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A production department and two distribution departments form a multimodal logistics supply network. The production
department provides two ordering opportunities within one production cycle, and the real-time updates of demand information
are required in the interval between two orders. Based on this, the paper studies the security inventory optimization problem of
multimodal transport networks. On the basis of portraying the real-time information update process, the multimodal network
optimization model without considering safety stock and the multimodal network optimization model considering safety stock
are constructed, respectively, and the transshipment price and demand information of the intermodal network are updated.
The parameters are analyzed for sensitivity. The analysis of examples shows that, on the one hand, with the update of demand
information, the distribution department adopts the multimodal transport model with safety stock to improve the profit of the
distribution department and the supply network. On the other hand, the production sector can meet market demand with a lower
production scale, while the distribution department can effectively respond to stochastic demand through a multimodal model
with safety stock.

1. Introduction

The shortening of the product-life-cycle and the expansion
of the product sales area make the supply and demand
imbalancemore likely between regions [1–3].With the update
of demand information, enterprises can effectively deal with
the mismatch between supply and demand through the mul-
timodal transport logistics supply network, which can reduce
inventory backlog and improve customer service level [4–
8]. The imbalance of inventory control caused by mismatch
between supply and demand can be handled by means of
emergency ordering or by multimodal transport from the
transshipment center [9–15]. The problem of emergency
ordering is that the adjustment of production resources and
the compression of the construction period will inevitably
lead to high costs [16–20]. At the same time, in order
to avoid over-supply and over-investment in production

scale, the supply sector tends to limit the number of urgent
orders in the distribution department to effectively develop
production plans.Therefore, more andmore enterprises tend
to adopt multimodal transport to deal with the problem of
supply and demandmismatch between regions [21]. Previous
studies showed the significance of multimodal transport
problems [1–20] and solutions [21] that can be improved
from different perspectives. For instance, Mengliang et al.
[1], Todd et al. [2], and Pałaszewskatkacz et al. [3] showed
that demand information cannot be ignored; references [4–8]
found the importance of requirements updates; researchers
[9–15] emphasized that safety stock should be considered
in multimodal transport; costs control should be considered
in multimodal transportation optimization from literatures
[16–20]; and Zhang et al. [21] provided a good method
reference for multimodal transport network optimization
problem.
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2. Literature Review

Themain idea of multimodal transport is to make full use of
the advantages of different modes for transport to improve
economic efficiency [22–25]. Bektaş et al. [22] believed that
the economic growth of logistics was due to the selection of
appropriate transport mode. According to Forkenbrock [23],
the external cost of intermodal trains is only 28% of truck
transportation. In addition, because congestion costs are not
included, there may be greater differences in external costs.
Compared with land freight transport by European Commis-
sion [24], multimodal transport is not an energy-intensive
mode of transport, which is conducive to the development of
sustainable transport.Therefore, both academia and business
fields are pushing forward the further research on the opti-
mization ofmultimodal transport [25].Multimodal transport
researchesmainly focus on two problems: one is the design of
intermodal transport network, and the other is the control of
performance.

Firstly, the design of intermodal transport network is
about the choice of transportation mode and multimodal
transport network model. Flodén et al. [26] found that the
selection criteria ofmultimodal transportmodesweremainly
based on price but the premisewas to ensure transport quality
requirements. Meers et al. [27] discussed the determinants
of Belgium’s short-haul container transport mode selection
and found that the reliability of alternatives needed to be
considered and the information delay should be overcome.
Winebrake et al. [28] focused on the transportation cost of
the medium and heavy vehicle market in the United States
and studied the idea that new technologies and policies would
have an impact on the selection of vehicles. Al Enezy et al. [29]
designed shipping network model to determine competitive
prices. Lv et al. [30] considered simultaneous loading and
unloading of cargo to/from containers for multimodal trans-
port network; hence inventory information was also a sig-
nificant point of multimodal transport. Jayaraman et al. [31]
studied themultimodal transport problem of production and
location allocation, in which raw material procurement and
supplier decision-making were also included in the model.
The choice of multimodal transport mode is also mainly
based on transport process and operation environment, such
as inventory and demand [26–31].

Secondly, the optimal control of performance for multi-
modal transport is a problem that the logistics department
always pays attention to. Transportation cost is one of the
main criteria for choosing transportation modes. Jolayemi
et al. [32] proposed a profit maximization model of mul-
tiproduct and multifactory. Considering the cost of pro-
duction, transportation, inventory, and warehouse location,
the method of reducing model size was designed and the
results were equivalent to the conventional model. Park [33]
studied the integrated optimization ofmultiplant, multiprod-
uct production-distribution transportation problems with
limited production and transportation capacity. Ekşioğlu [34]
showed that the ratio of fixed cost to variable cost, the length
of planning scope, and the number of facilities in transport
network would affect the performance of the algorithm.
Akbalik et al. [35] designed the production-transportation

integration problem of single factory and single product
and compared the two intermodal transport strategies of
punctuality and time window. De Matta et al. [36] solved
the production-transportation integration problem of mul-
tiproducts and multifactories, in which each factory could
use the direct shipment or combined delivery mode provided
by the third party logistics company to minimize the fixed
and variable production setup costs, inventory holding, and
delivery costs. Liang et al. [37] studied the problem of multi-
product andmultifactory intermodal transportation from the
perspective of product backlog. Darvish et al. [38] considered
the combined transportation of single product, multiplant,
and multicycle and designed the branch and bound method
to solve the transportation integration optimization problem
by weighing the transportation cost and delivery speed.

What differentiates our paper from the above works of
literature is that we consider safety stock under real-time
information. To the best of our knowledge, there is no pre-
vious research studying this point for multimodal transport
network optimization. From the above two mainstream per-
spectives, the shortcomings of existing research are analyzed.
Previous researches neglected the role of inventory control in
the process of transshipment inmanyways [26–31]. Inventory
is an important research parameter in transportation, because
it concerns the quality of transport services. Although Flodén
et al. [26] and Jayaraman et al. [31] are aware of this factor;
there is no quantitative calculation in the model. In the
process ofmultimodal transportation [26–31],more attention
has been paid to transportation mode but safety inventory
has been neglected. In addition, transport cost of multimodal
transport is a statistic before or after the occurrence of
logistics operations [32–38]. However, in the process of trans-
shipment, the transit process will be accompanied by many
additional changes in cost and demand information, which
will affect the effectiveness of multimodal transport decision-
making. Therefore, it is necessary to consider information
updating in the optimization of multimodal transport [39,
40], in order to ensure the significance of changing from
unimodal transport to multimodal transport.

Therefore, we open up a new research direction formulti-
modal transport problem to combine real time information.
What is more, we divide the mode of multimodal transport
by the degree of urgency through the dimension of time. In
addition, safety inventory is considered in our study to ensure
that multimodal transport can be carried out effectively, thus
stabilizing the quality of multimodal transport services.

3. Problem Description

Although Li et al. [40] combine demand information updat-
ing with safe multimodal transport, they only study the
problem of multimodal transport safety inventory between
two distribution departments at the same level, without con-
sidering the impact of transshipment on superior suppliers.
This paper considers a multimodal transport supply network
consisting of a production department M and two distribu-
tion departments i (i = 1, 2).The two distribution departments
make independent inventory decisions, but the production
department is in a dominant position in the supply chain.
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Figure 1: Ordering decision point diagram.

Reducing the size of the investment requires its distribution
department to share its inventory level information, coor-
dinated by the production department to share inventory
through multimodal transport according to Forkenbrock
[23]. The production department produces a seasonal new
product, which provides two ordering opportunities to the
distribution department, one for the regular ordering oppor-
tunity, and the other for the emergency ordering opportunity
after optimizing the production cycle. Based on Choi et
al. [39], we assume that the first regular order lead time
is set as 𝑡1, and the production department can meet all
the ordering requirements of the distribution department.
At the same time, the production department is optimized
for resource operations and production cycles to provide
emergency orders at a higher price during the emergency
order lead time 𝑡2.

As is shown in Figure 1, the regular order lead time is
𝑡1 and the emergency order lead time is 𝑡2. The distribution
department determines the initial order quantity𝑄𝑖, (𝑖 = 1, 2)
in the regular order lead time 𝑡1 based on the sales experience
of similar products in the past. The production department
provides an opportunity to adjust the order quantity before
the start of the sales season. The distribution department
updates the demand forecast by collecting information dur-
ing the period from 𝑡1 to 𝑡2 so as to adjust the order quantity
at the moment 𝑡2.

If the distribution department 1 updates the demand
forecast and finds that the new forecast demand is larger
than the original forecast, then it can be applied to the
distribution department 2 for transfer or urgent order to the
production department. Since the production department
is in a dominant position in the supply chain, when the
distribution department 2 predicts that the demand is less
than the original forecast, the excess order quantity can be
transferred at a predetermined transfer price.

After the demand information is updated, there will be
three situations: (1) the demand forecast updated by the two
distribution departments is increased; (2) the demand fore-
cast updated by the two distribution departments is reduced;
(3) the demand forecast updated by one distribution depart-
ment is increased, while the other is reduced.Obviously, there

is only the possibility of combined transshipment in the third
situation.Therefore, this paper assumes that after the demand
information is updated, the third situation occurs.

The production department is dominant in the supply
chain and shares inventory information with the distribution
departments. The production department can provide two
ordering opportunities before the start of the sales season: one
is for regular ordering opportunities, and the wholesale price
is 𝑤i; the other is for emergency ordering opportunities, and
the wholesale price is V𝑖, V𝑖 > 𝑤𝑖.

The stochastic market demand faced by the distribution
department is in line with the normal distribution and the
market’s selling price 𝑟𝑖 is exogenous. The forecasting error
of the distribution department i to update the demand infor-
mation and the lead time are logarithmic linear functions, i.e.,
ln 𝑑𝑖(𝑡) = 𝛼𝑖0 + 𝛽𝑖𝑡.

The transshipment price is a fixed value and is less than
the emergency ordering cost, i.e., 𝜏𝑖𝑗 < V𝑖, to ensure prior-
ity for multimodal transport of the same-level distribution
department; the transshipment price is greater than or equal
to the sum of the residual value of the commodity unit and
the unit transshipment cost, i.e., 𝜏𝑖𝑗 ≥ 𝑠𝑖 + 𝑐𝑖𝑗. The sum of
the sales price of the market unit and the unit penalty cost is
greater than or equal to the sum of the residual value of the
commodity unit and the unit transfer cost; that is, 𝑟𝑖 + 𝑝𝑖 ≥𝑠𝑗 + 𝑐𝑗𝑖, to ensure the realization of inventory multimodal
transport between the distribution departments.

Residual value, wholesale price, transshipment price,
emergency order price, and merchandise price of the unit
commodity meet 𝑠𝑖 ≤ 𝑤𝑖 ≤ 𝜏𝑖𝑗 ≤ V𝑖 ≤ 𝑟𝑖 to ensure the
smooth implementation of the decision-making process.The
description of each symbol is shown in Table 1.

4. The Characterization of Real-Time
Information Updates

4.1. Update Process of Real-Time Information

Step 1. The production department provides a seasonal new
product with a conventional wholesale price𝑤𝑖, a production
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Table 1: The description of each symbol.

Symbol The description
𝑟𝑖 The selling price per unit of goods, 𝑖 represents the distribution department (𝑖 = 1, 2)
𝑤𝑖 The regular order cost per unit of merchandise, 𝑤𝑖 < 𝑟𝑖, that is, the normal wholesale price of the production

department
𝑠𝑖 The unit residual value of unsold goods, 𝑠𝑖 < 𝑤𝑖
𝑝𝑖 The unit penalty cost for unmet demand

𝜏𝑖𝑗 The unit combined transshipment price of goods from distribution department 𝑗 to distribution department 𝑖,
𝜏𝑖𝑗 < 𝑟𝑗, (𝑗 = 1, 2), 𝑗 ̸= 𝑖

𝑐𝑖𝑗 The unit transfer cost of goods from distribution department j to distribution department i, assuming that the
cost is borne by distribution department j, 𝑐𝑖𝑗 > 𝑤𝑖

𝑄𝑖 Regular order quantity of distribution department i

𝐷𝑖 The initial random market demand is predicted by distribution department i, and assume𝐷𝑖 obeys normal
distribution.

𝐹𝐷𝑖 (⋅) The cumulative distribution function of𝐷𝑖
𝑓𝐷𝑖 (⋅) The probability density function of𝐷𝑖
𝐷𝑖 𝑙 The random market demand of distribution department i after the demand information is updated
𝐺𝐷li (⋅) The cumulative distribution function of𝐷𝑖 𝑙 after the requirement information is updated
𝑔𝐷li (⋅) The density function of𝐷𝑖 𝑙 after the requirement information is updated

V𝑖
The cost of an emergency order per unit of merchandise, 𝑤𝑖 < V𝑖 < 𝑟𝑖, that is, the emergency wholesale price of
the production department

𝑄𝑙𝑖 After the demand information is updated, the order quantity of distribution department i, 𝑖 = 1, 2
𝑄V
𝑖 After the demand information is updated, distribution department i needs the quantity of urgent order, 𝑖 = 1, 2

𝜋𝑖 The expected profit of distribution department i on regular orders

𝜋𝑙𝑖 The expected profit of distribution department i after the demand information is updated and inventory
adjustment is completed

𝑡𝑛 The ordering time provided by the production department, 𝑛 = 1, 2
𝑡 The lead time, 𝑡1 ≤ 𝑡 ≤ 𝑡2
𝜋𝑚 The profit of production department
𝑐𝑤 Regular production cost of production department
𝑐𝑒 Emergency production cost of production department

cost 𝑐𝑤, an emergency wholesale price V𝑖, an emergency
production cost 𝑐V, and an exogenous market unified sales
price 𝑟𝑖. If the distribution department chooses to distribute
the new products, it should join the supply chain dominated
by the production department so that the production depart-
ment can coordinate.

Step 2. At 𝑡1, the two distribution departments determine the
initial order quantity𝑄𝑖, 𝑖 = 1, 2 according to their respective
experience information.

Step 3. Distribution department i collects the demand infor-
mation signal 𝑒𝑖𝑛 in the sales area during the period of 𝑡1-𝑡2
and updates the demand forecast in the sales period.

Step 4. Distribution department i adjusts the order quantity
according to the updated demand forecast and decides to
change the inventory denoted as Δ𝑄𝑖. Because this paper
studies the situation that one distribution department pre-
dicts the increase of demand and another distribution depart-
ment predicts the decrease of demand, suppose Δ𝑄𝑖 ≥ 0,

that is, it needs to supplement the regular order quantity,
and Δ𝑄3−𝑖 < 0, that is, it needs to transship the regular
order quantity. Distribution department i, which needs to
replenish the order quantity, first replenishes it through
the transshipment from other distribution departments. The
transshipment price led by the production department is 𝜏𝑖𝑗,
and the transshipment quantity is 𝑇𝑖𝑗 = min(Δ𝑄𝑖, −Δ𝑄3−𝑖);
the insufficient part is replenished through the emergency
order from the supplier; the emergency order cost is V𝑖, the
emergency order quantity is 𝑄V

𝑖 , and there is Δ𝑄𝑖 = 𝑇𝑖𝑗 + 𝑄V
𝑖 .

All orders arrive before the start of the sale.

Step 5. After the start of the sales season, the actual demand
of the distribution department has been realized. Unmet
demand will lead to loss of sales and penalty cost 𝑠𝑖, and
surplus inventory will get residual value V𝑖, so 𝑠𝑖 ≤ 𝑤𝑖 ≤ 𝑇𝑖𝑗 ≤
V𝑖 ≤ 𝑟𝑖.
4.2. Implementation of Requirement Information Update. By
optimizing the emergency ordering opportunities provided
by production resources, the production department gives
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the distribution department the possibility to adjust the
ordering quantity.The closer it is to the sales period, themore
sufficient market information the distribution department
will collect, and the more accurate the market demand
forecast will be. Assuming that the lead-time is 𝑡 (𝑡1 ≤ 𝑡 ≤ 𝑡2),
the logarithmic linear function relationship ln 𝑑𝑖(𝑡) = 𝛼𝑖0 +𝛽𝑖𝑡, namely, 𝑑𝑖(𝑡) = 𝛼𝑖𝑒𝛽𝑖𝑡 (𝛼𝑖 = 𝑒𝛼𝑖0), is used to express the
relationship between the demand forecast error and the lead-
time, and 𝑑𝑖(𝑡) is used to represent the forecast error, which
is a function of the lead-time 𝑡.

Demand uncertainty includes two levels.
(1) The randomness of requirements inherent in the

product itself: the distribution of demand 𝐷𝑖 obeys the
normal distribution of mean 𝑀𝑖 and variance 𝜎2𝑖 , that is,𝑓𝑖(𝑑) ∼ N(𝑀𝑖, 𝜎2𝑖 ). For illustration, let 𝑑𝑖(𝑡) = 𝜎𝑖.(2) The demand expectation 𝑀𝑖 itself has randomness,
which obeys the normal distribution of mean 𝜇𝑖 and variance𝜏2𝑖 , namely, 𝑔𝑖(𝑚) ∼ N(𝜇𝑖, 𝜏2𝑖 ). At the lead time 𝑡, the infor-
mation collected during the period of 𝑡1-𝑡2 will be trans-
formed into a demand estimate of 𝑒𝑖𝑛.

So we get a conditional distribution 𝑔(𝑀𝑖 | 𝑒𝑖𝑛) ∼
N(𝜇𝑖(𝑒𝑖𝑛), 1/𝜌𝑖(𝑡𝑛)), thereinto 𝜌𝑖(𝑡𝑛) = 1/𝜎𝑖2 + 1/𝜏2𝑖 , 𝜇𝑖(𝑒𝑖𝑛) =(𝜎𝑖2𝜇𝑖+𝜏2𝑖 𝑒𝑖𝑛)/(𝜎𝑖2+𝜏2𝑖 ). According toBayesian theorem,when
the lead time is 𝑡, the distribution of the updated demand
information is as follows: 𝑓𝑙𝑖 (𝐷𝑖 | 𝑒𝑖𝑛) ∼ N(𝜇𝑖(𝑒𝑖𝑛), 𝜎𝑖2 + 1/
𝜌𝑖(𝑡𝑛)). Let 𝜇𝑡𝑛 = 𝜇𝑖(𝑒𝑖𝑛), 𝜎2𝑡𝑛 = 𝜎2𝑖 + 1/𝜌𝑖(𝑡𝑛), 𝐷𝑖𝑛 = 𝐷𝑖 | 𝑒𝑖𝑛,
that is, 𝑓𝑙𝑖 (𝐷𝑖𝑛) ∼ 𝑁(𝜇𝑖𝑛, 𝜎2𝑖𝑛).
5. The Optimization Model of
Multimodal Transport Network under
Real-Time Information

5.1. Multimodal Transport Network Model without Safety
Inventory. After the distribution department updates the
demand information, the predicted market demand is sat-
isfied by the emergency order provided by the production
department, and the two distribution departments are not
allowed to be satisfied through multimodal transporta-
tion.

When ordering in advance of emergency order, the distri-
bution department 1 obtains the market demand information
𝑒1𝑛 observed during the period 𝑡1-𝑡2, updates the mean value
𝜇1, and obtains the new market demand probability density
function 𝑔𝐷𝑙

1

(⋅) and cumulative distribution function 𝐺𝐷𝑙
1

(⋅).
At this time, in the supply chain dominated by the produc-
tion sector, multimodal transport between the downstream
distribution departments is not allowed. Therefore, for the
distribution department 1, the order quantity 𝑄1 at the lead
time 𝑡1 of the conventional order has been known, and
the expected demand of the time point 𝑡2 for distribution
department 1 increases. That is to say, 𝐷1𝑙 ≥ 𝐷1 and 𝜇𝑙1 ≥ 𝜇1;
when the profit of the distribution department 1 is 𝜋𝑙𝑖 , there
are

𝜋𝑙1 = 𝑟1min {𝑄𝑙1, 𝐷𝑙1} + 𝑠1 (𝑄𝑙1 − 𝐷𝑙1)+

− 𝑝1 (𝐷𝑙1 − 𝑄𝑙1)+ − V1 (𝑄𝑙1 − 𝑄1) − 𝑤1𝑄1
(1)

Take the first derivative and set it equal to 0 to get the
optimal inventory

𝑄∗𝑙1 = 𝐺−1𝐷1 (
𝑟1 + 𝑝1 − V1
𝑟1 + 𝑝1 − 𝑠1 ) (2)

After the update of demand information, the expected
profit of distribution department 1 is

𝐸 (𝜋𝑙1) = ∫𝑄
𝑙

1

0
(𝑟1 + 𝑝1 − 𝑠1)𝐷𝑙1𝑓 (𝑥) 𝑑𝑥

− ∫𝑄
𝑙

1

0
(𝑟1 + 𝑝1 − 𝑠1) 𝑄𝑙1𝑓 (𝑥) 𝑑𝑥

+ (𝑟1 + 𝑝1 − V1) 𝑄𝑙1 − 𝑝1𝜇 + (V1 − 𝑤1) 𝑄1

(3)

In the formula, 𝜇 is the mean of probability density
function 𝑔𝐷𝑙

1

(⋅), and the optimal inventory is determined
when ordering 𝑄1 at a time point 𝑡1.

At the time point 𝑡1, according to previous experience, the
distribution department 1 estimates the probability density
function 𝑓𝐷1(⋅) of market demand for products and cumu-
lative demand distribution 𝐹𝐷1(⋅), and accordingly orders 𝑄1
from the production department. At this time, the profit of
the distribution department 1 is

𝜋1 = 𝑟1min {𝑄1, 𝐷1} + 𝑠1 (𝑄1 − 𝐷1)+
− 𝑝1 (𝐷1 − 𝑄1)+ − 𝑤1𝑄1

(4)

The first derivative to 𝑄1 is obtained, and the first
derivative is zero to obtain the optimal inventory:

𝑄∗1 = 𝐹−1𝐷1 (
𝑟1 + 𝑝1 − 𝑤1
𝑟1 + 𝑝1 − 𝑠1 ) (5)

The expected demand of time-point 𝑡2 for distribution
department 2 decreases, and its profit is 𝜋𝑙2, because the
production department does not provide repurchase; even if
the distribution department 2 collects demand information
and updates the demand forecast, the surplus goods ordered
at time 𝑡1 cannot be returned to the production department.
Therefore, the order quantity of distribution department 2 is
still the order quantity at the time 𝑡1. At the regular ordering
time point 𝑡1, the profit 𝜋2 of the distribution department
2 ordering according to the demand distribution function
𝐹𝐷2(⋅) determined by previous experience is as follows:

𝜋2 = 𝑟2min (𝑄2, 𝐷2) + 𝑠2 (𝑄2 − 𝐷2)+
− 𝑝2 (𝐷2 − 𝑄2)+ − 𝑤2𝑄2

(6)

Take the first derivative of the equation, and set it equal
to 0, and get the optimal inventory:

𝑄∗2 = 𝐹𝐷2−1 (𝑟2 + 𝑝2 − 𝑤2𝑟2 + 𝑝2 − 𝑠2 ) (7)

After updating the information at the time point 𝑡2,
the new market demand probability density function 𝑔𝐷2(⋅)
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and cumulative distribution function 𝐺𝐷2(⋅) are obtained.
Distribution department 2 shall sell the quantity 𝑄∗2 of
products ordered at the time point 𝑡1, and the profit 𝜋𝑙2 at the
time point 𝑡2 shall be as follows:

𝜋𝑙2 = 𝑟2min (𝑄∗2 , 𝐷𝑙2) + 𝑠2 (𝑄∗2 − 𝐷𝑙2)+

− 𝑝2 (𝐷𝑙2 − 𝑄∗2 )+ − 𝑤2𝑄∗2
(8)

That is,

𝜋𝑙2 = ∫𝑄
∗

2

0
(𝑟2 + 𝑝2 − 𝑠2)𝐷𝑙2𝑓 (𝑥) 𝑑𝑥

− ∫𝑄
∗

2

0
(𝑠2 − 𝑟2 − 𝑝2) 𝑄∗2𝑓 (𝑥) 𝑑𝑥

+ (𝑟2 + 𝑝2 − 𝑤2) 𝑄∗2 − 𝑝2𝜇2

(9)

In the formula, 𝜇2 is the mean of the updated market
demand probability density function 𝑔𝐷𝑙

2

(⋅) and 𝑄∗2 is the
optimal inventory at 𝑡1.

The total production quantity of the production depart-
ment in two stages is (𝑄𝑙1 + 𝑄∗2 ). The profit is 𝜋𝑚. The
production is 𝑄∗1 + 𝑄∗2 at 𝑡1:

𝜋𝑚 = (𝑤1 − 𝑐𝑤) (𝑄∗1 + 𝑄∗2 ) + (V1 − 𝑐𝑒) (𝑄∗𝑙1 − 𝑄∗1 ) (10)

In the formula, the first item on the right side of the equal
sign is the profit at the time 𝑡1 for regular ordering, and the
second item is the profit at the time point 𝑡2.
5.2. Multimodal Transport Network Model Considering Secu-
rity Inventory after Demand Information Updating. After the
distribution department updates the demand information,
the predicted market demand allows the distribution depart-
ment to meet the demand through multimodal transport,
and the insufficient part is met through the emergency
order provided by the production department. At this time,
the sales season has not started, and there is no actual
shortage of goods, so the multimodal transport belongs to
the safe multimodal transport. 𝑇𝑖𝑗 denotes the quantity of
the distribution department i transported to the distribution
department j. 𝑇𝑖𝑗 is the smaller quantity of the expected
replenishment inventory quantity of the distribution depart-
ment i and the expected surplus inventory quantity of the
distribution department J after the demand information is
updated, that is, 𝑇∗𝑖𝑗 = min{|𝑄𝑙𝑖 − 𝑄𝑖|, |𝑄𝑙𝑗 − 𝑄𝑗|}. The
part that distribution department i failed to meet through
transshipment is supplemented by emergency orders, and the
number of emergency orders is 𝑄V

𝑖 = 𝑄𝑙𝑖 − 𝑇𝑖𝑗.
Distribution department collects market demand infor-

mation and updatesmarket demand forecast at the interval of
two order points provided by production department. At 𝑡2,
the order quantity is adjusted. At 𝑡1, the regular order quantity𝑄2 determined by experience is known. After the order
quantity is adjusted, all orders will reach the distribution
department before the selling season. At the end of the sales

season, the profit function of the distribution department i
is 𝜋𝑙𝑖 , without losing generality. Assume that the expected
demand of the distribution department 2, after updating the
demand information, decreases. In the process of adjusting
the order quantity, it is necessary to transfer a part of the
order quantity to the distribution department 1. The number
of transshipments is 𝑇21. At this time, the profit of the
distribution department 2 is as follows:

𝜋𝑙2 = 𝑟2min {𝑄∗2 − 𝑇21, 𝐷𝑙2} + 𝑠2 (𝑄∗2 − 𝑇21 − 𝐷𝑙2)+

− 𝑝2 (𝐷𝑙2 − 𝑄∗2 + 𝑇21)+ + (𝜏21 − 𝑐21) 𝑇21 − 𝑤2𝑄∗2
(11)

The expected profit of distribution department 2 is

𝐸 (𝜋𝑙2) = ∫𝑄
∗

2
−𝑇21

0
[𝑟2 ∗ 𝐷𝑙2 + 𝑠2 (𝑄∗2 − 𝑇21 − 𝐷𝑙2)

+ (𝜏21 − 𝑐21) 𝑇21 − 𝑤2𝑄∗2 ] 𝑓𝐷𝑙
2

(𝑥) 𝑑𝑥

+ ∫+∞
𝑄∗
2
−𝑇21

[𝑟2 ∗ (𝑄∗2 − 𝑇21) − 𝑝2 (𝐷𝑙2 − 𝑄∗2 − 𝑇21)

+ (𝜏21 − 𝑐21) 𝑇21 − 𝑤2𝑄∗2 ] 𝑓𝐷𝑙
2

(𝑥) 𝑑𝑥

(12)

Take the first derivative of E(𝜋𝑙2) with respect to 𝑇21, and
get

𝐺𝐷2 (𝑄∗2 − 𝑇21) = 𝑟2 + 𝑝2 − 𝜏21 + 𝑐21 − 𝑤2
𝑟2 + 𝑝2 − 𝑠2 (13)

That is, the optimal inventory of distribution department 2
after demand information is updated is

𝑄𝑙∗2 = 𝑄∗2 − 𝑇21 = 𝐺−1𝐷2 (𝑟2 + 𝑝2 − 𝜏21 + 𝑐21 − 𝑤2𝑟2 + 𝑝2 − 𝑠2 ) (14)

In the formula,𝑇21 is the optimal turnover of distribution
department 2. As for distribution department 1, its expected
demand increases, thus requiring multimodal transportation
from distribution department 2. If the insufficient parts are
urgently ordered from the production department, the profit
of distribution department 1 after the demand information is
updated is

𝜋𝑙1 = 𝑟1min {𝑄∗1 + 𝑇21 + 𝑄𝑉1 , 𝐷𝑙1}
+ 𝑠1 (𝑄∗1 + 𝑇21 + 𝑄𝑉1 − 𝐷𝑙1)+

− 𝑝1 (𝐷𝑙1 − 𝑄∗1 − 𝑇21 − 𝑄𝑉1 )+ − 𝜏21𝑇21 − V1𝑄V
1

− 𝑤1𝑄∗1

(15)

The expected profit of distribution department 1 is

𝐸 (𝜋𝑙1) = ∫𝑄
∗

1
+𝑇21+𝑄

𝑉

1

0
[𝑟1 ∗ 𝐷𝑙1

+ 𝑠1 (𝑄∗1 + 𝑇21 + 𝑄𝑉1 − 𝐷𝑙1) − 𝜏21𝑇21 − V1𝑇21
− 𝑤1𝑄∗1 ] 𝑓𝐷𝑙

1

(𝑥) 𝑑𝑥 + ∫+∞
𝑄∗
1
+𝑇21+𝑄

𝑉

1

[𝑟1
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∗ (𝑄∗1 + 𝑇21 + 𝑄𝑉1 ) − 𝑝1 (𝐷𝑙1 − 𝑄∗1 − 𝑇21 − 𝑄𝑉1 )
− 𝜏21𝑇21 − V1𝑇21 − 𝑤1𝑄∗1 ] 𝑓𝐷𝑙

1

(𝑥) 𝑑𝑥
(16)

By taking the first derivative with respect to 𝑇21, we can get

𝐺𝐷𝑙
1

(𝑄∗1 + 𝑇21 + 𝑄𝑉1 ) = 𝑟1 + 𝑝1 − 𝜏21
𝑟1 + 𝑝1 − 𝑠1 (17)

That is, the optimal inventory of distribution department 1
after demand information is updated is

𝑄𝑙∗1 = 𝑄∗1 + 𝑇21 + 𝑄𝑉1 = 𝐺−1
𝐷𝑙
1

(𝑟1 + 𝑝1 − V1
𝑟1 + 𝑝1 − 𝑠1 ) (18)

Among the formulas, 𝑄∗1 and 𝑄∗2 are the optimal order
quantity determined by the historical experience of the
distribution departments 1 and 2 before the update of demand
information.

Since the actual inventory transfer amount of distribution
department 2 is the same as the actual inventory transfer
amount of distribution department 1, it can be obtained by
combining (14) and (18):

𝑄𝑉1 = 𝐺−1𝐷2 (𝑟2 + 𝑝2 − 𝜏21 + 𝑐21 − 𝑤2𝑟2 + 𝑝2 − 𝑠2 )

+ 𝐺−1
𝐷𝑙
1

(𝑟1 + 𝑝1 − V1
𝑟1 + 𝑝1 − 𝑠1 ) − 𝑄∗1 − 𝑄∗2

(19)

When 𝑄𝑉1 > 0, after the demand information of the two
distribution departments is updated, the sum of the predicted
demand exceeds the sum of the regular order quantity, so it
is necessary to order products urgently from the production
department at the point of emergency order to meet the
expected increased demand. Assume that the demand of
distribution department 1 increases while the demand of
distribution department 2 decreases. 𝑄𝑉1 > 0 indicates that
the surplus inventory of distribution department 2 has been
transferred out completely. When distribution department
1 receives the transferred products, the inventory is still
insufficient and it needs to place an urgent order from the
production department. The actual transshipment at this
point is 𝑇∗21 = 𝑇21.

When 𝑄𝑉1 < 0, the sum of the regular orders of
the two distribution departments is greater than the sum
of the expected demand after the update of the demand
information, so there is no need to place an urgent order
from the production department. Assume that the demand
of distribution department 1 increases while the demand of
distribution department 2 decreases. 𝑄𝑉1 > 0 shows that
if all the surplus inventory of distribution department 2 is
transferred out, distribution department 1 will exceed the
optimal inventory when receiving the transshipped products
after updating its owndemand information. At this time, |𝑄𝑉1 |
means the surplus order inventory of distribution department
1; that is to say, all the inventory of distribution department
1 will be satisfied through transshipment, while distribution

department 2 will only meet the surplus order inventory
of distribution department 1 through transshipment. Some
surplus stock is transferred out. In this case, the optimal
inventory of the distribution department 2 is 𝑄∗2 − 𝑇21,
the actual inventory is 𝑄∗2 − 𝑇21 + |𝑄𝑉1 |, and the actual
transshipment is 𝑄𝑉1 > 0.

After the demand information is updated, the profit of the
production department is

𝜋𝑚 = (𝑤1 − 𝑐𝑤) (𝑄∗1 + 𝑄∗2 )
+ (V1 − 𝑐𝑒) (𝑄𝑙∗1 + 𝑄l∗

2 − 𝑄∗2 − 𝑄∗𝑙2 )+
(20)

6. Discussions on the Case Study

6.1. Parameter Setting. This paper takes the agency distribu-
tion department in a certain area as an example to verify.
Female clothing products produced by the company belong
to typical seasonal products. The exclusive agency sales
model is adopted in a certain area. Considering the scale
of investment control, multimodal transportation is allowed
between agency distribution departments in a certain area.
Because of the trade secrets involved, the relevant production
and sales data of the women’s long skirt products launched
by the company are processed accordingly. At the same time,
referring to the needs of Choi et al. [39] and Li et al. [40] for
the calculation of relevant parameters, the relevant data are
set as follows.

The retail price of the product market is 𝑟1 = 𝑟2 =
20. The regular wholesale price provided by the production
department is 𝑤1 = 𝑤2 = 10. After the end of the
selling season, the residual value of the unsold products by
the distribution department is 𝑠1 = 𝑠2 = 2. The unit
penalty cost for not meeting the demand is 𝑝1 = 𝑝2 =
5. The regular ordering time provided by the production
department is 200 days, and the emergency ordering time
is 50 days. Emergency wholesale price is V1 = V2 = 15.
When transshipment is allowed, the unit transshipment price
between distribution departments is 𝜏12 = 𝜏21 = 12, the
unit transshipment cost is 𝑐12 = 𝑐21 = 8, the conventional
production cost of production departments is 𝑐𝑤 = 5, and
the economic production cost of production department is
𝑐𝑒 = 14. The function 𝑑𝑖(𝑡) = 𝛼𝑖𝑒𝛽𝑖𝑡 used represents the
relationship between demand forecasting error and lead time.
The parameters of distribution department 1 are set as 𝛼1 =150, 𝛽1 = 0.003, 𝜇1 = 2000, and 𝜏1 = 300, and the parameters
of distribution department 2 are set as 𝛼2 = 100, 𝛽2 = 0.005,
𝜇2 = 3000, and 𝜏2 = 200.

Based on the above examples, the numerical results under
safe and non-transshipment conditions are obtained at the
time of 𝑒1𝑛 = 2700 and 𝑒2𝑛 = 3000, respectively, as shown
in Table 2. Table 2 shows that whether safe transshipment is
allowed or not, the update of demand information always
increases the total profit of the system consisting of one
production department and two distribution departments.
However, in the case of no safe transshipment, the increase
of profits only comes from the distribution department 1 and
the production department, while in the case of safe trans-
shipment, the profits of the distribution department 1, the
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distribution department 2, and the production department all
increase.

Comparing the total profits of distribution department 1,
distribution department 2, andproduction department under
the conditions of permitting safe transshipment and not
permitting transshipment as well as the profits of distribution
department 1, distribution department 2, and production
department after renewal of demand information, we can
see that the total profits of distribution department 1 and
distribution department 2 increase more greatly when safe
transshipment is allowed, and the profits of distribution
department 1 and distribution department 2 are higher than
those with no safe transshipment allowed. The profits of the
production department have declined slightly.This is because
in the case of allowing safe transshipment, emergency orders
reduce, and production departments use less production
scale to meet customer needs. Therefore, although the profit
of the production department has declined slightly, the
corresponding investment in the scale of production has also
declined. At the same time, considering the high production
cost of the products urgently produced by the production
department, the profit decline is not large.

From the above results, we can see that the production
department can meet the market demand by optimizing the
production allocation factors, providing emergency orders
in addition to conventional orders, and allowing the down-
stream distribution department to transship. The time inter-
val between routine order and emergency order makes it
possible for the distribution department to update market
demand information. By updating demand information, the
distribution department can forecast demand more accu-
rately, which is conducive to the distribution department to
do a good job of response measures in advance, prevent the
occurrence of shortage, and thus improve the overall profit of
the system.

6.2. Analysis of the Impact of 𝜏𝑖𝑗 onDecisionMaking. As can be
seen from Table 2, under the condition of updating demand
information, the optimal inventory changes of distribution
department 1 and distribution department 2 which allow safe
transshipment are greater than that with non-transshipment,
indicating that transshipment price will affect the ordering
decision of distribution department. In order to further
analyze the influence of transshipment price on demand
information updating of distribution department, the data of
distribution department and production department at six
different transshipment prices are calculated, which are 𝜏𝑖𝑗 =10.0, 10.5, 11.0, 11.5, 12.0, and 12.5, respectively. The results are
shown in Table 3.

As can be seen from Table 3, with the increase of trans-
shipment price, the optimal inventory, actual inventory, and
profit of distribution department 1, as well as the emergency
order quantity, all show a downward trend; the optimal
inventory quantity of distribution department 2 shows a
downward trend, while its profit shows an upward trend; the
total order quantity and the profit of production department
both show a downward trend and tend to be at 𝜏𝑖𝑗 =
13. The transshipment volume of distribution department
2 shows an upward trend, but the actual inventory volume

of distribution department 2 and the actual transshipment
volume between the two distributors show an upward trend
first and then a downward trend. From the profit point of
view, with the increase of transshipment price, the profit of
distribution department 1 shows a downward trend, while
that of distribution department 2 shows an upward trend;
when transshipment is not enough tomake up for the forecast
demand of distribution department 1, emergency orders
appear. Because of the small profit of emergency order of
production department, the profit of production department
also shows a downward trend. When transshipment can
fully meet the demand of distribution department 1 without
urgent order, the production department does not need
emergency production, and the profit remains unchanged.
This fully illustrates that the transfer under the conditions of
updating of information led by the production department
will help the downstreamdistribution department to increase
profits, facilitate the whole supply system to meet market
demand with a smaller production scale, and avoid excessive
production or blindly expand the production scale of the
production department.

7. Conclusions

Considering a multimodal supply chain system consisting
of one production department and two distribution depart-
ments, the production department provides two orders. This
paper discusses how to update the demand information
by using the time interval between two orders. On the
basis of describing the updating of demand information, the
multimodal transportation model considering safe inventory
and the multimodal transportation model without consid-
ering safe inventory are constructed, respectively. The main
conclusions are as follows.

Firstly, the distribution department updates the demand
information by means of the time interval between the two
order points provided by the production department. Com-
pared with not allowing safe multimodal transport, allowing
safe multimodal transport can improve the overall profit of
the supply chain composed of the production department
and the distribution department.

Secondly, in the case of allowing safe multimodal trans-
port, the production department can use a lower produc-
tion scale to meet market demand, and the distribution
department can better respond to stochastic demand through
transshipment or emergency ordering after the demand
information is updated.

Thirdly, with the increase of transshipment price, the
order quantity of distribution department is decreasing, but
the transshipment quantity is increasing. On the premise
that the demand forecasting error is logarithmic linear with
lead time, the updating parameters of demand information
have a great influence on the demand forecasting error. The
larger the demand forecasting error is, the more likely the
distribution department will be to reduce the order quantity,
which results in the decrease of transshipable quantity and
the increase of emergency order quantity.

Finally, this paper discusses the renewal of demand infor-
mation under the logarithmic linear relationship between
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demand forecasting error and lead time and carries out
the corresponding parameter analysis. In the future, it is
necessary to further study the impact of security multimodal
transport on supply chain decision-making under differ-
ent demand forecasting models from different distribution
departments and other updating modes of demand informa-
tion. In addition, the multimodal transport strategy of the
production department, distributor, and distribution depart-
ment with real products under the Internet environment is
also worth discussing.
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[11] S. Axsäter, “Evaluation of unidirectional lateral transshipments
and substitutions in inventory systems,” European Journal of
Operational Research, vol. 149, no. 2, pp. 438–447, 2003.

[12] M. Li, X. Wang, Q. Sun, and Z. Yang, “Research on alloca-
tion strategies of multimodal transportation for emergency
resources based on robust optimization,” Journal of the China
Railway Society, vol. 39, no. 7, pp. 1–9, 2017.

[13] K. H. Todd, “A review of current and emerging approaches
to pain management in the emergency department,” Pain &
Therapy, vol. 6, no. 2, pp. 193–202, 2017.

[14] A. Pałaszewska-Tkacz, S. Czerczak, and K. Konieczko, “Chem-
ical incidents resulted in hazardous substances releases in the
context of human health hazards,” International Journal of
Occupational Medicine and Environmental Health, vol. 30, no.
1, pp. 95–110, 2017.

[15] F. Biondi, D. L. Strayer, R. Rossi, M. Gastaldi, and C. Mulatti,
“Advanced driver assistance systems: using multimodal redun-
dant warnings to enhance road safety,” Applied Ergonomics, vol.
58, pp. 238–244, 2017.

[16] F. L. Luan, H. Zhang, D. E. Schaubel et al., “Comparative risk
of impaired glucose metabolism associated with cyclosporine
versus tacrolimus in the late posttransplant period,” American
Journal of Transplantation, vol. 8, no. 9, pp. 1871–1877, 2008.

[17] D. N. D. C. Perio, “Periodontal bone regeneration and the
Er,Cr:YSGG laser: a case report,” The Open Dentistry Journal ,
vol. 7, no. 1, pp. 16–19, 2013.

[18] J. Davis, “Setting up the role of emergency surgical nurse
practitioner,” Journal of Perioperative Practice, vol. 16, no. 3, pp.
144–147, 2006.

[19] B. E. Vaughn, G. Coppola, M. Verissimo et al., “The quality
of maternal secure-base scripts predicts children’s secure-base
behavior at home in three sociocultural groups,” International
Journal of Behavioral Development, vol. 31, no. 1, pp. 65–76, 2007.

[20] T. T. Biss, L. R. Brandão, W. H. A. Kahr et al., “Clinical proba-
bility score and D-dimer estimation lack utility in the diagnosis
of childhood pulmonary embolism,” Journal of Thrombosis &
Haemostasis, vol. 7, no. 10, pp. 1633–1638, 2010.

[21] L. Zhang, L. Guan, and K. Zhou, “Stochastic machine schedul-
ing tominimize waiting time related objectives with emergency
jobs,”Discrete Dynamics in Nature and Society, vol. 5, no. 11, pp.
1–5, 2014.
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