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Abstract: In the fast changing environment of the retailing industry, adapting to changes in customer requirements 
can make the difference in being a highly successful and profitable market leader. In last years, one of the main 
challenge to meet customers’ needs is the integration of traditional stores with mobile channels in a new 
synchronized operating model called cross-channel retailing. It gives to customers the opportunity to have a seamless 
experience across all company’s channels. The simultaneous and integrated management of all channels is not simple 
and assumes that the supply chain meets the requirements of visibility, accuracy and control of information, 
flexibility and efficiency. Furthermore, some processes such as inventory management and logistics become 
extremely critical by adopting a cross-channel retailing. In this context, this paper proposes a conceptual framework 
for the definition of physical and informative flows which are necessary to successfully implement this strategy and 
its impact on a traditional supply chain. This not simply means managing demand coming from mobile channels in 
addition to the brick and mortar one, but requires the actual integration of all the processes of planning and 
execution in order to optimize performances. This paper analyses the particular case of the fashion industry supply 
chain and defines how distribution and replenishment processes may be affected by the adoption of the cross-
channel. 
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1 Introduction 

The last decades have been characterized by the wide 
spread of e-commerce and mobile channel purchasing 
that have deeply changed retail business and management 
strategies leading to the birth and the development of e-
commerce companies. It is within this business context 
that many traditional brick and mortar companies have 
attempted to increase sales and improve profitability by 
adding online retail channels for consumers (Bretthauer et 
al, 2010). Many small businesses, use platforms like eBay 
and Amazon Marketplace on one hand, and a self-
managed online store on the other hand, as sales channels 
(Schneider and Klabjan, 2013).  
Nowadays, cross-channel retail systems have experienced 
increasing interest: they originate from the need of brick 
and mortar retailers to integrate physical stores with 
mobile channel in order to offer to customers a seamless 
experience across all company’s channels. After all, only 
few of them have the customer base and supply chain 
infrastructure in place to try and compete directly with the 
giants such as Amazon. Instead, traditional retailers are 
readying a strategic asset for battle - the local store. It 
turns out that having physical inventory close to the 
customer enables retailers to offer a flexible choice of 
fulfilment and return options to the consumer as well as 
shorter delivery times that can match those of the leading 
online pure plays (Forrester Consulting, 2014). 
Therefore brick and mortar retailers aim to combine their 
stores, existing distribution centres and new facilities into 

what they call “new generation fulfilment network”: i.e. a 
cross-channel system. They might support several 
fulfilment paths (e.g. “buy online, pick up in store”, “book 
on line, pick up in store”) in addition to the traditional 
ones.  
In this context, focusing our attention on the particular 
case of the Fashion and Apparel (F&A) industry, purpose 
of this paper is to propose a conceptual framework which 
defines all the processes, material and informative flows 
that underlie this complex Supply Chain (SC) and to 
analyse how the introduction of a cross-channel strategy 
can impact on them and on their performances.  
After a brief introduction on the characteristics of the 
F&A industry and a brief description of the logic that 
underlie the cross-channel strategy, we introduce the two 
conceptual frameworks. The first one describes the 
traditional channel in which the only purchase channel is 
the physical store, while the second one, “buy online, 
pick-up in store”, introduces the mobile channel for the 
purchasing of the product thus leaving the pick up 
through physical stores. The impact of the cross-channel 
strategy on a traditional SC is then analysed through the 
introduction of a set of KPIs in the last paragraph.  

1.1 Lean and Agile SC in the Fashion Industry 

F&A industry is a very dynamic sector, subject to constant 
and quick changes thus making time a crucial variable 
within competition. In addition, volatile markets and 
unpredictable demand are leading to the adoption of 
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specific SC models which try to manage the complexity in 
this sector.   
Several researchers focused their attention on this 
problem and agree in identifying the following main 
issues:  

 Short Product life cycles (Barnes, 2009): products are 

seasonal and designed to capture the mood of the 

moment, then they have a limited time in the market 

from their introduction to decline;  

 Unpredictable and Volatile Demand (Wang, et al., 2012) 

since this market is driven by extremely instable 

phenomena, such as weather, movies or sports;  

 Impulsive Purchasing Behaviour (Newman & Foxall, 

2003): clothing and fashion purchase decisions in 

developed countries are more based on want rather 

than need;  

 Wide Product Variety (Vaagen and Wallace, 2008): 

companies need to manage thousands of SKUs 

considering variety of sizes and colours; 

 Demand-driven SC (Walters, 2006): increasing 

consumer expectation are leading companies to 

adopt pull instead of push strategies; 

 Long and Complex SC (Fernie and Azuma, 2004) which 

involves several actors often located in low-cost 

countries; 

 Long time-to-market (Forza and Vinelli, 2000): there is 

almost a year lapse from the definition of the 

clothing item to its introduction in the stores. 

In this context the main challenge is gaining value from 
supply chain management trying to use aspects of both 
Lean and Agile models, which allow managing the request 
for speed and efficiency whilst responding with flexibility 
to demand fluctuations (Battista and Schiraldi, 2013).  
With the term “lean” we mean a supply chain able to meet 
strict requirements in terms of delivery times, order 
completeness and accuracy (Bruce et al., 2004), working 
on forecasts and inventory-focused information exchange. 
On the other hand, an “agile” SC is able to thrive in an 
environment of rapid and unpredictable changes and to 
respond to actual changes in demand (Christopher et al., 
2004).  
These two perspective, for the specific F&A environment, 
have been integrated and translated in the “Quick 
Response” (QR) and the “Fast Fashion” (FF) models, 
made popular in the last years by the brands Zara and 
H&M. These new management models clearly differ from 
the classical one which is based on planned manufacturing 
that lies in producing according to orders received during 
the presentation of collection (“Orders in Hand”), before 
the selling season.  
QR and FF instead, try to respond much more quickly to 
market needs by increasing number of mid-season 
collections, through the reduction of lead time (Fairhurst 
and Bhardwaj, 2010), and planning production on the 
effective demand recorded in stores thus trying to get 
clothing in stores within the shortest time possible.  

It is clear that organizational solutions of the supply chain 
are not restricted to those previously described, but there 
are a multitude of hybrid solutions used in current practice 
which try to achieve economic efficiency. Then companies 
should find the most suitable SC strategy in terms of goals 
and actions depending on the business characteristics and 
on the context in which they are operating in order to 
satisfy different demand patterns (Brun and Castelli, 
2008).  

1.2 Cross-channel retailing strategy 

The cross-channel retailing can be defined as a 
synchronized operating model in which all of company’s 
channels, i.e. traditional stores and mobile channels, are 
aligned and present a single face to the customer, allowing 
companies to meet customers’ requirements and to be 
more competitive.  
From customer point of view, main benefit due to cross-
channel application is to provide a seamless experience 
across all channels, translating benefits characterizing the 
online experience in physical stores and vice versa.  

Mobile and traditional retailing models are based on three 
different paths:  

 “Buy online, deliver to home”: it is the traditional mobile 
commerce. The user buys the product online and it is 
delivered to its home. In most cases the shipping 
costs are borne by customer, except when the 
purchase exceeds a certain amount or there are 
special promotions; 

 “Buy in store, pick up in store”: it is the traditional in 
store purchase and pick up; 

 “Buy in store, ship to customer home”: after buying the 
item in store, an additional home delivery service is 
provided by the retail firm.   

A cross-channel retailing strategy, instead, could be 
developed based on other three different paths: 

1)  “buy online, pick up in store”. The customer buys the 
product online; then it is delivered to the physical 
store and picked up by the customer himself, thus 
cancelling home delivery costs. 
There are two distinct practices used by retailers who 
allow customers to retrieve an online order at a store; 
Mahar et al. (2012) classified them into site-to-store and 
immediate in store pick up. Under the site-to-store practice, 
the retailer does not satisfy on line customer orders 
with on-hand inventory, but rather ships these orders 
from the warehouse to a local store for pick up. 
While the customer is not charged for the shipment, 
they may be forced to wait several days until their 
order arrives. Alternately, under the immediate in store 
pick up practice, retailers use stock on their store 
shelves to fulfil pick up orders. As a result, products 
purchased on line may be available to pick up 
relatively quickly; 

2) “reserve online, pick up in store”. Customer books 
product online, then pays and picks it up in the 
physical store; 

3) “reserve in store, pick up in the same store or in another store”. 
When the item required is not available in the store 
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visited by the customer, the retailer verifies the item 
availability in another nearby store. In case of success, 
the product is booked and the customer can choose 
whether to pick it up in the store where it is available 
or wait for the delivery to the first visited store.  

The analysis of the different paths’ activities highlights 
two main processes that could become extremely critical 
by adopting cross-channel retailing: 

 efficient inventory management: online purchase and 
booking processes require an effective inventory 
visibility. Any actor in the supply chain should be able 
to see which products are available and in which 
channels they are located (Motorola Solutions, 2013). 
Not less important are accuracy of this information, 
real time accessibility to the entire inventory and 
ability to control it; 

 reliable and quick distribution network: the logistics 
network becomes articulated and complex due to the 
great number of connections among the actors in the 
supply chain.   

 

2. Impact of Cross-Channel Strategy on a traditional 
SC 

As mentioned in the previous paragraph, our focus is to 
define all the processes, material and informative flows 
that underlie the complex SC in the fashion industry and 
then to analyse how the introduction of a cross-channel 
strategy can impact on them and on their performances. 
We describe the particular case of a company that 
manages an extensive network of retailers, both direct-
operated and franchising mono-brand stores; this means 
that decisions on purchases and distribution, together with 
all the risks connected, are centralised and directly 
managed by the company itself. 

In the following sections we describe in detail the 
traditional channel SC and then the additional processes 
and flows due to the introduction of the cross-channel 
retailing. 

2.1 Traditional channel  

Framework shown in Figure 1 with black colour 
represents processes, material and informative flows that 
underlie the complex SC in the F&A industry in case of 
adoption of the traditional channel strategy only. Blocks 
and arrows coloured in red, instead, represent the 
additional processes and flow required for the adoption of 
a cross-channel strategy and will be better described in the 
following paragraph.  

The process starts from the development of the New 
Collection by the styling office and the definition of the 
Demand Forecasts for the season T. While the New Collection 
is considered as a simple input for our framework, 
forecasting is one of the pillars on which all further 
planning activities are based; in the F&A industry this 
process is crucial and particularly complex due to high 
volatility and unpredictability of demand and has to 
consider historical sales data and characteristics of the new 
collection and stores. 

Next step is the drafting of Merchandise Orders (MO), 
which define purchasing quantities for each item, and 
Delivery Orders (DO), which define, for each supplier, 
time and place for products deliveries. For simplicity, we 
suppose that the k-th supplier produces the k-th item and 
delivers it to all the area warehouses in quantity Qkj. The 
supply process ends with the delivery of goods to the Area 
Warehouses according to the DOs. At this point, 
warehouse staff has the task of preparing personalized kits 
of items to send to the Stores (S) according to the 
Replenishment Orders (RO). The j-th warehouse supplies 
only a specific set of nj stores pertaining to its area. The 
process described so far defines the material and 
informative flow that characterizes the PRE-SEASON 
phase that, as the name implies, is performed before the 
beginning of the selling season. For example, in the case 
of Fall/Winter (FW) season this phase starts in October, 
with the development of the new collection after the most 
important sector fairs, and ends in September with the 
first deliveries to the stores. 

The IN SEASON phase, instead, starts with the first sales 
recorded in the stores which allow you to assess 
deviations between real sales and forecasts.  

Two different analysis must be performed at different 
time intervals. The first one, Stores Demand & Inventory 
Analysis, allows us to evaluate in real-time how much 
stores demand was under-estimated or over-estimated; it 
is performed at time intervals t and evaluates not only 
actual sales but also any return, defective or stolen item. If 
this deviation is higher than a fixed threshold (δST), the 
model will update the replenishment plans adjusting them 
in order to meet customers’ requests. The second analysis, 
Supply Chain Demand & Inventory Analysis, evaluates in 
aggregate data from stores and warehouses at each time 
interval τ (with t>τ). If this deviation is higher than 
threshold δSC, it means that we have to revise MOs and 
possibly cancel some orders or issue new ones; otherwise 
we just need to update DOs trying to anticipate or 
postpone the delivery of some items. It is clear that each 
change in one of the operation plan (Merchandise or 
Delivery) will cause in cascade and in consequence a 
change in the plans downstream. 

At the end of the selling season unsold goods will be 
collected from stores and delivered to Factory Outlet 
Stores and disposed during the following seasons (POST 
SEASON). In addition, all sales data recorded will be used 
to draft demand forecasts for the following season (T+1).  

2.2 Channel “buy online, pick up in store” 

With the modality “buy online, pick up in store”, the 
customer buys the product online and the pick-up will be 
carried out in the physical store by himself. The 
cornerstone of the system is the Virtual Inventory System: it 
contains data of all central warehouses and stores’ 
inventories updated in real time. Furthermore, it manages 
the online purchase process and provides data for the 
phases of Stores Demand & Inventory Analysis and Supply 
Chain Demand & Inventory Analysis.
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Figure 1: supply chain of F&A industry – traditional and “buy online, pick up in store” channels 

 

When a customer buys through the mobile channel, it 
interacts with a web site. After selecting the product and 
entering the details of the store where he wants to pick it 
up, the Virtual Inventory System proceeds as shown in 
Figure 2. 

 

Figure 2: purchase process through web site 

It starts from the Check of Global Availability, i.e. verifies 
if the product is available in one of the firm’s locations. If 
so, the “check phases” follow in order to identify where 
the item is. In chronological order they are: Store Check 
and Warehouses Check. If the product is available in the 
selected store, you can buy it and go to pick it up 
immediately. Otherwise, the system switches to verify in 
which warehouses the product is and plans its shipping 
from the nearest warehouse to the store chosen by the 
customer. If the Check of Global Availability fails, the 
system verifies if the required product is among incoming 
goods. If the answer is affirmative, the system, based on 
when the arrival product is forecasted, offers customer the 
due date for product pick up in store giving him the 
opportunity to decide whether to proceed with the 
purchase or not. 

3. KPIs 

After analysing the processes both in the traditional and in 
the cross-channel SC, it is useful to define a set of Key 
Performance Indicators (KPIs) and evaluate how the 
introduction of a new retail channel impact on them. 
Therefore KPIs are defined for a traditional supply chain 
considering several aspects: demand forecasting, 
purchases, costs, inventory turnover, service level and 
revenues. Their definitions and changes originating from 
the introduction of the channel “buy online, pick up in 
store” are reported in Table 2. The variations relative to 
the increase or the reduction of the quantities storage, 
transported, purchased and sold are disregarded.  
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KPI Definition  Changes due to cross-channel system Δ 

Forecasting 
accuracy 

Percentage of errors in forecasting compared to actual 
sales. 

For forecasting purpose, demand of the mobile channel could be treated as demand coming from an additional 
store with its defined characteristics, thus not affecting forecasting accuracy.  

= 

Inventory Turnover 
Number of times inventory is sold or used in a 
fixed time period expressed by the ratio between 
quantity outgoing the warehouse and average stock.  

The quantity outgoing the warehouse in a fixed time range could increase thank to online purchasing items.  
+ 

Store/warehouse 
availability 

Number of products available in a store/warehouse 
Neither warehouse or store availability is affected by the cross-channel strategy, since additional items delivered to 
stores are already purchased by online customers then they cannot be considered available for sales.  

= 

Out of stock (OOS) Number of orders that cannot be fulfilled. 
For the mobile channel, we do not consider OOS events since the virtual information system, in case of 
unavailability in store, checks immediately the availability in central warehouses. Then the probability of having 
stock out is not affected by the introduction of a cross-channel strategy.  

= 

Sales percentage 
Ratio between actual sales and quantities delivered to 
stores 

Actual sales are the sum of in store and online sales. The denominator 
becomes the sum of central warehouses and stores’ inventories.   

When the required item is not available, 
customers may decide to purchase it 
through mobile channel thus reducing 
lost sales and the gap between demand 
and actual sales.  

+ 

Service level Ratio between actual sales and demand  
Orders not completely fulfilled, i.e. products bought through web site 
and in phase of delivery to stores, are part of actual sales too. + 

Warehouse 
management costs 

Fixed management costs of warehouse and holding 
costs of stocks. 

While errors in the preparation of personalized kit of items for each store can lead to unnecessary costs of 
withdrawal or shortage, a missed delivery or an item purchased online can cause higher damages in terms of 
customer satisfaction, leading to even lose the customer. Then picking process and its costs have a huge impact on 
warehouse management performances.  

+ 

Primary transport 
cost 

Fixed and variable costs of transport from suppliers 
to central warehouses. 

Disregarding the increase in purchased quantity, this cost can be considered equal to the traditional channel.  
= 

Secondary transport 
cost 

Fixed and variable costs of transport from central 
warehouses to point of sales. 

Although from one side we can take advantage of economies of scale in the distribution to the stores, on the other 
we have to consider that, if an item has been purchased online, the delivery in the requested time must be 
guaranteed, thus implying a delivery for one item only if necessary. 

+ 

Store Management 
Cost 

Fixed management costs and holding costs for 
products in stores. 

Disregarding the additional items due to the cross-channel integration, this cost can be considered equal to the 
traditional channel.   

= 

Outlet Management 
Cost 

Fixed management costs and holding costs for 
products in factory outlet store. 

Not considering the increasing or decreasing in product quantity managed in the factory outlet stores, this cost can 
be considered equal to the traditional channel.   

= 

Purchase Cost Costs incurred for the purchase of products. No additional purchase cost should be considered for the implementation of the cross-channel strategy.  = 

Informatics platform 
Management Cost 

Fixed and variable cost for the management of the 
informative platform which connects stores, 
warehouses and their inventories. 

Unlike the traditional channel, the introduction of the cross-channel retailing requires a shared and integrated 
virtual inventory systems which needs to be continuously updated and maintained. + 

Returns 
Management Cost 

Costs incurred for the management of returned 
goods. 

Given the particular purchasing behavior of online customers, return rate will drastically increase when introducing 
the cross-channel strategy.  

+ 

Revenues Total revenues from selling of products. Thank to decreasing of OOS and consequent increasing of sales percentage, hopefully total revenues will increase.   + 

Table 2: KPIs assessment after the introduction of the “buy online, pick up in store” channel
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4 Conclusions and perspectives 

The integration between physical stores and mobile 
channel is the new frontier for retail: customer 
expectations, then operational requirements and supply 
chain configuration must be considered in the design and 
management of a cross-channel system.  

This paper shows how the introduction of another 
fulfilment path for the customer, in addition to the 
traditional one, impacts on the SC of F&A industry. The 
first evidences coming out are coordination and 
management of the information flow which becomes an 
enabling factor for a cross-channel system. The role of the 
virtual inventory system is crucial for the access to data on 
availability and location of products.  

From an economic perspective, disregarding the increase 
in product volumes, it is clear that the adoption of the 
cross-channel strategy implies an increase in costs due to 
the necessity to guarantee an efficient virtual inventory 
system (Informatics Platform Management Cost) and more 
frequent deliveries (Secondary transport Cost) beyond a more 
and more precise picking process (Warehouse Management 
Cost) and an increased rate of returned items (Returns 
Management Cost). On the other hand, this additional 
purchasing path leads to hopefully reduce lost sales 
increasing customer satisfaction in two ways:  

1) when the requested item is not available in the 
physical store, customers may choose to purchase it 
by the web site; 

2) more frequent deliveries to stores will probably 
increase availability thus positively affecting 
customers purchasing behaviour.   

All these variables must be carefully evaluated in pursuing 
the global target of the supply chain, i.e. profit.  

Next step of this work will be the implementation of the 
framework using simulation tools based on System 
Dynamics or discrete models. After a complete 
experimental campaign, it will be possible to confirm if 
the impact of the cross-channel strategy on Supply Chain 
Performances follow the supposed trend.  
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