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OPTIMIZATION OF COASTAL CRUISE LINES IN CHINA

ABSTRACT

The paper analyzes the current state of the Chinese cruise
market and presents the idea of building a business mod-
el of coastal cruising. The cruise demand of middle-income
families, which includes the desired travel days, ports of
call, is surveyed. The data of the previous non-cruise travels
and the data of future cruises of middle-income families are
used to develop a model designed to identify the maximum
passenger volume with minimum operating costs while tak-
ing cruise itineraries and schedules into account. A matrix
coding genetic algorithm was designed to solve the model.
The case study found that a voyage of 4.79 days results in
equilibrium, that the annual demand is 200,840 passen-
gers, and that the daily voyage cost is 0.843 million Yuan.
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1. BACKGROUND

The quickly expanding cruise sector is the fastest
growing segment in the tourist industry [1-2]. The
cruise market provides many services to satisfy the
demands of tourists. Cruise Lines International Asso-
ciation (CLIA) has classified cruises into three types:
global cruise lines, regional cruise lines, and coastal
cruise lines. The cruise industry is attracting increased
attention in China due to the continual increases in
personal income.

Table 1 - Current Situation of the cruises in China

China has been an international cruise destination
since 1978 due to its “reform and open” policy. Before
the 1980s, the Chinese cruise industry was wrapped
in a shroud of mystery and was believed to be a luxury
of the rich. As a steady stream of international cruise
liners have visited China since that time, the Chinese
cruise industry has entered the reception stage, which
means that only some ports are called by the cruises
but there is no home port for the cruise traffic. In ad-
dition, there has been a rapid increase in the number
of international cruise liners calling at Chinese ports.
International cruise lines are increasingly paying close
attention to the Chinese market.

Table 1 shows the situation of the cruises in China.
The data come from annual China cruise industry de-
velopment report released by China Cruise & Yacht In-
dustry Association (CCYIA) and Shanghai International
Shipping Institute [3-6]. In 2008, the first Asian Cruise
Liner Conference was held in Shanghai. At the confer-
ence, cruise line magnates gathered and discussed
the problems of exploiting this new market. During the
same year, approximately 63 international cruises set
off from the Chinese homeports. Chinese outbound
tourists travelled by cruise ship numbered 110,000,
and the total number of international outbound and in-
bound visitors was 401,000. In 2010, the Royal Carib-
bean International inaugurated international cruises
in China, Japan, and Korea, which began at the home
ports of Hong Kong, Shanghai, and Tianjin [6] and Chi-
nese cruise industry kept developing.

Year Cruiseg departed from Chinese Outb_ound _Tourists Total International _ihbound
Chinese Ports by cruise ship and outbound visitors

2008 63 110,000 401,000

2009 80 200,000 406,500

2010 95 226,000 470,000

2011 142 252,084 504,582

2012 170 420,000 660,000

Source: Annual China cruise industry development report released by China Cruise & Yacht Industry Association (CCYIA) and Shanghai

International Shipping Institute [3-6]
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Currently, the international cruise companies
that operate in China are Costa Cruises, Royal Ca-
ribbean International, and Star Cruises. Their routes
cover Southeast Asia, Asia, the Middle East, Europe,
and America. China has five domestic cruise compa-
nies which are controlled by China: the Pacific Cruise
Line, the Shenzhen Wanbang Enterprise Group, Hong
Kong Sea Princess Luxury Cruises Co. Ltd., North Sea
Ming Flower Luxury Cruise Service Co. Ltd., and China
Cruise Co. Ltd. These companies primarily focus on the
coastal shipping lines in China and South Asia.

The Chinese government also plans to promote
cruise tourism. The transport industry’s “12th 5-year”
national plan proposes that high-speed craft (a high
speed water vessel for civilian use), the RoRo ships,
and water tourism transport should be vigorously de-
veloped. The government will market cruises in Dalian,
Tianjin, Qingdao, Xiamen, Shenzhen, and Beihai. In
the meantime, cruise homeports will be built at Sanya
and Shanghai to extend the industrial chain and im-
prove cruise line services [7]. Currently, many port cit-
ies, such as Shanghai, Tianjin, Qingdao, Dalian, Sanya,
and Weihai, are making substantial efforts to develop
the cruise industry and create the cruise centres.

Some Chinese port cities have made substantial
investments in building cruise ports that act as urban
landmarks. As shown in Figure 1, five cruise terminals
have been built in China: Tianjin International Cruise
Terminal, Shanghai North Bund International Cruise
Terminal, Shanghai Wusongkou International Cruise
Terminal, Xiamen International Cruise Terminal, and
Sanya Phoenix Island International Cruise Terminal.
Moreover, other three cruise terminals are under con-
struction: Zhoushan Archipelago International Cruise
Terminal, Qingdao International Cruise Terminal, and
Dalian International Cruise Terminal.

® Terminals have been built ‘%anya
® Terminals under construction

Figure 1 - Location of Chinese cruise ports

However, Chinese cruise products reproduced from
the European and American markets that are not com-
pletely applicable to the current Chinese market, such

as 1) indulging the travel demands of high-end cus-
tomers and charging prices that are unaffordable to
the Chinese middle-income families; 2) overly compli-
cated application procedures involving visas or other
formalities, which require tourists to enlist the assis-
tance of travel agencies and consume too much time;
and 3) overly Westernized dining and entertainment,
to which it is difficult for Chinese customers to become
accustomed.

Despite the late start of China’s cruise industry, in-
ternational cruise magnates are confident in its future.
However, if market demand for cruise tourism is not
effectively guided, this may result in problems such
as overcapacity and cutthroat competition. In such
a situation, cruise magnates may profit, but Chinese
ports or port cities may experience losses. The phe-
nomenon has occurred in other fields in China, such
as rare earth export, iron ore import, and the photo-
voltaic manufacturing business. Therefore, in China,
it is vitally important to encourage the development
of local cruise enterprises and to design cruise lines
rationally in a manner that stimulates the demand of
most Chinese tourists.

Coastal cruise tourism is a type of cruise service
along the coastline in one country. It operates mid-
sized ships that are equipped with excellent service
and facilities and sails relatively short distances, such
as between Shanghai and Wenzhou or Shanghai and
Putuo Island. However, due to poor product design and
market positioning, this sector of the Chinese cruise
industry has performed far below expectations.

To promote the development of the Chinese cruise
market, coastal cruise tourism should be well designed
from the beginning. By offering a unique service that
meets domestic demand, the consumption of coastal
cruises may be encouraged. This paper analyzes the
current state of the Chinese cruise market, explores
strategies to develop that market, and designs itiner-
aries for coastal cruise tourism.

The rest of this paper is organized as follows. Sec-
tion 2 contains a literature review; Section 3 describes
the demand survey and its results; Section 4 provides
the model structure and solution algorithm; Section
5 demonstrates a numerical example; and Section 6
presents the conclusions.

2. LITERATURE REVIEW

The existing literature mainly concentrates on tour-
ists’ behaviours, market potential, cruise traffic of a
port, changes of the cruise market, cruise fleet deploy-
ment, factors for the itineraries, lifestyles, values, and
attitudes. To evaluate factors influencing tourists’ trav-
el choice, Heung et al. [8] and Qu et al. [9] study the
motivation and satisfaction of cruise tourists in Hong
Kong and develop a performance model. They system-
atically survey 330 tourists and find that cruise-related
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consumption behaviours are determined by accommo-
dation, entertainment, and food and beverage service.
Teye and Leclere [10] analyze tourists’ satisfaction
with cruise line service in North America and conclude
that tourists’ satisfaction exceeds the expectations.
Durnana and Mattilab [11] demonstrate the relation-
ship between tourists’ emotions and the value of a
cruising experience. They find that the emotional fac-
tor determines experiential satisfaction.

With respect to cruise tourism products, Klein [12]
highlights that cruise companies use cunning tactics
in order to maximize on-board sales. He maintains,
like Johnson [13], that cruise ships are promoted to
an increasing degree as destinations sui generis, rath-
er than as means of transportation or as floating ho-
tels which bring tourists to new and interesting ports
of call. Hwang and Han [14] test the hypothesis that
the experiential factors of food quality, service quality,
staff/crew attractiveness, entertainment, ship facili-
ties, ports of call, children’s programs and/or supervi-
sion, and cabin quality influence the formation of the
brand prestige of cruise services and find that all of
their proposed hypotheses are statistically support-
ed. Henthorne [15] studies the length of voyages and
finds that 3-, 4- and 7-day cruises are the most popular
ones. Generally, the market share of cruises ranging
from 2-5 days is steadily increasing, whereas cruises
of more than 9 days are decreasing. The most popular
voyages are those lasting 6 - 8 days.

With respect to the cruise itineraries, Lee and Ram-
deen [16] perform a linear regression analysis of the
data and report that cruise itineraries have a signifi-
cant effect on occupancy rates. Dickinson and Vladi-
mir [17] conclude that itineraries have changed to a
loop type, during which tourists no longer travel from
(A) to (B) but from (A) to (B) to (C) and then back to
(A). Moreover, extensive marketing and exploration of
various services to develop different market segments
were proposed. Hersh and Ladany [18] present a two-
stage method: first, to estimate the demand through a
regression method that includes voyage days, depar-
ture times, daily ticket price, port dwelling time, and
ship specification as parameters; second, to build a
dynamic programming model to determine an optimal
route based on the demand function. Leong and Lada-
ny [19] optimize the cruise route scheme with the goal
of maximizing the route attractiveness, including ports
of call, port dwelling time, and calling order. Rodrigue
and Notteboom [20] argued that the cruise industry
sells itineraries, not destinations. Because, the itiner-
ary design are affected by market circumstances and
requirements such as the seasonality in demand, the
optimal duration of a cruise vacation, the balance be-
tween sailing time and shore time, the existence of
‘must see’ destinations and overall guest satisfaction,

thus the cruise operators are challenged to develop
competitive cruise packages but at the same time they
have to optimize the deployment of their cruise ship
fleet in view of minimizing operating costs and/or max-
imizing revenue per passenger slot. Once the market
potential for a new service has been determined, the
service planners need to take decisions on several in-
terrelated core design variables.

Cruise tourism began late in China. Since the Ca-
ribbean market is saturated, mass-market ships are
gradually relocating to China [21]. Thus, studies of the
Chinese cruise industry are relatively simple. Most of
the existing studies focus on the economic benefits
and effects of cruise tourism, the planning of cruise
industry for ports or cities, and the construction of new
cruise ports. Luo et al. [22] analyzed the cruise devel-
opment of the West Coast of the Straits Economic Zone
centred around Xiamen city by SWOT method. Zhang
and Fang [23] used SWOT to analyze the development
of Qingdao cruise tourism conditions and forecasted
the trend of its development. Sun and Ye [24] analyzed
the strengths, weaknesses, opportunities and threats
of cruise tourism in Shanghai, and proposed the sug-
gestions of how to develop cruise tourism in Shang-
hai. Wang and Lou [25] took the Carnival Corporation
as an example and studied the spatial distribution of
ports of call and cruise routes. By comparing their op-
erating performances, a home port is suggested to be
built in Shanghai.

It can be concluded that the existing studies ad-
dress cruise motivation, tourists’ behaviours, tour-
ists’ satisfaction, factors of itinerary design, custom-
er demand, industry development, and home-port
construction. However, studies address these issues
at the macroscopic level. It is difficult to find studies
on market demand for coastal cruise tourism or liter-
ature on the relationship between travel demand and
cruise itineraries, especially the way of converting po-
tential cruisers to cruisers. According to China cruise
industry development report, middle-income families
are regarded as the main potential cruise tourists in
China [3-6]. The majority of previous studies have con-
sidered the optimization of route structures. However,
Yao et al. [26] focused exclusively on designing route
structures and then applied taboo search to determine
the optimal route set. More importantly they determine
whether the service has sufficient capacity to meet po-
tential passenger demand.

Therefore, it is necessary to study the demand of
middle-income families for cruise tourism and to build
a model to simulate the dynamic interaction between
itinerary and cruise traffic. An equilibrium itinerary
scheme and its corresponding cruise traffic can be ob-
tained by calculating the proposed model.
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3. COASTAL CRUISE TOURISM DEMAND
SURVEY

Travel demand is a key factor in tourism product
design. To understand the demand of middle-income
families for cruise tourism, we conducted a survey in
Dalian, Shenyang, Changchun and Harbin (four large
cities in northeast China). According to the Ministry
of Finance in China, Chinese urban households (com-
monly calculated by the family of three) whose annu-
al pre-tax income average 60,000-200,000 yuan are
normal middle-income families in China. The relation-
ship between the income level and the categories of
occupations in northeast China was investigated, and
middle-income group mainly includes civil servants,
managers of export-oriented enterprises, university
professors, and senior engineers at consulting com-
panies. Therefore, occupations mentioned above are
selected as samples and can represent the population
of interest in northeast China. The results of the survey
found that the annual income of all the samples is be-
tween 60,000 and 100,000. It has been proven that
the selected sample can represent the population of
interest in northeast China.

Through face-to-face interviews (87%) and e-mail
questionnaires (13%), 353 valid surveys were col-
lected. The first group of questions asked about the
respondents’ previous travel experiences, including
queries related to travel frequency, cost, and time
spent. The second group of questions asked about the
respondents’ expectation for cruise tourism, including
favourable itineraries, voyage days, and the number of
ports of call. The third group of questions asked about
the respondents’ preferences related to on-board
activities and services, including expected ship size,
entertainment facilities, special services, and associ-
ated costs. The final group of questions surveyed the
respondents’ need for land-based activities during
cruise trips, including the preferred length of time
spent in each port city, onshore sightseeing spots, and
shopping centres.

Summarizing the results of the questionnaire, we
found that most of the respondents travel once per
year and that their average travel time is 2-5 days
(Figure 2). It can be concluded that the middle-income
families in northeast China do not have much leisure
time and that short-duration cruises might be most ap-
propriate for them.

60%

M 6 Days 4-5 Days 2-3 Days M 2 Days
50%
40%
30% +
20% || —
oy mm [EE -
Once/ Once/ Once/ Once/ Other
Month Quarter 0.5 Year 1 Year

Figure 2 - Travel frequency and travel days

The acceptable price of a coastal cruise line is
shown in Figure 3. Considering the price of Yangtze
River Cruise and household expenditure on tourism in
northeast China, four options are set for this question.
For a cruise of 4-5 days, 3,000-5,000 Yuan is the most
acceptable price range.

6pays| NI

4-5 Days

2-3 Days

-2Days

0% 5% 10% 15% 20% 25% 30% 35% 40% 45% 50%

W -1,000 Yuan 1,000-3,000 Yuan
m 3,000-5,000 Yuan M 5,000 Yuan-

Figure 3 - Combination of costs and travel days

With respect to ports of call, approximately 35% of
the respondents believed that the number of ports of
call was unimportant; what mattered were the port cit-
ies’ tourist attractions. The survey included questions
about particular ports and found that 66% of respon-
dents wanted to visit Qingdao and 62.1% wanted to
visit Shanghai (Figure 4). Moreover, the respondents
preferred scenic landscapes and cultural relics. Con-
sistent with the respondents’ travel habits, sightseeing
spots were deemed attractive features of a cruise.

Based on the above survey, a cruise itinerary opti-
mization model was proposed. In the case study, Da-
lian was chosen as the home port and middle-income
families of northeast China were considered as the
potential tourists.

344

Promet - Traffic&Transportation, Vol. 28, 2016, No. 4, 341-351




Z. Yang, C. Gao, Y. Li: Optimization of Coastal Cruise Lines in China

70%
60%
50%
40%
30%

20%
10%
0%
i %z 2 %
2, 2
% (o}
R
?

Figure 4 - Preference for various ports of call

4. ITINERARY OPTIMIZATION MODEL

Existing shipping-line optimization models gener-
ally assume that transport demand is predetermined.
However, in practical terms, the number of passengers
served by a cruise line is closely related to its itinerar-
ies [27-29]. Many customers specifically consider the
unique ports of call offered when selecting a cruise
package [30-31]. Thus, it is not possible to obtain a
practical result merely by minimizing voyage costs. Our
model considers minimum daily costs and maximum
passenger numbers as dual objectives. Moreover,
since the middle-income families are short on leisure
time, one important constraint in our model is time,
which is expressed as voyage days.

4.1 Optimization model

4.1.1 Model assumptions and variable list

The model incorporates the following assumptions:

1) The cruise line is a continual one-way loop, passen-
gers can disembark and re-embark at any port of
call;

2) The number of potential passengers between the
ports is known by forecasting with survey data and
social-economic data under sa given cruise fair lev-
el;

3) Voyage costs include fuel and port tariffs; the costs
of materials and vessel capital costs are not taken
into consideration;

4) All ports’ tariffs are at the same level;

5) The berthing time at each port of call is 6 hours.

The used variables are defined as follows:

0 passenger volume

n number of candidate ports
L set of feasible itinerary schemes
T

sailing time

o port tariff

A passenger boarding speed

Y boarding fare (charged by time)

FC  daily consumed heavy oil

price of heavy oil

DC  daily consumed light oil

price of light oil

Cp port-related costs

Cs  sailing costs

No  number of crew members

Cy daily crew wage

Ts  sailing time

Tp  timein port

sailing distance from port i to port j
Q,-j0 potential passenger volume between ports i, j
P; attraction of port i

Ty expected maximum voyage days

S,  standard ratio between crew members

and passengers on board
4.1.2 Model structure

The dual-objective cruise itinerary optimization
model is as follows:

Min:Z=f(Q,1) (1)
Max:Q=Q() (2)
ST xy=>  xn=1 3)
2xp=20 X< (4)
DXt xi <1 (5)
2<T<5 6)

D=2 x> 2 (7)

X;; is the decision variable: if the leg from port j to
portjis on the cruise itinerary scheme, then x;=1; oth-
erwise, x; =0. n is the number of candidate ports. The
first objective (Equation 1) is to minimize daily costs,
and the second (Equation 2) is to maximize passenger
volume. Obviously, the two objectives involve a trade-
off.

On the one hand, passenger volume depends on
the distinctiveness and superiority of a particular
cruise. The more distinctive and superior the cruise
becomes, the more passengers it will attract. On the
other hand, the operation costs are decided by supe-
riority; the more superior the cruise, the higher the
cost. Since a cruise ship is a tourist and leisure facility
rather than traffic vehicle, its superiority is determined
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by its itinerary, ports of call, onboard facilities, and
length of voyage. To increase the quality of the cruise,
the operator must spend more money. The above mod-
el can simulate the interaction between the traded off
objectives. By solving the model, the cruise itinerary
scheme and its corresponding passenger volume un-
der equilibrium can be obtained.

Equation 3 means that Port 1 is the home port.
Equation 4 means that the cruise itinerary is a one-
way loop. Equation 5 ensures that the home port is on
the itinerary. Equation 6 limits the voyage time to 2-5
days, thus meeting the needs of northeast China’s
middle-income families. Equation 7 indicates that there
should be two or more ports of call.

L is the set of feasible itinerary schemes, and
X11 -+ Xin
| = Xn = ’ cL
Xnt -+ Xnn is an itinerary scheme. Oth-
er variables are calculated as follows:

Voyage daily cost:

T=voyage time; Cp=port-related costs; Cg=sailing
costs; Ng=number of crew members; and C,~=daily
crew wage.

T=Ts*Tp (9)

(220,20 xidy)

(v-24)

Tp=025> 7> 1 Xi

Ts=sailing time; Tp=in port time; d;=sailing distance
from port i to port j; v=sailing speed.
Passenger volume:

n
_ Z,-nzlzjlefj
UmaX‘Q?'XU

Qj = potential passenger volume between ports i, j;

Uj= —<ZjXU Aon) e
ger between E)orts i,
Umax = Ta-(22, Pi) - Sb, expected maximum  utility; Pi=
attraction of port j, which can be evaluated according
to preference for ports of call; T;=expected maximum
voyage days; and S, =standard ratio between number
of crew members and number of passengers on board.

aZF=1Z;7=1XU+ Q

Ay
Sailing costs: Cg=Ts- FC- FCP-T,-DC- DCP

Ts = (10)

(11)

0 (12)

utility of itinerary | to the passen-

Port-related costs: ¢cP = (13)

(14)

a=port tariff, A= passenger boarding speed; and
y=boarding fare (charged by time). FC=daily consumed
heavy oil; FCP=price of heavy oil; DC=daily consumed
light oil; and DCP=price of light oil.

4.2 Algorithm design and model solution

The above model consists of a knapsack prob-
lem and a traveling salesman problem. Due to its
large-scale computation, problem-solving speed would
have been slow if a direct search algorithm were ap-
plied. Thus, for an actual application, heuristic algo-
rithm is often a first choice [32-34]. In particular, gen-
eration algorithm is applied to solve bus lane network
design. In their paper, it can be that the generation
algorithm is an effective method to solve this kind of
line optimization [34]. Thus, the model is solved by a
modified genetic algorithm based on the matrix coding
method. The calculation steps were as follows.

a) Coding

The cruise itinerary schemes were coded as an n-n
binary matrix (n=number of available ports). The left
hand side of Figure 5 shows the itinerary code when
n=7. The right hand side shows the corresponding voy-
age itinerary scheme.

( \!

0100000 |

0001000 |

000O0O0O0O 99663
000O0O0T1O0 |

000 O0O0O0O |

0000 OO0 1 | Corresponding Shipping Line
\1 O 0 0O 0 0 O) | 1-52—4—6—>7—1

Encode I Decode

Figure 5 - Code and structure of the cruise line

Matrix coding can effectively solve the problem
that general coding cannot judge individual legality.
Moreover, matrix coding has multiple advantages. For
example, it can judge the legality of the generated in-
dividuals both visually and intuitively, and it can easily
calculate fitness value, generate diverse individuals,
expand search space, and transform illegal individuals
into legal ones [35-37]. According to the requirements
of the feasible solution, coding must meet the follow-
ing conditions: 1) the number of “1”s in the matrix
must be between 2 and 5; and 2) the “1”s must be
included in the different rows and columns, not in the
diagonal.

Legalization of illegal individuals must go through
the following steps.

Step 1: Check the elements in the diagonal. If all of
them are “0”, then go to the next step. Otherwise, re-
place “1” with “0”.
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Figure 6 - step 1

Step 2: Check the elements in the first column and the
first row. There must be one “1” in the first row and
the first column, respectively. Otherwise, change one
“0” that is not in the diagonal to “1”. Correspond to
Equation 3.

OOOOOO@

O o o o o pr |O
o o o »r o o |o
o o o o o o |o
©o o »r O O o |o
L O o o o o |o
o o o o r o |o
o r O O o o |o
© o o o o p O
©O o o B O O O
© o »r O O O O
B O O 0o 0o o o
O o o o »r O O
o rpr O O O O O

Figure 7 - step 2

Step 3: From row i, take the following sub-steps:

1) Check to see whether an element in the non-diago-
nal of row i is “1” and other elements in the corre-
sponding column are all “O”. If “Yes”, then keep “1”
unchanged. Otherwise, change the “1”s referred to
longer distance between two ports to “0”s. Corre-
spond to Equation 4.

00
10
00
@1
00
00

©1

o O O O O O Bk
o O B O O O O
o O O O O O o
o O O O B O O
o Br O O O O O
o O O p» O O O
o O O O O O k-
o O B O O O O
O O O O O o o
o O O O B» O O
o Br O O O O O

@OOOOHO

Figure 8 - step 3-1

2) If there is more than one “1” in the row, then
change “1”s referred to shorter distance between

00 1
100
o@o
000
00
00
00

O O B O O O O

o O O

000 0010
000 100 0
o@o 0100
000 0000
000 7 000 1
0 0 1 0000
100 0000

Figure 9 - step 3-2

3) If all of the elements in row i are “0”s, then change
“0” referred to shorter distance between two ports
on the non-diagonal to “1”.

©O oo ©o © » O
o olo o » o o
o olo o o o r
o olo o o o o

» O |O O O O O

o O |0 B O O O

o B /O O O O O
O O O o O +» O
o O O O » O O
o O O O O o o

OO@OOOI—\

Figure 10 - step 3-3

»r O O O O O O
o O O »pp O O O
O B O O O O O

4) If “1” in row i has a symmetry element, exchange
that row with any row in the matrix until no symme-
try elements are left. Correspond to Equation 5.

000 1
00@o
o@o o
000
10
00

0
0
0
00 0

o O O

0

0
0
0
0
0
1

0
0
0
1
0
0
0

o p O O O O ©
o o|o o o |r O
o o|lo o r |Oo ©
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o o|lo o o |o r
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Figure 11 - step 3-4

o O |0 » O |O O
o B |O O O |0 O

Step 4: The number of “1”s in the matrix must be be-
tween 2 and 5. Correspond to Equation 6.

000(@o0 00

00 0O

®o o o

00 0O

0o0@o

000 o0@®O0 O

0 0@ 000 0
000 @o oo
o®o 000 0

o000 > oo0@o

000@®o0 00

0 0 O
0 0 O

o@o

0 0 O

0oo0oo0o0@o o0

. . 000 O0O0O0O O 00 0O0O0O0O O
two ports in the row and the corresponding column
to “O”s. Correspond to Equation 4. Figure 12 - step 4
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Sub-steps 1-4 will not stop until all “1”s in the matrix
are in different rows and different columns.

b) Construction of the fitness function

Change the dual objectives into a single objective
with w, which is daily profit per passenger, to make the
fitness function:

Fit(f(x))=wQ()-f(Q./) (15)

c) Selection operation

The roulette-wheel selecting method is used to se-
lect individuals as follows.

Suppose the number of individuals is N, and set
Z,"=11‘,- is the sum of the fitness value of the entire
population. Here, f; is the fitness value of individual i.
The ability of an individual to generate children equals
the proportion of their fitness value to that of the whole
population, which is as follows:

ST f, (16)

This selection method can ensure that the stronger
individuals are always strong and the weaker ones are
always weak when the fitness values of one or more
chromosomes are greater than those of other individ-
uals. This is good for convergence.

d) Crossover operation

Randomly select any column or row of two parent
individuals and exchange them to generate new indi-
viduals for the next generation.

e) Mutation operation

Select any two elements (or two columns/rows)
from the parent individuals with probability Pm, and
swap them.

f) Update operation

If the fithess value of a new individual is larger
than that of the original individual, then replace the
original individual with the new one. Otherwise, contin-
ue to use the original individual to perform the cross-
over and mutation operations until the best individual
is found.

g) Termination of the algorithm

Do not terminate the calculation until the smallest
fitness value does not change markedly after M gen-
erations of calculation. The M may be properly set as
M=N.

5. NUMERICAL EXAMPLE

5.1 Input data

1) The DWG of the ship is 50,000 tons and its passen-
ger capacity is 3,000 persons;

2) The cruise ship speed is 20;

3) The maximum number of crew members on board
is 500;

4) The average crew-member wage is 350 Yuan/day;

5) Passenger boarding speed is 500 persons per
hour;

6) The tariff for passenger boarding is 400 Yuan/hour;

7) Daily fuel consumption and cost are as follows:
130 tons/day (at 5,600 Yuan/ton) of heavy oil, 10
tons/day (at 8,500 Yuan/ton) of light oil;

8) The disbursement at each port of call is 170,000
Yuan/time, which is the charging benchmark of the
Xiamen International Cruise Terminal;

9) The daily profit per passenger;

10) The potential passenger OD matrix is shown in
Table 2;

11) Sailing distances between ports are shown in
Table 3.

5.2 Analysis of outputs

The algorithm program was computed, the muta-
tion rate (Pm) was set at 0.6, the size of the initial pop-
ulation was set at 20, and the iteration times were set
at 1,000. After 385 calculations, the algorithm tended
to converge. Figure 13 shows the convergence situa-
tion.

Table 2 - Forecasted potential cruise tourists between ports in 2015 (Ty: 1,000 persons)

j 1 2 3 4 5 6 7
i Dalian Tianjin Qinhuangdao Yantai Weihai Qingdao Shanghai
1 0 11.77 5.53 9.16 7.57 38.2 60.79
2 1.33 0 1.56 2.54 4.14 10.51 56.65
3 0.06 0.14 0 0.23 0.11 0.87 2.79
4 0.13 0.22 0.07 0 0.04 3 9.11
5 0.14 0.37 0.05 0.13 0 0.53 2.96
6 2.06 9.16 0.66 1.81 1.33 0 111.27
7 47.61 67.09 16.91 32.51 14.24 97.65 0
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Table 3 - Distance between ports (in miles)

Ports Dalian Tianjin Qinhuangdao Yantai Weihai Qingdao Shanghai
Dalian 0 213 170 89 93 279 556
Tianjin 213 0 115 189 223 422 695
Qinhuangdao 170 115 0 173 197 377 657
Yantai 89 189 173 0 a7 238 519
Weihai 93 223 197 47 0 200 480
Qingdao 279 422 377 238 200 0 408
Shanghai 556 695 657 519 480 408 0

x10° Weihai- Dalian. The travel time of the itinerary is 4.79
7.4 days, daily voyage cost is 0.84 million RMB, which is
| not the cheapest possible; however, it reaches equi-
7.2 librium between cost and market scale. The annual
7 | market demand is 200,840 trips.
6.8 b Bg’f-f Qiatuangdso
6.6 | 000O0OT10
0000100
641 i 000 O0O0O0O O
6.2 . : - z . = 0000000 =—
0 200 400 600 800 1,000 1,200
1000000
Figure 13 - Convergence situation 000O0OO 1
0100000

The genetic algorithm has been executed repeat-
edly ten times and the results are shown in Figure 14.
The relative deviation of their itinerary scheme versus
the optimal itinerary scheme is about 7.92%.

Fitness (10°)
IN )

N

Times

Figure 14 - The computational results of genetic
algorithms

To test the accuracy of the result by genetic algo-
rithm, the branch-and-bound method has been used
to solve the model. The obtained solution is the same
as the solution we got by the genetic algorithm. Howev-
er, facing the problem of larger scale in the future, ge-
netic algorithm is proposed as the most suitable tool
in the paper, because branch-and-bound method may
not obtain the solution in a limited time.

The output cruise itinerary scheme is shown
in  Figure 15 as Dalian-Qingdao-Shanghai-Tianjin-

Figure 15 - Optimized cruise itinerary scheme

Among the seven given ports, five of them are the
ports of call of the cruise itinerary. They are Shang-
hai port, Qingdao port, Dalian port, Tianjin port, and
Weihai port. Four of them (Shanghai port, Qingdao
port, Dalian port, Tianjin port) have large amount of
potential cruisers (Top four), and the cities of the four
ports hold leading positions in terms of infrastructure,
tourist resources, and amenities. Thus calling at them
cannot only make the cruise tourists enjoy the journey
more but also help to collect more passengers.

The left two ports (Yantai and Qinghuangdao) are
not the ports of call. Among the seven ports, their
potential tourists rank 5™ and 7t respectively. It is ob-
viously that there is not enough cruise traffic for being
called. Moreover, as Figure 4 shows, the cities of Yantai
and Qinghuangdao are not the preferred spot sites of
the tourists. From Figure 15, it can further be seen that
their locations are not good enough, and calling them
may induce additional voyaging time.

Although the potential cruise tourists rank Weihai
city as 6 and its reputation and attractiveness are not
as good as the one of Qingdao, Tianjin and Shanghai,
it is rich with tourist attractions and can meet tourist
demand as a new travel destination. This can also be
verified by the tourists’ preference shown in Figure 4.
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As the result, Weihai port is a port of call although its
cruise traffic is not so large.

The 4.79 days of travel time of the optimized itiner-
ary meet the expectations of cruises of the middle-in-
come families that last 2-5 days. The operators can
set the duration of one voyage as 5 days, and then
one ship can run 73 voyages annually if the impact
of the seasonality and weather are not considered. It
means that a ship with a capacity of 3,000 passen-
gers can serve 219,000 tourists in one year. The total
number of potential cruise tourists at the five port cit-
ies is 616,230; thus an operator can use three ships
to serve them with Shanghai, Qingdao and Dalian as
home ports.

6. CONCLUSIONS

This study examined cruise-tourist-related demand
attributes of the middle-income families in northeast
China using a questionnaire, and found a large de-
mand for coastal cruises. Since vacation of Chinese
middle-income families is relatively short and for inter-
national cruise applying for visas costs time and mon-
ey, Chinese middle-income families prefer low prices
and short voyages. Furthermore, for the domestic
short-voyage cruise, middle-income tourists prefer the
cities of ports of call to have some natural landscapes
and some historic attractions, and they prefer mid-
priced onboard accommodations and entertainment
facilities.

To develop coastal cruise tourism in a rational man-
ner, the cruise itineraries are important. For converting
as many potential tourists to real cruisers, we devel-
oped a model to design a coastal cruise line for Chi-
na’s middle-income families with the aim to offer tools
for the operator’'s marketing. The model links passen-
ger volume to operating cost and simulates the inter-
action and process of the equilibrium between volume
and cost via dual-objective functions. This model can
calculate both cruise itineraries and numbers of pas-
sengers. With the case study, the power of the model
has been proven because the output cruise itinerary
scheme is reasonable and almost all of the potential
demand is converted into real cruisers.

Cruise tourism involves many aspects and factors,
some of which are not addressed in this paper. For
example, only fuel consumption costs and ships’ port
dues are considered, whereas procurement and main-
tenance costs are not. Moreover, for convenience of
calculation, port tariffs were considered as being ho-
mogeneous. In reality, however, port tariffs may vary
from port to port. In the future, these issues will be
analysed thoroughly for additional results. It is easy to
figure out that the data on the potential cruise tour-
ists in China are difficult to obtain, so the survey only
covered the northeast of China. With the construction
of more Chinese cruise terminals, further research

should refer to more ports and more people. Besides,
the model proposed in the paper is mainly focused on
the cost of cruise line. In fact, tourist satisfaction of
the cruise trip could affect the choice behaviours of
tourists. Therefore, the effect of the human behaviour
on the optimization of cruise line will be studied in the
future.
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