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Background
Surviving in a volatile global economy, requires not only supply chain risk management. 
Equally essential to any business is the design of products and the resilience of the supply 
chain. Key factors for the future are management and the mitigation of supply chain risks to 
ensure maximum flexibility and responsiveness to customer demands. The right design can 
speed up the product development process and create a more agile approach to demand. In a 
quick-response market, such as the apparel market, where risks tend to increase, the failure to 
meet customer demands may have severe consequences (Mughal and Osborne, 1995). 
     Western European companies in the textile sector can compete in a global economy from 
a low labour cost market, by making the demand chain more robust and resilient and creating 
a  risk  management  culture  with  an  agile  demand  chain,  design  and  innovation-led  and 
collaborated. Several hidden risks are generated by outsourcing and offshore manufacturing, 
of which increased logistic costs and delays, natural disasters, transport disruptions, increased 
levels of inventory and increased lead times are only a few. These types of risks can, for 
example, cause product obsolescence (Christopher and Peck , 2004). 
     The Spanish apparel retailer Zara has been able to reduce the lead time from design to 
store down to two weeks. By outsourcing the manufacturing processes to workshops within 
Europe, the company ensures flexibility and closeness to customers as well as minimizing the 
risks. To adapt to demand, clothes are procured in four different neutral tones that can be 
dyed in the last minute. This makes the supply chain extremely responsive, flexible and cost-
efficient (Walters, 2006). 
     The development and change of a supply chain is related to a number of decisions, out of 
which several may be short of basic data and serve to increase the level of uncertainty. The 
present study aims to provide a basis for making such decisions. By visualizing the most 
obvious risks involved in  the interface between the focal  company and its  suppliers  and 



customers, measures for risks can be implemented from a demand chain perspective. The 
purpose is also to visualize risks for further assessment in a future parallel demand chain. 

Purpose
The study was performed as part  of a project termed “Knit-on-Demand”, the purpose of 
which  is  to  create  a  new production  and  logistics  concept,  based  on  a  combination  of 
innovative design and a new production facility. The purpose of this study is to assess and 
manage risks  in  a Swedish knitting supply chain from a demand-chain perspective.  The 
information  is  intended  as  a  basis  for  decisions  about  alternative  business  strategies. 
Consequently, the risks involved in a future-proposed, demand-driven concept were similarly 
assessed for comparison and for further measures to be taken. From a short-term perspective, 
the study will provide a solid basis for designing the new process and making it more robust. 
By revealing the most obvious risks, measures can be taken and safeguards implemented. 
The study aims, in a more comprehensive way, to provide a foundation for the decision-
making  process  in  companies  that  are  considering  a  business  transformation.  The  main 
objective for the risk assessment and quality project group was to provide a solid base for the 
decision-making process regarding changes in the business strategy. The long term objective 
for the project proposal is to explore the possibilities for sourcing and manufacturing locally. 
Consequently,  a  comprehensive  risk  assessment  is  a  valuable  decision  basis  for  such  a 
business transformation.

Delimitations
The  system  under  study  is  the  supply  chain  of  a  Swedish  knitting  company,  from  the 
forecasting  of  fashion  trends  and  delivery  of  raw  material  at  one  end,  to  delivery  to 
customers,  at  the other.  This paper  represents the results  of performed analysis  sessions, 
which  show  evaluated  risks  from  a  supply  chain,  and  how  these  risks  change  when 
considered from a demand-chain perspective. The study is limited to concerning only one 
company and its supply chain, focussing on the material and the information flow through 
the entire pipeline. Further limitations concern the exclusion of the sourcing of woven fabric 
and ready-made garments. Considering the scope of the study and the availability of data, the 
analysis  was  performed  on  a  broad  basis,  using  the  “what-if”-method.  Studies  were 
performed, with the purpose of mapping the supply chain with corresponding transports and 
warehousing.  The  demand  chain,  which  was  still  under  development,  was  mapped  in  a 
similar way. 

Method
A case study was performed at a Swedish knitting company. The results from a supply and 
demand chain mapping were used as a foundation for risk analysis. The study was performed 
through  support  from  the  Six  Sigma’s  roadmap  (DMAIC),  where  two  processes  were 
observed, and identified risks within the matured process were compared to the new process. 
Several deep interviews were performed with the managing director of the focal firm, who is 
also the production manager of a manufacturing plant in Estonia. For the purpose of this 
study,  the  “What-if-analysis”  was  chosen  and  performed  through  three  sessions  of 
brainstorming on the subject of the risks in the different parts of the system. The sessions 
lasted four hours and in total sixteen people were involved. The teams were composed of 
subject  area  experts,  such  as  production  manager/managing  director  of  the  focal  firm, 
knitting technicians and designers. Objective technical experts represented in the teams were 
two professors of logistics and of transportation security. The identified risks were evaluated 
according to probabilities of occurrence and of consequences. The total number of people 
involved in the case study was 21. 



The Theoretical Frame of Reference
There are several different definitions of risks to refer to, see Lawani et al. (2006) and Helliar 
et al. (2001). A risk can be defined as the consequence of uncertainty. According to Wang et 
al. (2000) risk is a combination of probability and consequence. There are many forms of 
supply chain risks that can affect a company’s robustness and supply chain. The different 
sources for risks in a supply chain can be divided into internal, external and environmental 
risks. (See figure 1). Internal risks can be divided into process and control risks and external 
ones, into demand and supply risks. The environmental risks are also external, derived from 
politics, nature and social uncertainties. The external and environmental risks are usually not 
within the focal company’s direct control,  which makes them potentially greater than the 
internal risks. See, Juttner (2005) and Christopher and Peck (2004). 

Figure 1:  Sources of supply chain risks (Christopher et al, 2003).

The most commonly discussed risks are the demand risks, which are often referred to as 
forecasting accuracy and the bullwhip effect. The risks are associated with the uncertainties 
of outbound logistics and product or service demand, downstream from the focal company to 
the customer.  This involves any disturbances to the flow of products, information or cash 
that can be derived from the entire network. Typical demand risks are a “demand greatly 
exceeding supply”, an “inability to meet exceptional demand”, and finally the “demand is 
well below expectation”, which is a common threat since the supply has been forecasted and 
investments made several months earlier. This will cause product obsolescence and thereby a 
loss in sales. Christopher et al. (2003) and Svensson (2000). 
     Supply risks relate to the uncertainties of inbound logistics (upstream from the focal 
company). Typical risks from this category are a shortage of materials, breakdown, defect 
products and delay of the product or service, Svensson (2002). A major cause of internal 
supply chain risks is often lack of visibility.  Process risks are related to variation in the 
company’s operational processes. Typical process risks are issues of yield, plant breakdown, 
quality  issues,  health  issues and product  safety.  Control  risk relates to  planning and the 
typical risks within this category are rules, systems and procedures that govern the focal 
company’s  control  over  its  processes.  It  includes  management  activities  like  quality, 
accuracy and capability of its operations and could also include systematic forecast error, 
inventory control accuracy and missing payments to suppliers. Environmental risks represent 
a  mixture  of  external  risks  for  the  entire  supply chain.  It  is  also  the  most  difficult  risk 
category  to  predict.  Risks  can  be  anything  related  to  natural  phenomena,  business 
environments, actions of war etc. (Christopher et al., 2003 and Svensson, 2002). 

Analyzing Procedure and Risk Assessment
The identification of hazards is  the central  component  of most methods of risk analysis. 
When  hazards  are  identified,  an  assessment  of  the  probabilities  and  consequences  is 
performed. This assessment can be either quantitative or qualitative. The objective of a risk 
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assessment  can  be  specified  at  different  levels  of  detail.  However,  the  general  aim  for 
assessing risks is to support or decline any decisions concerning changes in a system. The 
“What-  if-analysis”  is  often  used  to  hypothesize  potential  risks  in  a  system  using  a 
brainstorming approach, and to propose measures to be implemented for the identified risks. 
The brainstorming session requires a team of subject area experts, preferably with different 
backgrounds, to reduce the number of important risks that otherwise may be overlooked, see 
Harms-Ringdahl (2001). 
     US Coastguard provides a model for the procedure of “What- if-analysis”. The first step 
of the analysis is to identify the system of interest for the study, and create in scope/out of 
scope boundaries for the system to be analyzed. Problems to address are identified as safety 
problems,  environmental  problems,  economic  impacts  etc.  The  system  is  described  as 
broadly as possible, and represents the foundation for an analysis which is performed in a 
team of either subject matter experts, or objective technical personnel. “What-if-questions” 
are answered and proposals for safety measures generated.

Empirical studies

Supply Chain Today 
The supply chain constitutes a network with several actors within Europe producing leisure 
wear according to the “cut & sew” production method. Design is an external process which is 
managed through traditional fashion forecasting methods. The product development is then 
carried out at the focal company at Gällstad, Sweden. Full scale production of cut & sew 
garments takes place in Estonia where the knitting process is performed at one plant and the 
material is then transported to another plant to be cut and sewn. Raw material is purchased 
and distributed from twelve different suppliers in Europe to the focal company in Sweden, 
and are then reallocated to production plants in Estonia. The actors involved in the interface 
of the supply network are suppliers of raw material, accessories and ready- made garments at 
one end and customers (retailers) in the other. Other actors involved are identified as carrier 
companies, warehouses, and factories. 

Demand Chain in the Future
The demand chain forms a narrower network with suppliers within Europe. The production 
concept  involves  one  machine  which  enables  the  production  of  “complete  garment”, 
meaning that the cut and sew post-knit processes are eliminated. Depending on the final 
result of the Knit–on- Demand concept, the design will either take place before the selling 
season or directly in the store. Production (value-added time approximately three hours) will 
take place in the concept-shop at Gällstad, which enables direct deliveries to customers. The 
actors  involved  in  the  interface  of  the  demand  network  are  suppliers  of  raw  material, 
accessories and ready made garments at one end and customers (end users) in the other. 
Other identified actors are carrier companies and warehouses.

Analysis Sessions
The scope of the problems to address was determined as any type of problem that might 
reduce the capacity of material and information flow. The two chains to be analysed were 
divided into the areas of design, production and customer with an input/output perspective, 
that is, with focus on material and information flow through the processes and against the 
interfaces of nearby actors. The scope for the design team was to analyse the forecasting, the 
design and product development processes, while the production team focused on suppliers, 
transportation  and  warehousing,  and  the  customer  group  on  customer  relationships.  The 



analysis  was  performed through brainstorming sessions  in  teams of  subject  area  experts 
mixed  with  objective  technical  expertise  of  similar  systems.  The  purpose  of  mixing 
competences was to broaden the scope. Each identified risk was valued in probability and 
consequence according to a scale from 1-10 where 1 was equal to “not very likely” or “not 
severe”  and  10  was  equal  to  “very  often”  or  ”very  severe”.  All  risks  were  valued  in 
accordance with each other. The probability and consequence for each risk was multiplied, 
giving a risk level. An average value for the risk level from each risk category, for the supply 
chain and the demand chain respectively,  was  calculated.  Risks  exceeding the  risk level 
means by margin are represented in consecutive chapters, where P equals the probability for 
occurrence,  C  equals  the  consequence  and  RL  is  equal  to  the  calculated  risk  level. 
Conclusions are derived from the evaluation of probabilities and consequences during the 
analyzing session.
Environmental Risks 
Major critical events identified among the environmental risks can be studied in table I.
Table I. Environmental risks in supply chain
Supply chain P C RL P C RL Demand chain
Volatility in demand 8 9 72 0 9 0 Volatility in demand
Power failure, warehouse 9 8 72 2 8 16 Power failure, warehouse
Labour shortage 10 9 90 4 9 36 Labour shortage
The most critical environmental risk for the supply chain today is identified as the shortage 
of labour. This relates to the actual, overall shortage of labour on the Estonian labour market. 
The two second most critical risks are volatility in demand and power- cut during production 
hours. These are also typical risks related to the outsourced production, through geographical 
distance followed by long lead times on the one hand, and obsolete power lines causing 
vulnerability in the power supply on the other. The probability of not being able to meet 
volatility on demand is considered to be eliminated in the future demand state, thanks to the 
ability to respond to rapidly changing trends.  And the probability for  labour  shortage is 
reduced dramatically, considering that the demand chain, and its manufacturing unit will be 
situated in Sweden, where the labour market situation is the opposite of what it is in Estonia. 
Supply risks
Major critical events identified among the supply risks can be studied in table 2.
Table II. Supply risks  in supply chain.
Supply chain P C RL P C RL Demand chain
Expensive small deliveries 10 5 50 10 2 20 Expensive small deliveries
Part deliveries 10 5 50 10 2 20 Part deliveries
Supplier sold goods to other buyer 6 6 36 1 4 4 Supplier sold goods to other buyer

The Supply risks considered to be the most severe within the supply chain were “small, 
expensive deliveries” and “part deliveries”. The possibility of these risks occurring in the 
demand chain was considered to remain the same although the consequences were reduced in 
size. The reason for this was that small, and part-deliveries are part of the demand concept, 
and not considered to be a high priority problem compared to other demand chain risks. The 
risk of dealing with suppliers that sold goods to other buyers also decreased in severity for 
the future state, since the lack of one specific accessory or type of yarn does not affect the 
production to the same degree as for the current, supply chain state. The lack of raw material 
in  the  current  state  would  cause  delays  of  production  and  thereby  affect  lead  times 
negatively. In the future demand state, this would only cause minor problems because there 
will still be raw material to choose from.



Process risks
Major critical events identified among the process risks can be studied in table3.
Table III. Process in supply chain.Na = not applicable
Supply chain P C RL P C RL Demand chain
Salesmen reject models 10 7 70 0 7 0 Salesmen reject models 
Incorrect input from trend-spotting 7 9 63 7 9 63 Incorrect input from trend-spotting 
Erroneous pattern/design 6 9 54 6 9 54 Erroneous pattern/design
Bad fitting 6 9 54 6 9 54 Bad fitting 
Bad choice of inspiration source/trip 7 9 63 7 9 63 Bad choice of inspiration source/trip
Designer’s interpretation variable 7 9 63 7 9 63 Designer’s interpretation variable
Erroneous marking/labelling 8 5 40 8 5 40 Erroneous marking/labelling
Packaging mistakes 8 5 40 8 5 40 Packaging mistakes
Inventory flow inefficiency 8 9 72 2 2 18 Inventory flow inefficiency
Buying too much material,  leading 
to obsolescence 

8 9 72 2 9 18 Buying too much material, leading to 
obsolescence

--- Na -- -- 9 6 54
Waiting time in store due to minor 
interruptions

--- Na -- -- 9 6 54 Bus of tourists
--- Na -- -- 6 7 42 Concept not fully understood
--- Na -- -- 3 8 24 Model miss

--- Na -- -- 8 10 80
Low budget profile versus
exclusiveness

When calculating the level for process risks the most serious cases were related to building 
levels of inventory, causing over-stocking and obsolescence. Both risks, that is “buying too 
much material” and “inventory flow inefficiency” obtained low risk- levels in the demand 
chain, thanks to the production concept which implies that the company keeps low levels of 
inventory that enables an efficient inventory flow. A special kind of risk, in the supply chain, 
that was considered to have a high impact on the assortment, was that the salesmen most 
often seems to reject models they do not like themselves and thereby function like a filter 
between the design department and the market. The probability for this in the demand chain 
was considered to be reduced to zero, with the explanation that the customer can choose from 
the whole assortment present in the design software. Events that were deemed to have the 
same impact were “incorrect input from trend spotting”, ”bad choice of inspiration source” 
and the ”Designer’s interpretation variable”. These risks can have devastating consequences 
for  the  result  of  the  fashion  content  of  the  assortment,  causing  unsold  products  and 
obsolescence, and even causing lost confidence among the customers.  These aspects were 
considered to remain at a risk-level for the demand chain, which implies that there is a need 
for special measures to handle the problems in the future state. Erroneous patterns and bad 
fitting were considered as having the same consequences as the above mentioned, but with a 
slightly  lower  probability,  thanks  to  the  reduced  complexity  to  take  measures  through 
education. Other risks that might be reduced or mitigated through education are erroneous 
marking/labelling and packaging mistakes. These are however considered easier to handle 
with simple corrections rather than education. Identified risks expected to add on top of this 
were waiting time in store due to minor interruptions in equipment and common disorder, the 
arrival of a bus of tourists, from which all passengers want to design their own garments, a 
concept not  fully understood, a model  miss due to insufficient knowledge of design and 
construction, and a conflict between Gällstad’s low budget profile and the exclusiveness of 
the “Knit- on –Demand” concept.



Control Risks
Major critical events identified among the control risks can be studied in table IV.

Table IV. Control risks in  supply chain.
Supply chain P C RL P C RL Demand chain
Misunderstanding/communication 
disturbancies 10 7 70 4 7 28

Misunderstanding/communication 
disturbancies

Erroneous data on articles 8 9 72 2 9 18 Erroneous data on articles
Missing SKUs (yarn, accessories) 8 9 72 2 9 18 Missing SKUs (yarn, accessories)
Lack  of  capability  due  to  machine 
failure 8 9 72 2 9 18

Lack of capability due to machine 
failure

The three most severe risks according to the calculated risk level among the control risks 
were “erroneous data on articles”, “missing SKUs” and “lack of capability due to machine 
failure”.  All  of  the  control  risks  above  were  considered  to  decrease  dramatically  in  the 
demand  state,  since  these  are  controlled  through  the  demand  approach.  Any  probable 
misunderstandings between customer and shop assistant are likely to be solved on location 
during the design process. The communication between focal company and suppliers still 
needs to be considered, but the efficiency of the demand chain may in itself lead to improved 
visibility.

Demand Risks
Major critical events identified among the demand risks can be studied in table V.
Table V. Demand risks in supply chain
Supply chain P C RL P C RL Demand chain
Over-designed model 6 9 54 0 9 0 Over -designed model 
Changes  in  customer  orders  not 
reaching all the way 8 7 56 4 7 28

Changes  in  customer  orders  not 
reaching all the way

Customer  complaints  –  returning 
goods 10 5 50 3 9 27

Customer  complaints  –  returning 
goods

The demand risks for the supply chain, considered to be the most important were “changes in 
customer  orders  not  reaching  all  the  way”  which  can  be  derived  from  inefficient 
communication  strategies.  This  risk  is  reduced  to  zero  in  the  demand  chain,  since  the 
communication between customer and machine operator will take place, face to face. The 
high-risk level for over-designed models in the supply chain can be derived from the wider 
range of material to choose from, which depending on the quality of raw material affects the 
end price for the product. If the price is too high, it would lead to unsold products. In the 
demand chain this risk is reduced, thanks to the reduced assortment and pre-evaluated quality 
target, and the fact that the price level is already stated. Customer complaints leading to the 
returning of goods were considered to have quite a high risk level for the supply chain, but 
much lower for the demand chain. One explanation of this could be the increasing visibility 
and reduced amount of intermediaries in a demand chain. For the Knit-on-Demand concept 
the risk  is  more directed to  human aspects  in  customers  regretting the  choices  made in 
designing the garment, which reduces the probability several steps from the supply chain 
perspective.

Conclusions
The major findings from this investigation reveal the most evident risks in the supply chain 
under study as well as in the proposed future demand chain. The proposed transformation of 
business  strategy  seems  to  eliminate  several  of  the  exposed  risks  and  reduce  others. 
Obviously, new risks were identified in the proposed state, which need to be managed when 



further developing the concept. Through a proactive approach, the risks can be managed, 
which will contribute to a higher grade of quality assurance.
     The  main  differences  among  the  identified  risks  may  be  derived  from  common 
dissimilarities between outsourced/nearby production and supply/demand driven production. 
Problems in meeting volatility in demand, communication disturbances and overstocking are 
typical examples, which might be obvious to the beholder, but requires a strategic approach 
to be solved, anyhow. The identification of these however clearly states the importance of the 
problems. By producing closely to the market, the risks can be reduced significantly in all 
risk categories.
     There are however further risks arising with the “Knit -on –Demand” concept, due to the 
in-shop, on-time delivery announcement which increases customer expectations. This makes 
it extremely important to develop a strategy for assuring customer service. The objective was 
however also to find relevant sources of risks arising in the “Knit- on –Demand” concept, to 
be able to create a more robust process through the mitigation of probable events. 

References
Christopher, M., McKinnon, A., Sharp, J., Wilding, R., Peck, H., Chapman, P., Juttner, U. 
and Bolumole, Y. (2003), Supply Chain Vulnerability, Cranfield University, Cranfield, UK.

Christopher, M., and Peck, H. (2004), “Building the Resilient Supply Chain”, International  
Journal of Logistics Management, No. 2, pp. 1-13.

Helliar, C. and Lonie, A. and Power, D. and Sinclair, D. (2001), “Attitudes of 
UK Managers to Risk and Uncertainty”, The Institute of chartered accountants 
of Scotland, Bell and Bain Ltd, Glasgow.

Juttner, U. (2005), “Supply chain risk management: “Understanding the 
business requirements from a practitioner perspective”. The international  
journal of logistics management, Vol. 16 No. 1, pp. 120 – 141.

Harms–Ringdahl. L, (2001) Safety Analysis- principles and practice in  
occupational safety USA: 

Lalwani, C.S and Disney, S. M. and Naim, M. M. (2006), “On assessing the 
sensitivity to uncertainty in distribution network design”, International journal 
of physical distribution & logistics management, Vol. 36. No. 1, pp. 5-21.

Mughal, H. Osborne, R (1995) “Designing for Profit”, World class Design to 
Manufacture Vol. 2 No.5 pp. 16-26

Svensson, G. (2002), “A conceptual framework of vulnerability in firms 
inbound and outbound logistics flows”, International journal of physical  
distribution & logistics management, Vol. 32, No. 2, pp. 110-134.

Svensson, G., (2000) “A conceptual framework for the analysis of vulnerability in supply 
chains”, International journal of physical distribution & logistics management, Vol. 30, No. 
9, pp. 731-750.
US coast guard:(   http://www.uscg.mil/hq/g-m/risk/e- idelines/whatif_proc.htm  ) ,   2007-02-02

http://www.uscg.mil/hq/g-m/risk/e- idelines/whatif_proc.htm


Walters, David (2006), “Effectiveness and efficiency: the role of demand chain 
management”, International Journal of Logistics management, 17(1), p. 75.

Wang, J. and Roush, M. (2000), What every engineer should know about risk  
engineering and management. Marcel Dekker inc. New York.

Waters. D, (2003) Global Logistics and Distribution Planning- strategies for 
management, London U.K.


	Method
	The Theoretical Frame of Reference
	Analyzing Procedure and Risk Assessment
	Empirical studies
	Supply Chain Today 


	Environmental Risks 
	Supply risks
	Process risks
	Control Risks
	Demand Risks

