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The aim of this thesis was to research which supply chain risks contribute to medicine 
 shortages occurring in the Finnish market. In addition, the objective was to find out how 
 medicine  shortages  could  be  mitigated  or  prevented  through  supply  chain  risk 
 management  practices.  Medicine  shortages  have  increased  globally  during  the  last 
 decades which is why the issue needs to be researched and sustainable solutions to 
 overcome the issue are needed. 


The empirical part of the study was conducted as a qualitative multiple case study by 
interviewing  representatives  from  pharmaceutical  wholesale  licence  holders  and  a 
wholesaler  operating  in  Finland.  The  empirical  findings  mainly  support  previous 
research findings. The results indicate that the reasons behind medicine shortages are 
often complex and in most cases there are more than just one reason affecting behind 
a shortage. Thus, strong political commitment as well as national and multi-national 
efforts are needed to find solutions for the issue. 
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Tämän  Pro  Gradu  -tutkimuksen  tarkoituksena  oli  tutkia,  mitkä  toimitusketjun  riskit 
 aiheuttavat lääkkeiden saatavuusongelmia Suomen markkinalla. Lisäksi tarkoituksena 
 oli  selvittää,  miten  lääkkeiden  saatavuusongelmia  voitaisiin  hallita  tai  estää 
 toimitusketjun  riskienhallinnan  keinoin.  Lääkkeiden  saatavuusongelmat  ovat 
 lisääntyneet  maailmanlaajuisesti  viimeisten  vuosikymmenien  aikana,  minkä  takia 
 ongelma  vaatii  tutkimista,  ja  ongelman  selvittämiseksi  on  löydettävä  kestäviä 
 ratkaisuja. 


Tutkimuksen  empiirinen  osio  toteutettiin  laadullisena  monitapaustutkimuksena 
haastattelemalla  Suomessa  toimivien  lääkkeiden  myyntiluvan  haltijoiden  sekä 
tukkumyyjän  edustajia.  Empiirisen  tutkimuksen  tulokset  tukevat  pääosin  olemassa 
olevan  tutkimustiedon  löydöksiä.  Tulokset  osoittavat,  että  lääkkeiden 
saatavuusongelmien taustalla vaikuttavat syyt ovat usein monimutkaisia ja useimmiten 
saatavuusongelmien  taustalla  vaikuttaa  useampia  tekijöitä.  Siksi,  poliittista 
sitoutumista  sekä  kansallisia  ja  monikansallisia  toimia  tarvitaan  jotta  ongelmaan 
löydetään ratkaisuja. 
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(7)1  INRODUCTION 


Increasing complexity of products and services as well as trends such as outsourcing, 
 single  sourcing  and  reduction  of  the  supplier  base,  globalisation  and  focusing  on 
 removing the slack from the supply chain have caused a shift from traditional supply 
 chains to complex and dynamic supply networks (Harland, Brenchley & Walker 2003; 


Hendricks & Singhal 2012; Jüttner, Peck & Christopher 2003). The above-mentioned 
 strategies have improved organisations’ performance, but due to their intricacy, supply 
 chains  and  networks  are  more  susceptible  to  risk  and  disruptions  and  thus,  more 
 vulnerable  than  before  (Hendricks  &  Singhal  2012;  Fang,  Zhao,  Fransoo  &  Van 
 Woensel  2013;  Teuscher,  Grüninger  &  Ferdinand  2006).  To  deal  with  supply  chain 
 risks, companies must develop robust capabilities which requires leadership, detailed 
 and careful planning and commitment of resources (Hendricks & Singhal 2012). By 
 deploying reactive and proactive supply chain risk management strategies companies 
 may prevent the negative effects of supply chain risks or control and mitigate them. 


The above-mentioned strategies used to strive for economic advantage and efficiency 
within  the  pharmaceutical  industry  have  resulted  in  concentration  of  medicine 
manufacturing  and  distribution  which  again  have  contributed  to  shortages  of  raw 
materials and active ingredients used for medicine manufacturing as well as finished 
medicines.  European  Association  of  Hospital  Pharmacies’  (EAHP)  surveys  on 
medicine shortages in Europe have indicated a negative trend in increasing medicine 
shortages  on  each  survey  period  from  2013  to  2019  (EAHP  2019).  As  medicine 
shortages are a common problem world-wide and hamper healthcare professional’s 
work on a weekly basis, and because the consequences of medicine shortages are 
threatening patient’s health and life, it is important to raise awareness of the problem 
(Barbosa-Povoa,  Jenzer  &  de  Miranda  2019).  Furthermore,  EAHP’s  medicine 
shortages report 2019 suggests that medicine shortages will presumably worsen in the 
future,  especially  due  to  the  outburst  of  COVID-19  pandemic,  which  is  why  it  is 
necessary  to  research  the  reasons  behind  medicine  shortages  and  find  ways  to 
improve medicine availability on a global scale. 



(8)Problems in the availability of raw materials of medicines as well as finished medicines 
 have  caused  problems  increasingly  in  Finland  during  the  last  years  as  well.  Global 
 shortages naturally have the potential to affect availability in the Finnish market as well. 


In  addition,  country-specific  factors  such  as  dependence  on  foreign  manufacturing, 
 small  size  of  the  market  and  the  geographical  location  of  Finland  add  to  the  risk 
 regarding  the  availability  of  medicines.  (Heiskanen,  Ahonen,  Kanerva,  Karttunen  & 


Timonen 2017) 
 1.1  Background 


Scientific  research  on  medicine  shortages  has  increased  during  the  recent  years 
 because of the topicality of the issue around the world. However, there is not enough 
 reliable information available to assess the magnitude of medicine shortages and to 
 establish a global coordinated action to tackle the issue. (Besancon & Chaar 2013; 


Barbosa-Povoa, Jenzer & de Miranda 2019). Furthermore, the characteristics of the 
 problem vary notably between countries. In the USA medicine shortages have been 
 studied and tracked since the early 2000’s, however, despite measures taken to tackle 
 medicine shortages, the issue has not disappeared. (Besancon & Chaar 2013; Fox, 
 Sweet & Jensen 2014) Furthermore, medicine shortages in Europe have not been as 
 extensively studied as in the USA (Pauwels, Simoens, Casteels & Huys 2015; Bogaert, 
 Bochenek, Prokop & Pilc 2015).  


Shortages  in  essential  medicines  have  been  increasing  globally  during  the  recent 
years  (Besancon  &  Chaar  2013;  WHO  2016).  EAHP  has  collected  evidence  of 
medicines supply shortages in Europe from 39 countries in the hospital sector since 
2013,  interviewing  pharmacists,  physicians,  nurses  and  other  health  care 
professionals.  Surveys  have  indicated  a  negative  trend  in  increasing  medicine 
shortages  on  each  survey  period.  (EAHP  2019)  This  development  is  alarming  as 
medicines have a huge role in protecting, restoring and maintaining people’s health 
and the provision of appropriate medicines is a concern of global and national policy 
makers  as  well  as  agencies  implementing  health  activities  and  programmes  (WHO 



(9)2011).  Jenzer,  Sadeghi,  Maag,  Scheidegger-Balmer,  Uhlmann  &  Groesser  (2019) 
 even argue that if the medicine shortage issue is left alone it threatens to become a 
 crisis in terms of the ability to implement patient care. 


In the U.S. there was a significant increase in medicine shortages starting in 2008, at 
 the same time with the economic downturn. Despite the economic recovery, medicine 
 shortages  have  persisted,  albeit  declined.  (Mazer-Amirshahi,  Goyal,  Umar,  Fox, 
 Zocchi, Hawley & Pines 2017) Aging communities and availability of more effective 
 treatments have caused an ever-growing demand for medicines which, combined with 
 medicine  shortages,  often  results  in  inability  to  provide  medicines  when  they  are 
 needed where they are needed (Ward & Hargaden 2019; Besancon & Chaar 2013). 


The demand of medicines generally remains constant over time which makes them a 
 unique  commodity.  In  addition,  the  consumer  of  a  medicine  is  not  in  control  of  the 
 choice of product. (Fox, Sweet & Jensen 2014)  


The European Association of Hospital Pharmacists (EAHP) has conducted surveys on 
 medicine shortages in Europe since 2013. For the first time in their 2019 survey EAHP 
 gathered information on possible reasons for medicine shortages. Top three answers 
 for healthcare professionals and hospital pharmacists were the global shortage of an 
 active pharmaceutical ingredient (API), manufacturing and supply chain problems. for 
 physicians top three answers were prices of medicines, supply chain problems and 
 parallel export related issues. (EAHP 2019) Other studies have also recognized the 
 role of supply chain related issues in inflicting medicine shortages. Heiskanen et al. 


(2017)  found  out  that  reasons  for  medicine  shortages  were  more  often  supply  than 
demand related. According to the study of Pauwels et al. (2015) hospital pharmacists 
stated manufacturing problems as the most important reason for medicine shortages 
in Europe. The University of Utah estimated that in 2012 36% of medicine shortages 
in the USA resulted from manufacturing issues, 8,3 % was related to supply/demand 
reason, 7,8% was due to discontinuation of a product and 3,9% was due to lack of raw 
material, for 44% of shortages no specific reason was reported (Besancon & Chaar 
2013). In addition, a review conducted by the Federal Drug Administration (FDA) in the 



(10)USA identified that main causes for medicine shortages were manufacturing problems 
 (43%), delays in manufacturing or shipping (15%) and lack of API (10%) (Fox, Sweet 


& Jensen 2014). According to WHO’s Drug Information quality and raw material issues 
 at the manufacturing level have been increasingly related to medicine shortages e.g., 
 due to increased global competition of API’s (WHO 2016).  


Heiskanen, Ahonen, Karttunen, Kanerva & Timonen (2015) found out that 80% of the 
 Finnish pharmacies studied, reported encountering medicine shortages daily or almost 
 daily and in every third case the shortage caused problems for the pharmacy as the 
 customer could not receive medicine. The medicines in short supply were commonly 
 used  medicines  (Heiskanen  et  al.  2017).  Medicine  shortages  in  the  Finnish  market 
 have not yet been studied extensively and only a few research papers can be found 
 which handle the topic. Authors have suggested similar reasons and characteristics for 
 medicine  shortages  occurring  in  the  Finnish  market  (Sarnola  &  Linnolahti  2019; 


Heiskanen et al. 2015; Heiskanen et al. 2017). Heiskanen et al. (2017) however point 
 out that based on current research, the reasons behind medicine shortages are often 
 not  determined.  Authors  have  also  found  similarities  between  the  characteristics  of 
 medicine shortages occurring in the Finnish market and in other markets. However, 
 there are also country-specific factors related to Finnish pharmaceuticals market that 
 affect  the  availability  of  medicines  and  thus  must  be  taken  into  consideration  when 
 contemplating the issue from Finland’s perspective (Junttonen 2017). 


1.2  Research objectives, questions and limitations 


According to previous research data, supply chain related reasons have a crucial role 
behind medicine shortages (EAHP 2019; Heiskanen et al. 2017; Besancon & Chaar 
2013; Junttonen 2017). Therefore, this thesis will have supply chain risk and supply 
chain risk management viewpoint. The aim is to study which risks in the global supply 
chains have the biggest potential to cause medicine shortages and to find out which 
supply  chain  risk  management  strategies  are  being  applied  or  could  be  applied  to 
tackle the medicine shortage issue. Thus, the theoretical framework of this thesis is 



(11)built on supply chain risk and supply chain risk management theory. The literature on 
 these two topics is rather extensive as they have been studied widely and from diverse 
 perspectives  throughout  the  past  decades.  Hence,  there  is  a  wide  range  of  supply 
 chain risk and SCRM related literature available to support the theoretical framework 
 of this study. However, due to the novelty of the topic of medicine shortages, there is 
 still a limited number of academic literature available in that field, especially regarding 
 medicine  shortages  in  Finland.  The  situation  is  similar  with  the  reasons  behind 
 medicine shortages, especially with those related to supply chain risks.  Hence, there 
 is still gaps in the research and various angles remaining from which the issue could 
 be studied. 


Figure 1 Thesis framework 


Figure 1 illustrates the theoretical framework of this thesis i.e., how the key concepts 
(explained in chapter 1.3) and theory are linked together to form a framework for the 
study. The thesis is based on theory about supply chain risks and supply chain risk 
management which are then applied to the medicine supply chain context focusing on 
the issue of medicine shortages. The special requirements and regulation related to 



(12)the pharmaceutical industry are examined to provide an overview on how they affect 
 the supply chain risk management practices. 


The objective of this thesis is to study the root causes for medicine shortages from the 
 viewpoint of pharmaceutical wholesale licence holders and wholesalers operating in 
 the  Finnish  market.  The  aim  is  also  to  find  out  how  medicine  shortages  could  be 
 mitigated  or  prevented  through  supply  chain  risk  management  practices.  Thus,  this 
 thesis will consist of a theory chapter about supply chain risks and SCRM, a review on 
 medicine shortages based on literature and an empirical research study on medicine 
 shortages in Finland.  The operational environment within the pharmaceutical market 
 differs between countries (Heiskanen et al. 2017). Thus, the characteristics of medicine 
 shortages and the reasons behind them also vary and need to be studied at a country 
 level as practices taken in some other country may not be feasible in the Finnish market 
 environment. Thus, the main research question and two sub-research questions of this 
 thesis study are: 


1.  Why do medicine shortages exist? 


1.1.   Which supply chain risks cause medicine shortages in Finland?  


1.2.  How to mitigate medicine supply chain risks? 


There are some limitations done in the scope of this study. Firstly, the study focuses 
 on medicine shortages in Finland and to some extent also Europe as being part of the 
 EU  Finland  has  to  comply  with  the  EU  rules  and  requirements  regarding  medicine 
 authorisation and monitoring (EMA 2016). Furthermore, according to Heiskanen et al. 


(2017)  European  countries  mainly  share  common  underlying  reasons  for  medicine 
 shortages. The empirical part is based on pharmaceutical wholesale licence holders’ 


and wholesalers’ perceptions on medicine shortages as it was considered that they 
are  well  acquainted  with  the  operation  and  characteristics  of  the  pharmaceutical 
market and pharmaceutical supply chains. Other countries or markets are excluded 
from this research to better manage the topic.  



(13)1.3  Key concepts 


The key concepts of this thesis are presented below. The chosen explanations were 
 considered the most appropriate ones regarding the context of this thesis. 


Medicine  (pharmaceutical,  drug)  shortage:  “Shortcoming  in  the  supply  of  a 
 medicinal product that affects the patient’s ability to access the required treatment in 
 due time.” (Pauwels et al. 2015, 1) 


Supply chain risk (SCR): “Supply-chain risks can become full-fledged supply-chain 
 problems,  causing  unanticipated  changes  in  flow  due  to  disruptions  or  delays. 


Disruptions can be frequent or infrequent; short- or long-term; and cause problems for 
 the affected organization(s), ranging from minor to serious.” (Chopra & Sodhi 2004, 
 54) 


Supply  risk:  “The  probability  of  an  incident  associated  with  inbound  supply  from 
 individual supplier failures or the supply market occurring, in which its outcomes result 
 in the inability of the purchasing firm to meet customer demand or cause threats to 
 customer life and safety.” (Zsidisin 2003, 222) 


Supply  chain  risk  management  (SCRM):  “The  identification  and  management  of 
 risks  for  the  supply  chain,  through  a  co-ordinated  approach  among  supply  chain 
 members, to reduce supply chain vulnerability.” (Jüttner, Peck & Christopher 2003, 9) 


1.4  Structure of the thesis 


This thesis consists of 6 main chapters presented in figure 2. First, in the introduction 
chapter the background, aims of the research, research questions and key concepts 
are presented. The second chapter entails theory on supply chain risks and supply 
chain risk management based on existing literature. In the third chapter, a literature 
review  on  medicine  shortages  is  provided  as  a  background  information  for  the 
empirical findings of the thesis. In the fourth chapter, the research methodology and 
data collection methods of the empirical study are presented. Fifth chapter covers the 



(14)empirical results and findings, and in the sixth chapter these findings are summarized 
 and reflected to the theory presented in chapters two and three. 


Figure 2 Thesis structure 



(15)2  SUPPLY CHAIN RISKS AND SCRM 


Every purchasing organisation is exposed to supply risk which is why it is important for 
 businesses  to  understand  and  manage  risks,  and  to  include  risk  management 
 perspective in the implementation of their business strategy (Smallman 1996; Zsidisin 
 2003). Christopher (2011) argues that the biggest risks to business continuity in the 
 volatile,  contemporary  business  environment  lie  in  the  supply  chain.  A  disruption 
 anywhere in the supply chain may result in a supplier’s failure to deliver the purchased 
 goods or services and can have detrimental effects for the purchasing firm and further 
 in  the  downstream  supply  chain  (Zsidisin,  Ellram,  Carter  &  Cavinato  2004;  Jüttner, 
 Peck & Christopher 2003). Uncertainty causes risks, however, often it is impossible to 
 remove  uncertainty  from  the  supply  chain  in  which  case  the  uncertainty  must  be 
 accepted  and  a  strategy  that  enables  matching  supply  to  demand  despite  the 
 uncertainty must be developed (Hallikas, Karvonen, Pulkkinen, Virolainen & Tuominen 
 2004; Christopher & Towill 2001).  


Risk has multiple definitions and can be perceived differently depending on the context 
 which means that no single definition of risk will be appropriate in all circumstances 
 (Zsidisin  2003).  ‘Risk’  can  refer  to  either  the  sources  of  risk  and  uncertainty  or  the 
 consequences of them (Jüttner, Peck & Christopher 2003). Mitchell (1995) defines risk 
 concisely  as  the  probability  of  loss  and  the  significance  of  it.  According  to  Harland, 
 Brenchley & Walker (2003, 52), risk is a “chance of danger, damage, loss, injury or any 
 other undesired consequences”. Finally, Sitkin and Pablo (1992, 10) define risk as “the 
 extent  to  which  there  is  uncertainty  about  whether  potentially  significant  and/or 
 disappointing  outcomes  of  decisions  will  be  realized”.  The  latter  definition  entails 
 dimensions of the uncertainty, expectations and potential of the outcome which should 
 also be taken into consideration in the context of organisation’s supply management 
 (Zsidisin 2003). 


In literature, terms ‘supply chain risk’, ‘supply risk’ and ‘supply (chain) disruption’ have 
similar meanings and are sometimes difficult to distinguish from each other. Chopra & 



(16)Sodhi  (2004,  54)  define  supply  chain  risk  as  “Supply-chain  risks  can  become  full-
 fledged  supply-chain  problems,  causing  unanticipated  changes  in  flow  due  to 
 disruptions or delays. Disruptions can be frequent or infrequent; short-term or long-
 term;  and  cause  problems  for  the  affected  organization(s),  ranging  from  minor  to 
 serious.”  Zsidisin  (2003,  222)  defines  supply  risk  as  “The  probability  of  an  incident 
 associated with inbound supply from individual supplier failures or the supply market 
 occurring, in which its outcomes result in the inability of the purchasing firm to meet 
 customer  demand  or  cause  threats  to  customer  life  and  safety.”  Finally,  Bode  & 


Wagner  (2015,  216)  define  supply  chain  disruption  as  “the  combination  of  an 
 unintended and unexpected triggering event that occurs somewhere in the upstream 
 supply  chain  (the  supply  network),  the  inbound  logistics  network,  or  the  purchasing 
 (sourcing) environment, and a consequential situation which presents a serious threat 
 to the normal course of business operations of the focal firm.” A common characteristic 
 for all three definitions presented above is the interruption in material (or service) flows 
 within the supply chain. All these definitions also feature the possibility of a large set 
 of issues such as quality problems with suppliers, delivery outages, supplier defaults 
 or fires (Bode & Wagner 2015).  


2.1  Supply chain risks 


To  be  able  to  respond  rapidly  to  changing  market  environment,  it  is  inevitable  that 
 organisations form networks and collaborate, which makes them more interdependent 
 (Hallikas et al 2004). With increased outsourcing supply chains extend from one side 
 of the world to the other, and confederations of companies are linked together to form 


‘network  organisations’  that  consist  of  multiple  tiers  of  suppliers  (Christopher  2011; 


Hallikas et al. 2004). Risk related to the operation of supply networks is increasing as 
networks get wider and risks may occur in different parts and processes of the network 
(Harland, Brenchley & Walker 2003; Kleindorfer & Saad 2005). Also, whilst companies 
become more exposed to the risks of other companies as the dependency between 
them  increases,  it  must  be  noticed  that  risks  that  are  not  substantial  to  one 
organisation, might cause significant consequences elsewhere in the supplier network 



(17)(Hallikas  et  al.  2004).  However,  technical  development  including  digitalisation,  data 
 analysis capabilities as well as connectedness provide organisations operating in the 
 contemporary business environment tools to detect and prevent supply disruptions and 
 other risks within the supply network more efficiently than before (Zsidisin & Henke 
 2019).  


Supply  chain  risks  can  be  broadly  divided  into  two  major  categories:  demand  and 
 supply risks. Demand risks include seasonal imbalances in demand and new product 
 adaption  whereas  supply  risks  include  manufacturing  and  logistics  capacity  risks. 


(Johnson 2001) Chopra and Sodhi (2004) categorize potential supply chain risks in 
 delays,  disruptions,  forecast  inaccuracies,  systems  breakdown,  intellectual  property 
 breaches,  procurement  failures,  receivables  problems  and  inventory  or  capacity 
 issues. On the other hand, risk sources can result from supply disruptions, caused by 
 major global events or less extreme and more locally appearing events. Such events 
 inflicting  supply  disruptions  may  include  for  example  natural  disasters  or  natural 
 phenomena,  labor  strikes,  issues  in  shipment,  machinery  breakdowns,  financial  or 
 political crises or acts of war or terrorism. (Fang et al. 2013; Chopra & Sodhi 2004; 


Hopp, Irvani & Liu 2012)  


Christopher (2011) divides supply chain risks to external risks, arising from e.g.  natural 
 disasters  or  government-imposed  legal  restrictions,  and  internal  risks  arising  as  a 
 result of how the supply chain is structured and managed. He further proposes that 
 five  main  sources  of  risks  across  the  supply  network  are  supply  risk,  demand  risk, 
 process risk, control risk and environmental risk. Process risk refers to the resilience 
 of  the  processes  and  the  amount  of  variability  in  them,  as  well  as  locating  the 
 bottlenecks and how much additional capacity there is available if needed. Control risk 
 refers to how much do the internal control systems, such as order quantities or safety 
 stock policies of an organisation, contribute to supply disturbances or causing ‘chaos’. 


Finally, environmental risk refers to locating the points in the supply chain where the 
organisation is exposed to vulnerabilities. 



(18)Zsidisin (2003) found out through his study that risk is defined as a multi-dimensional 
 construct  by  purchasing  organisations.  The  concept  of  supply  risk  includes  both 
 sources  and  outcomes  of  risks.  furthermore,  the  scope  for  how  supply  risk  is 
 understood varies according to industry. Supply management professionals must take 
 the time to understand the sources and outcomes of risks as the effects of a harmful 
 supply event may cause consequences throughout the organisation’s supply network. 


Supply risk is often determined by the negative outcome, especially by the inability to 
 meet customer requirements or even threats to customer life and safety. The inability 
 to meet customer requirements may result in loss of customer business and negative 
 impact in revenues and profits. Also, issues with product integrity, reliability or durability 
 may  result  in  endangering  customer  life  and  safety.  (Zsidisin  2003)  Hendricks  & 


Singhal (2012) argue that supply disruptions indicate that a firm’s supply chain is not 
 robust  and  reliable.  If  such  disruptions  are  ignored,  they  may  lead  to  shipment 
 disruptions of finished products to the customer. Short-term (tactical) consequences of 
 supply chain disruptions may cause lost sales and revenue, and long-term (strategic) 
 consequence  might  be  lost  market  share.  (Hopp,  Irvani  &  Liu  2012)  Furthermore, 
 supply disruptions may cause lower stock returns relative to benchmarks, increase in 
 share price volatility, drop in operating income and increase in overall costs (Hendricks 


& Singhal 2012). 


2.2  Risk drivers 


The  following  contemporary  trends  and  practices  act  as  potential  drivers  for  supply 
chain disruptions: single sourcing, global sourcing, limited buffer stocks, focusing on 
efficiency, poor planning and execution capabilities, a high degree of concentration of 
suppliers and manufacturing (reliance on suppliers), bottleneck products or association 
with high-risk geographic areas, industries or products, long lead times, high level of 
product obsolescence and the potential to lose control over the supply chain operations 
(Hendricks & Singhal 2012; Christopher 2011). While having reduced the purchasing 
price and costs of managing the supplier base, single sourcing has also increased the 
vulnerability of supply chains in a situation where single-source supplier is unable to 



(19)deliver  on  time.  When  it  comes  to  limited  buffers,  just-in-time  delivery  and  zero 
 inventory are commonly cited goals for organisations, however these strategies can 
 make the supply chain fragile. The same applies to focusing on efficiency and reducing 
 costs as well as over-concentrating operations at a particular location. (Hendricks & 


Singhal 2012) The Single Market within the EU and the free flow of products across 
 borders  has  increased  the  centralization  of  production  and  distribution  facilities  as 
 organisations  are  striving  for  economies  of  scale.  Whilst  centralization  may  lower 
 production  costs,  the  products  have  to  travel  longer  distances  and  the  flexibility  of 
 supply might suffer as centralized production facilities are often designed to produce 
 very large batches. (Christopher 2011) Poor planning and execution instead result in 
 more incidents of mismatched demand and supply (Hendricks & Singhal 2012). 


Outsourcing, being one of the drivers of globalisation, affects the organisation and its 
 immediate relationships as well as changes the structure and processes of the supply 
 network (Harland, Brenchley & Walker 2003). Organisations can get access to global 
 markets  through  outsourcing  activities,  which  enables  them  to  focus  on  their  core 
 capabilities,  get  access  to  key  technologies  and  share  risks  with  other  network 
 members, thus, strive for improved performance and cost savings (Harland et al. 2003; 


Christopher  2011;  Hallikas  et  al.  2004).  Other  drivers  for  globalisation  are  strategic 
intent,  economies  of  scale  and  scope,  value  chain  management,  free-trade, 
comparative  advantage,  market  access  and  information  technology  (Harland, 
Brenchley & Walker 2003). Increased dependence of outsourcing and partnering has 
increased  interdependency  between  the  different  nodes  of  supply  network.  This 
increases the chance of disruption in one link of the supply chain which can then rapidly 
spread through the chain. (Hendricks & Singhal 2012) Hence, actions taken by any 
company within the supply network may increase risks for another company involved 
in the network (Chopra & Sodhi 2004).  



(20)Figure 3 Supply chain risk sources (Adapted from Jüttner, Peck & Christopher 2003, 
 10) 


In most cases the sources of supply chain risk arise from individual supplier failures or 
 market factors and can be environmental, organisational or network related (figure 3) 
 (Zsidisin 2003; Jüttner, Peck & Christopher 2003). Environmental risk sources arise 
 from uncertainties regarding supply chain’s interaction with the environment, such as 
 accidents, socio-political actions or natural disasters. Organisational risks lie within the 
 boundaries of each individual supply chain member organisation, ranging from e.g., 
 labor,  production,  or  IT-system  uncertainties.  Network-related  risks  arise  from 
 interactions between the supply chain members and can be distinguished into three 
 categories: chaos, inertia, lack of ownership and lack of confidence. These concepts 
 are explained in detail in the following paragraphs. 


The uncertainty within a supply chain can increase the ‘chaos’ risk which results from 
 e.g.,  over-reactions,  mistrust  and  distorted  information  (Christopher  &  Lee  2004; 


Childerhouse et al. 2003). Information distortion increases as a result of inadequate 
information about demand within the upstream supply chain (Chopra & Sodhi 2004). 



(21)The ‘bullwhip’ effect related to increased fluctuations of order patterns throughout the 
 supply chain is an example of distorted information causing chaos (Christopher & Lee 
 2004; Lee, Padmanabhan & Whang 2004; Chopra & Sodhi 2004). Inertia on the other 
 hand  refers  to  a  lack  of  responsiveness  to  changing  environmental  and  market 
 conditions  and  can  result  in  inability  to  react  to  unpredicted  events  arising  from 
 environmental or organisational risk sources (Jüttner, Peck & Christopher 2003). 


Lack of confidence in supply chain related concepts such as order cycle time, demand 
 forecasts,  supplier’s  capability  to  deliver,  quality  of  the  products  or  transportation 
 reliability to name a few, might increase supply chain’s risk exposure. If these factors 
 are  not  reliable,  it  means  that  there  is  not  enough  visibility  in  the  upstream  and 
 downstream flows of the supply chain. This leads to precautionary measures such as 
 building  excessive  inventory  buffers,  which  again  distorts  the  supply  chain  visibility. 


(Christopher  &  Lee  2004)  Followingly,  the  forecast  risk  increases  when  there  is  a 
 mismatch  between  the  projected  and  actual  demand.  Other  factors  increasing  the 
 forecast risk include long lead times, short product life cycle and high product variety. 


(Chopra  &  Sodhi  2004)  Another  network-related  risk  triggered  by  trends  such  as 
 outsourcing is the ‘lack of ownership’ which refers to confused lines of responsibilities 
 between  buyers  and  suppliers  within  a  network  caused  by  insufficient  interaction 
 (Jüttner, Peck & Christopher 2003). 


2.3  Supply chain risk management 


Any change within the supply network has the potential for systemic or disruptive risk. 


Regardless of the scale of the change or whether it is anticipated or not, organisations 
typically have the ability and experience to manage the risk. (Lynch 2012) However, 
supply chain risks might be challenging to manage because individual risks are often 
interrelated and therefore actions to mitigate a specific risk can exacerbate another 
(Chopra & Sodhi 2004). In addition, the consequences of risks are difficult to manage, 
and  critical  incidents  may  affect  others  heavily  and  change  their  perception  of  a 
company  or  brand  (Harland,  Brenchley  &  Walker  2003).  Therefore,  company’s  risk 



(22)management has to be holistic and comprise of multiple approaches in order to be 
 efficient in avoiding risks (Smallman 1996). To deal with supply chain risks, companies 
 must  develop  robust  capabilities  which  requires  leadership,  detailed  and  careful 
 planning  and  commitment  of  resources  (Hendricks  &  Singhal  2012).  Firms  that 
 passively  accept  the  supply  chain  risks,  leave  themselves  exposed  to  financial  and 
 market-share losses (Tomlin 2006). Companies must carefully balance between the 
 appropriate level of inventory, capacity and other business elements to succeed in the 
 dynamic contemporary business environment (Chopra & Sodhi 2004). 


Researching  the  supply  chain  deficiencies  can  be  problematic  as  supply  chains  or 
 networks are often complicated and dynamic by nature and consist of wide range of 
 operators from different parts of the world (Harland, Brenchley & Walker 2003). With a 
 well-designed  and  risk-oriented  supply  chain  management  companies  can  improve 
 their overall performance, competitiveness and thus their ability to bring value to the 
 stakeholders  in  their  value  chain  (Teuscher,  Grüninger  &  Ferdinand  2006).  The 
 structure of a supply network influences the performance of the network in a disruptive 
 event. Factors related to the network structure include the number of levels and nodes 
 at each level, type and location of the nodes as well as coordination of them. A node 
 in  a  supply  chain  may  be  a  raw  material  or  component  supplier,  a  manufacturer,  a 
 distribution center or a retailer. (Hopp, Irvani & Liu 2012) The more nodes and links 
 there  are  in  the  supply  chain,  the  greater  the  risk  of  failure  (Christopher  2011). 


According  to  Ritchie  &  Brindley  (2007)  a  successful  management  of  risks  is  an 
 important measure of the overall management performance of an organisation. Chopra 


& Sodhi (2004) argue that organisation’s level of preparedness as well as the type of 
 supply chain disruption define how the organisation fares against supply chain threats. 


According to Lynch (2012), the basic risk terminology and elements of supply chain 
risk measurement and management are: threats, vulnerabilities, likelihood, impact and 
investment.  Threats  are  elements  that  might  potentially  cause  harm  to  the 
organisation. Vulnerabilities are weaknesses or points in the supply network where the 
organisation might be exposed or exploited. Likelihood is the possibility of a detrimental 



(23)event occurring, and a threat realizing. Impact means the direct and indirect effects of 
 a negative event and can be measured e.g., in loss of revenue, margin, loss of brand, 
 strategic  value  or  inability  to  comply.  (Lynch  2012;  Zsidisin  et  al.  2004)  Finally, 
 investment refers to the amount of resources the organisation is willing to allocate to 
 risk mitigation and risk-finance issues (Lynch 2012). 


A  key  way  to  avoid  supply  chain  disruptions  is  to  conduct  risk  assessment  and 
 mitigation  strategies  and  to  strive  for  designing  resilient  supply  chains  (Ward  & 


Hargaden 2019). To deploy a supply chain risk management system, commonly used 
 process includes the following steps: identify, assess, measure, mitigate, validate and 
 monitor  risks  (Lynch  2012;  Hallikas  et  al.  2004;  Jüttner,  Peck  &  Christopher  2003). 


Figure  4  represents  a  tool  for  identifying,  assessing  and  managing  risk  and  can  be 
 used to conduct research on risks in complex supply networks. The supply network 
 risk  tool  helps  organisations  in  understanding  the  sources  and  outcomes  of  supply 
 risks related to the operation of their firm and the supplier network. The process starts 
 by  mapping  the  supply  network,  then  identifying,  assessing  and  managing  risk  and 
 finally, collaborative supply network risk strategy should be formed and implemented. 


(Harland, Brenchley & Walker 2003) 



(24)Figure 4 Supply network risk tool (Adapted from Harland, Brenchley & Walker 2003, 
 56) 


Zsidisin,  Ragatz  &  Melnyk  (2005)  state  that  many  popular  supply  chain  design 
principles  focus  on  increasing  efficiency  and/or  responsiveness  of  the  supply  chain 
rather  than  decreasing  the  risk  of  supply  chain  disruptions.  Chopra  &  Sodhi  (2004) 
suggest that when constructing a supply chain risk management strategy, managers 
should  do  two  things:  first  thing  is  to  create  an  organisation-wide  understanding  of 
supply  chain  risk,  and  the  second  thing  is  to  determine  how  to  adapt  general  risk 
mitigation approaches to their company and circumstances. According to Christopher 
(2011), the first stage of strategic risk management is understanding the company’s 
internal processes in order to find the most relevant and critical threats. Only after that 
the  external  environment  should  be  monitored  for  relevant  threats  in  terms  of  how 
severe effects a failure would have on the supply chain performance. Then, developing 



(25)mitigation and contingency strategies accordingly can be initiated. In complex supply 
 chains it is advisable to focus only on the critical paths. 


Factors  that  contribute  to  choosing  the  optimal  disruption-management  strategy 
 include cost, supplier characteristics, capacity, flexibility, risk tolerance of the focal firm 
 and  the  length  of  disruption  (Tomlin  2006).  Often  used  risk  management  strategies 
 include risk transfer, risk taking, risk elimination, risk reduction and further analysis of 
 individual risks (Hallikas et al. 2004). The most successful companies mitigate supply 
 risks by implementing various risk management strategies such as inventory, capacity 
 and redundant suppliers concurrently (Chopra & Sodhi 2004; Tomlin 2006). According 
 to Tomlin (2006), active disruption management strategies build upon mitigation and 
 contingency  actions.  However,  in  some  circumstances  the  best  strategy  might  be 
 passive acceptance of a risk, as risk mitigation and management actions are not free 
 (Tomlin 2006). The challenge in dealing with supply disruptions is to find approaches 
 that  do  not  sacrifice  the  efficiency  achieved  by  following  the  practices  and  trends 
 presented  in  above  chapters.  Choosing  the  appropriate  approach  depends  on  the 
 firm’s operating environment and systematic process for risk management is needed 
 to find out which strategies each firm should adopt. (Hendricks & Singhal 2012)  
 2.3.1  Risk identification and assessment 


Identifying risks enable organisations to become aware of events causing uncertainty. 


Risk  identification  is  vital  in  recognizing  future  uncertainties  and  to  be  able  to 
proactively  manage  those  scenarios.  (Hallikas  et  al.  2004)  Collaboration  between 
supply chain partners should be increased to collectively identify the critical nodes and 
links  within  the  supply  chain,  and  to  react  to  them  in  an  appropriate  manner 
(Christopher & Lee 2004). In addition, to mitigate and manage risks, they also need to 
be measured (Hallikas et al. 2004). Risk assessment and prioritization are needed both 
at  the  company  and  network  levels  to  be  able  to  choose  the  most  suitable  risk 
management  practices  according  to  each  situation.  Risk  assessment  consists  of 
evaluating  the  likelihood  of  occurrence,  exposure,  triggers,  and  possible  losses 
(Harland,  Brenchley  &  Walker  2003).  Risks  are  related  to  each  organisation’s 



(26)objectives, which is why risk assessment should be carried out from the company’s 
 own  perspective  as  the  risk  transfer  in  a  network  may  increase  risks  for  some 
 companies  and  decrease  them  for  others.  However,  the  dependencies  on  other 
 organisations in a networked environment must be taken into consideration in the risk 
 identification process. (Hallikas et al. 2004) When proactive supply management tools, 
 especially those focusing on supplier quality issues, improving supplier performance 
 and  preventing  supply  disruptions,  are  implemented,  supply  risk  assessment  may 
 occur as a secondary benefit (Zsidisin et al. 2004). Figure 5 illustrates how the risk 
 analysis process has the task of identifying and quantifying risks along the extended 
 supply  chain  (from  suppliers  through  production  and  logistics  to  customers)  and 
 helping to determine appropriate risk mitigation and response strategies. 


Figure 5 Risk analysis in the extended supply chain (Adapted from Kleindorfer 2000, 
16) 



(27)To find out where the greatest vulnerabilities lie in the supply chain, and what is the 
 likelihood of a disruption, a supply risk profile should be established for the business. 


To identify the risk profile, a risk audit can be carried out to examine the main sources 
 of  potential  risks  across  the  supply  network  and  the  likelihood  of  occurrence  and 
 possible impact of them. The risk profile also changes constantly, as economic and 
 market conditions as well as the regulatory environment change. (Christopher 2011) It 
 is important to realize that different events causing supply disruptions may vary greatly 
 in terms of likelihood and severity (Hopp, Irvani & Liu 2012). Some events are not likely 
 to  happen  but  when  they  do,  they  may  potentially  cause  severe  consequences. 


Whereas some events occurring more likely or frequently might not have as dramatic 
 consequences. This is why risks should not be solely looked at in terms of total impact 
 (likelihood of occurrence times consequence) but rather inspect the events through the 
 qualitative  effects  they  might  cause  for  the  firm.  (Hopp,  Irvani  &  Liu  2012)  Each 
 strategic  decision  should  be  considered  also  in  terms  of  how  they  may  affect  the 
 vulnerability of the firm’s supply chain (Christopher 2011). 


2.3.2  SCRM strategies 


Ritchie & Brindley (2007) argue that classic supply chain risk management systems 
such  as  buffer  stocks  and  built-in  slack  in  delivery  lead  times  are  becoming  less 
practicable  in  the  contemporary  world,  as  with  lean  thinking,  just-in-time  production 
and material requirements planning, the requirements are included in the contractual 
arrangements. Harland, Brenchley & Walker (2003) suggest that scenario planning, 
use  of  expert  panels  and  prediction  through  statistically  based  forecasting  methods 
should  be  incorporated  in  modern  risk  management.  According  to  Chopra  &  Sodhi 
(2004) leading companies use holding reserves that include excess inventory, capacity 
and redundant suppliers to deal with the range of supply chain risks. Succeeding in 
managing  the  costs  and  benefits  of  holding  reserves  however  requires  a  good 
understanding  of  supply  chain  risks  and  remedies.  The  organisation’s  operating 
environment strongly affects the choice of a risk mitigation strategy. Motivating factors 
such as trust and dependence also influence the choice. (Mishra, Sharma, Kumar & 



(28)Dubey 2016) Identifying the events that may cause supply disruptions and evaluating 
 the likelihood of those events are means to prepare for disruptions and reduce their 
 impact (Hopp, Irvani & Liu 2012; Christopher 2011). 


Hendricks & Singhal (2012) suggest the following approaches to balance the trade-off 
 between supply chain efficiency and supply disruption risk: improving the accuracy of 
 demand  forecasts,  integrating  and  synchronizing  planning  and  execution  to  avoid 
 supply-demand  mismatches,  reducing  the  mean  and  variance  of  lead  time, 
 collaboration  and  cooperation  with  supply  chain  partners,  increasing  visibility  of  the 
 supply  chain,  building  flexibility  in  the  supply  chain  and  investing  in  technology. 


Christopher (2011) divides supply chain risk mitigation strategies into two categories: 


redundancy and flexibility. Redundant solutions include increased inventory, backup 
systems  and  long-term  supplier  relationships.  Flexible  responses  include  delayed 
product differentiation, flexible manufacturing practices, lead-time reduction, dynamic 
inventory  planning,  supply  chain  visibility  and  cross-training  of  employees.  Whilst 
redundant  solutions  are  common  traditional  risk-management  approaches,  flexible 
responses not only manage risks but also increase the competitive capabilities of an 
organisation. Miller (1992) distinguishes five risk mitigation strategies, out of which four 
can  be  adapted  to  supply  chain  context  according  to  Jüttner,  Peck  &  Christopher 
(2003). These four strategies are avoidance, control, cooperation and flexibility. Some 
of  the  supply  chain  risk  mitigation  measures  related  to  these  four  strategies  are 
presented in table 1 and in detail in the subsequent chapters. 



(29)Table 1 Risk mitigation strategies in supply chains (Adapted from Jüttner, Peck & 


Christopher 2003, 19)  


Avoidance  Control  Cooperation  Flexibility 


purposely 
 choosing 
 specific 
 suppliers, 
 products or 
 geographical 
 markets 


vertical integration 
 buffer inventory 
 excess capacity 
 contractual 


obligations/incentives 
 for suppliers 


improvement of 
 supply chain 
 visibility 
 information 
 sharing 
 collaboration 


postponement 
 multiple 


sourcing 
 localised 
 sourcing 


Avoidance 


In order to avoid negative impacts of inevitable supply disruptions as much as possible, 
 firms must protect against them (Atan & Snyder 2012). Even though it is impossible to 
 prevent events causing supply disruptions that are beyond human control, it is possible 
 to reduce the likelihood of the event triggering a supply disruption (Hopp, Irvani & Liu 
 2012). One way to protect against disturbances in supply is to avoid factors that have 
 great  potential  to  cause  disruptions.  From  a  supply  chain  risk  management 
 perspective, avoidance strategy can include dropping specific products, suppliers or 
 markets  if  they  are  seen  unreliable  in  terms  of  supply  (Jüttner,  Peck  &  Christopher 
 2003). For example, sourcing from regions that are not prone to earthquakes from the 
 risk avoidance point of view is more rational than sourcing from areas that have a high 
 risk of natural disasters (Hopp, Irvani & Liu 2012). 


Control 


Organisations  should  try  to  control  contingencies  from  risk  sources  rather  than 
passively accept that they must operate under uncertainties (Miller 1992).  Examples 
of  control  in  SCRM  context  include  i.a.  vertical  integration,  buffer  inventory,  excess 



(30)capacity  or  imposing  contractual  requirements  on  suppliers  (Jüttner,  Peck  & 


Christopher 2003). Supply chain members should also possess contingency plans and 
 tools  for  making  corrective  actions  in  a  disruptive  event  (Christopher  &  Lee  2004).  


Supply  disruptions  may  cause  problems  for  firms  competing  for  limited  supplies  of 
 backup capacity, so a quick and decisive response to a disruption may help the firm in 
 avoiding disruptions for the customers. Response strategies can be further divided into 
 detection  and  speed  strategies.  Detection  strategy  requires  coordinated  efforts  in 
 several business dimensions, such as distinguishing disruptions from normal day-to-
 day  variations,  locating  the  disruption  in  the  supply  chain  and  efficient  transfer  of 
 information to where it is most needed. Speed strategy instead refers to quick detection 
 and response to events that may cause supply disruption, e.g., locking up the available 
 backup supply. (Hopp, Irvani & Liu 2012) Furthermore, a rapid access to information 
 about  supply  disturbances  is  a  prerequisite  for  building  supply  chain  resilience 
 (Christopher 2011).  


According  to  Hopp,  Irvani  &  Liu  (2012)  the  consequences  of  an  inevitable  supply 
disruption  will  not  reach  the  end  customers  if  there  is  enough  extra  capacity  and 
downstream inventory within the supply chain. Capacity plays a crucial role also in the 
supplier’s  recovery  in  the  aftermath  of  a  disruption  (Tomlin  2006).  Inventory  is  an 
effective tool to mitigate the negative effects of supply disruption (Hopp, Irvani & Liu 
2012;  Atan  &  Snyder  2012).  Considering  possible  supply  disruptions,  the  optimal 
inventory management system requires higher inventory levels than what are needed 
in normal circumstances. This however causes extra costs and since disruptions are 
considered  rare  events,  holding  high  inventory  levels  might  not  be  desirable  by 
managers. (Atan & Snyder 2012; Chopra & Sodhi 2004) Excessive buffer inventory or 
capacity might also distort the supply chain visibility which makes it less feasible to 
react to irregularities or unexpected events within the supply chain (Christopher & Lee 
2004). Thus, holding inventory might be an appropriate strategy for products with low 
holding costs whereas responsive delivery strategy might be more suitable option with 
expensive products with short life cycle (Chopra & Sodhi 2004). 



(31)In case of long-lasting supply disruptions, also other protective strategies are required 
 besides  inventory.  Inventory  is  expensive  and  traditional  models  for  the  strategic 
 design of supply networks primarily aim to cost-efficiency and lean strategies, which is 
 why just-in-time (JIT) supply chains are often considered an appropriate strategy and 
 are very commonly used in many industries. However, JIT supply chain is based on 
 an assumption that all elements of the supply chain always perform as planned. This 
 makes  the  supply  chain  very  vulnerable  in  case  the  elements  do  not  perform  as 
 planned. (Hopp, Irvani & Liu 2012) Thus, the main concern in inventory management 
 is to find the optimal policy as to when, how much and from whom to order (Atan & 


Snyder 2012). Although single sourcing eliminates the costs and intricacies related to 
 diversification, it may pose the supply chain to vulnerability and disruptions if there is 
 high demand for the single supplier’s products from other firms as well. All significant 
 factors,  including  the  disruption  profile,  inventory  costs,  fixed  and  variable  supplier 
 costs,  capacities  and  response  times  need  to  be  taken  into  consideration  when 
 choosing  a  sourcing  strategy  for  a  firm.  In  addition,  the  strategies  are  not  mutually 
 exclusive  and  in  many  cases  a  combination  of  strategies  is  the  most  reasonable 
 solution. (Schmitt & Tomlin 2012) 


When the flow of supplies is disrupted at a particular node of a supply network, firms 
 can  use  alternative  ‘back-up’  sources  to  ensure  the  material  flow  continuation. 


Securing  extra  capacity  is  another  form  of  redundancy  protection  and  contingency 
planning and can be divided into already existing physical capacity and virtual capacity 
which can be created if it is needed. (Hopp, Irvani & Liu 2012; Kleindorfer & Saad 2005) 
Fully owned redundant capacity is the quickest type of capacity to bring online but also 
the most expensive form of redundant capacity. Virtual capacity on the other hand is 
less  expensive  but  not  as  quickly  accessible.  (Hopp,  Irvani  &  Liu  2012)  Securing 
excess capacity also lowers the amount of inventory needed, however excess capacity 
must be flexible in order to avoid it negatively impacting the financial performance of 
an organisation (Chopra & Sodhi 2004).  



(32)Cooperation 


By forming strong linkages with other supply chain members and improving the vertical 
 integration, firms can protect against the disruption risk. Trust between the exchange 
 partners  is  beneficial  for  strengthening  the  long-term  relationships.  Also,  the  more 
 there is dependency between a buyer and a supplier, the more there must be trust 
 between them to reduce risks. (Mishra et al. 2016) Collaborative information sharing 
 among  supply  chain  partners  is  vital  in  identifying  vulnerabilities  and  executing 
 effective crisis management (Kleindorfer & Saad 2005). Working with suppliers and 
 customers  and  insisting  them  to  monitor  and  manage  supply  chain  vulnerabilities 
 would potentially cause a snowball effect if each node of the network were to work with 
 their first-tier supplier to achieve better performance in supply chain risk management 
 (Christopher 2011). 


According  to  Kleindorfer  &  Saad  (2005)  disruption  risk  alignment  should  provide 
 incentive  alignment  and  collaboration  for  risk  reduction  and  avoidance  among  all 
 supply chain partners as one weak partner in the supply chain may cause undesirable 
 consequences  for  all  supply  chain  members.  Thus,  early-warning  and  crisis-
 management  systems  must  be  applied  across  the  whole  supply  chain  to  detect 
 vulnerabilities.  Also,  Hallikas  et  al.  (2004)  suggest  that  sharing  risk  management 
 process and developing collaborative means to manage risks in the business network 
 is useful as the interconnections between the companies make them interdependent. 


Limited visibility is a common problem in many supply chains. It means that a certain 
entity  in  the  supply  chain  is  not  aware  of  the  status  of  upstream  and  downstream 
operations of the network. (Christopher 2011) Increased visibility throughout the supply 
chain will prevent risk exposure. The relevant data should be accurate and timely and 
available for all key members of the supply chain. (Christopher & Lee 2004) Increasing 
visibility means that firms are aware of what happens in their supply chain, including 
their internal operations, suppliers, customers and the location of inventory, capacity 
and  critical  assets.  Through  increased  visibility  and  control  over  the  supply  chain 



(33)organisations are able to tackle the lack of confidence in supply chain processes as 
 well as inhibit the bullwhip-effect (Christopher & Lee 2004; Chopra & Sodhi 2004). To 
 increase visibility firms can use indicators of supply chain performance to collect and 
 analyse data and to monitor them against benchmark (Hendricks & Singhal 2012). The 
 key  to  improved  visibility  is  information  sharing  among  supply  chain  members,  as 
 shared information reduces uncertainty and thus increases the responsiveness of the 
 supply chain (Christopher & Lee 2004).  


Flexibility 


As even the best managed supply chains might be affected by events that cannot be 
 forecasted, it is vital that resilience is built into them. Resilience indicates a system’s 
 ability to return to a desired state after being disturbed, thus, system’s resiliency means 
 that  the  system  is  flexible  and  agile.  (Christopher  2011)  Flexibility  and  agility  of 
 resources  reduce  risks  and  increase  the  speed  of  response  to  disturbances 
 (Kleindorfer  &  Saad  2005).  Furthermore,  building  flexibility  in  the  supply  chain 
 enhances its responsiveness and the appropriate dimension of flexibility for each firm 
 depends on the firm’s operating environment (Hendricks & Singhal 2012).  


Tomlin  (2006)  suggests  that  volume  flexibility  i.e.,  supplier’s  capability  to  ramp  up 
 production  when  needed,  is  a  strategy  which  provides  substantial  benefit  and  can 
 lower  the  costs  of  the  focal  company.  It  is  an  alternative  for  inventory  in  managing 
 temporary imbalances of demand and supply. Schmitt & Tomlin (2012) focus on two 
 alternative  sourcing  strategies:  diversification  and  emergency  backup  sourcing. 


Diversification  refers  to  diversifying  supply  sources  i.e.,  using  multiple  sourcing  to 
acquire  same  product  on  a  regular  basis.  Kleindorfer  &  Saad  (2005)  argue  that  full 
potential  of  risk  minimization  can  be  achieved  only  with  multi-dimensional 
diversification  which  includes  diversification  of  facility  locations,  sourcing  options, 
logistics and operational processes reduces risk. Diversification is time-consuming and 
requires constant investment in multiple supplier relationships, however it ensures the 



(34)material  flow  in  a  situation  of  interruption  if  at  least  one  supplier  remains  operating 
 (Schmitt & Tomlin 2012). 


On the other hand, making a firm’s supply base leaner offers clear savings so firms 
 must weigh the risk-mitigation benefits of diversification against the cost of extending 
 the supply base (Schmitt & Tomlin 2012). However, Kleindorfer & Saad (2005) point 
 out that extreme leanness and efficiency may increase the level of vulnerability across 
 the supply chain. Fang et al. (2013) suggest that as adding additional suppliers to the 
 supplier base increases fixed costs, it is preferable to choose the sourcing strategy 
 between contingent sourcing (single supplier and a backup supplier) or dual sourcing 
 (two regular suppliers). Instead of routinely sourcing from multiple suppliers, firms may 
 choose single sourcing under normal circumstances and when the primary supplier is 
 unable  to  supply,  an  emergency  backup  supplier  can  be  used.  Other  means  of 
 increasing  flexibility  include  the  postponement  strategy  and  localized  sourcing. 


Postponement refers to organisations delaying the decision to produce, label or ship a 
product to increase supply chain flexibility. Postponement strategy increases flexibility 
as it reduces an organisation’s dependency on forecasts and increases the ability to 
respond to variations in demand. Localized sourcing may also contribute to reducing 
supply  risk  through  shortened  lead-times  and  potential  for  quick  responses  in 
fluctuating demand and supply. (Kleindorfer & Saad 2005) 



(35)3  MEDICINE SHORTAGES 


Medicine  shortages  affect  every  stakeholder  (suppliers,  manufacturers,  healthcare 
 professionals and patients) of the health care system causing i.a. difficulties and extra 
 workload  for  healthcare  professionals,  additional  costs,  and  compromising  patient 
 safety (Besancon & Chaar 2013; WHO 2016; Jenzer et al. 2019). Causes for medicine 
 shortages  often  arise  from  manufacturing  problems  but  may  also  involve  economic 
 factors (Pauwels et al. 2015). According to EAHP medicine shortage report 2019 a 
 large majority of hospital pharmacist’s that took part in the survey, agreed that medicine 
 shortages  are  frequently  encountered  in  their  hospital.  Medicines  affected  by 
 shortages  include  i.a.  those  used  for  treating  cancer,  infections,  emergencies, 
 neurology  and  cardiovascular  conditions  as  well  as  anaesthetic  products  and 
 nutritional  support  products  (Jenzer  et  al.  2019;  Mazer-Amirshahi,  Fox,  Farmer  & 


Stolbach 2019). 


A harmonized definition of medicine shortages should be determined as the first step 
 of alleviating the issue (Ward & Hargaden 2019; Jenzer et al. 2019). The definition of 
 medicine  includes  in  addition  to  drugs,  also  medical  devices,  foodstuff  for  special 
 medical  purposes  as  well  as  nutraceuticals  (Barbosa-Povoa,  Jenzer  &  de  Miranda 
 2019). WHO (2017) has proposed two co-existing definitions for medicine shortages, 
 which emphasise the needs of patients, the important role of medicines as well as the 
 natural characteristics of the healthcare system’s environment and the pharmaceutical 
 market. On the supply side “A “shortage” occurs when the supply of medicines, health 
 products and vaccines identified as essential by the health system is considered to be 
 insufficient  to  meet  public  health  and  patient  needs.  This  definition  refers  only  to 
 products that have already been approved and marketed, in order to avoid conflicts 
 with research and development agendas.” (WHO 2017, 10) On the demand side “A 


“shortage” will occur when demand exceeds supply at any point in the supply chain 
and may ultimately create a “stockout” at the point of appropriate service delivery to 
the patient if the cause of the shortage cannot be resolved in a timely manner relative 
to  the  clinical  needs  of  the  patient.”  (WHO  2017,  10)  Two  concise  definitions  of 



(36)medicine  shortages  are  provided  by  Bogaert  et  al.  2015  and  Pauwels  et  al.  2015. 


Bogaert et al. (2015, 2) define medicine shortage as “a situation in which the current 
 or projected demand of a medicine at user level is inadequately met.” According to 
 Pauwels et al. (2015, 1) a medicine shortage can be described as “a shortcoming in 
 the supply of a medical product that affects the patient’s ability to access the required 
 treatment in due time.”  


Medicine shortages cause harm for the patients but also negative consequences for 
 the  economy  (Jenzer  et  al.  2019).  In  most  cases  there  are  available  treatments 
 available for substituting the primary treatment in case of a supply disruption yet finding 
 a  substitutive  requires  considerable  amount  of  time  from  healthcare  professionals 
 (Pauwels et al. 2015; Besancon & Chaar 2013). In some cases, however there is no 
 feasible substitutes available which may require doctors to choose which patients to 
 treat (Besancon & Chaar 2013). Using a substitutive medicine increases risks caused 
 by using other excipients, concentration or untranslated package information leaflets 
 (Jenzer et al. 2019). Medicine shortages also increase medical care costs from both 
 the  patient’s  and  the  society’s  perspective  (Sarnola  &  Linnolahti  2019).  Shortages 
 increase costs for healthcare systems directly, but also indirectly by increasing invisible 
 costs  in  terms  of  for  example  time  spent  in  solving  the  shortages  and  changes  in 
 management procedures (Barbosa-Povoa, Jenzer & de Miranda 2019). According to 
 Fox, Sweet & Jensen (2014) the estimated financial effect of medicine shortages in the 
 U.S. is hundreds of millions of dollars annually. Patients instead might be negatively 
 affected by clinical impact such as medication error, adverse effects, delays in medical 
 care and disease progress caused by using substitutive medicine (Pauwels et al. 2015; 


Sarnola & Linnolahti 2019). 


According to EMA (2012) reflection paper, the risk management in the pharmaceutical 
industry often tends to be more reactive than proactive. However, both reactive and 
proactive measures are needed as the medicine shortage issue cannot be tackled by 
a single act alone. Reactive measures include i.a. increasing transparency, carrying 
out risk assessments and redirecting medicines to individual patients when and where 



(37)they are needed. Proactive measures include i.a. the adoption of prudent tendering 
 practices to avoid ‘the winner takes it all’ solutions as well as to lower the risk of single 
 supplier  dependence.  (EAHP  2019)  Reduction  of  risk  and  the  management  of 
 emergency situations where shortages of critical medicines occur, are critical aspects 
 that need to be controlled. The risk associated with different elements can be reduced 
 by  conducting  analysis  of  the  likelihood  of  occurrence  and  severity  of  risk  factors. 


Evaluating  the  supply  chain  risk  factors  should  be  the  key  point  in  starting  the  risk 
 assessment of medicine supply chain. (Battistini 2019)  


3.1  Causes and mitigation strategies 


Reasons for medicine shortages are often multifold because the manufacturing and 
 distribution of medicines include the operation of various different actors such as the 
 raw  material  supplier,  manufacturer,  wholesaler,  pharmacy  or  hospital  and  regional 
 authorities  (Lääketeollisuus  2020a;  Jenzer  et  al.  2019).  The  manufacturing  of 
 European medicines is largely outsourced and centralized into countries of low labour 
 costs and often medicine manufacturers use subcontractors for production and testing. 


Furthermore,  in  many  cases  pharmaceuticals  that  belong  to  the  same  product 
 category,  but  are  sold  by  different  pharmaceutical  companies,  are  all  actually 
 manufactured in the same production facility, in most cases in China or India. This is a 
 factor that makes the supply chain of medicines vulnerable and prone to disruptions. 


(Besancon & Chaar 2013; Junttonen 2017)  


To avoid medicine shortages in the market, ensuring supply continuity is one of the 
main aspects and to succeed in ensuring supply continuity, mitigation activities and 
long-term strategies must be distinguished from each other. Mitigation activities are 
targeted  to  preventing  supply  disruptions  from  turning  into  medicine  shortages 
whereas long-term prevention strategies should address the root-causes of shortages 
to  be  able  to  prevent  supply  disruptions  from  occurring  in  the  first  place.  (Battistini 
2019) Tackling medicine shortages can be done both, in national and multi-national 
levels  (Sarnola  &  Linnolahti  2019).  Designing  predictable,  redundant  and  resilient 



(38)supply  chains  that  are  able  to  quickly  react  to  changing  demand  or  problems  at  a 
 manufacturing site helps in preventing medicine shortages (Battistini 2019; Yaroson, 
 Breen, Hou & Sowter 2019). Battistini (2019) also stresses out the importance of supply 
 chain  agility  in  mitigating  medicine  shortages.  In  addition,  consolidating  quality  and 
 implementing systems that proactively identify, measure and monitor risks across the 
 whole supply chain are the key aspects to be taken into consideration. 


Due to increased outsourcing of medicines and raw materials, the range of potential 
 causes  for  disturbances  in  the  supply  of  medicines  is  wide  and  these  causes  can 
 originate  from  either  supply  or  demand  related  reasons  (Lääketeollisuus  2020a; 


Pauwels  2015).  The  causes  can  be  related  to  economic,  business,  political, 
 manufacturing or distribution issues (Battistini 2019). On a more practical level natural 
 disasters,  epidemics,  lack  of  raw  material,  problems  in  the  production  process, 
 unexpected demand, or shortages in a competing company’s product may result in 
 medicine  shortages  (Lääketeollisuus  2020a;  Birgli  2013).  In  addition,  insufficient 
 inventories,  strict  regulation  regarding  medicine  production  and  quality,  hoarding  of 
 medicines  by  some  purchasers,  counterfeit  medicines,  grey  markets  (stockpiling 
 medicines at risk of being in shortage and selling stock at extremely high prices once 
 a  shortage  occurs)  and  imperfect  purchasing  policies  further  contribute  to  hinder 
 supplying  medicines  where  they  are  needed  when  they  are  needed  (Besancon  & 


Chaar  2013).  It  should  be  taken  into  consideration  that  the  perceptions  about  the 
 reasons  causing  medicine  shortages  may  vary  for  example  between  different 
 professional groups or geographical location of the market in question. The differences 
 between  professional  groups  may  reflect  the  differences  in  the  tasks  and 
 responsibilities of each group. (EAHP 2019) 


Battistini (2019) listed eight overall business strategies for reducing the risk of medicine 
shortages from the viewpoint of supply chain. These strategies are business continuity 
planning,  supply  chain  management,  safety  stock  of  raw  materials,  safety  stock  of 
intermediates  and  finished  products,  backup  internal  and  external  manufacturing 
facilities, dual-source suppliers, ability to add a shift to an existing manufacturing line 
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