take a bus. Tn other words, the choice between subway
and bus is a mutually exclusive one. Therefore, the
percentage of passengers taking the bus and the
percentage of those taking the subway are used to study
changes of market share. The percentage of passengers
taking the bus can be derived by taking the bus times
divided by the sum of taking the bus times and taking the
subway times. The same 1s true for the percentage of
those using the subway. Even though, the bus and
subway services are complementary in terms of the public
transport system itself, they act n competition in terms of
attracting govermment mvestment. In other words, the

allocation of investment between these two modes are a
zero-sum game under the established government’s public
transport investment. [t can, therefore, be seen as helpful
to use the Lanchester competition model i order to
highlight this competitive relationship.

Bass diffusion process: The Bass diffusion process
created by Bass (1969) is generally used to describe the
characteristics of dynamic marleet scale variation.
Suppose q(t) is passenger volume at time t and Q(t)
is its cumulative passenger volume from time O-t, then the
Bass process can be characterized as shown in Eq. 1:

q(t) = dQ()/dt = [a+b(Q(L)/3)] [3-Q(1]; QO)=0 (1)

where, a 1s the innovative parameter, b 1s the replaceable
coefficient, S is the potential market scale.

Building investment model: The Lanchester model
(Case, 1979) is an important model that is used in
differential game theories. Specifically, it can be used to
study duopoly competition under the condition of
dynamic market share.

Using the Lanchester model, the following equation
can be obtained:

ds, (t)/dt=—p, (mi,mj) m, (08, (t) +p, (mi,mj)

(2)
ym(0[1-8,(1) | 1j=12 i#]

where, S(t) is the market share of company i at time t, m;(t)
is the investment of company 1 at time t, p,(m,, m,) is the
investment effectiveness of company 1. This function of
the two variables company 1's
performance of my(t) under the investment my(t) of

shows mnvestment

competitor J.
Obvicusly, S(0+8(t) = 1.
From Eq. 1 and 2, we obtained Eq. 3:

dg{t) _
& gq;(t)

[ (=)= 2b(Q(1)/ S)— pym,, my)fm, (1) —p,(m,, m,)yfm D) |
+a(op, am,, myfm, ()

q;(0) =gy
(3
where, q;(t) 1s company 1's market share at time t, because

of q(tHg;t) = q(t) and S(t) = q(ty/q(t),
This obtain:

dg;(t)/dt=8, (I:)|:dq(t)/dl:]+[pi (ml, m; )Jnquj -p; (mi,m])\/m_qu}
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OPTIMAL STABLE OUTCOME AND
THEORETICAL ANALYSIS

Suppose the revenue function of the bus company is
as shown in Eq. 4:

max [T [m, ). m, (0] = [ Tga ()-m (e a  (4)

where, g; is contribution margin from each unit of the bus
company t, p 18 discount rate. From Eq. 3 and 4, the
Hamilton function can be obtained as shown in Eq. 5:

2b
H1 =g T, +7\'1 {q1 [bfang(t)fg(mw m])ﬁipl
(m,. m, )yfm; }qpi(mp m)ofim, }

)

Through the first order condition, Eq. 6-8 obtained:

Pl i 0- 5[ umvas Do -pm, m)
t dq, 3

(6)
Jm, +py(m, m)fm, }nl(t)—gl

oH, dp; (m;, m;) 1
5 =0=-1+4 (q%){TiJﬁ+pl(ml’mj)2—ﬁ

I

dp, (m;, m)
-q, Jam1 JJITJZO

(7)

Subsequently, there 13 the followmng partial

differential equation:

g e m) —
o Jm =1
(&)

9 .
hia-q) %ﬁm(ﬂlﬂm})ﬁ

Generally, there may not exist an analytical solution
ina partial differential equation. Hence, this study aims to
ascertain its form via the characteristics of the imnvestment
effectiveness function.

The first character is monotonicity, namely:

op; (m1 ., )
om,

i

>0

The second character 1s the marginal decreasing
effect, namely:

2

i m,m,) pie(;:; m) <0

From the first character, 1t 1s evident that the greater
the investment, the greater the investment performance
under the condition of the competitor’s fixed investment.
Consequently, the investment effectiveness fimetion 1s an
increasing function of its own investment. From the
second character, 1t 1s evident that the rise of its own
investment effectiveness will decrease, if rival parties
increase investment at the same time. That is equal
mncrements of mvestment lead to a reduction i the
increase of investment effectiveness under the condition
of the competitor’s increasing investment.

Therefore, the form of mvestment effectiveness
function 1s assumed as shown in Eq. 9:

B.mm,) el T ) T e (©)

where, C,and C, are independent constants.

It 1s evident that p(m, m), has the former
characteristics namely, the mvestment effectiveness
function contains monotonicity and a marginal decreasing
effect. Usually, the government budget for public
transportation investment can be expressed as L(t) limited,
that is:

m,(t+m,(t) <L(t)
At the same time, clearly m, and m; are greater than

ZerOo.
Therefore, Eq. 8 can be translated to Eq. 10 as follows:

)\‘i(qqi){cl%1’%}+%% %:1 (10)

From m,(tH+m,(t)<L{t), the solution of Eq. 10 can be
obtained, as shown m Eq. 11:

o Leifa—2a-a)f an
© e -M(a-a)] +4[1-M(a-a)e, |

CASE STUDY

With regard to investment effectiveness function,
this study aims to analyse existing Shanghai data of the
rail and the bus system from 2003-2011, as well as to
discern the reasonability of market share and financial
investment allocation.

Estimation of parameters C,, C,: From Eq. 2:

2525



J. Applied Sci., 14 (20): 2523-2529, 2014

ds, (07 dt=—p,(m, m,)fm, ()5, (0) +p; (my, m))yfm (0
[1-5, (0] = ~{e14fm; (0 — 2y (0 ) fmy s, 0 +
(eifm. () = e, fim, (0 ) fm, (O [1-5, (0]

Then:

5, (1) =5, =1) == ey fm, (1) - c,fm, () fm (O'5 (1)
+ (erfm, (0 - e fm, (O ) fm, (O [1-5,(t-1)]
= ([1=5, (= Dm, (1)~ s,{t~Dmy (1)) e

+ (si(t— D—[1-s(t— 1)]),}m(t)mj {t)e,

(12)

Using data relating to Shanghai from the public
transportation annual report 2003-2011, the calculations
can be obtained by using the method of regression
computation (Table 1).

Plug c¢,, ¢; mnto the investment effectiveness function,
then it obtain the following equation:

p,(m,, m,) = 0.0002454/m, +0.000183,fm.
Tt is important here to note that:

ap‘ (mi -1, )
om

]

>0

This would 1mtially appear to contradict the
competition relationship. However, the rail and the bus
system operate in a complementary dynamic within the
public transportation system as a whole, mean that they
are mutually reinforcing from the point of view of
investment effectiveness. That is to say, awhile
mvestment in different types of public transport
enterprises 1s completely competitive, their mvestment
effectiveness is complementary.

Parameters estimation in Bass diffusion process: Using
the Erickson method to estimate the parameters in the
Bass diffusion process, when j=1, 2; 1#), the optinal
mvestment strategy obtamed as following m Eq. 13:

ga(t) +mi(t)2[ﬂi}/m(t), fm () 12 lS m( b—a—2h %} _
h P g
q%ﬁ +1

(q(t)—q(t){;';; Jm *‘:"ﬁ

2

Jd‘l +q,

(13)

Table 1: Parameters estimation of Lanchester model

Parameters
Test C C
Estimation (t-test) 0.000245 (0.61) -0.000183 (-2.764)
R?=0.951

Table 2: Parameters estimation of Bass diffusion process

Parameters
Test ky k, k:
Estimation  -0.038663 (-2.437)  -0.000029 (-6.793)  949.34 (38.801)
(t-test)
R, =0.993

Table 3: Other parameters of estimation

Parameters

Test 2 2
Estimation (t-test) -1.1738 (-7.817) -0.0803 (-0.721)

where, d is an arbitrary constant.

Clearly, there is no solution for the Eq. 13 under the
condition of a positive discount rate. When the discount
rate 1s zero, there 13 a closed-loop solution for this Eq. 13
(Case, 1979, Chintagunta and Vilcassim, 1992; Erickson,
1992).

If 1,7=1,2;1#], then Eq. 14 can be obtamned:

P g 1g

O+ m ()2 = lfm(t)fm () +2—=

&, () +m, (t) [pi CLJ MmOz 4% Qah
,fmi(t)[b—a—Qb%J—d;mgi

where, £ is a random error. The assumption is that it 1s
independent and normally distnibuted. Firstly, it 1s
necessary to estimate S, a and b. Then linear regression is
used to estimate parameters (Table 2). Finally, (b-a) and
2b/S need to be considered. For convenience’s sake, they
are considered as a whole, that is: k = b-a, k, = 2b/S,
k,=aS,.

If we plug k,, k;, k; into Eq. 2, we obtain the following
equation:

q{t) = aS+(bfa)Q(I;)ngz(t):k3 +EQ(t) -k, %Qz {t)

If we plug the former parameters into Eq. 13, g, and d,
can be estimated as:

Nguyen and Shi (2006) offer similar solutions, such
as: Thatis d, = Oand d, = 0 (Table 3).

Optimal close-loop solution: Figure 1 and 2 shows the
optimal close-loop solution and real investment in the rail
and bus systems respectively, under the condition of
dynamic market scale.
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T ® Real investment
| 4 Optimal investment

Investment (billions)

2003 2004 2005 2006 2007 2008 2009 2010 2011
Years

Fig. 1: Comparison of optimal and real investment in the
rail system under the dynamic market scale

3007 @ Real investment
A Optimal investment

Investment (billions)

T T -1
2009 2010 2011

T T T T T
2003 2004 2005 2006 2007 2008

Years

Fig. 2: Comparison of optimal and real investment in the
bus system under the dynamic market scale

It can also be seen that real investment in the bus
system is higher than optimal investment in most cases.

Overall, it can be said that, during its earlier
construction, mvestment i the rail system met the optimal
mvestment strategy, while during later construction, its
investment became msufficient. Meanwhile, the bus
system  had  consistently proper  investment.
From 2008-2000, its investment was excessive. This
phenomenon can also be observed from Shanghai’s
comprehensive transportation report data which shows
that the volume of passenger traffic in the bus system has
been at 7 million every day since 2003.

There 13 another key 1ssue warranting attention. This
concermns the four types of investment projects in bus
highlighted in  Shanghai’s  recent
comprehensive transportation reports, urban roadway,
bridge, tunnel and highway, respectively. The 1ssue 1s
that the ground road system is not used solely by buses,
in fact, different kinds of ground vehicles use this. In light
of this, the bus system should arguably receive more
mvestment than the optimal mnvestment indicated by the
former model.

Not withstanding this issue, the current study still
proposes prioritising the development of the rail system,
according to Fig. 1.

system, as

100
80
5
£ 601
c
S 40
ko
~
20 AReal investment proportion
® Optimal investment proportion
0

T T T T T T T T 1
2003 2004 2005 2006 2007 2008 2009 2010 2011
Years

Fig. 3: Comparison of the optimal and real mvestment
proportion in the rail system

Optimal investment proportion: According to the current
study, it 1s evident that the ground road system 1s used
by all kinds of ground vehicles, not just buses. Therefore,
this study aims to estimate the optimal investment
proportion from the optimal investment close-loop
solution of the rail system (Table 4).

Figure 3 shows changes in the proportion of
investment in the rail system.

It can be observed that the government’s investment
1n the rail system 1s lower than the optimal mvestment.

Tt can be observed that the government’s investment
in the rail system is lower than the optimal investment
demand. Therefore, it can be concluded that it is
necessary to iygect further government mvestment into
the rail system.

In addition, alongside adjusting these investment
proportions, the ratio of public transit and the ratio
between bus ride and rail travel are proceeding steadily.

If the ratio between bus travel and rail travel is ¢,, that
is ¢, = q,/ (. I the ratio between bus travel and rail travel
1s stable, ds/dt = 0. Using Eq. 2 and 9, the Eq. 15 can be
obtaned:

Pi (ml,m])\/ml_q]—pl (“H’mj)wf@:
(Clﬁ_clﬁq])_(clﬁ_clﬁ)m

If we plug ¢, = q,/q, into Eq. 15, we obtain Eq. 16 as
follows:

(15)

2
(€, —cye; )+ (€ —¢pe, ) +4eye?
m, (t) 2¢,

(16)

The white paper on the development of Shanghai’s
transportation system indicates that rail transport will be
a key player in wrban public transport in the future. The
specific objectives include quadrupling rail passenger
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Table 4: Optimal investment proportion

Real investment proportion

Years  Optimal investment in the rail system (¥ 0.1 billion) Optimal investment proportion in the rail system (%) in the rail system (%)
2003 105.67 78.42 61.43
2004 95.61 77.41 54.27
2005 129.81 77.94 71.22
2006 166.92 78.33 84.46
2007 249.73 79.22 79.57
2008 346.44 78.60 52.13
2009 444.67 77.20 58.06
2010 199.86 72.94 73.27
2011 192.19 68.88 76.58

traffic. The passenger traffic volume that orbit traffic
assumes within the whole system of public passenger
transport is 50%, reaching 12 million each day. Shanghai’s
12th five year plan for public transportation requires the
achievement of the following target: 50% of trips are talken
by public transit and that the passenger traffic
volume that orbit traffic assumes is 50% in the urban
center. An additional factor i1s that passenger traffic
volume that orbit and bus traffic together assume within
the whole public passenger transport had risen from
73.1% in 2003 to 80.7% in 2011. If this proportion is to
reach 85% m the future, that is ¢, = 10/7. Then, we may
obtain my(t) = 1.87 m, (t), that is the optimal proportion of
the rail system 1nvestment which will be 65%.

CONCLUSION

This study uses the investment effectiveness
function to analyze the optimal investment allocation
within the public transport system under the conditions
of dynamic market scale and dynamic market share. There
are three main conclusions:

+  The public transport investment plan should be made
according to the effectiveness of mvestment in
different development phases

Using the investment effectiveness fimction, this
study highlights that its own investment effectiveness is
positively related to its investment. Namely, under the
close-loop assumption, its own investment efficiency
mcreases with 1its 1nvestment, if the competitor’s
investment remains changeless. Whether investment is
mcreased 1n the rail or the bus system their benefits will
upgrade. This is because both of them belong to the
holistic public services landscape and have special
inherent attributes. The difference between them is that
they show variant increases in investment efficiency, a
phenomenon that conforms to the real situation of public
transportation. Given that the combined use of bus and
rail transit is common for most of people travelling long
distances, either party’s increased investment will,
therefore, ultimately ameliorate citizens” traffic conditions:

+ At present, the passenger traffic volume of the rail
system is lower than that of the bus system.
According to Shanghai’s 12th five year plan for
public transportation, future passenger traffic volume
of the rail system is predicted to comprise half of
overall public passenger numbers. Therefore, it can
be seen as necessary to increase mvestment in the
rail system

+  The optimal investment strategy should be based on
maximum profit

+ If the real mvestment exceeds the optimal, its own
market share will still enlarge under the condition of
the close-loop solution, however, its profit will
decrease. While, clearly increased investment in the
rail system is necessary, the proportion of investment
in the rail system should not exceed the optimal ratio,
given that excessive
decreased in total profit

+ Indicators for the government to select optimal
mvestment strategies

investment will lead to

The optimal mvestment proportion based on the
previous analysis can provide clues as to the investment
strategy that the government can adopt, it can also be
used to evaluate the performance of expenditure input
from state finance.

This study contains
can be tested mathematically, such as the functional form
of investment effectiveness being assumed according

several assumptions which

to its characteristics. Infact, there are many functional
forms meeting its characteristics, this study has simply
selected the special form of all. Thus far, it has been
difficult to prove that thus functional form 1s
closely aligned with the actual, given that the partial
differential equation outlined in this study is not the most
common form. This can usefully be the subject of further
study.

more
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