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Abstract: This paper studies the characteristics of choice of transportation mode of shippers
and carriers based on discrete choice theory. Different transportation modes have different
economic characteristics and corresponding competition, shippers and carriers have different
preferences when they are choosing the regional transportation mode. The paper firstly
analyzes the factors influencing the choice of transportation mode, and then we choose eight
kinds of cargoes according to the situation of transportation in the region, confirm the
variables of every kind of cargo on the basis of questionnaire, set up corresponding choice
model of transportation mode and calculate the aggregate probability and elasticity. In the end
we test and analyze the results. The result accords with the characteristics of shippers and
carriers’ choice of transportation mode. This model has good applicability in choice of
transportation mode. The method has the reference to transportation system planning.
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1. INTRODUCTION

At Present, surplus and scarcity of transport infrastructures can be seen simultaneously in
China. In one side, large social infrastructure, such as railway, airport, seaport, cannot meet
the demand, while highway offers surplus ability for freight transport. In the other side,
surplus and scarcity appear by turns in the coastal water transportation.

China has divided the management system by transport modes, and then sub-systems such as
highway and railway networks are developed on the premise of their own optimization.
Therefore, communication and coordination are hardly done among different sections and
social resources are wasted. Moreover, because of the limitations of managerial mechanism
and method, the choice of the transport mode becomes irregular. Then lots of resources are
consumed but transport efficiency and benefit are not optimized.

It is necessary to plan the development and division of transport modes according to the
inherent technical/economic characteristics and advantages, and to build an integrated
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transport system with the harmonious development of various transport modes. This paper
analyzes behaviors of choosing transport mode for regional logistics based on discrete choice
theory. A choice behavior model is with high logicality, easy shift of time and area, good
accuracy and needs fewer samples.

The paper studies the choice of transportation mode according to the characteristic of
disaggregate theory in order to provide the thinking and the basis for using the resource of
transportation system efficiently in China.

2. THE ANALYSIS ON CHOICE OF TRANSPORTATION MODE OF SHIPPERS
AND CARRIERS

2.1 Factors

Since existing transport modes, water way, highway, railway, air way and pipe, have different
characteristics, market adaptability and advantages, different service attributes of them can be
found. Every kind of freight has its own suitable transport mode and shippers have different
degrees of satisfaction when choosing different transport modes. If the satisfied degree of a
shipper on a transport mode is higher than another, shippers think that the utility of the former
is better than that of the latter, vice versa. So the evaluation and choosing probability of
shippers and carriers for the five transport modes are discussed and studied based on the
economic characteristics and the traits of the cargoes.

We get the main factors when shippers and carriers are choosing the transportation mode
based on actual investigation and analysis.

®  Cargo value
The cargoes are divided into three types, high value, medium value and low value. As for the
cargoes with high value, the shippers and carriers will choose the transportation mode with
high safety and light hurting to cargo. The safety of the transportation mode will not be
regarded important for the cargoes with low value.

®  (Cargo volume
When the shippers and carriers transport certain kind of cargo, the capacity of the
transportation mode should be thought of. When they transport a large mount of bulk cargo,
the vehicle whether can transport this kind of cargo and the cost should be considered.

®  Distance
The distance has some influence on choice of transportation mode. The shippers and carriers
should consider whether the distance is within the economical distance in order to save cost,
because every transportation mode has economical distance.

® Cost
The overall transportation cost includes transportation charge, loading and unloading charge
and storage cost. The transportation charge is influenced by many factors. For example, if the
fixed cost irrelative to the transportation volume occupies large portion in the transportation
charge, the transportation frequency will influence the charge. If the carriers make the
frequency of transportation higher, the fixed cost will decrease. The transportation charge is
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lower when the capacity of vehicle is larger.

® Time
The time factor includes the transportation time from origin to destination and storage time in
the yard or warehouse. So the time factor is relative to the speed of the vehicle and the
distance from origin to destination. The storage is influenced by the distribution system and
machine operation efficiency. If the distribution system is more advanced and the machine
operation is more efficient, the storage time is less.

e  Contract
The trade contract plays an important role in the freight transportation. Sometimes the trade
contract tends to determine the choice of transportation mode.

®  Reliability

It means what the ratio of the cargoes is which arrives in time and in good condition. The
cargo will swag in the long-distance transportation. Some cargoes such as grains and
vegetable will be rotten if they are reserved for too long time. When the cargoes are loaded
and unloaded, some cargoes will be lost. They are the cargo loss in the transportation. The
transportation reliability is weighed by it. If the shippers and the carriers need high cargo
perfection, they will choose the transportation mode with good reliability in order to
guarantee the cargo quality.

®  (Obtainable factor
Obtainable factor describes whether it is easy to obtain the transportation service. Sometimes
certain transportation mode is most suitable to transport some kind of cargo, but it is hard to
obtain this transportation service or it should cost much to obtain that, the shippers will
choose other transportation mode.

®  Transportation frequency
Transportation frequency means how long time the next vehicle should wait for starting after
the first vehicle start to transport the cargoes. The transportation frequency is influenced by
vehicle, yard and natural condition. Some cargoes which need constant arrival and have high
random is fit for transportation mode with high frequency. Generally speaking, if the
transportation mode has higher frequency, the probability of choosing this kind of
transportation mode is more.

®  Accessibility
The accessibility describes whether it is easy to obtain the cargoes transported. The quality of
transportation service is thought highly in the modern logistics and the accessibility is an
important aspect of that. Some shippers will consider accessibility in order to make the
consignee more convenient, so they will choose the transportation mode which transports the
cargo to the place near to consignee.

2.2 Questionnaire Survey
2.2.1 The Statistics on Questionnaire Survey

In this paper we sample the transportation companies in China’s Liaoning province. When the
companies carry out their cargoes, they take this field as the origination, destination or
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transshipment hub. Because utility is different when certain kind of cargo is transported by
different transportation mode, we choose 4 transportation modes, highway, waterway, railway
and airway, and 8 kinds of cargoes, farm produce, grains, light industrial product,
constructing material, oil, auto and its parts, precision instrument and equipment, to
investigate how the shippers and carriers to choose transportation mode according to the
characteristics of four transportation modes and the situation of freight transportation. The
farm produce is mainly aquatic produce and medicinal materials. The grains are soybean and
corn. The oil is finished oil with high value. The equipments are outsized and unwieldy
cargoes. The light industrial product is fashionable dress.

By utilizing questionnaire method, we interview, telephone and e-mail many companies. We
investigate companies whose place of transport volume or turnover volume of the given cargo
kind is before sixtieth in Liaoning province. They occupy about 85% of market share for each
given cargo kind. We collect 462 questionnaires from the companies involving 8 kinds of
cargo described above and the number of valid ones is 391. We investigate the typical case of
the shippers and carriers when they transport certain cargo in certain time, and synthesize
these typical cases accords with the principles in the statistics. So they can almost stand for all
the shippers and carriers’ choices.

Companies give a mark to every factor in the investigation for easy analysis. 5 denotes
extremely important, 4 denotes very important, 3 denotes ordinary important, 2 denotes not
very important, 1 denotes it nearly can be neglected and 0 denotes completely irrelevant.
They give us original degree of importance of those factors for reference. The maximal,
minimal and average scores are described in the tablel.

Table 1. The scores of every factor
The Scores The Ratio of

Factors M_1n1 Maxi- Average With Scores with
mum Highest Highest
mum Frequency Frequency
Cost 4 5 44 5 76.7%
Time 2 5 42 5 5%
_Obtainable factor 1 5 35 3 70.5%
_Reliability 2 5 41 5 68.3%
_Trade Contract | 4 39 4 62%
_Frequency o 4 3, 3 58.3%
_Cargo Volume 2 5 . 38 4 53.2%
_Cargo Value 2 4 3.5 4 513%
Distance 2 5 . 34 4 45.6%
Accessibility 0 4 32 3 33.3%

2.2.2 The Analysis on the Investigation Result

®  The most important factors are transportation cost and time factor
The average of the cost is 4.4 and it is the maximum of all. There are 76.7% of all the
companies thinking the cost is extremely important. The average of time factor is 4.2 and less
than that of the cost. There are 75% of the companies thinking the time factor is extremely
important.
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®  The more important factors are reliability and trade contract
The average of reliability is 4.1 and less than that of cost and time factor. There are 68.3% of
all the companies thinking reliability is extremely important when they choose the
transportation mode. The average of the three factors above is more than 4. The average of
trade contract is 3.9 and there are 62% of all the companies thinking trade contract is ordinary
important.

®  The easy to neglect factors are distance and transportation frequency
The average of distance is 3.4. The average of transportation frequency is 3.1, which is the
least of all the factors. None of the companies think the two factors are extremely important.

In a conclusion, the companies consider cost, time and reliability more when they are
choosing transportation mode. Five most important factors are as follows:

cost (average is 4.4)

time (average is 4.2)

reliability (average is 4.1)

trade contract (average is 3.9)

volume of cargo (average is 3.8)

3. THE ANALYSIS ON UTILITY FUNCTION

We apply discrete choice theory to forecast the unit occurring transportation, whether to
travel, choice of transportation mode and choice of route, and then do statistics according to
traveling distribution, transportation mode and transportation mode respectively to get model
of transportation demand volume. This paper analyzes and forecasts the choice of
transportation mode using this theory. This theory forecasts the probability of choice of
transportation mode based on the theory of maximizing utility about the preference of
companies, rather than does statistics and analysis on existing data simply.

3.1 Model

We define the utility function by linear equation:
Uy, = Vi t&;
=0,x
n: denote shippers or carriers;
U, : the utility function of »;

X, : the factors observed;

o TOX,, + O, FE, i€A, (1)

: the representative components of the utility of i;
. the universal set of alternative of n ;
. disturbances;

0, : unknown parameters k=12,......

3.2 The Choice of Characteristic Variable
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We will mostly review the characteristics of different transportation mode for different
shippers and carriers. We suppose other characteristic of transportation mode nearly satisfy
the shippers and carriers and bring the influence of shippers and carriers’ appraisal on
transportation to inherent constant of alternative and alterable utility item.

Characteristic variable X, can be divided into inherent constant of alternative (0 or 1) and

characteristic variables as table 2 shows. Some factors are hardly to be quantified such as
contract, reliability, obtainable factor and accessibility, so we convert their original data to a
binary choice (0 or 1) when we put them into the model. Because the shippers and carriers
have different preferences for transporting different kinds of cargo, characteristic variables are
different for different cargo type. The calculating result is in the Part 3.3.

Table 2. Choice of attribute of alternatives
Alternative Attribute of alternative
Characteristic variable

Constant of

alternative ~ Cost Time  Reliability | 1¢ Other
factors
)(inl XinZ XinS Xin4 XinS Xiné
1,if consider
Highway 1 0 0 Xina  Xins the factor
_______________________________________________________ Omot
Waterway 0 Lo 0 Xona  Xows lorO ... .
Railway L R U Xows  KXops lorO ...
Airway 0 0 0  Xut  Xos lorO ...
Unknown 0, 0, 0, 0, 0, 0,

parameters

3.3 Model Results

Taking sample data into discrete choice model, we get the utility function of eight kinds of
cargoes and the whole utility function of 4 kinds of cargoes, Farm produce. Equipment.
Grains and Auto and its parts, whose characteristic variables are the same. The results and the
t-test and other tests are as follows:

Because different cargo has different constant of alternative and attribute of alternative, we give the
explanation of farm produce as an example. For farm produce, the shippers consider cargo value,
volume, cost, time, contract, reliability and accessibility. And cost, time and reliability pass the t-test.
So we choose them as characteristic variables and put influence of other factors into constant of
alternative.

Table 3. Model estimation results for Farm produce

Attribute of alternative Coefficient estimate Stand. error  ¢-Statistic
Constant of alternative

a -18.2089 8.6390 -2.1078
b -17.3091 9.4197 -1.8375
c -15.6100 9.9434 -1.5699
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Table 3. (Continued)

Attribute of alternative Coefficient estimate Stand. error  ¢-Statistic
Characteristic variable

Cost -2.6762 0.1225 -2.1854
Time -1.0412 0.5886 -1.7689
Reliability 47406 21111 2.2456
Summary statistics

L(0)=-30.498

L(0)=-8.4371

Number of observations=48
Hit ratio(%)=81.818
pr =0.7234

—2
5 =0.5273

Table 4. Model estimation results for Oil
Attribute of alternative Coefficient estimate Stand. error  #-Statistic

Constant of alternative

a 7.7357 2.9603 2.5456
b 56583 20814 27186
Characteristic variable

Cost -0.1888 0.0720 -2.6220
Reliability 54002 19219 2.8098
Summary statistics

L(0)=-36.254

L(6)=-10.495

Number of observations=52
Hit ratio(%)=78.788
p* =0.7105

o =0.4002

Table 5. Model estimation results for Auto and its parts

Attribute of alternative Coefficient estimate Stand. error  ¢-Statistic

Characteristic variable

Cost 0.001148 0.0005868 -1.9558

Time -0.4783 0.2434 -1.9652

Reliability 3.5360 1.3173 2.6842
Accessibility 24480 13297 ] 1.8417

Summary statistics

L(0)=-30.498

L(6)=-13.54

Number of observations=48
Hit ratio(%)=86.364
p> =0.5560

—2
5 =0.4249
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Table 6. Model estimation results for Grains

Attribute of alternative Coefficient estimate Stand. error  #-Statistic

Characteristic variable

Cost -0.003176 0.001572 -2.0204

Time -0.9899 0.3049 -2.5909
Reliability 44803 1.5247 29385

Summary statistics

L(0)=-33.271

L) = _14.569

Number of observations=55
Hit ratio(%)=83.333
p> =0.5629

o =0.4719

Table 7. Model estimation results for Constructing material

Attribute of alternative Coefficient estimate Stand. error  f-Statistic

Characteristic variable

Cost -0.01004 0.0005677 -1.769

Time -0.0579 0.02044 -2.835
_Obtainable factor 45073 . 13515 3335

Summary statistics

L(0)=-44.361

L(§)=-17.794

Number of observations=45
Hit ratio(%)=81.25

p? =0.5989
»  =0.5313
Table 8. Model estimation results for Equipment

Attribute of alternative Coefficient estimate Stand. error  ¢-Statistic

Constant of alternative

a 5.6146 3.1181 1.8006

b 6.7144 3.4616 1.9397
o 65478 34959 18730

Characteristic variable

Cost -0.001069 0.000609 -1.7551

Time -0.3407 0.1340 -2.5434
Accessibility 42929 ] 1.6649 2.5785

Summary statistics

L(0)=-34.657

L(#)=-10.15

Number of observations=47
Hit ratio(%)=88
p? =0.7071

o =0.5340
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Table 9. Model estimation results for Precision instrument
Attribute of alternative  Coefficient estimate Stand. error ¢-Statistic
Characteristic variable

a -80.984 39.4181 -2.05

b -70.984 40.07185 -1.771
R 810457 397419 2039

Characteristic variable

Cost -0.1004 0.04376 -2.2936

Time -1.9767 0.8078 -2.447
Accessibility 57666 2.99 19281

Summary statistics

L(0)=-36.044

L(§)=-8.7271

Number of observations=48
Hit ratio(%)=88.462
p? =0.7579

o =0.5914

Table 10. Model estimation results for Light industrial product
Attribute of alternative  Coefficient estimate Stand. error #-Statistic
Characteristic variable

a 3.0428 1.1926 2.5512

b 5.0973 1.5481 3.293
34T 125 2762

Characteristic variable

Time -0.186 0.0594 -3.130
Reliability 41287 13398 308

Summary statistics

L(0)=-40.203

L(9)=-14.874

Number of observations=48
Hit ratio(%)=86.207

p> =0.7234

o =0.5273

Table 11. Model estimation results for four kinds of cargos
( Farm produce, Equipment, Grains and Auto and its parts)

Attribute of alternative  Coefficient estimate  Stand. error  #-Statistic
Characteristic variable

Cost -0.0007159 0.0002045 -3.498

Time -0.0286 0.006872 -4.164
Reliability 40266 07236 5564

Summary statistics

L(0)=-128.93

L(0)=-70.644
Number of observations=198
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Table 11. (Continued)

Hit ratio(%)=82.796
p? =0.4621

»  =0.4288
Note: We choose these four kinds of cargos, because their characteristic variables are the same.

3.4 Model Test
We test the model taking the farm produce for example.

o t-test
From the table 3, we know the estimated coefficients of the attribute all pass the T-test.

The estimated coefficient of cost is negative. That is coincident with what we estimated and
that means the cost is higher, the utility of choice of this transportation is lower. The result of
T-test is —2.18, which pass the hypothesis test when o = 0.025. That means cost is one of the
main factors influencing choice of transportation mode.

The estimated coefficient of time is negative. That is also coincident with what we estimated
and that means the time is longer, the utility of choice of this transportation is lower. The
result of T-test passes the hypothesis test whena = 0.025, so the probability of thinking time
factor is one of the main factors influencing choice of transportation mode is 95%.

The estimated coefficient of reliability is positive. That is also coincident with what we
estimated and that means shippers and carriers prefer to the transportation mode with good
reliability. The result of t-test passes the hypothesis test when a = 0.025, so the probability of
thinking reliability is one of the main factors influencing choice of transportation mode is
95%.

®  Hitratio
The hit ratio 1s 81.818%, so the regression effect of the model is good.

®  y’—test
The value of —2(L(0) —L(é)) obeys y’ distribution whose degree of freedom is 4. It passes
z° test whena = 0.0025, so the probability that not all the variables are zero is 99.75%.

° Goodness of fit
. L)

=1 = 0.7234 , thatisa good result.
L(0)
— 0\
:1_L(9)7K =0.5273, the result is also good.
L(0)

The results above show the model can explain the choice of transportation mode well.

3.5 The Analysis On The Results
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3.5.1 Influence of Constant of alternatives on choice of transportation mode

By observing the constant of alternative, the shippers of farm produce prefer to airway
without regard of cost, time and reliability. The order of preference of other transportation
mode is railway, waterway and highway. Aquatic produce and medicinal materials make large
proportions in the farm produce of the transportation companies. Their value is high, their
transportation distance is far, sometimes their volume is little and they have some restrictions
on the time, so the shippers prefer to airway transportation. What causes the low probability
of choice of airway transportation is its high cost.

The shippers of oil prefer to highway transportation without regard of cost and reliability. The
order of preference of other transportation modes is waterway and railway transportation. The
main category of oil transportation through Liaoning province is finished oil with high value.
Its volume is not very much and the distance is not so far, so sometimes the consignees make
it transported in the highway in the trade contract for good reliability. Sometimes the oil can
be transported from shippers’ oil terminal to consignees’ oil terminal, they give priority to
highway transportation.

The shippers of equipment prefer to waterway transportation without regard of cost, time and
reliability. The order of preference of other transportation modes is railway, highway and
airway transportation. A lot of equipments of the study samples are outsized and unwieldy
cargoes. It is suitable to transport them in a large ship.

The shippers of precision instrument prefer to airway transportation without regard of cost,
time and reliability. The order of preference of other transportation modes is waterway,
highway and railway transportation. Because district of Dalian in Liaoning province is the
important area for investigation, the precision instrument, which is small and light, are all for
export when transported through this area. The shippers tend to choose airway transportation
for safety and speed.

The shippers of light industrial product prefer to waterway transportation without regard of
time and reliability. A lot of light industrial product transported is fashionable dress and most
of them are exported to Japan. The container transportation between China and Japan
develops well and there are many voyages, so it is convenient for shippers and carriers to
choose container transportation. The Japanese consignees usually determine transport the
fashionable dress by container in the trade contract. So the shippers of light industrial product
prefer waterway transportation.

3.5.2 Influence of characteristic variable on choice of transportation mode

By observing the results of 8 kinds of cargoes, we find that cost is the main factor influencing
choice of transportation mode. The sign of estimated coefficient of cost is negative, so the
higher the cost is, the less utility of choice of this transportation mode is. All the companies
investigated consider the profit is the most important factor for transportation companies, so
cost is easy to become the main factor influencing choice of transportation mode.

Time is also the main factor influencing choice of transportation mode. The sign of estimated
coefficient of time is negative, so the longer the time is, the less the utility of choice of this
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transportation mode. During the investigation, the shippers make the aquatic produce have
higher price in Japan, so that they usually limit the time and consider the frequency of
vehicle. The time factor is often considered first when the aquatic produce is transported to
other places.

Reliability is also the main factor influencing choice of transportation mode. The sign of
estimated coefficient of reliability is positive and that means shippers and carriers prefer to
the transportation mode with good reliability. During the investigation, some companies think
of service stability as reliability. So the influence of reliability becomes more. Value of
equipment is high, so equipment needs higher transport quality and reliability has more
influence on shippers of equipment. A large mount of farm produce should arrive at the
consumers directly, so the appearance of the farm produce is very important and reliability
influences the choice of transportation mode for shippers of farm produce.

Taking farm produce for example, the cost has negative influence on the utility and the
estimated coefficient is —2.672. The time factor also has negative influence on the utility and
the estimated coefficient is —1.0412. Reliability has positive influence on the utility and the
estimated coefficient is 4.7406. The higher the cost is, the lower the utility of choice of this
transportation mode. If the cost increases by ¥10,000, the utility of choice of this
transportation will decrease by 2.6762. If the cost decreases by ¥10,000, the utility of choice
of this transportation will increase by 2.6762. When the transportation time is longer, that
means the management and operation ability is not good. That will decrease the utility of
shippers. If the time increases by 1 hour, the utility of choice of this transportation will
decrease by 1.0412. If the time decreases by 1 hour, the utility of choice of this transportation
will increase by 1.0412.

4. THE ANALYSIS ON AGGREGATE PROBABILITY

Suppose ¢, =(&,,,€,,»--,&,,) Obeys Gumbel distribution, we can get the choice probability

of Multinominal Logit Model. When the set of alternative of shippers and carriers is 4,, the

choice probability model is:
g 1

e :
P, = = = iceAd, (2)
e e
jed, jed,
Brings the utility function into (2) ,
eHTXm eggkxhl
f)in = Zexp[eer]: K 0
S o0
jed, k=1
1
= = i€A, (3)
Z eXp[Z O (X e = X))
JjeA, k=1

=16 .0,,..0, 1" , the vector of unknown parameters,
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X, =[x X ,X,x] » the vector of attribute of alternative.

in12°2*9 Nink o+*+
Aggregate forecast is to sum and forecast the result of disaggregate behavior model. If N
denotes the number of aggregate objects and i denotes alternative, the average probability of

the aggregate object choosing i is:

N

P = P, (4)

i
1 N ”

n

Depending on the result of model and formulas, (2), (3), (4), we can calculate the aggregate
probability when the shippers choose different transportation mode as table 12 follows:

Tablel2. The aggregate probability of the Transportation mode choice

ortation mode Highway Waterway Railway  Airway
Freight category (%) (%) (%) (%)

Farm produce 27.29 40.89 22.77 9.05
Oil 31.93 58.99 9.09 0
Equipment 48.00 16.00 28.00 8.00
Auto and its parts 38.20 26.66 20.53 14.61
Constructing material 33.03 34.75 19.01 13.19
Grains 38.13 9.61 39.83 13.88
Light industrial products 17.24 34.48 31.03 17.24
Precision instrument 34.60 26.93 23.10 15.37
The four kinds of cargoes 35.33 16.35 29.41 16.80

From the table 12, for farm produce, we find the probability of shippers’ choice of waterway
transportation is 40.89% and the highest of all. The order of probability of other
transportation modes is highway, railway and airway. For oil, the probability of shippers’
choice of waterway transportation is 58.99% and the highest of all. The order of probability of
other transportation modes is highway and railway transportation. For equipment, the
probability of shippers’ choice of highway transportation is 48.00% and the highest of all. The
order of probability of other transportation modes is railway, waterway and airway. For auto
and its parts, the probability of shippers’ choice of highway transportation is 38.20% and the
highest of all. The order of probability of other transportation modes is waterway, railway and
airway. For constructing material, the probability of shippers’ choice of waterway
transportation is 34.75% and the highest of all. The order of probability of other
transportation modes is highway, railway and airway. For grains, the probability of shippers’
choice of railway transportation is 39.83% and the highest of all. The order of probability of
other transportation modes is highway, airway and waterway. For light industrial products, the
probability of shippers’ choice of waterway transportation is 34.48% and the highest of all.
The order of probability of other transportation modes is railway, highway and airway. For
precision instrument, the probability of shippers’ choice of highway transportation is 34.60%
and the highest of all. The order of probability of other transportation modes is waterway,
railway and airway. For the four kinds of cargoes, Farm produce. Equipment. Grains and
Auto and its parts, the probability of shippers’ choice of highway transportation is 35.53%
and the highest of all. The order of probability of other transportation modes is railway,
airway and waterway.
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5. THE ANALYSIS ON ELASTICITY

A disaggregate elasticity represents the responsiveness of an individual’s choice probability to
a change in the value of some attribute. The simplest case is the elasticity of the probability of
an individual choosing alternative 1 with respect to a change in some attribute that is an
independent variable in the model, namely one of the x,, ’s. In this case the direct elasticity
of logit is given by
ERO op, (i) ik _ dIn P, (i) _
o axink Pn (l) a ln xink

[1- P, ()%, 6, (5)

The disaggregate cross elasticity of the probability alternative 1 that is selected with respect
to an attribute of alternative j is

g _ OB _

X _I)n(j)x'nkek’ forjil (6)
"o Olnx,, /

5.1 Evaluation of the direct elasticity
By utilizing the sample enumeration method, the aggregate direct point elasticity of mode
choice is estimated across the four commodity groups. The results of the estimation with

respect to quantitative variable are presented in table 13.

Table13. Direct elasticity for several commodity groups

Commodity Mode Cost Time  Reliability
Farm produce Highway -3.894  -1.136 1.725
Waterway -5.202 -4.722 3.071
Railway -5.295 -10.3 0
. Aiway 53524 -1.041 4741
Equipment Highway -0.044  -4.961 2.232
Waterway -0.031 -10.297 0
Railway -0.054  -8.586 3.091
e Aiway 0688 -11284  3.949
Auto and its parts ~ Highway -0.071  -1.453 2.192
Waterway -0.042  -2.806 2.593
Railway -0.365  -2.737 2.810
e Aiway 3921 -1634__ 3.019
Grains Highway -0.138  -1.466 0
Waterway -0.057  -7.140 4.051
Railway -0.115  -3.327 2.697
Airway -2.735  -4.762 3.860

The elasticity of cost variable is high for four modes of farm produce, implying that this
commodity group is quite sensitive to cost. The values for the airway are higher than those for
other modes across commodity groups, implying that shippers choosing the airway are more
sensitive to a unit change in rate than are other mode users. The elasticity of cost variable is
inelastic for highway, waterway and railway across the commodity groups except farm
produce.
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As to elasticity for time variable, this variable of auto and grains has considerable influence
on waterway users and that of equipment and grains influence airway users greatly. The
elasticity of time variable is high for four transportation modes of equipment, implying that
this commodity group is quite sensitive to time.

The elasticity of reliability variable is high for four transportation modes of auto and for
waterway, railway and airway of grains, implying that these commodity groups are quite
sensitive to reliability. This variable is highly elastic for four transportation modes across the
commodity groups.

Consequently, the results of direct elasticity indicate that time exert the greatest influence on
the shippers’ mode choice response for the four commodity groups for four modes; cost and
reliability have less influence for four modes.

5.2 Evaluation of the disaggregate cross elasticity

We choose equipment to calculate disaggregate cross elasticity. The cross elasticity of the
probability of choice of waterway, railway and airway is 0.041 relative to the cost of highway
transportation, 4.5788 relative to the time factor of highway, -2.06 relative to the reliability of
highway. The cross elasticity of the probability of choice of highway, railway and airway is
0.006 relative to the cost of waterway transportation, 1.97 relative to the time factor of
waterway, 0 relative to the reliability of waterway. The cross elasticity of the probability of
choice of highway, waterway and airway is 0.021 relative to the cost of railway
transportation, 3.34 relative to the time factor of railway, -1.202 relative to the reliability of
highway. The cross elasticity of the probability of choice of highway, waterway and railway is
0.06 relative to the cost of airway transportation, 0.98 relative to the time factor of airway, -
0.3434 relative to the reliability of airway.

From the calculation above, as for equipment, the positive cross elasticity of the probability of
choice of waterway, railway and airway is the highest of all relative to the time factor of
highway. That means the time of highway transportation increases by 1% will cause the
probability of choice of waterway, railway and airway transportation increases by 4.58% and
the highway transportation can be substituted easily on time factor. The negative cross
elasticity of the probability of choice of waterway, railway and airway is the highest of all
relative to the reliability of highway. That means the reliability of highway transportation
increases by 1% will cause the probability of choice of waterway, railway and airway
transportation decreases by 2.06% and the highway transportation has good complement to
other transportation modes on reliability. The cross elasticity of the probability of choice of
highway, railway and airway is O relative to the reliability of waterway, so as for reliability,
waterway transportation have no substitution and complement for other transportation modes.

6. CONCLUSION

This paper studies the characteristic of choice of transportation mode using discrete choice
model. We get shippers and carriers’ transportation utility functions and they pass the tests.
And then we calculate aggregate probability, direct elasticity and indirect elasticity. The result
accords with the characteristic of shippers and carriers’ choice of transportation mode, so
discrete choice model has good applicability in choice of transportation mode. We estimate
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the trend of choice of transportation mode by the analysis on aggregate probability. We know
how much the factors influence the choice of transportation mode by calculating direct
elasticity. We calculated the cross elasticity, when the characteristic variables, cost, time,
reliability change, we can forecast the change of choice of transportation mode. By comparing
elasticity of choice of transportation mode, we can choose some shippers or carriers whose
elasticity is higher for special analysis, make sure the direction of choice of transportation
mode and find out the trend of choice of transportation mode as a whole for optimal
utilization of the social transportation resource.

The unit which occurs on activity is taken as the study unit of discrete choice model.
According to our investigation and calculation and the difference of factors influencing the
preference of shippers and carriers, we sum up three main factors, cost, time and reliability.
So we bring these main factors into model. Though the average of some factors is not high,
sometimes they determine the choice of transportation mode, such as cargo volume and value.
Some cargoes with high value in volume or weight unit and the volume of them is not much,
so only airway transportation is suitable for these cargoes for fast arrival and less accident.
The bulk cargoes such as oil, grains and constructing material, are fit for waterway
transportation for large load, efficient loading and unloading and cheap package and
transportation cost. We will continue our study on how to bring these factors into model.
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