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Public transit has been widely recognized as a potential way to develop low-carbon transportation. In this paper, an optimal
allocation model of public transit mode proportion (MPMP) has been built to achieve the low-carbon public transit. Optimal
ratios of passenger traffic for rail, bus, and taxi are derived by running the model using typical data. With different values of traffic
demand, construction cost, travel time, and accessibilities, MPMP can generate corresponding optimal ratios, benefiting decision
impacts analysis and decisionmakers. Instead of considering public transit as a united system, it is separated into units in this paper.
And Shanghai is used to test model validity and practicality.

1. Introduction

With increasingly severe global warming problem, low car-
bon development comes into view. According to the 2009
report “Transport, energy and CO

2
, Moving towards sustain-

ability” from U.S. Energy Information Administration (EIA),
transportation has taken responsibility for about 25% of
global CO

2
emissions and become the third industry of CO

2

emissions following the power and petrochemical industries
[1]. It requires a quick and effective action to reduce CO

2

emissions from transportation. Public transit has been widely
recognized as an effective way to reduce greenhouse gas
(GHG) emissions, decrease energy consumption, improve
mobility, and cut traffic congestion [2], which is also the study
object of this paper.

Public transit is the first choice of low-carbon transporta-
tion because it possesses large capacity and low carbon emis-
sions per capita.There are twopopular research aspects in this
field: its potential to reduce GHG emissions and comparison
with other means. Public transit is used to be studied as
a united system in previous studies, yet it is comprised of
various modes of transportation. This paper answers how

to achieve the low-carbon public transit and the specific
proportions of various modes.

This paper is targeted to minimize CO
2
emissions with

optimal ratios of passenger traffic for different public transit
modes (rail, bus, and taxi are covered here). An optimal allo-
cation model of public transit mode proportion (MPMP) is
built and Shanghai has been taken as a study case. As MPMP
can provide optimum ratios with different values of traffic
demand, construction cost, travel time, and accessibilities,
it will not only allocate passenger traffic for the lowest CO

2

emissions but also benefit decision impacts analysis and deci-
sion makers.

In the following sections, literature review of public trans-
portation and GHG emissions will be first provided. Then
this paper will present themodeling process ofMPMP. Lastly,
Shanghai will be taken as a study case to explore and promote
the application of it.

2. Literature Review

The public transit’s potential to reduce GHG emissions is
widely studied. The study of Yoshida and Harata [3] showed
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that shifting travelers’ travel mode from private car to public
transport was one effective method to reduce CO

2
emissions

and ease traffic congestion. Li and Tamura [4] achieved the
same result by developing a CO

2
emissions forecastingmodel

to estimate the amount of CO
2
emissions on urban commute

travel.
More latter literatures tried to compare the public transit

with many other traffic modes in terms of CO
2
emissions

reduction. Bose [5] considered three scenarios, including
business as usual, motor vehicle use, and public transit, and
results of the experiments conducted in three South Asian
cities showed that slower vehicle and energy growthmeasures
based on the public transit scenario were most effective in
emission reduction. Hickman et al. [6] assumed a series of
potential emissions mitigation policy packages implemented
in London in 2025 to achieve the carbon-efficient trans-
portation. It included low-emission vehicles, alternative fuels,
walking and cycling, information, and communication tech-
nologies, and public transit was one of them. Mostashari
et al. [7] supposed 28 different emission reduction strategies
and combined demand modeling, fleet evolution modeling,
mobile-source emissions modeling, and trade-off analysis to
evaluate the impact of these emission reduction strategies. He
et al. [8], Feng et al. [9], and Wayne et al. [10] completed the
approximate comparison through different models, respec-
tively.

Considering that the objective function in those studies
mentioned above did not take “cost” into account, Gallivan et
al. [11] compared a comprehensive range of strategies in terms
of three potential GHG reductions and cost effectiveness, in
dollars per ton of GHG emissions reduced, and cost here
consisted of labor costs, fuel prices, metro costs and revenues,
and so forth.The aim of Gallivan’s paper was to find the cost-
effective approaches to reduce greenhouse gas emissions
through public transportation in Los Angeles. Cost of differ-
ent measures is also under the consideration of Maciel et al.
[12] and Damart and Roy [13].

Most studies regard the public transit as a united system
when analyzing CO

2
emissions, while this paper plans to

deal with public transit itself which possesses various modes
of transportation. The subject being addressed here belongs
to the general category of resources allocation problem
which has been involved in transportation. Huang et al. [14]
explored the optimal allocation of multiple emergency ser-
vice resources for protection of critical transportation infras-
tructure through amixed integer linear programmingmodel,
limited emergency service here referring to the fire engines,
fire trucks, and ambulances, in which the objective was to
maximize the service coverage to the critical transportation
infrastructures. Fan and MacHemehl [15] presented a bilevel
optimization model for the public transportation network
redesign to solve the spatial equity issue, in which the upper-
level subprogram was to minimize the total cost and the
lower-level subprogram was a user self-routing optimization.
Orabi and El-Rayes [16] allocated limited financial resources
to competing highway rehabilitation projects through an
innovative model and Barnum et al. [17] developed a proce-
dure estimating resources allocation efficiency among transit
types based on data envelopment analysis.

3. Modeling

What should the proportion of different modes of public
transit be in order to gain the lowest CO

2
emissions? In order

to find out the answer to this question, an optimal allocation
model has been built in this section. By inputting some get-
table and typical data, the optimal allocation model can gen-
erate the optimum ratios of passenger traffic that rail transit,
bus, and taxi should undertake separately.

3.1. Research Object. Public transit generally includes rail
transit, bus rapid transit (BRT), bus, taxi, ferry, and public
bicycle. Since the use of BRT and ferry is not widespread, and
public bicycle contributes nothing to CO

2
emissions, this

paper selects rail transit, bus, and taxi as the research object.

3.2. Objective Function. Take theminimumofCO
2
emissions

as the target and the average daily passenger traffic rail transit,
bus, and taxi sharing as the decision variables.The product of
the carbon emissions factor (𝐾

𝑖
), the average riding distance

(𝑟
𝑖
), and the average daily passenger traffic (𝑥

𝑖
) is, namely,

CO
2
emissions, and the sum (𝑍) of rail transit, bus, and taxi

CO
2
emissions gives the objective function as formula (1).

3.3. Constraint Conditions. The characteristic of rail transit,
bus, and taxi are mainly different in capacity, cost, speed,
accessibility, and comfortableness. As the decision variables
(the average daily passenger traffic they share) are not
involved with vehicle equipment, and comfortableness varies
from person to person, capacity and comfortableness are out
of consideration. There are finally four constraints for the
model as follows.

(1) Meeting the Traffic Demand. The average daily passenger
traffic (𝑥

𝑖
) rail transit, bus, and taxi each take must meet city’s

total traffic demand (𝐷) for public transit, which generates
formula (2).

(2) Restrictions onConstructionCost.The cost of public transit
includes construction and operating cost, and the latter is
ignored here due to its uncertainty and hardness to obtain.
Rail transit owns the highest construction cost. As bus and
taxi take use of urban road resources, their construction cost
is hard to measure, yet definitely much lower than rail tran-
sit’s. So the construction cost of rail transit is chosen to be one
of the constraints.

The aggregate investment amount (𝐼) is taken in the for-
mula. And the average daily passenger flow intensity (𝑝) is
introduced to combine the cost with the passenger traffic.The
ratio of 𝑥

1
(rail transit’s average daily passenger traffic) and 𝑝

is the corresponding length of the rail transit. The product of
the length and the construction cost of unit length (𝑐) should
not be more than 𝐼, as it is shown in formula (3).

(3) Ensuring the Travel Time. Rail transit is cheaper than taxi,
more comfortable than bus, and sometimes even faster than
both of taxi and bus, so people would like to take it and the
average riding distance (𝑟

1
) is normally larger, which makes

it unreasonable to compare average travel time of the three
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modes simply. For the consideration of travel time, this paper
uses the reciprocals of their speeds (𝑡

𝑖
, 𝑡
𝑖
= 1/V
𝑖
) formodeling.

And the peak hour speeds are chosen for the con-
sideration of the worst situation. Since rail transit has its
own independent operation space and bus and taxi run on
the urban roads with other vehicles, it may enhance the
advantage of rail transit. However, rail transit also owns
the advantage of large capacity and low carbon emissions.
Therefore, thisway of dealingwith the speed data can not only
ensure the content of traffic demand, but also a low-carbon
result, which is exactly what this paper expects.

For the sake of passengers’ requirement for travel time,
the parameter 𝑇 is adopted to restrict the average travel time
of unit distance, shown in formula (4).

(4) Considering the Accessibility. Accessibility means the
degree of difficulty for one to reach some place. Due to the
low ration of stop coverage, rail transit owns the worst acces-
sibility. And taxi owns the best accessibility, because it stops
whenever there is a call. Bus’ accessibility is better than rail
transit and worse than taxi.

The connecting time (𝑠
𝑖
) a passenger needs from his

origin to the nearest stop of rail transit, bus, or taxi is taken
on behalf of the accessibility. The parameter 𝑆 is adopted to
restrict the average connecting time to ensure the level of
public transit services, as in formula (5).

3.4. Model. According to the process above, an optimal all-
ocation model of public transit mode proportion (MPMP)
for the lowest public transit CO

2
emissions has been accom-

plished as follows:

Minimize 𝑍 =
3

∑

𝑖=1

𝐾
𝑖
𝑟
𝑖
𝑥
𝑖

(1)

subject to
3

∑

𝑖=1

𝑥
𝑖
= 𝐷, (2)

𝑥
1

𝑝
× 𝑐 ≤ 𝐼, (3)

∑
3

𝑖=1
𝑡
𝑖
𝑥
𝑖

∑
3

𝑖=1
𝑥
𝑖

≤ 𝑇, (4)

∑
3

𝑖=1
𝑠
𝑖
𝑥
𝑖

∑
3

𝑖=1
𝑥
𝑖

≤ 𝑆, (5)

where

𝑍 is the average daily CO
2
emissions from public

transit (kg);
𝑖 is the 𝑖th kind of public transit (𝑖 = 1, rail transit;
𝑖 = 2, bus; 𝑖 = 3, taxi);
𝐾
𝑖
is the CO

2
emissions factor of the 𝑖th kind of public

transit (kg/km⋅trip);
𝑟
𝑖
is the average riding distance of the 𝑖th kind of

public transit (km);

𝑥
𝑖
is the average daily passenger traffic of the 𝑖th kind

of public transit (trip);
𝐷 is the total daily passenger traffic of public transit
(trip);
𝑝 is the average daily passenger flow intensity of rail
transit (trip/km);
𝑐 is the rail transit’s construction cost of unit length
(Yuan/km);
𝐼 is the aggregate investment amount (Yuan);
𝑡
𝑖
is travel time per kilometer of the 𝑖th kind of public

transit (min/km);
𝑇 is the upper limit of the average travel time per
kilometer (min/km);
𝑠
𝑖
is the connecting time of the 𝑖th kind of public

transit (min);
𝑆 is the upper limit of the average connecting time
(min).

4. Case Study

4.1. Scenario Building. Shanghai is taken as a study case to
build several scenarios for the model’s application. There are
five scenarios in all, and each scenario considers two cases,
respectively.

(1) Scenario 0 (S0) and Scenario 0 (S0). This scenario rep-
resents the situation of Shanghai in 2009. S0 uses the actual
public transit proportion to calculate the actual CO

2
emis-

sions directly. And S0 takes the public transit situation to
run the optimal allocation model. Output comparison of S0
and S0 can tell us whether the model generates a reasonable
result.

(2) Scenario 1 (S1) and Scenario 1 (S1). This scenario rep-
resents the situation of Shanghai in 2020, assuming no
progress in vehicle technology, no additional management
in urban roads, and no development of public transit. With
the growth of the city, the traffic demand and the average
riding distance of public transit are supposed to increase.
Because there is no additional management in urban roads,
the outbreak of motor vehicle will reduce the service level
of urban roads, resulting in the lower speeds of bus and
taxi. Given the above analysis, a normal restrict level of the
travel time for S1 and a lower restrict level of the travel time
(which means people can stand a longer travel time) for S1
are adopted.

(3) Scenario 2 (S2) and Scenario 2 (S2).This scenario builds
on S1 by assuming thoroughmanagement in urban roads.The
management in urban roads will improve the service level of
urban roads, so bus and taxi will be faster, too. In order to
complete an easier comparison between S1 and S2, the lower
restrict level of the travel time (as in S1) for S2 and the normal
restrict level of the travel time (as in S1) for S2 should be
taken into account.
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Table 1: Parameter value changes in different scenarios.

Scenario Time The parameter value
𝐾
𝑖

𝑟
𝑖
𝐷 𝑝 𝑐 𝐼 V

𝑖
𝑡
𝑖

𝑇 𝑠
𝑖

𝑆

S0 2009 — — Calculate with the actual public transit proportion
S0 2009 — — — — — — — — — — —
S1 2020 — ↑ ↑ — — — V

2
& V
3
↓ 𝑡

2
& 𝑡
3
↑ — — —

S1 2020 — ↑ ↑ — — — V
2
& V
3
↓ 𝑡

2
& 𝑡
3
↑ ↑ — —

S2 2020 — ↑ ↑ — — — V
2
& V
3
↑ 𝑡

2
& 𝑡
3
↓ ↑ — —

S2 2020 — ↑ ↑ — — — V
2
& V
3
↑ 𝑡

2
& 𝑡
3
↓ — — —

S3 2020 — ↑ ↑ — ↑ ↑ V
2
& V
3
↑ 𝑡

2
& 𝑡
3
↓ — 𝑠

1
& 𝑠
2
↓ —

S3 2020 — ↑ ↑ — ↑ ↑ V
2
& V
3
↑ 𝑡

2
& 𝑡
3
↓ — 𝑠

1
& 𝑠
2
↓ ↓

S4 2020 𝐾
2
& 𝐾
3
↓ ↑ ↑ — ↑ ↑ V

2
& V
3
↑ 𝑡

2
& 𝑡
3
↓ — 𝑠

1
& 𝑠
2
↓ ↓

Note: “—”means the base value. “↓” means lower than the base value. “↑” means higher than the base value. “&”means “and”, and if “&” is used, the parameters
not mentioned in the same cell take the base value.

(4) Scenario 3 (S3) and Scenario 3 (S3).This scenario builds
on S2 by considering rapid development of public transit,
which will enhance the accessibility of rail transit and bus.
A normal restrict level of the accessibility for S3 and a
higher restrict level of the accessibility (which means people
require a better accessibility, so the upper limit of the average
connecting time falls) for S3 are used.

(5) Scenario 4 (S4). This scenario builds on S3 by adding the
promotion of the “Oil replaced byGas” project. Because of the
promotion of the “Oil replaced byGas” project, theCO

2
emis-

sions factor of bus and taxi will decrease. The higher restrict
level of the accessibility (as in S3) for S4 is considered.

The parameter value changes in different scenarios are
clearly summarized in Table 1.

The average riding distances of rail transit, bus, and
taxi are mainly influenced by the city scale, the progress of
urbanization, and the city land use properties; thus this paper
assumes that the average riding distanceswill increase in 2020
but remain unchanged in 2020 scenarios, whichmeans S1, S1,
S2, S2, S3, S3, and S4 share the same 𝑟

𝑖
. Besides, this paper

uses the same average daily passenger flow intensity of rail
transit in different scenarios to ensure the comfortableness
of rail transit and the comparability of different scenarios’
outputs.

4.2. Data Acquisition and Processing

(1) The CO2 Emissions Factor (𝐾
𝑖
). The base values for CO

2

emissions factors of rail transit, bus, and taxi are 0.042 kg/
km⋅trip, 0.069 kg/km⋅trip, and 0.200 kg/km⋅trip, respectively
[18]. After the promotion of the “Oil replaced by Gas” project,
CO
2
emissions factors of bus and taxi are calculated as

follows.

CO2 Emissions Factor of Bus. With the empirical data of 30 L
consumption of fuel and 33 L consumption of gas per 100 km,
the amount of CO

2
emissions that a bus produces per 100 km

are 69.3 kg and 11.88 kg, respectively, so CO
2
emissions

factors of bus for fuel and gas are 0.069 kg/km⋅trip and
0.012 kg/km⋅trip, respectively. After the promotion of the “Oil

replaced byGas” project, the regular buses reduce 83%ofCO
2

emissions, and the electric buses do not produce CO
2
emis-

sions. As we know, there are 16272 buses in Shanghai in 2009
which contains about 150 electric buses [19]. Assuming that
there are 20% of the buses participating in the “Oil replaced
by Gas” project and 10% of the buses using electric, then CO

2

emission factors of bus reduces to 0.050 kg/km⋅trip.

CO2 Emissions Factor of Taxi. There are 49 thousand tax-
ies in Shanghai in 2009 [19], 40 thousand of which can
participate in the “Oil replaced by Gas” project with some
equipment. Assuming that 50% of the taxies participate in the
project in 2020, then CO

2
emissions factor of taxi reduce to

0.116 kg/km⋅trip.

(2) The Average Riding Distances (𝑟
𝑖
). The average trip dis-

tances of Shanghai in 1995, 2004, and 2009 are 4.5 km, 6.2 km,
and 6.5 km, respectively, and the average riding distances of
rail transit, bus, and taxi of Shanghai in 2009 are 17.8 km,
9.1 km, and 6.1 km [19]. According to the development of the
city, estimating the average trip distance of Shanghai in 2020
to be 8.2 km, the average riding distances of rail transit, bus,
and taxi will be 22.5 km, 11.5 km, and 7.7 km in 2020.

(3) The Total Daily Passenger Traffic (𝐷). The total daily pas-
senger traffic of public transit of Shanghai in 1995, 2000, 2004,
2007, and 2009 are 10.28 million trips, 9.75 million trips, 12.01
million trips, 12.37 million trips, and 14.07 million trips [19],
so the total daily passenger traffic in 2020 is estimated 25.02
million trips.

(4) The Average Daily Passenger Flow Intensity of Rail Transit
(𝑝).The average daily passenger flow intensity of rail transit is
14.3 thousand trips/km, and the aggregate investment amount
of Shanghai in 2009 [19] is 167.8 billion Yuan. According to
the total length of the rail transit in Shanghai in 2009, the rail
transit’s construction cost can be estimated around 0.5 billion
Yuan per km. It is said that the aggregate investment amount
of Shanghai in 2020 can reach 630 billion Yuan, so the rail
transit’s construction cost can be estimated around 0.7 billion
Yuan per km.
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Figure 1: Optimum ratios of passenger traffic volume of rail transit,
bus, and taxi.
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Figure 2: The lowest CO
2
emissions for each scenario.

(5) The Speeds (V
𝑖
, 𝑡
𝑖
= 1/V

𝑖
). The speeds of rail transit, bus,

and taxi for Shanghai in 2009 are 35.1 km/h, 14.0 km/h, and
17.0 km/h [19]. If there is no management in the urban roads,
the speeds of bus and taxi are estimated to reduce to 9.0 km/h
and 11.0 km/h. And if there is thorough management in the
urban roads, the speeds of bus and taxi are expected to rise
up to 15.0 km/h and 18.0 km/h.

(6) The Connecting Times (𝑠
𝑖
). The connecting times of rail

transit, bus, and taxi of Shanghai in 2009 are 39min, 12min,
and 8min [19]. If there is a rapid development of public
transit, the connecting times of rail transit and bus are
considered to reduce to 30min and 10min.

The parameter values in each scenario are summarized in
Table 2.

4.3. Results and Analysis. Using Matlab for the calculation of
MPMP, the optimum ratios of rail transit, bus, and taxi, and
the lowest CO

2
emissions for all the scenarios that MPMP

generates is graphically shown in Figures 1 and 2.

S0 versus S0. Using the actual public transit proportion of
Shanghai in 2009, the amount of CO

2
emissions in S0 is 11.1

kilotons. In S0, the public transit situation of Shanghai in
2009 is taken into the optimal allocation model to obtain the
amount of CO

2
emissions under the normal restrict level of

the travel time and the accessibility (𝑇 = 3.5, 𝑆 = 18), which
turns out to be 10.8 kilotons. Higher ratio of bus and lower
ratio of taxi is the major difference between the actual public
transit proportion and MPMP’s proposed values for the
optimum ratios of rail transit, bus, and taxi, which is easy to
understand because taxi owns the highest CO

2
emissions per

capita. That is to say, MPMP’s proposed values have the same
trend as the actual situation and the difference between them
owns a reasonable explanation. In addition, the proposed
amount of CO

2
emissions is lower than the actual situation’s.

So the conclusion can be drawn that MPMP’s output result
accords with practice and the model owns a high reliability.
Based on MPMP’s output result, taxi is the key for Shanghai
to reduce CO

2
emissions of public transit. The government

should lead people to choose bus over taxi for a trip.

S1. Under the normal restrict level of the travel time and the
accessibility (𝑇 = 3.5, 𝑆 = 18), MPMP cannot generate feasi-
ble solution for S1. That is because the service level of public
transit cannot reach the normal requirements any more with
the rapid rise of the travel demand and no development of
urban roads or public transit. It proves the accuracy of the
model in some extent.

S1 versus S2. S1 reduces the restrict level of the travel time
(𝑇 = 5.8) and gets the lowest amount of CO

2
emissions 25.0

kilotons. Due to thorough management in urban roads in S2,
the speeds of bus and taxi are enhanced to achieve the lowest
amount of CO

2
emissions 20.4 kilotons. Under the same

restrict level of the travel time and the accessibility (𝑇 = 5.8,
𝑆 = 18), it can be deemed that management in the urban
roads can help with the reduction of CO

2
emissions.

S2 versus S2. The reduction in the restrict level of the travel
time in S2 leads to the propose value 0 for taxi.We recover the
restrict level of the travel time (𝑇 = 3.5) in S2 and obtain the
lowest amount of CO

2
emissions to be 25.8 kilotons which is

larger than that in S2. It is thus clear that the amount of CO
2

emissions rises along with the rising restrict level of the travel
time, which is logical and proves the accuracy of the model
as well.

S2 versus S3. S3 develops public transit rapidly and enhances
the accessibility of rail transit and bus. The lowest amount of
CO
2
emissions in S3 turns out to be 21.2 kilotons, less than

that in S2. Under the same restrict level of the travel time
and the accessibility (𝑇 = 3.5, 𝑆 = 18), it can be seen that
development of public transit can help reduceCO

2
emissions.

S3 versus S3. The proposed value for taxi in S3 is 0, so it
is obvious that the restrict level of the accessibility can be
enhanced in this situation. We improve the restrict level of
the accessibility (𝑆 = 14) and get the lowest amount of CO

2

emissions 21.5 kilotons, more than that in S3, which is also
logical and proves the accuracy of the model further.
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S3 versus S4. The lowest amount of CO
2
emissions in S4 is

16.7 kilotons. The proposed values of rail transit, bus, and
taxi are the same as those in S3, because the CO

2
emissions

factors of bus and taxi have no influence on people’s require-
ments of the travel time and the accessibility, which verifies
the validity of the model from the side.

S1, S2, and S2 versus S3, S3, and S4.The proposed value for
rail transit is low in S1, S2, and S2 and high in S3, S3, and
S4. Hence it is clear that with the development of the city, rail
transit will lose competitiveness gradually in public transit
system if there are no development of public transit and no
rise in the accessibility of rail transit.

From what has been analyzed above, it is quite clear to
see that MPMP can obtain the optimum ratios of rail transit,
bus, and taxi and the lowest amount of CO

2
emissions under

certain restrict level due to the adoption of 𝑇 and 𝑆. In this
case, the promotion of the “Oil replaced by Gas” project,
thorough management in urban roads, and rapid develop-
ment of public transit can all reduceCO

2
emissions obviously,

and the reduction effect can be measured by the amount of
CO
2
emissions. Therefore, this model can be used to analyze

the effects of various policies under different restrict levels
and provides basis for decision makers, which is a quite
practical application of MPMP.

5. Conclusion

Aiming at the lowest CO
2
emissions, an optimal allocation

model of public transit mode proportion (MPMP) has been
built in this paper. In MPMP, four constraint conditions
have been considered: the traffic demand, the construction
costs, the travel time, and the accessibility. By inputting some
gettable and typical data, the optimal allocation model can
generate the optimum ratios of passenger traffic that rail tran-
sit, bus, and taxi should undertake separately. And through
the scenarios built based on Shanghai, a good application of
the model has been presented, and more proportion of mass
transit system is suggested.

There are mainly two applications of MPMP. The main
application is to provide the optimum ratios of passenger
traffic that different modes of public transit should undertake
for the lowest CO

2
emissions. According to the proposed

values that MPMP generates, governments may guide the
travel structure by some policies andmanagements to pursue
the reduction of CO

2
emissions. Besides, sinceMPMP adopts

two parameters to restrict the service level of travel time and
the accessibility, its output is under certain conditions. With
different values of the parameters, the model can provide the
outputs under various conditions, which allows us to analyze
the impacts of various decisions and provide the basis for
decision makers. That is the other practical application of
MPMP.

This paper, which did not regard public transit as a whole,
has tried a new perspective for the development of low-
carbon transportation. It looks every mode of public transit
as a unit and tries to find a low-carbon way by studying the
proportion of different public transit modes, which suggests
to researchers a new way to try. However, this paper built

the optimal distribution model from a point of macroscopic
perspective, so some typical indexes have been ignored tem-
porarily. For further study, the model can be developed from
the point of macroscopic perspective into medium perspec-
tive, which means factoring other parameters like capacity
and comfortableness in the model.The line length, density of
network, site number, site coverage, and capacity of each vehi-
cle, for example, can be considered and lead the output of the
model to some dominant indexes such as the number of vehi-
cles a bus line should be equipped with. And a system can be
developed to quantify the comfortableness and add it to the
constraint conditions of the model.
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