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Abstract 

With the e-commerce rising, Chinese customers have more selections to purchase 
foreign products. For the overseas companies, a rational project to operate its 
business in China is to participate in local logistics activities, including warehousing 
and delivery. This thesis aims to establish a supply chain network for an Australian 
milk powder company – A2 that optimizes its profit by determining the number of 
oversea warehouses and their locations as well as the designation plan. 

The methodology is to compare the profit of two modes: central distribution center 
(CDC) and regional distribution center (RDC). While the profit of each mode is the 
revenue (fixed) minus the costs which are variable, depending on the warehouse 
renting cost, labor cost and transportation and delivery costs. Due to the nonexistence 
of retail data, the revenue is based on the forecast of demand. The warehouse costs 
are derived from estimation of the local economy and transportation costs are related 
to simulation to describe the demand points.  

The results show that the RDC mode is more profitable and after t-test, these results 
are proven to be highly convincing. The supply cities and their designated 
assignments are also generated. Combined with some tendencies, additional 
strategies are also given as reference.
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Chapter 1 Introduction 
In this chapter, we will point out the research significance and objectives, combining 
with the background of China’s import cross-border e-commerce market and an 
empirical company case. Besides, the research questions and research structure are 
designed to improve cohesion and logics. 

1.1 Research Background  
Over the past few years, with the popularization of the Internet and the rise of middle 
-class families, China’s e-commerce industry has been witnessing its prosperity. 
Along with purchasing home commodities online, a substantial proportion of Chinese 
customers show consumption preference to foreign brands. According to China 
Internet Network Information Center (2019), China’s online retail volume in 2018 was 
top 1 in the world for 6 consecutive years (90 trillion China Yuan) with year-on-year 
rate of nearly 24%, from the scale side. From the niche field side, the transactions 
concentrate in cities (over 84%). From the auxiliary industry side, the mobile payment 
and express industry supports the e-commerce powerfully. The growth rates of 
transactions of mobile payment handled by financing institutes and parcels handles 
by mail system are 33% and 26%, respectively. Figure 1 reflects the rapid expansion 
of import cross-border e-commerce demand, despite a slipping tendency of growth 
rates recently.  

 

Figure 1 China's Import Cross-Border E-commerce's Transaction Size (2014 - 2018) 

Source: iiMedia Research, 20019. “2018-2019 China Cross-border E-commerce 
Market Research Report.” 

 

1.2 Research Significance 
Many Chinese clients have been accustomed to using cross-border e-commerce 
platforms to buy commodities abroad, bringing opportunities to other countries’ 
companies for the large scale of China’s market. However, competition is highly fierce, 
causing difficulties to enjoy a significant market share. In order to improve a 
company’s competition power, it is significant to cut down its total cost and improve 
service qualities by various strategies.  

Peter Drucker identified logistics industry as “the economy’s dark continent” (1962), 
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because the importance of logistics is usually neglected, in company with its economic 
potential.  Hence, it is worthwhile cutting down logistics cost which contains mainly 
inventory cost and transport cost (Ballou R, 2004) and enhance logistics service 
qualities (e.g. shortening lead time) by some measures, among which the 
establishment of an overseas warehouse system attracts a significant number of firms’ 
notice. Much closer to market overseas warehouses than countries of origin, delivery 
time can be remarkably reduced for customs processes have already been completed 
and transport distance has been shortened and native staff are more qualified to 
handle customers’ complaint, and thus be more efficient in handling disputes and 
reverse logistics issues. 

 

1.3 Research Objectives 
The aim of this thesis is to design an optimal logistics solution plan for a foreign 
company that is ambitious to enter China’s e-commerce market. Details of this 
company are listed as below: 

A2 is an Australian milk powder manufacturer focusing on baby powder products. 
Having noticed China’s fast-moving consumer goods (FMCG) market whose value is 
roughly $200 billion (Ang T, 2018), A2 is now seeking business opportunity in China 
and considering setting overseas warehouses in China to flexibly meet end customers’ 
demand. However, there are uncertainties in decision, including demand, lead time 
and customer experience, etc. To maximize its profits, A2 suggest it necessary to 
forecast demands of major cities and accordingly explore warehouse and distribution 
solutions. 

Thus, this thesis will be concerned about the optimal numbers, sites and allocation 
design of overseas warehouses, to set a balance between low costs and high service 
level. Some quantitative methods will be introduced based on former scholars’ 
academic results and original ideas to solve this problem. Hopefully, this thesis will be 
beneficial to guide foreign companies like A2 to decide on selecting sites of overseas 
warehouses in China, although it is not accurate on every factor due to inaccessibility 
of some commercial data. 

 

1.4 Research Questions and Sub-Research Questions 
The core of this research is to the following question: 

What is the most economic warehouse and distribution project for A2 company? 

Some sub-research questions can be added to decompose it into several stages: 

1. How to forecast demand and relate it to other economic factors? 

2. What is the optimal number, location and distribution plan for supply cities? 

3. How to examine the reliability of results? 

 

1.5 Research Structure 
Chapter 2 lists literature review, which introduces former researchers’ claims, 
methodology and results, regarding cross-border e-commerce, demand forecast, and 
warehouse location selection. 
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Chapter 3 gives the methodology of this thesis by setting and comparing key 
performance indexes (KPI) of two warehouse modes, following by mathematical 
model and verification criteria. 

Chapter 4 collects data for modelling and simulation, calculates results, as well as 
designs the optimal network for A2 company.  

Chapter 5 verifies the reliability of hypotheses in Chapter 3 and gives a short 
description of selected supply cities. 

Chapter 6 puts forward some advice to the company based on the results and the 
outlook on the prospect in a dynamic environment. 

Chapter 7 points out the limitations of this thesis and suggests some orientations for 
later researchers to discover. 

Chapter 8 concludes the reasoning, the main findings and advice of this thesis.  
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Chapter 2 Literature Review 
In this chapter, we will discuss some scholars’ research on e-commerce and overseas 
warehouses. It will begin with the characteristics of cross-border e-commerce logistics 
and especially its practice in China, then introduce methods to forecast demand, and 
ultimately discuss the approaches to locate overseas warehouses. By combining with 
these results, this chapter will propose some improvements to fit in the company’s 
case. 

2.1 Cross-Border E-commerce Logistics 
The theory of logistics has attracted worldwide scholars’ attention since the 1940s as 
it became an independent industrial department. Murphy P and Wood D pointed the 
two types of economic utilities of logistics: place and time (2009), which emphasizes 
the crucial function of logistics that transferring goods from point of production to point 
of consumption in a proper time period. Sudalaimuthu S and Raj S put forward 7 R’s 
of logistics (right product, right place, right quantity, right condition, right time, right 
customer and right cost) and 5 P’s of logistics (production, price, product, promotion, 
and place or physical distribution) (2009). These arguments reflected the value of 
logistics to facilitate the circulation of commodity, capital and information. 

The emergence of e-commerce was a strong stimulus of logistics, since the Internet 
strengthens the transparency of transaction by tracking orders and solves the trust 
issue on payment by third party payment platform (Kayikci Y, 2019). While merchants 
massively use the e-commerce to manage orders and stock more efficiently, the 
significance of offline activities is usually neglected. In fact, Lee H and Whang S (2001) 
set an example in 1999 when many sellers failed to deliver goods on time and cause 
breach of contract, low level customer service level and even falling stock prices. They 
accordingly highlighted the fulfillment of orders (“the most expensive and crucial 
operation”) when confronting substantial and dense orders, which should rely on 
innovative fulfillment strategies, including logistics postponement, dematerialization, 
resource exchange, leveraged shipments and the Clicks-and-Mortar Model. They 
considered mainly “the last mile distribution” issue, where the delivery costs zoom up 
and jam in distribution centers due to small batches and high frequency mode in local 
delivery, opposite to the inter-city distribution mode.    

The above-mentioned research was on the traders’ perspective while customer 
satisfaction was not brought to a focus. Many researchers defined customer 
satisfaction as service quality, or in an economics term, utility (Grönroos C, 1982; 
Heim G and Field J, 2007). While they found the logistics service quality was the gap 
between customers’ expectation of service quality and perception of service quality, 
Mentzer J and Roger G (1989) set 3 major indices to evaluate the logistics service 
quality: quality of goods, timeliness and accessibility, pressuring companies to be 
customer centric. Giovanis A et al (2013) further gave a complete definition of logistics 
service quality by adding another 6 indices: accuracy of orders, number of orders, 
quality of information, status of orders, and differentiation on orders. With the 
development of a binding relationship between e-commerce and logistics, scholars 
like Bienstock C et al (2007) valued the information technology and customers’ 
feedbacks.  

Some Chinese researchers analyzed the situation of China’s (cross-border) e-
commerce logistics on these two perspectives. Cheng S (2016) took Fuzhou city as 
an example and argued that the delivery cost for “the last mile” occupies over 30% of 
the total logistics cost and the imbalance of distribution of delivery network. The 
delivery vehicles need a common standard to avoid traffic hazards and parking 
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problems. Liu Z (2015) selected a maternal and infants’ goods company to learn the 
problems of cross-border e-commerce and concluded that reverse logistics derived 
from return of goods will be more likely to cause disputes, especially when the origin 
country is involved. Another crisis is the pricing war among various cross-border e-
commerce platforms to attract the Internet traffic and cultivate customers’ 
dependence, which makes profitability doubtful. Jin S (2017) did a survey on G 
company, a mega mall that recently adopted e-commerce solution to summarize the 
typical drawbacks of domestic B2C (business-to-consumer) companies for customer 
satisfaction: legged update of logistics information, broken package and neglection 
on individual service, like “next-day delivery” service. Tian X et al (2016) organized a 
questionnaire on customer satisfaction in terms of imported cross-border e-commerce. 
According to their model which contains delivery capacity, delivery modes, receiving 
choices, quality of goods, guarantee of complaint, logistics service capacity, 
customers perceptual value, design of websites (whether offers Chinese translation 
or not) and payment choices, they found that delivery capacity, guarantee of complaint, 
logistics service capacity and design of websites were the most significant factors, 
among which the former two factors performed least pleasingly while the latter two 
were better by contrast.  

Based on these descriptions and analyses, the balance between cost control and 
customer service level will be critical to engage in cross-border e-commerce logistics. 
It determines the selling mode (to put warehouses homely or abroad), selection of 
demand regions, modes of warehouses and transport. Detailed process will be 
discussed in Chapter 3. 

 

2.2 Demand Forecast 
As mentioned in Chapter 1, the selling amounts of A2 products in China’s market is 
unknown. Then the methods of forecast of demand should be employed to examine 
the feasibility of entering markets.  

Based on causation, the (multiple) linear regression model can roughly describe the 
trend of logistics demand (dependent variable Y), given some economic variables 
(independent variable X). The equation is expressed as follows: 

Y =  β0 + 𝛽1𝑥1 + β2x2  +  … + βixi + ε                                                                        (1) 

Where β0, β1, i and ε  stands for y-intercept, slope of the line, the number of 

independent variables and error variable, respectively. Fang W et al (2009) selected 
total value of social logistics goods and services (Y), China’s GDP (X1), as well as 
total fee of social logistics goods and services (X2) from 1993 to 2007, and estimated 
the total value of social logistics goods and services in 2008 would be 840.72 trillion 
China Yuan after substituting the growth rate of GDP in 2008 estimated by the World 
Bank, which turned out to be 890.90 trillion China Yuan, with around only 6% of error. 
Li J and Sun L (2011) also inspected national logistics demand but aimed at a niche 
market – aquatic products cold chain industry. They defined cold chain logistics 
amount instead of its value as the dependent variable and GDP, ratio of industrial 
structure, population, annual output of aquatic products, circulation rate of aquatic 
products, aquatic product price index as well as loss rate as independent variables. 
The result showed 99.9% of the variation of the logistics demand could be explained 
by the 7 variables and thus the prediction performance of the multiple regression 
model is pleasing.   
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Much as the linear regression model works in some case, the objectives can usually 
be complicated and non-linear. Besides, this model focuses only on demand and 
ignores the change of supply. Then some researchers in Operations Research and 
System Dynamics fields have discovered alternative approaches. Huang X et al (2011) 
established a regional logistics network and applied Dijkstra’s shortest path algorithm 
to calculate the demand of each supply point and its delivery plan. They used an 
empirical case in Changsha-Zhuzhou-Xiangtan Area and improved the delivery 
efficiency by avoiding repeat and detour when the demands of warehouses are 
significantly different. Liu B and Yang M (2009) did not collect accurate data, instead 
they considered the dynamic influence social economy system (GDP, Industrial 
Structure, Trade and Consumption Level) and logistics park supply capacity (scale, 
efficiency and transport accessibility). The conclusion seems to be ambiguous, but 
worth referring to for planning.      

Nowadays the popular research methodology is a combination of several tools. Yan 
J (2011) innovatively combined Gray Model with Neural Network Model, where the 
first model is to predict the tendency by differential equation based on accumulated 
series of primary data and the second model is to simulate logistics system by its 
multi-layer perceptron. This combination overcomes Gray Model’s shortcoming 
(cannot handle non-linear functions) and offers inputs to Neural Network. They 
compared the simulation results of each of the single model and the combination in a 
case, and found the combination is most close to the reality. Chu L et al further added 
linear regression (2004). By this combination, the accuracy can be enhanced, and the 
model will ultimately be converted into a simple linear programming problem. Again, 
the comparison with an empirical case illustrates that the combination model is more 
accurate than each of the single model. Some industrial managers even use computer 
management tool to automatically adjust the inventory. Hong F et al (2018) combined 
time series with MRP (Material Requirements Planning) to build a forecast mechanism. 
Thanks to the usage of ABC Classification (where goods are divided into 3 categories 
based on their importance, and therefore the priority of replenishment is decided), the 
adjustment can be more intellectual.  

This thesis will thereby consider the dynamic factors and current economic variables 
instead of historical logistics data. However, the models mentioned above are all not 
applicable for this thesis’s case due to the lack of primary data. Yet, the idea of 
simulation is an inspirable option to generate data rationally. Plus, the relationship 
between population and logistics is a suitable reference.  

 

2.3 Location Selection of Warehouses 
When designing the locations of warehouses, it is important to set principles and steps, 
followed by considering both macro factors and micro factors. Zang H (2009) identified 
4 principles of location selection, including adaptability (of national and regional 
planning), coordination (matched in logistics productivity and technique level), 
economy (lowest total cost, consists of construction cost and operation cost) and 
strategic engagement (considering the whole situation and long term). Zhu J (2017) 
put forward 7 steps to determine the location of the warehouse: determining the goal 
of the warehouse, identifying the restraints (i.e. capital, infrastructure, demand, etc.), 
collect and categorize data (establishing objective function and formulas to form a 
model), quantitative or qualitative analysis, assess the plan (combined with dynamic 
factors), verification (recheck the results) and gain the eventual results. The macro 
factors can be divided into 5 types, according to Li Y (2017) who introduced the 
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PESTEL model for site selection issue. These factors comprise politics (policies), 
economy (regional income level and wage costs), society (relationship with local 
inhabitants and labor amounts), technology (technology of storage and package), 
environment (climate, geology, hydrology and sustainability) and law (customs and 
tax).  

The exploration of micro factors (at the company level) is a hot spot that most 
researchers focus on. Generally, there are qualitative and quantitative ways to 
evaluate the influence of these factors and finalize a plan. One typical qualitative 
method is Delphi method where experts anonymously make judgements in several 
rounds (Dalkey C, 1969). The experts will be informed the mean and variance of last 
round before next judgement. This method can concentrate the major mind of 
professionals but will be exposed to subjective and one-sided views.  

Hence, qualitative methods or mixed methods are more commonly seen. Modelling 
can be classified into two types: continuous and discrete. The most classic example 
of continuous model is gravity method, which supposes any point in a designated area 
can be the optimal location of the warehouse (Mickus K, 1980). It sets the coordinates 
for each demand point (xn, yn) and compute the optimal supply point (x*, y*) by 
minimizing the total cost derived from transport volume, transport rate and transport 
distance. The following equations are the final expression of gravity method after 
substitutions: 

x′ =
∑

DnFnxn
ⅆn

k

n=1

∑
DnFn

ⅆn

k

n=1

                                                                                                                    (2) 

y′ =
∑

DnFnyn
ⅆn

k

n=1

∑
DnFn

ⅆn

k

n=1

                                                                                                                (3) 

Where k, Dn, Fn and dn represents for times for iterative proceedings, transport volume, 
unit transport rate and distance between supply point and demand point. The 
proceeding will not stop until the new location (x’, y’) almost equals to (x*, y*). This 
scheme is theoretically feasible but not realistic. Because this method follows a 
straight route which is impossible in practice. Worse still was the restriction of geology, 
for example, the computed optimal point may lie on a lake or mountain. Thus, this 
method should not be employed directly. 

The Baumol-Wolfe method is an alternative that can also be easily calculated by linear 
programming (Shakya S & McCall J, 2007). This method is more practical for it 
considers the factor of diminishing marginal costs and the storage rate will reduce as 
the size of the warehouse enlarges. As a special integer programming problem, it can 
be solved like simple transportation programming problem, and decides the lowest 
total logistics cost and the flow of the warehouse at the same time. However, as the 
successive approximation is applied, the outcome may not be optimal and thus the 
change of the number of the warehouses may cause decrease on total costs. 

Li Y and Xie H (2006) designed a mixed method where they firstly used GIS 
(Geographic Information System) to filter proper candidate locations (considering 
hydrology, geology, infrastructure, retailers’ structure, population and effect on the 
environment), then established integer programming model, and finally introduced 
Greedy Dropping Heuristic Algorithm to solve the problem. This method considers 
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factors comprehensively and the algorithm is an effective way. However, it is quite 
complicated when the size of the demand cities is large. Besides, the essence of this 
problem stays the same as Baumol-Wolfe method, which means the solution may 
again not be optimal. 

In this thesis, a new way should be introduced to compute the number of warehouses 
needed and their delivery plan, and the validity of the optimal value should be 
examined. More details will be discussed in Chapter 3 and Chapter 4. 
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Chapter 3 Methodology 
In this chapter, we will discuss the methods concerning three stages to select the 
optimal project. Before data collection, the operating option for warehouse should be 
clear. Then some criteria will be set to collect primary economic data. After that, some 
quantitative methods will be applied for decision.  

Firstly, we will we will design the optimal project for supply cities by 0 – 1 integer 
programming. Secondly, we will prove in this case, the maximal profit issue can be 
converted into a minimal total logistics issue and then establish two sets of equations 
for the RDC mode and CDC mode for comparation, especially the introduction of 
simulation to solve the delivery distance issue. Lastly, we will use t - test to verify the 
results of stage two, in case of accidental errors.  

3.1. Selection of Overseas Warehouse Options 

3.1.1 Modes of Oversea Warehouses 
In daily life, there are some sellers who store goods in overseas students’ 
accommodations and seek to sell them online. However, as the transaction size is 
relatively nominal and may be involved in legal risk, this option should be deserted. 
Generally, overseas warehouses can be divided into three modes based on the 
identities of operators.  

3.1.1.1 FBA  

Fulfillment by Amazon (FBA) is a logistics solution offered by Amazon. In this mode, 
sellers firstly send their goods to Amazon’s overseas warehouses where the goods 
are temporarily stored. Once customer orders are placed, Amazon will handle all the 
confirmations, transportation, distribution and after-sell services. For foreign sellers, 
this mode can shorten their lead time and get rid of complex procedures, especially 
when language barriers involved. Besides, there is less risk of inventory backlog. 
However, recently, Amazon claimed that China’s e-commerce services will be 
abandoned since May 2019 due to fierce competition (Weise K, 2019). Hence, this 
mode cannot be selected. 

3.1.1.2 Third Party Warehouse 

This option means that overseas companies can cooperate with local inventory 
companies to gain special distribution services. For instance, some of China’s cross 
border e-commerce platform, like Kaola and Tmall Global, have their warehouses to 
store and deliver products. This mode is focusing on overseas businesses and 
therefore, more professional than Amazon. However, as their official websites show, 
this mode is based on a push process supply chain, which means the commodities 
will not be imported from foreign countries by e-commerce platform until final 
customer orders are placed. Hence, the lead time is rather long, with a high standard 
deviation (varying from 7- 15 days according to their official websites). To make it 
worse, since the shippers cannot participate in the warehouse operation, the quality 
control is doubtable. Actually, Kaola was exposed to fake goods scandal (Wernau J 
& Kubota Y, 2019).  

3.1.1.3 Own Warehouse  

In this mode, the sellers rent and operate their overseas warehouses in importing 
countries. This method can solve problems as mentioned above and is beneficial to 
form the company’s brand image. This will cause considerable rental costs and 
operating costs and risks. In addition, the abundant supply of personnel who have 
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local knowledge forms another challenge.  

Based on these assessments, it is worthwhile choosing the third solution if a company 
can assure the quality of goods and delivery them responsively, as well as take the 
initiative by selecting the locations of warehouses on its own. This solution confronts 
a low risk when the prospect of demand is positive. 

To compensate the expensive warehouse costs, the service range should be major 
cities of China where enough demands exist. While the supply cities should be 
logistics hubs and be balanced between low rent costs, labor expenses and 
transportation costs.    

 

3.2. Selection of Demand Cities 

3.2.1 Selection Criteria 
Selection criteria for demand cities is flexible because in China’s administrative 
system, one “city” contains urban area, neighboring suburbs and villages, as well as 
subsidiary counties. This classification method causes abundant samples for demand 
cities in view of the ultra large size of China’s cities in terms of population, economy 
and traffic volumes. For example, according to the World Population Review, there 
are 65 cities that have a population over 1 million by 2019. Hence, a method to cover 
major cities should be introduced. 

Geographically and administratively, China can be divided into six parts, including 
North East China, North China, East China, Middle and South China, North West 
China and South West China. Nevertheless, according to a geographer Hu 
Huanyong’s finding in 1935, China’s population density can be roughly regarded as 
two parts, left and right of Heihe-Tengchong Line with thin population and dense 
population, respectively (Annex 1). This phenomenon still dominates China’s 
industries and infrastructure layout today (Annex 2 & 3), making it necessary to 
reconsider the division, in case that the demand of habitants living in the vast area of 
the north-west is neglected.  

Hence, this thesis decides not to select cities on the top list in terms of population or 
economy. Instead, it is based on politics and administration. China has 34 first level 
administrative areas, including 23 provinces, five autonomous regions, four 
municipalities and two special administrative regions (Hongkong and Macau). To 
make the samples more typical and comparable, the capital cities are selected. Due 
to the differentiation of economic policies, this thesis considers mainland China and 
thus excludes Hongkong, Macau and Taiwan. Besides, Lasa is also excluded 
because of lacking the newest data availability. Besides, five municipalities with 
independent planning status (Dalian, Qingdao, Ningbo, Xiamen and Shenzhen) are 
also included since they are politically unique than other ordinary cities. To sum up, 
this thesis observes 35 cities and part of their economic data can be found in Chapter 
4. 

3.2.2 Indices of main economic data 
Jiang C and Chen D took three aspects into consideration when investigated 
assessment system of urban logistics capability, including supply and demand 
capacity, economic development capability and transportation development level 
(2009). They selected ten factors to reflect the assessment system as accurately as 
possible. While this thesis’s main concern is to design a distribution plan based on 
demand, we can apply three factors.  
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3.2.2.1 Population Size – Demand  

Population, along with income and lead time, influence consumption demands. To 
simplify the scenario, this thesis assumes demand is only related to population. This 
is realistic because for one thing, many Chinese parents believe in a traditional belief 
that the older generation should invest as much as possible on their offspring, even 
at the expense of their own life quality; for another, trusting in A2 company’s product 
quality control level, moderately low delivery efficiency is tolerable and will not 
tremendously affect demand. As a result of “One Child Policy” (although this 
restriction has been lessening these years), parents are especially willing to bias 
resources to children. 

As end consumers are babies, the related data (population, number of families, 
children ratio per family and baby percentage of the whole society) should be collected 
and then generate the number of babies. In China, there are two different terms in 
statistics regarding to population: usual residence population and household 
registration population. For example, if a couple from Jinan city work in Shanghai, 
they are categorized as “household registration population” of Jinan (also known as 
they hold “hukou” of Jinan) and “usual residence population” of Shanghai. While 
Shanghai Statistics Bureau only counts family members of “household registration 
population”, ignoring this couple are consuming in Shanghai, this thesis assumes the 
family members of each family of “household registration population” equal to “usual 
residence population” and then estimates each city’s usual residence families. After 
that, by assuming that each family breeds one child (due to “One Child” Policy) and 
checking national 0 to 4 years old baby’s proportion of all children under 18 years old 
(lacking of each city’s population structure, we assume this proportion is a constant 
for every city), the number of target customers can be estimated.  

3.2.2.2 Cost Index – Warehouse Costs 

Rent rates for warehouse are easily available, but workers’ wage level are trade 
secrets. Thus, wage rates can be assumed based on another economic variable. GDP 
(Gross Domestic Product) per capita is a universally adopted index to measure a 
region’s market value of final goods and services produced during a certain period 
(normally a year). Despite the dispute, it approximately reflects the region’s income 
and wage level (Nolan B et al, 2016). Thus, if the relation between labor wage rate 
and GDP per capita can be found, the labor costs will also be computed. 

3.2.2.3 City Distance – Delivery Cost  

Except for warehouse costs, another vital expenditure is transportation and delivery 
cost. Given demand from one supply city to a certain demand city which can be 
converted into weight of cargo, distances between two cities should be found in order 
to calculate the freight turnover (which is defined as the product of the gross weight 
of cargo carried and average distance of cargo transported), the product of freight 
weight transported in tons and distance transported in kilometers. Combining with the 
haulage rate (usually in China Yuan per ton per kilometer), transportation and delivery 
costs will be generated. 

It should be noted that haulage rates for motorways and local roads are in fact 
different. Moreover, they may vary from region to region. To avoid this complicated 
issue, we assume a unitary haulage rate around the country. 

Another annoying question is the reliability of distance between two cities. In general, 
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they are defined as the distance between city centers. However, only few of 
customers exactly live in the city center; instead, the orders come from scattered 
points. The solution of distances will be mentioned in the next section.  

To conveniently compare these main economic data, Table 1 is built up as below. 

Factor  Indicator Source 

Demand  Population size Collect 

Warehouse Costs Rent size & wage & wage rate Collect & estimation 

Delivery Cost City distance & haulage rate Collect & simulation 

Table 1 Summary of Economic Data 

 

3.3. Selection of Supply Cities  
Criteria for supply cities is more complex since they should be reasonably selected 
from demand cities (as logistics hubs, supply cities themselves usually gain 
substantial orders and there is no reason to be fulfilled by other cities’ warehouses).  

For the optimal solution for the company is to operate its warehouses, it is necessary 

to decide how many warehouses it needs and which warehouse supplies to which 

cities. Depending on the size and service area of warehouses, there are two options: 

regional distribution center (RDC) and central distribution center (CDC). As the names 

imply, the RDC option usually consists of several warehouses while the CDC contains 

only one warehouse, serving the entire market. Hence, a comparison of their 

advantages and disadvantages are listed below. 

 RDC CDC 

Short lead time + - 

Quick response  + - 

Low total fixed cost - + 

Reduce risk of inventory backlog + - 

Table 2 CDC versus RDC: Advantages and Disadvantages 

Source: Farahani R et al, 2011. Logistics Operations and Management 

The following graph illustrates the difference of distribution plan between these two 
options: 
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Figure 2 Distribution Plans of CDC and RDC 

 

3.3.1 Principles of sort 
(1) Candidate supply cities should be coastal cities because of convenient 
transportation (seaports) and exuberant demand (dense population).  

(2) Candidate supply cities’ ports should be connected to the port of origin.  

(3) Candidate supply cities should be competitive with total operation costs, including 
rent, labor and delivery costs. In practice, other accounting items exist while this thesis 
considers merely three factors to simplify the problem.  

 

3.3.2 Model 
A2 projects to rent warehouses to rent warehouses in order to avoid construction 
costs. Hence, total logistics cost hereby contains three parts: warehouse fixed cost 
(rent cost), warehouse variable cost (labor cost) and transportation and delivery costs. 
Some assumptions are applied to simplify the model: 

3.3.2.1 Assumptions 

(1) Consumption demands of demand cities are known (decided by population of 0 – 
4 years old baby numbers) and independent among each other. 

(2) Freight tariff and sailing days of each shipping company are the same, and 
therefore need not to be considered in decision, given the known demands.  

(3) Sizes of warehouses and numbers of labor hours are known (decided by demand). 

(4) Rent rates of each city are known; labor wage can be computed based on GDP 
per capita of each city. 
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(5) Haulage rate is a constant and therefore delivery costs merely related to the 
distance between each supply city and demand city and cargo weight. 

(6) A demand city can only be supplied by a certain RDC / CDC, and each demand 
city should be supplied. 

(7) The selling price of milk powder product is a constant for each demand city. 

(8) Cities are circles rather than irregular shapes they are.  

3.3.2.2 Mathematical Expression of Model 

0 – 1 integer programming is applicable when decisions regarding to whether or not 
undertake some activities are involved (Anderson D et al, 2012). When the value of 
the variable equals to 1, the corresponding activity is decided; when the value of the 
variable equals to 0, the corresponding activity is abandoned. Given the decision 
variables (whether to select a candidate supply city as an RDC or CDC) and 
constraints (demand of demand cities must be guaranteed), the objective function 
(minimal total logistics cost) can be calculated by running Excel or other linear 
programming solving tools. Table 1 shows some crucial factors and their definitions 
to establish a model. 

Characteristics Symbol Definition 

Constant 

Qj  Demand quantity of demand city j 

wj  Weight of cargo of demand city j 

dij Distance between supply city i and 
demand city j (city centers’ distance) 

Rh Haulage rate 

Rri Rent rate of supply city i (monthly) 

Sj Warehouse size to fulfill demand of city j 

Rli Labor rate of supply city i 

Lj Labor hours to fulfill demand of city j 

Z1 Total logistics cost of RDC mode 

Z2 Total logistics cost of CDC mode 

m Number of candidate supply cities 

m0 Number of selected supply cities 

n Number of demand cities 

Decision 
Variable (0 – 1 
variable) 

yi  Rent a warehouse in city i (yi = 1) or not (yi 
= 0)  

xij  City i supplies to city j (xij = 1) or not (xij = 
0) 

Subscript 
i (i = 1, 2…, m) One certain candidate supply city 

j (j = 1, 2…, n) One certain demand city 

Table 3 Symbols and the Definition for Selecting Supply Cities 

 

Hence, the objective functions for RDC and CDC can be expressed as follows: 

MinZ1 = RhΣi=1
m 𝑦𝑖𝛴𝑗=1

𝑛 𝑥𝑖𝑗𝑤𝑗𝑑𝑖𝑗 + 12 ∗ Σi=1
m 𝑦𝑖𝛴𝑗=1

𝑛 𝑥𝑖𝑗𝑅𝑟𝑖
𝑆𝑗 + Σi=1

m 𝑦𝑖𝛴𝑗=1
𝑛 𝑥𝑖𝑗Rli𝐿𝑖      (4) 

MinZ2 = min {Rh𝑦1𝛴𝑗=1
𝑛 𝑥1𝑗𝑤𝑗𝑑1𝑗 + 12 ∗ 𝑦1𝛴𝑗=1

𝑛 𝑥1𝑗𝑅𝑟1
𝑆𝑗 +

𝑦1𝛴𝑗=1
𝑛 𝑥1𝑗Rl1𝐿1, … , Rh𝑦𝑚𝛴𝑗=1

𝑛 𝑥𝑚𝑗𝑤𝑗𝑑𝑚𝑗 + 12 ∗ 𝑦𝑚𝛴𝑗=1
𝑛 𝑥𝑚𝑗𝑅𝑟𝑚

𝑆𝑗 + 𝑦𝑚𝛴𝑗=1
𝑛 𝑥𝑚𝑗Rlm𝐿𝑚 }                                                                                                       

(5)       
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The constraints can be expressed as follows: 

Σi=1
m 𝑥𝑖𝑗 = 1, ∀𝑗 ∈ 𝑛                                                                                                          (6) 

𝑦𝑖 , 𝑥𝑖𝑗  ∈  {0,1}, ∀𝑖 ∈ 𝑚, ∀𝑗 ∈ 𝑛                                                                                     (7) 

Objective functions (4) and (5) indicates the minimal total annual logistics costs for 
RDC mode and CDC mode, respectively, including transportation and delivery cost, 
warehouse rent cost and warehouse labor cost. Equation (6) indicates each demand 
city must be supplied and only be supplied by one supply city. Equation (7) indicates 
if one certain candidate supply city is selected and supply to a certain demand city. 

 

3.3.3 Compare of Profits 
Except for costs, revenues must be gained to calculate profits. As selling price is 
assumed to be a constant as mentioned above, the profit equations can be expressed 
as follows: 

Π1 = P ∗ 𝛴𝑗=1
𝑛 Qj − MinZ1                                                                                                 (8) 

Π2 =  P ∗ 𝛴𝑗=1
𝑛 Qj − MinZ2                                                                                             (9) 

Where Π 1, Π 2 and P represents for the profit of RDC mode, profit of CDC mode and 
price of the milk powder, respectively. By comparison of two values, the better mode 
can be determined. As the revenues are constants for both modes, the core issue is 
to choose a lower minimal cost project. 

However, there is a problem to measure the minimal total annual logistics costs: 
delivery distances for each supply city to deliver cargo to itself. Literally, these values 
should be 0 which is not practical. Hence, an alternative should be introduced to get 
the likely delivery distances for supply cities. 

According to Bartley P et al (2011), simulation can be applied to simulate the 
outcomes of a system with a known mathematical model. After running considerable 
times of a model, the average value tends to be close to a constant. Then in this thesis, 
the equation for the distance one supply city delivers to itself can be expressed as 
follows: 

dii = Average (Rand ( )  ∗  ri)                                                                                                            (10)            

Where dii, Rand (), and ri represents for average delivery distance from one supply 
city to deliver to itself, random numbers between zero and one, radius of a certain 
supply city. This equation will be highly convincing if we take the average number of 
the simulation results when we simulate many times (such as 1,000 times). While the 
simulation times can be an assigned large number, radii of all the supply cities are 
certain constants. 

Once the optimal transportation and delivery plan is generated, the rental cost and 
wage cost will be easily calculated. The transportation and delivery cost will yet not 
be accessible, because in the reality, a delivery is not necessarily originated from a 
supply city center to a demand city center. Instead, demand points (end users’ home 
addresses) can be scattered across the city. Hence, when comparing the profits of 
two modes, the simulation of distances (from one certain warehouse to its designated 
demand points) shall be applied again and thus cause n profit results (if the simulation 
takes n samples). Then the criteria of comparison of two sets of profits (each has n 
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profit results) can be defined as the comparison of each mode’s average profit.            

 

3.3.4 Verification 
By the last two stages, the profitability of two modes can be visible. However, it is 
rather slipshod to conclude the optimal project due to accidental errors. In other words, 
the present optimal project can be an accidental event which may change if the 
transportation and delivery distances change. This argument is logical because in the 
daily operation, the demand points, or the delivery addresses of the orders can be 
infinite, which means the samples selected from two populations can be random (e.g. 
the sample from mode A contains mainly small figures while its counterpart is on the 
contrary) and the result maybe change when comparing another samples.    

Statistics is usually applied to clarify this confusion, for it is impossible to assess every 
figure of the population. Given this premise, the estimation of population is based on 
some methods (e.g. last section). To learn what the probability is when the result is 
reliable, Keller G (2014) suggests that t - test can be used to examine if there is a 
significant difference between two sets of data. The process is handled as follows: 

To begin with, hypotheses should be established. The critical issue is if the profitability 
of two modes is highly likely different. While in above-mentioned text, it is proved that 
the mean of a population tends to be fixed when the number of the sample is 
sufficiently large. Hence, the hypotheses can be expressed as: 

H0: There are no significant differences between the profitability of RDC and CDC 
mode (μ1 − μ2 = 0). 

H1: There are significant differences between the profitability of RDC and CDC mode 
(μ1 − μ2 ≠ 0).  

Where µ1 and µ2 refer to the mean of RDC mode and CDC mode, respectively. 

Besides, significance level α and its corresponding confidence interval (1 −  α) 
should be defined. Typically, α =  5%, which means there is a 95% probability that 
the mean of a population is contained in the range only if the event occurs many times. 
In this case, it means the difference of means between two sets of data are highly 
likely to be existing or not existing if the number of sample n is quite large. 

Lastly, compare the computed t - value and its theoretical value with a corresponding 
degree of freedom. In Excel, it can also be solved by “t – test: Two-Sample Assuming 
Equal Variances”. If t - stat value is higher than that of t critical two-tail, then we 
conclude that we reject H0 in favor of H1.  

Another issue is the source of profit data. While other factors are fixed, transportation 
and delivery distances between supply city and demand city can vary because 
demand points in the reality are scattered points. Being similar to the method of 
above-mentioned text, simulation is applied again to simulate the potential 
transportation and delivery distances: 

dij
′ = Average (𝑅𝑎𝑛𝑑( ) ∗ 2𝑟𝑗 + dij − 𝑟𝑗)                                                                                   (11) 

Where d’ij represents for n different results of simulated transportation and delivery 
distances when the number of the sample is n (generally, n >= 100), leading to n 
different results of profits, because Equation (8) restrains the distances to be random 
numbers between city center distance minus / plus demand city radius. 
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Chapter 4 Data issues and Results 
In this chapter, we will first collect primary data and then process them to sites 
selection decision, profit comparation and optimal supply chain network results using 
methods in the last chapter. Due to inaccessibility of data, some reasonable 
assumptions and estimations are made as alternatives. 

4.1 Primary Data of Demand Cities 
As mentioned in chapter 3, 35 major Chinese cities are selected as demand cities. 
Basic data related to population size, cost index and city distance are listed in Table 
3 and 4. 

 

Table 4 Population Size, Rent and Wage rates of Demand Cities 

Source: Statistics Bureau of each city, 2017; China Entrepreneur Investment Club; 
OYM Warehouse Alliance. 

It should be noted that units for all forms of population and families are 10 thousand 
while units of GDP are 0.1 billion. The unit for rent rate is U.S. $ / m2 · month and U.S. 
$ per hour for wage rate. Another issue is that household registration families of 
Shijiazhuang and Hohhot, as well as usual residence population of Changchun, are 
estimated upon their nearest 5-year average growth rate (Chaisang News, 2018). As 
the newest economic available is in 2017, the raw figure of China’s GDP (in China 
Yuan) is also collected on 2017 level, and according to World Bank’s report of China’s 
GDP (in U.S. dollars), the exchange rate can be computed and employed as the 
foundation for computing warehouse rent rates and labor wage rates. 

As the Statistics Bureau of each city provides only household registration population 
and household registration families, an assumption that population per household 
register family equals to that of usual residence is regarded as an alternative method 
to estimate usual residence population that forms the basis of actual number of 
children live in each city and GDP.  

As for warehouse rates, there are some consultancies publishing some core cities’ 
figures, not covering all the sample cities. Hereby, the average rent rates on each 
city’s warehouse rental transactions derived from a third-party online warehouse 
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rental information platform, the OYM Warehouse Alliance. As a large intermediary 
channel who refers to 366 cities and over 1,000 warehouse enterprises around China, 
the rent rates offer a reference.  

According to Li H et al (2012), national average annual wage level of low-educational 
workers (such as warehouse employees) accounts for approximately 78.01% of the 
corresponding period national GDP per capita. Assuming this proportion works for 
every city, the labor wage rate of each city is generated. 

 

 

Table 5 Distances between Any Two Cities 

Source: Toponavi.com 

Table 5 shows the distances from any origin to each destination. Since we take 35 
cities as the sample, this is a 35 * 35 matrix. Hence, the graph shows only part of this 
matrix and the whole one can be found in the attached Excel file “Primary Data” under 
sheet “Distance”.   

These data are defined to be from one city center to another, causing 35 values of “0” 
for the same city. The measurement for improving will be discussed in the next section. 

 

4.2 Results of Supply Cities 
In the 35 candidate cities, there are ten coastal cities: Dalian, Tianjin, Qingdao, 
Shanghai, Ningbo, Fuzhou, Xiamen, Shenzhen, Guangzhou and Haikou. By checking 
sailing schedules of the main shipping lines, Fuzhou and Haikou are excluded. Hence, 
supply cities will be selected from the rest 8 candidate cities. 

4.2.1 Process to Choose the CDC 
Given the model in Chapter 4, Excel’s tool – “Solver” can be applied to handle this 0 
– 1 programming issue. However, Excel’s threshold for processing variables is 200, 
beneath the variables we have (8 candidate supply cities and 35 demand cities, 
therefore 8 ∗ 35 = 280 variables). Consequently, other data analysis software should 
be introduced.  
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Linear Interactive and General Optimizer (Lingo) is a specially designed modelling 
language to solve optimization problems, including both linear and non-linear 
problems. Based on programming language, it can solve 0 – 1 integer programming 
models with massive variables. However, it needs some programming knowledge 
which may make it difficult to understand, we can search for an alternative plan. 

OpenOffice is an open-source office suite which allows users to input over 300 
variables. Being similar to the “Solver” function of Excel, it is convenient to implement 
and easy to understand. Before applying the model mentioned in Chapter 3, the 
relative data and sources are listed in the following tables: 

 

Table 6 Milk Powder Demand of each City 

Source: PopulationPyramid.net 

Table 6 forecasts consumption demand of milk powder of every selected city, among 
which “population per family” and “numbers of families” are cited from Table 4. Due 
to the everlasting influence of “One Child” Policy, each family is assumed to have 
around one child. Yet more accurate figures are necessary to reduce errors for 
computing demands. By dividing by 3, children number of each family is available. 
Next, to get the total number of children of each family, these figures need to be 
multiplied by the number of families of each city. For a baby milk powder manufacturer 
as A2, “children” is an ambiguous concept and the scope need to be narrowed. Thus, 
the column “potential customer number” means that the percentage of babies (0 – 4 
years old) of children (the percentage is about) multiplies number of children to get 
the total babies’ number. According to daily life experience, a baby usually eats 1 tin 
of milk powder (800 g) per ten days, or 365/10 = 36.5 tins per year. Combined with 
its parcel weight, each milk powder product weighs 1 kilogram. Multiplied by the 
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number of children per city, each city’s total demand of baby milk powder (both in 
kilogram and number) can be calculated. As fierce competition exists, the A2 
company is assumed to occupy 5% share of the market, and then the company’s 
demand for each city can be forecasted.  

Known of demands, the freight costs and warehouse costs can also be generated. 
Relative results and reasoning are shown as follows: 

 

Table 7 Freight Costs from each Origin to Each Destination 

Source: Ministry of Transport of the People’s Republic of China 

Table 7 records the haulage rate ($ / t · km), demands (kg) and distances (km) from 
one supply city to each demand city, and thus the delivery costs as the products of 
these figures. Again, as the matrixes’ size is 8 * 35, some columns are hidden. It 
should be noted that much as most of distance data are cited from Table 5, each 
distance one supply city delivers to itself is elaborated not to be 0, aiming to be 
practical. The results are based on simulation, which will also be mentioned in the 
next section. The process of simulation of these results can be found in Table 8. 

 

 

Table 8 The Simulated Distances each City Delivers to Itself 

Source: Ministry of Civil Affairs of the People's Republic of China 
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From the official website of the Ministry of Civil Affairs, each supply city’s land area 
can be found. By dividing by π, the cities’ radii are also generated. After that, by using 
the equation mentioned in Chapter 3 to simulate 1,000 results, the supposed 1,000 
demand points’ distances to the warehouse can be computed. As these results vary 
from 0 to the radius of the city itself, the means can be selected as a typical sample. 
It should be noted that the area “values only” means the paste numbers of the results. 
This step is done because every time we edit the file, the simulation results will alter. 
While no matter how the simulation results change, the means tend to a constant, 
supporting the theory in Chapter 3 again.  

 

Table 9 Minimal Warehouse Size for each Demand City 

Source: Own Calculation and Industry Standards 

Table 9 shows the warehouse size needed to fulfill each demand city’s orders. 
Assuming each parcel’s size is 30 * 30 * 30 cm3 or 0.03 m3, we can convert the annual 
number of parcels (also the weights of parcels as explained in the last part) into annual 
parcels’ volume. By dividing by 52 weeks per year and then plus 2 weeks flows of 
safety stock, the volume of the space can be computed (to simplify the question, we 
assume the consumption rate is fixed and thus excludes the scenarios of slack 
seasons and peak seasons). As parcels are stacked for 4 tiers (1.2 m) according to 
industry standards, the minimal warehouse sizes are also available.  
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Table 10 Rent Costs of each Candidate Supply City 

Source: Own Calculation 

Given the warehouse sizes and rent rates cited from Table 4, the warehouse costs 
for each candidate supply city can be generated by products of sizes and rates as 
shown in Table 10. The processes are simple multiplications. 

 

Table 11 Labor Costs of each Candidate Supply City 

Source: Own Calculation 

Tables 11 gives the wage rate, minimal labor hours needed and labor costs that based 
on multiplications. As mentioned in section 4.1, the wage rates can be expressed as 
GDP per capita multiplies 78.01%. While the minimal input of labor hours to handle 
each demand city’s parcels can be defined as the parcel numbers divided by labor 
efficiency where we assume that a skillful worker can fulfill 40 parcels per hour. Plus, 
for each warehouse, a worker is assumed to work 8 hours a day, 360 days a year.    
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Table 12 Total Logistics Cost of each Candidate Supply City 

Source: Own Calculation 

As a summary, Table 12 gives the results of total logistics cost for each candidate 
supply city, that is the sum of transportation and delivery cost, rent cost and labor cost. 
This equation is feasible because the characteristic of the CDC requires it to supply 
every demand city. From the table, it is apparent that Qingdao accepts the lowest 
logistics cost, and therefore it should be selected as the CDC. In this mode, the lowest 
logistics cost is $ 13,737,918.39. 

4.2.2 Process to Choose the RDCs 
The data results for transportation and delivery cost, rent cost and labor cost are still 
valid in this part. However, to find the optimal allocation plan, that some candidate 
supply cities are excluded is likely to exist, and each candidate supply city delivers to 
several demand cities. Hence, the simple method of finding the relative data is not 
feasible in this case. Considering the complex calculation process, the OpenOffice 
hereby is introduced to find the optimum. 

 

Table 13 Results of Allocation and Optimal Logistics Cost of RDC Mode 

Table 13 shows the optimal results of RDC mode. The area B97: AJ 104 fills in the 
decision variables (0 – 1 variables). AK 97: 104 is the sum of each row that reflects 
the demand cities each candidate supply city serves. B105: AJ 105 is the sum of each 
column that reflects the time each demand city is supplied. Total logistics cost is 
defined as the sum product of weight area, distance area and variable area, plus the 
sum product of warehouse size area, rent rate area and variable area, plus the sum 
product of the wage rate area, labor hours area and variable area. By calculation, the 
optimal plan is: 

1. Tianjin, Dalian, Ningbo, Xiamen, Qingdao, and Guangzhou are selected as supply 
cities while candidates Shanghai and Shenzhen are excluded. This is reasonable 
because Ningbo and Shanghai, Guangzhou and Shenzhen are neighboring cities 
while Ningbo and Guangzhou hold lower rent rates and wage rates than their 
neighbors. Hence, Shanghai and Shenzhen are necessarily eliminated. 
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2. Tianjin supplies to Beijing, Tianjin, Shijiazhuang, Taiyuan, Hohhot, Lanzhou, Xining, 
Yinchuan and Urumqi (9 cities);  Dalian supplies to Shenyang, Dalian, Changchun 
and Harbin (4 cities); Ningbo supplies to Shanghai, Nanjing, Hangzhou, Ningbo and 
Hefei (5 cities); Xiamen supplies to Fuzhou, Xiamen, Nanchang, Wuhan, Changsha, 
Shenzhen, Chongqing and Guiyang (8 cities); Qingdao supplies Jinan, Qingdao, 
Zhengzhou, Chengdu and Xian (5 cities); Guangzhou supplies Guangzhou, Nanning, 
Haikou and Kunming (4 cities). 

3. The total logistics cost is $ 11,586,633.38. 

 

Table 14 The Process to Generate the Optimum 

Table 14 records the process in OpenOffice to generate the optimal value. The 
meanings of the heads are as follows: “Target Cell” represents for the cell where the 
result will be generated. “Minimum” represents for the optimal objective (in this case, 
to gain a minimal value) of cell AO 108. “Changing cells” represents for the area where 
the values will be generated with either 1 (the candidate supply city in this row supplies 
the corresponding demand city) or 0 (the candidate supply city in this row does not 
supply the corresponding demand city), because the variables in this case are defined 
as 0 – 1 variables. “Limiting conditions” represents for the restraints that limits the 
variables in a certain range to look for an optimum. Specifically, “$B$105: $AJ$ 105 
= $B$107: $AJ$ 107” means each demand city should be supplied and only supplied 
once. “$B$97: $AJ$ 104 Binary” means each supply city can either or not supply every 
demand city. 
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4.3 Results of Profits Comparation 
As mentioned in Chapter 3, the revenues for both CDC mode and RDC mode are the 
same. Hence, the only variable here is the logistics cost. But the delivery distance 
may not be exactly from one city center to another, causing the “distance table” not 
practical and convincing. Thus, we will use the simulation method to generate 1,000 
distances (in reality, the actual number of demand points may vary from city to city, 
but we suppose they are all 1,000 for simplification), and thus 1,000 delivery costs 
and 1,000 profit outcomes.  

4.3.1 Profit of the CDC Mode 

 

Table 15 Delivery Costs by Simulation in the CDC Mode 

Table 15 gives the 1,000 simulated distances and the corresponding 1,000 
transportation and delivery costs from Qingdao (the CDC) to each demand city. The 
equation to gain the distances are expressed in the model in Chapter 3, with a range 
between city center distance minus demand city radius and city center distance plus 
demand city radius. The delivery costs are calculated with the same equation as 
mentioned above.  

 

Table 16 The Profit of the CDC Mode 

Table 16 shows the ultimate profit of the CDC mode. These 1,000 profits are given by 
revenue minus 1,000 delivery costs minus warehouse costs. The revenue is 
expressed as selling price multiplies demands, where the selling price ($ 23.4) is 
assumed as FOB (free on board) price ($ 18) multiplies a 30% margin. To be 
comparable with the RDC mode, we simply take the means of profits created by each 
demand city, and plus them to gain the total profit, which is $ 282,608,737.28. 
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4.3.2 Profit of the RDC Mode 

 

 Table 17 Delivery Costs by Simulation in the RDC Mode 

Like Table 15, Table 17 gives the 1,000 simulated distances and the corresponding 
1,000 transportation and delivery costs from each RDC to its allocated demand cities 
as decided in Section 4.2. The equations to generate these results are again similar 
and can be found in Chapter 3.  

 

Table 18 The Profit of the CDC Mode 

Table 18 shows the ultimate profit of the RDC mode. In this case, the total profit is 
$ 284,821,773.11, $ 2.21 million (or 1%) higher than the CDC mode. Hence, the RDC 
mode should be employed as the optimal solution. 
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Chapter 5 Verification and Short Introduction of Supply Cities 
In this chapter, we will use a statistical analysis tool (t-test) to verify the results and 
conclusion obtaining in Chapter 4, in case of any occurrence. Then some basic 
information about the selected supply cities will be listed to support the conclusion.   

5.1 Verification 
From Chapter 3, it is clear that if the generated t value is higher than the critical value 
listed in the “Critical Values of the Student t Distribution” table (see Annex 4) with a 
given significance level α, there is (1- α) possibility that the significant differences 
between two samples exist. In Excel, these two values are replaced by “t Stat” and “t 
Critical two-tail”, respectively. 

 

Table 19 Result of T-Test 

The results of t-test are illustrated in Table 19. By examining the 1,000 profits (based 
on 1,000 simulated delivery costs), the t Stat value is much higher than t Critical two-
tail value, confirming the conclusion in Chapter 4. We reject H0 in favor of H1, that is, 
there is a 95% chance that the profit of CDC differs from its counterpart.  

 

5.2 Introduction of Supply Cities 
According to World Shipping Council (2019), Ningbo – Zhoushan Port, Guangzhou 
Port, Qingdao, Tianjin, Xiamen and Dalian rank as 4th, 5th, 8th, 9th, 15th and 16th in 
the world respectively, regarding to the container volumes. Ningbo Port and Zhoushan 
Port are investigated for these two ports are integrated ever since 2015, following the 
example of New York – Newark Port (Notteboom T & Yang Z, 2016). Top rankings 
reflect that these supply cities hold both enough handling capacity and advanced 
cargo distribution and transportation network, whose details are listed as below:   

As a major gateway of North East China and an ice-free port, Dalian carries more 
than 90% of container cargo and more than 70% of bulk cargo of this area, containing 
crude oil, log, coal, steel, project and agriculture products (Cai L, 2012). With 199 
berths in production (56 out of which can contain vessels larger than 10,000 
deadweight), port of Dalian connects with over 300 ports in around 160 countries. By 
Harbin – Dalian Highway, Hegang – Dalian Highway and Shenyang – Dalian Highway, 
port of Dalian is permitted to extend its service range (Yu S, 2012).  
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Tianjin is a traditional economic center of North China. Dredged to 22 meters in depth, 
the main channel can accommodate vessels up to 300,000 deadweight at high tide. 
Port of Tianjin owns 160 berths, operating containers, LNG, cruise and ro-ro cargo, 
etc. Besides, Tianjin has launched its dry port model with inland cities, such as Hohhot, 
Yinchuan, Taiyuan and Shijiazhuang. Port of Tianjin has established a complete 
highway network, which includes ten highways to link major cities all around China. 
Now Tianjin lies on 6 railways, but rail transportation only accounts for 3% of inbound 
and outbound flows, compared to 80% of road (Wu Z, 2017).  

Port of Qingdao owns 90 berths and serves 8.8 million TEU at most annually. 
Separated to 4 port areas by functions (e.g. Dagang Port Area handles mainly 
agriculture products and fertilizer, while Huangdao Oil Port Area focuses on 
chemicals), port of Qingdao guarantees specialization. The port areas are easily 
accessible to 3 highways and 5 railways, which forms a complete transportation 
network. It should be highlighted that Qingdao has been constructing a smart logistics 
program, a platform based on sharing transportation information and intensive 
coordination, in order to improve truck load efficiency and management of empty 
containers (Mei Y, 2017).      

Combined b two ports, Ningbo – Zhoushan Port contains 19 port areas and 723 berths. 
It has formed an advantage on some domestic trade routes (like Xiamen) and short – 
middle distance trade routes (like Australia). On inland transportation, Ningbo has 
operated a sea – rail intermodal transportation project to Europe via Yiwu, a well-
known small commodity trade market center since 2009 (Zhao X, 2018). While 
Zhoushan is approved by the State Council to be the sea – river transport service 
center, an unprecedented boom of the bulk commodity trade appeared, especially the 
scale of futures ranks as the 7th in the nation (Xue S & Gong X, 2017).  

Xiamen is in the middle of two so-called “first-tier cities”: Shanghai and Guangzhou. 
With 165 berths in production, port of Xiamen seems to be a “small” size in China. 
However, as a popular tourism destination, the port of Xiamen can cater for large size 
cruises and received 19 million of passengers in 2016 alone (Lin Y, 2017). Restricted 
by mountainous neighboring economic hinterland and lacking connection between 
port areas and Xiamen city, port of Xiamen relies a quarter of cargo transportation on 
water, a relatively high ratio compared to other Chinese ports. In this case, other ports 
in this region, like the port of Fuzhou and the port of Shantou, gradually become the 
feeder ports of Xiamen (Yang A, 2016). It is convincible that local governments will 
invest more on water transportation soon. 

As a traditional foreign trade hub, port of Guangzhou has an incredible number of 
berths (870 to be exactly). Now its old port has transferred to waterfront leisure 
industry, leaving new ports to handle containers and bulk cargo. Benefit from the 
region’s dense water network, port of Guangzhou has operated 150 barge routes, 
connecting itself and ports nearby. It also constructs roads away from Guangzhou city 
to alleviate the ports’ negative externalities. Port of Guangzhou values cooperation 
and extends its influence on western provinces, like Hunan and Yunnan railway 
express service, enhances the logistics path (Gan C, 2017).  
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Chapter 6 Strategies to A2 Company 
In this chapter, we will put forward some suggestions for A2 company to set its 
warehouses based on results in Chapter 4 in the short term and macro-environment 
analysis as well as realistic factors in the long term. 

6.1 Short Term Strategies 
In the short run, the RDC mode project is more favorable and is selected. That is 6 
cities are chosen as supply cities to feed 35 demand cities. The details are listed in 
the following table: 

Supply Cities Demand Cities 

Dalian Shenyang, Dalian, Changchun and Harbin 

Tianjin Beijing, Tianjin, Shijiazhuang, Taiyuan, Hohhot, Lanzhou, 
Xining, Yinchuan and Urumqi 

Qingdao Jinan, Qingdao, Zhengzhou, Chengdu and Xian 

Ningbo Shanghai, Nanjing, Hangzhou, Ningbo and Hefei 

Xiamen Fuzhou, Xiamen, Nanchang, Wuhan, Changsha, Shenzhen, 
Chongqing and Guiyang 

Guangzhou Guangzhou, Nanning, Haikou and Kunming 

Table 20 Supply Chain Network 

 

6.2 Long Term Strategies  
In the long run, some macro factors and trends should be considered. Because these 
factors may cause changes to demand, supply capacity and competition situations. 
Some key factors are identified in the following text: 

6.2.1 Customs Duty  
China used to impose 20% import customs duty on baby milk powder, however, in 
2017, the Ministry of Finance announced that the rate would be cancelled for three 
categories of milk powders, including fully hydrolyzed milk formulas, amino acid milk 
formulas and lactose-free milk formulas (Scattergood G). Other infant food will also 
enjoy some cut off on import tariff rates.   

Another issue related to customs duty is the Bonded Area (also known as Tariff-Free 
Zone) in some logistics nodes and Integrated Free Trade Zone where some favorable 
duty policies and simplified proceedings are employed (Pfaar M & Wang X, 2011). 
There are plenty of these areas in China, including Meishan Port Area of Ningbo, 
Binhai Port Area of Tianjin and Huangdao Port Area of Qingdao.    

In the foreseeable future, the gap of prices between foreign milk powder and home 
milk powder will be narrowed and thus A2 is expected to confront less fierce 
competition. It should consider constructing its factories in Ningbo, Tianjin and 
Qingdao bonded areas, or expand the warehouse sizes in the long run. 

6.2.2 Reproduction Policy 
Considering the national total fertility rate was 1.6 babies per women of childbearing 
age in 2017, 0.5 baby less than the normal rate to maintain a steady population size, 
relaxations of the One Child Policy were enacted these years in different forms to 
encourage couples bearing (Westcott B, 2018). However, it seems that this stimulus 
fails to save the descending fertility rate as it was expected: the newborn population 
in 2018 was 2.63 million and 2 million less than that of 2016 and 2017, respectively. 
The birth rate in 2018 was 1.09%, the lowest rate since 1978 (Statistics Bureau of 
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The People’s Republic of China, 2019).  

The dynamically growing living expenses should be blamed for the result that deviated 
from the policy-makers’ outlook. In urban areas, young couples are struggling to pay 
monthly loan of apartment and expensive education fees for their children, and thus 
reluctant to have more than one baby. Another explanation is like what happens in 
the developed countries, people tend not to bear children as their education level and 
life quality get improved.  

However, this does not necessarily mean the demand for baby milk powder will shrink 
dramatically or the prospect of this industry will be pessimistic. For one thing, due to 
its large population base, the decreasing birth rate will bring numerous babies every 
year. For another, as parents prefer only one child, they are willing to invest more 
resources, like milk powder and other maternal and child products. Overshadowed 
the 2008 milk scandal where illegal traders adulterated melamine, a chemical that can 
cause kidney stones and even cancer, the middle-class distrust national brand and 
prefer foreign brand milk powder on a whole. Given these considerations, the market 
share of A2 is less likely to fluctuate sharply.  

Hence, it is not wise to cut in the expectation of demand significantly. Plus, as the 
warehouses are rented, allowing the company more flexibility to adjust the production 
scale in a dynamic environment. Besides, A2 can implement a diverse product 
strategy by introducing complements of milk powder, like nursing bottles. To offer 
binding commodities, customer utility will be enhanced.  

6.2.3 Economic Transport Distance 
In this thesis, road transportation is assumed to be the transportation and delivery 
solution between each origin and destination. However, in the reality, road transport 
is not selected in each case because the operation cost will climb tremendously as 
the distance grows. Although the accurate value is a dispute, the economic range of 
road transport is generally below 500 or 600 km (Pienaar W, 2013). Carrying products 
from Tianjin to Xining (1703 km) or from Xiamen to Guiyang (1485 km), etc. by 
haulage industry is not an ideal plan.  

Instead, there are two possible alternatives. One is rail transport, the most commonly 
seen mode of transportation for both passengers and cargo in China. According to 
National Railway Ministry of People’s Republic of China (2018), in 2017, the total 
amount of cargo conveyed by railway was 3.69 billion tons while the total turnover 
was 2.70 trillion ton-km. Thereby, the average transport distance was 2700/3.69 =
731.70 km. Under China’s present railway administration system, railways can be 
divided into three major categories: national railways, regional railways and private 
railways. As the term suggests, regional railways usually serve habitants and local 
enterprises of a certain area. Restricted by capital and risk-taking capability, private 
investors generally manage rather short railways. In other words, the connections of 
major cities in this thesis should be implemented by national railways. Again, by the 
National Railway Ministry, the total amount of cargo conveyed by national railway was 
2.92 billion tons and the total turnover of national railway was 2.41 trillion ton-km. 
Hence, the average transport distance of national railway was 2410/2.92 =
825.34 km. The results illustrate that middle transport distances around 600 to 1000 
km (e.g. Dalian to Harbin 937 km) can be carried out by railway.  

As for values much higher than 1000 km, another means shall be applied: introduction 
of inland hubs. Although some cities do not own seaports, they are directly connected 
by convenient water, road, air and railway transport. These cities are traditional 
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commerce and transport nodes in an area, and they have interests in dry ports as well 
as other policies to simplify customs proceedings. For instance, Wuhan is the center 
of Middle China by its economy and location. It stands near to Yangtze River, which 
flows through Chongqing, Nanjing and Shanghai. Plus, Wuhan lies on the Shanghai-
Chengdu Railway / Highway and Beijing-Guangzhou Railway / Highway, making it a 
“thoroughfare to nine provinces”. Another example is Xian, which is the node of 
Beijing-Baotou (an industrial city in Inner Mongolia, the destination of the route from 
Beijing to Hohhot direction)-Chengdu-Kunming Railway / Highway and Urumqi-
Lanzhou-Lianyungang (a port city between Shanghai and Qingdao) Railway / 
Highway. These inland hubs will shorten transportation and delivery distances as well 
as lead time.  

Yet, some extreme values remain. Take Urumqi as an example, the nearest selected 
city to it is over 2000 km. Considering these cities are mainly in the vast under-
developed west area, A2 may pick up some of these cities who have relatively high 
demand and rent warehouses there, and pay more attention to advanced east area. 
China is planning to forge 19 city clusters, only five of which are in the west area. 
Hence, A2 company can invest mainly in the clusters in the east and middle area as 
a long-term plan. Three of these city clusters are especially remarkable and 
worthwhile considering on the top of the agenda, whose names are “Beijing-Tianjin-
Hebei City Cluster” (also known as “Circum-Bohai-Sea City Cluster”), “The Yangtze 
River Delta City Cluster” and “The Pearl River Delta City Cluster” (Preen M, 2018). In 
these clusters, the organization form is one mega city, several large cities and multiple 
middle and small sized cities. These cities are economically tightly connected, highly 
integrated, developing division of industries, and having interplay among 
transportation, urban planning and infrastructure. Combined with the fact that each 
city has abundant people with the median and high level of consumption power, A2 
should transfer its business to these areas gradually.   
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Chapter 7 Limitations and Suggestions 
In this chapter, we will discuss the limitations of this thesis and therefore some 
suggestions for future research. While the results that may differ from facts are 
described as limitations, the suggestions are mainly designed for the scholars for 
future research. 

7.1 Limitations  
Although this paper has taken some reasonable assumptions based on the links 
among economic variables and industrial standards, and various alternative methods 
drawing core ideas previous researchers to guarantee rigor, the distortions of results 
are bound to exist because most of the data derived in this paper are generated by 
manual methods rather than collected in field.  

The main challenge of this thesis is the lack of decision data, containing demand and 
rates, which explains the inapplicability of previous researchers’ methods. The 
situations for these researchers are either to improve or design a supply chain network 
given clear amount of demand, supply cities, demand cities and cost rates; whereas 
the aim of this thesis is to design a supply chain network for a company that has not 
entered China’s market and thus have no retail data or cost data. Although these data 
are generated by reasonable methods (forecasting milk powder demand by 0 – 4 
years old children, estimating wage rates by GDP per capita and predicating transport 
and delivery distances by simulation), the results are not necessarily accurate and 
may cause deviations on the conclusion. This is because the lack of evidence that 
shows the linear relation between demand and population. Plus, the criterion to price 
the transport costs can be revised. Actually, the unitary national haulage rate does 
not exist; instead, the rates depend on the level of highways and regional tax policies. 
The assumption that the transport and delivery costs change proportionately with 
distances is to some extent doubtful, for the rule of so-called “diminishing freight rate 
by increasing distance” where freight companies tend to charge less unit freight rate 
as the distance climbs to encourage moderate long-distance shipments as the fixed 
operation fees at terminals can be shared in longer distance. 

Another issue is that the model works mainly on a profit perspective and ignores the 
relation among lead time, retail price and demand. In practice, customers may 
purchase commodity from physical stores rather than place orders online, because 
the longer lead time will cause more uncertainty and affects customer experience. 
The retail price usually becomes higher if the distance is longer because of higher 
transport and delivery costs, which is also against the unified price in this paper. 

Last but not the least, the model assumes the demand and replenishment are steady 
but in reality, there are always peak seasons and slack seasons. Hence, the size of 
warehouse and labor hours shall change accordingly. Besides, time and frequency 
needed for the logistics processes (including sailing days and dispatch interval, 
handling, inland transport, etc.) may vary from city to city, which leads to the risks of 
out of stock or overstock and hence causes variations on warehouse costs. 

 

7.2 Future Research 
Suggestions for future research are given to overcome the limitations in the last 
section and hopefully find results more meaningful as reference to the reality. 

Firstly, the relation between demand and other factors should be tested. Data from 
another segment of FMCG can be used to examine the relationship among demand, 
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population (or families) and lead time and then be taken for milk powder industry. 
Multiple regression model is the most commonly applied method to calculate and 
verify the relationship. As for the authentic haulage rates, a survey on basic rates and 
additional rates (e.g. road toll, fuel surcharge, etc.) should be launched. 

Considering the large number of samples, this work will be complicated and nearly 
impossible to carry out in short time. Hence, the scope can be narrowed down. As 
what is explained in the above-mentioned text, the designated research region can 
be Beijing-Tianjin-Hebei City Cluster, The Yangtze River Delta City Cluster or The 
Pearl River Delta City Cluster. Because in these areas, cities are concentrated and 
highly connected, with exuberant demand. Plus, investors and scholars pay close 
attention to these areas, causing it easier to collect data.  

Another suggestion is to perfect the model by taking stock alternation factor into 
account. This will rely on some techniques of lean manufacturing and inventory 
management, after gathering the data of demand variation and logistics processes. 
Again, these data can be from a similar company or industry and the time series model 
can be referred to for predication. 
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Chapter 8 Conclusion 
In this chapter, we will summarize the logic of this thesis and the main results as well 

as the strategies for the research subject (A2 milk powder company). Except for some 

limitations, this paper as a whole answers the research questions and is beneficial for 

the company’s investment decision. 

The research objective of this thesis is to design a supply chain network for A2 

company to undertake its milk powder business in China. As it is the first time for the 

company to enter China’s market, there are no data for sales volume or distinct 

location for warehouses or demand cities. Hence, the methods provided by former 

researchers that require actual data cannot be directly employed. Instead, the linear 

programming model is built considering the variables involved in this paper and data 

are converted from macro indices. By learning the current overseas warehouse 

solutions for cross-border e-commerce, the plan is to be carried out by renting 

warehouses rather than a third-party plan, which leaves a question on the number, 

location and distribution plan of the warehouse. In other words, the core is to select 

from either central distribution center (CDC) mode or regional distribution center (RDC) 

mode, after comparing the profit of each one. To choose the location of markets and 

warehouses, there are 35 cities selected as demand cities and 8 cities as candidate 

supply cities based on the political and geographical factors; to finalize the optimal 

number and distribution plan, the 0 – 1 integer programming is applied as the profit 

model. 

The profit model is built as the difference of revenue and costs where the former is 

defined as the product of a unitary selling price and selling volume (which is regarded 

to be the amount of consumption demand) whereas the latter contains transportation 

and delivery cost (product of a unitary haulage rate, weight of cargo and distance), 

and warehouse costs (including rental cost and labor cost), which are all linked to 

consumption demand. The demand is assumed to be proportionally decided by the 

number of 0 – 4 years old children of each city, and thus the values of revenue and 

costs can be calculated. By substituting these data which are from market, industrial 

standard, converted from relative macro-economic data or simulation, the profits of 

each mode can be found and compared, and then the verification of simulation results 

is introduced in case of accidental errors. 

The main results of this paper are supply cities and their distribution plan, the profit of 

each warehouse mode and verification outcome. By applying the 0 – 1 integer 

programming, 6 cities are finalized as the supply cities because of the lowest total 

cost, together with their corresponding delivery cities in the RDC mode (goods carried 

from Dalian, Shenyang, Changchun and Harbin; Tianjin to Tianjin, Beijing, 

Shijiazhuang, Hohhot, Taiyuan, Lanzhou, Xining, Yinchuan and Urumqi; Qingdao to 

Qingdao, Zhengzhou, Jinan, Xian and Chengdu; Ningbo to Ningbo, Shanghai, 

Nanjing, Hangzhou and Hefei; Xiamen to Xiamen, Fuzhou, Nanchang, Wuhan, 

Changsha, Shenzhen, Chongqing and Guiyang; Guangzhou to Guangzhou, Nanning, 

Haikou and Kunming) and Qingdao is selected to supply all the demand points in the 

CDC mode. Since each demand city has plenty of end users randomly distributed, 

the simulation is introduced to estimate the corresponding delivery distances and thus 

transportation and delivery costs. In this way, the according profits can be generated. 

After comparison, the RDC mode is around 1% more profitable than the CDC mode, 



35 

 

which means the optimal plan for the company is to rent 6 warehouses and distribute 

goods as above-mentioned. 

By comparing the means of two data sets, t-test is used in this paper to verify the 

existence of significant differences of two modes, or the reliability of results. The 

outcome of t value is 1054.76, much higher than its threshold value (1.96), which 

ultimately confirms the conclusion.  

In the last part, some additional strategies are given for reference of long-term plan, 

combined with realistic situation and tendency of the macro environment. These 

strategies mainly suggest constructing plants in bonded areas to avoid some taxes 

and make better use of the ports and facilities, employing diverse products to confront 

a fiercer competitive environment and renting extra warehouses in major inland 

logistics hubs for both quick response and follow the economic transport distance rule.  
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Appendix  
Annex 1 China’s Population Density and Major Cities Graph 

 

Source: Li M et al, 2018. Study on Population Distribution Pattern at the County Level 
of China 
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Annex 2 China’s National Road and Highway 

 

Source: Wang Z, 2014. Analysis of the Tourism Locations of Chinese Provinces and 
Autonomous Regions: An Analysis Based on Cities 
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Annex 3 China’s GDP per Capita (Provincial Level) in 2014 

 

Source: Wang Y et al, 2018. Hospitalisation Cost Analysis on Hip Fracture in China: 
A Multicentre Study among 73 Tertiary Hospitals 
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Annex 4 Critical Values of the Student t Distribution 

 

Source: Keller G, 2014. Statistics for Management and Economics 

 

 


