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Abstract

Companies can use mathematical models to improve their decisions under uncertainty. This
Dissertation focuses on sourcing and supply management decisions under i) uncertain demand
of products or components and ii) uncertain capability of suppliers to deliver high-quality
materials and services. Modern planning systems help automatize and optimize decision
making in these areas, but most these systems are not good at accounting for uncertainties.
However, in many industries, the effective management of demand and supply uncertainties
is an important source of competitive advantage. Thus, there is a need for decision models that
help managers analyze the impacts of uncertainties.

The Dissertation develops methods based on stochastic optimization where both continuous
and discrete (scenario-based) probability distributions are used to model demand and supply
uncertainties. Particular attention is given to the qualitative characteristics of distributions
and interdependencies between uncertainties. In addition, a static methodology for assessing
disruption risks in complex supply networks is presented.

The Dissertation illustrates how the neglect of uncertainties can lead to sub-optimal decision
recommendations, and, on the other hand, how a decision maker can better utilize decision
models by modeling the relevant uncertainties appropriately. The theoretical part is
complemented with experimental results which show that subjects have significant difficulties
in making simple procurement decisions in the presence of demand and supply uncertainties,
and that decision support tools can significantly improve their decision making in this area.

The careful modeling of uncertainties yields robust decision recommendations that perform
well in most or all uncertainty scenarios. By using the methodologies presented in Dissertation,
managers can better manage the uncertainties in customer demand and suppliers’ performance
and material availability. This increases the competitiveness and capability to manage risks in
an uncertain business environment.
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Tiivistelma

Yritykset kdyttdvat matemaattisia padtosmalleja parantaakseen paatoksentekoa epé-
varmuuksien vallitessa. Tdssa vaitoskirjassa tarkastellaan toimittajasuhteiden johtamiseen ja
hankintatoimeen liittyvia paatoksia huomioiden epavarmuudet seké tuotteiden ja palveluiden
kysynnéssé ettd tarjonnassa (esim. toimittajien toimitusvarmuudessa ja materiaalin laadussa).
Hankintatoimen paatoksia tehddan enenevissa méirin automaattisesti suunnittelu-
jarjestelmissé optimointiin perustuen. Téllaiset jarjestelmat eivat kuitenkaan huomioi
epavarmuuksia kattavasti. Monella teollisuudenalalla kysynnén ja tarjonnan epavarmuuksien
hallinta antaa kilpailuetua, mika luo tarvetta epdvarmuuksien analysointiin perustuville
paatosmalleille.

Viitoskirjassa kehitetddn menetelmid, jotka perustuvat stokastiseen optimointiin. Kysynnan
jatarjonnan epavarmuudet on ndissa menetelmissa mallinnettu joko jatkuvia tai diskreetteja
(skenaariopohjaisia) todennédko6isyysjakaumia kédyttden. Erityisesti mallinnuksessa on
kiinnitetty huomioita jakaumien kvalitatiivisiin ominaisuuksiin sekd useamman epdvarman
muuttujan valisiin riippuvuuksiin. Lisdksi vaitoskirjassa esitetddn myos todennékoisyys-
pohjainen menetelmaé riskienhallintaan monimutkaisissa toimittajaverkostoissa.

Tulokset osoittavat, ettd toisaalta epdvarmuuksien huomiotta jattdminen johtaa
osaoptimaalisiin paadtossuosituksiin ja toisaalta, ettd epavarmuuksien huolellinen
mallintaminen tarjoaa hyvat edellytykset padatosmallien kdyttamiselle. Teoriaosuutta
tdydennetddn myos tuloksilla kokeesta, jossa yksinkertaisien hankintatoimeen liittyvien
paatoksien todetaan olevan vaikeita koehenkildille erityisesti silloin, kun sekd kysynnéssa etta
tarjonnassa esiintyy epavarmuutta. Koeasetelmassa havaitaan myos, ettd padtoksenteon
tukivalineilld voidaan huomattavasti parantaa hankintatoimen paatoksentekoa.

Epavarmuuksen huomiointi pdatoksentekomalleissa johtaa padtossuosituksiin, jotka ovat
hyvii suuressa osassa tai kaikissa epavarmuuksiin liittyvissa skenaarioissa. Kayttamalla
vaitoskirjassa esitettyja menetelmié, organisaatiot voivat paremmin hallita epdvarmuuksia
seka asiakaskysynnissa ettd toimittajien kyvykkyydesséa ja materiaalin saatavuudessa. Tama
lisda epavarmassa liiketoimintaymparistossa toimivan organisaation kilpailu- ja riskien-
hallintakykyé.

Avainsanat Stokastinen optimointi, kysynta- ja toimitusepdvarmuudet, skenaarioiden kaytto,
copula-funktiot, toimitusten hallinta, newsvendor-malli, riskien hallinta
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1 Introduction

Companies operate in business environments that are increasingly volatile,
which is one of the reasons why managing demand and supply uncertain-
ties has become a key objective for operations (Fisher et al. 1994; Simchi-
Levi 2010). Demand uncertainty relates to product characteristics (Fisher
1997): for example, the demand of a new product is less predictable than
that of an improved version of an existing product, and an innovative
high-technology consumer product is less predictable than a functional
product such as basic food or energy. Supply uncertainty, on the other
hand, is linked to the supply process (Lee 2002): when the manufacturing
process and technology are mature, the supply process is typically stable,
but if technology is novel and the supply base is limited in size and ex-
perience, the supply process evolves in more uncertain ways. In addition
to these operational factors, various low-probability high-impact events,
such as natural catastrophes can cause unexpected drops in demand or
shortages in supply (Kleindorfer and Saad 2005).

Important decisions that are critical for managing demand and supply
include designing the supply chain or network, determining the long term
production capacity, and making sourcing decisions for critical materials
and services (Kouvelis and Milner 2002). The impact of uncertainties on
these decision problems varies from negligible to critical: planning daily
operations when workforce and other resources are fixed is a largely de-
terministic problem, but the problem of designing a supply network for a
new consumer product involves significant uncertainty. Even though the
importance of uncertainties is recognized by most decision makers, they
are not very well dealt with in practice. Sheffi (2005) lists various cases
where demand and supply mismatches have had serious consequences:
for example, in 1998, Marks&Spencer gambled on gray being the fashion
color of the coming sales season for clothes and lost £150 million in sales
failures and clearing excess stock; in 2000, IBM launched new ThinkPad
models and seriously under-forecasted their demand, which lead to severe

shortages, customer dissatisfaction and substantial amount of lost sales;



and in 2003, Wyeth prepared 4 million flu vaccine doses but was able to
sell less than 400 000 of them. Yet, there are success stories, too, such as
the video rental giant Blockbusters, which increased its US market share
from 24% to 40% between 1997 and 2002 largely due to the introduction
of a new revenue sharing contract for demand risk management (Cachon
and Lariviere 2005); and Hewlett-Packard, who introduced a new pro-
curement risk management strategy that generated over $400 million in
cumulative cost savings between 2001 and 2007 (Nagali et al. 2008).

Demand uncertainty is a critical driver for modern supply chain plan-
ning practices and in industries such as fashion retail, demand forecast
accuracy has a major impact on company’s financial performance (Fisher
and Raman 1996). In general, the higher upstream in the supply chain
a company is, the more forecast-driven (as opposed to demand-driven)
the operations, and thus, the higher the impact of demand uncertainty
(Christopher 2000). This is illustrated by the bullwhip effect (Lee et al.
1997), which describes the amplification of order quantities and invento-
ries when moving upstream in a supply chain. This fluctuation is partly
caused by the poor visibility of the end customer demand, which results
in “information distortion” in demand forecasting. In practice, however,
systemic approaches to demand uncertainty are rare: a typical demand
planning process is based on a point forecast over the planning horizon
(Kilger and Wagner 2008; Van Mieghem 2004). At best, forecast deviation
is estimated from historical performance and buffers such as safety stocks
are adjusted based on the estimated deviation.

Supply uncertainty is as critical as demand uncertainty for supply chain
strategy (Lee 2002). It has received increasing attention lately, and two
separate trends can be identified (Kleindorfer and Saad 2005): i) intense
competition, pressure to cut costs, and rapid pace of technological devel-
opment have lead to operational supply uncertainties caused by, for exam-
ple, constrained capacity, or quality problems; and ii) various high-impact
disruptions such as natural catastrophes and financial turmoils have in-
duced disruptive supply risks that have had serious consequences. Com-

pared to demand, the impacts of supply uncertainties on supply chain



decisions are not yet as well understood.

Lee (2002) and Simchi-Levi (2010) point out that demand and supply
uncertainties should be accounted for jointly when supply chain strategy
is devised. These uncertainties are not always independent of each other:
unexpected changes in demand and supply can happen due to a common
cause. For example, an economical boom can increase the demand for
consumer electronics, but if suppliers of, say, semiconductors have been
conservative in their investments, global capacity of semiconductor chips
can become constrained. This can lead to unexpected demand peaks with
an attendant drop in suppliers’ capability to deliver components. Even
though empirical evidence of these kinds of interdependencies has not
been collected, it seems reasonable that such interdependencies exist, and

that they can have a big impact on operations.

1.1 Objectives and scope

This Dissertation develops decision models which help in the design of re-
silient supply chains, the planning of production capacity, and the sourc-
ing of critical raw materials under demand and supply uncertainties. This
objective has been promoted in the literature (e.g., Christopher and Peck
2004; Simchi-Levi 2010) and it was also motivated by real business chal-
lenges brought up in interviews of supply chain practitioners in the begin-
ning of the Dissertation process. To address these challenges, the Disser-
tation develops models which i) account for various types of uncertainties
and ii) give recommendations that perform satisfactorily under most or all
possible realizations of uncertainties. Such models can be adjusted based
on attitude towards uncertainties, for example, by making a statement of
how much risk the decision maker is willing to take. In the literature,
such models are sometimes (and sometimes not) referred to as risk man-
agement models.

In practice, a typical way to analyze the robustness or riskiness of a
decision is to conduct a “what-if” analysis by changing the model inputs
and calculating the outcome with the same decision. For example, it can

be tested how a 10% cost increase or 20% sales decrease would impact



the outcome of a given strategy. This is illustrated with the top decision
process in Figure 1. In the bottom process of the Figure, on the other hand,
the what-if part is done before the decision. This approach also results in
single decision recommendation, but the recommendation is robust in the
sense that uncertainties have already been accounted for. This reduces

the need for further sensitivity (what-if) analyses.

Inputs Decision Model — Decision recommendation®* —> Model outcome
E.g., Demand, Costs,  E.g., Optimization, simu- E.g., Order quantity, Supplier E.g, Costs, profits,
Supply capability lation, scoring models portfolio, Facility locations feagible plan
T *Recommendation (before what-if )
------------------------------------ = What-If -
‘ How input :hartnges would Actual decision
\_ impact outcome &
Ve Stochastic Robust decision Expected model outcome
Inputs —— decision Model — recommendation®* > outcome
Esg D]ema"d’b(.i‘.ms’ E.g., Stochastic optimization, ~ E.g., Order quantity, Supplier E.g, Expected costs, profits,
upply capability robust optimization portfolio, Facility locations feasible plan
\ A
~~-» What-If ---- Recommendation  after what-if )
What kind of changes ~—————
‘\ in inputs are possible /

Figure 1. Approaches to the use of decision models under uncertainty.

Methodologically, the main approach adopted in this Dissertation is
stochastic modeling of demand and supply. The analyses focus on the im-
pact of these uncertainties on decision recommendations from processes
that follow the schematics of the bottom one in Figure 1. In this setting,
the Dissertation seeks to answer the following research questions, which

are linked to Papers [I]-[IV] as shown in Table 1:

RQ1: What is the impact of demand distribution shape on decisions that

consider supply chain design, capacity, or sourcing?

RQ2: What is the impact of operational supply uncertainties, for example,

quality problems, on the costs and risks of sourcing?

RQ3: How to assess the risks caused by disruptional supply uncertain-
ties, for example, supplier bankruptcy, or labor strike at a critical sup-

plier?

RQ4: How can interdependent demand and supply uncertainties be mod-

eled, and what are the implications on sourcing decisions?



Table 1. Scope of Papers [I]-[IV]. The parentheses indicate that the uncertainties are
explicitly modeled, but they are not in focus of analysis.

Uncertainty [1] [II] [III] [IV]
Demand (RQ1) X X) X)

Supply (RQ2) X X)

Supply disruptions (RQ3) X
Demand and supply (RQ4) X X

1.2 Research methods and dissertation structure

Mathematical decision models are central in supply chain planning (Simchi-
Levi et al. 2003; Stadtler 2005) and, methodologically, the Dissertation
consists of models that can be classified as analytic (Papers [I] and [II]) or
scenario-based (Paper [III]) stochastic optimization models, or probabilis-
tic risk analysis (Paper [IV]). Sourcing applications of stochastic optimiza-
tion models and their scenario-based approximations have been proposed
already by Dantzig (1955), and there are stochastic formulations for a va-
riety of planning problems (Shapiro et al. 2009). Among these models,
the analytical approach requires the use of continuous probability distri-
butions, as exemplified by papers [I] and [II]. When discrete distributions
are employed, scenarios can be used to model uncertainties in the spirit
of Paper [III]. In complex systems such as supply networks, special struc-
tures for representing the joint distribution of uncertain variables may
be needed: in Paper [IV] one such structure called a Bayesian network
(Darwiche 2009) is utilized.

The rest of this summary article is structured as follows. Section 2 dis-
cusses the theoretical foundations of the main topics in this Dissertation.
Section 3 presents the key results of Papers [I]-[IV]. Section 4 summarizes

the implications of results and suggests some future research topics.



2 Theoretical foundation

2.1 Supply management and sourcing under uncertainty

Planning is a fundamental management component in supply chain man-
agement (Cooper et al. 1997; Stadtler 2005). According to Meyr et al.
(2008), there are various planning processes under the umbrella of supply
chain planning. Within these, this Dissertation focuses on supply chain
design, capacity, and sourcing decisions. Examples of supply chain plan-
ning applications that consider uncertainties in these areas, respectively,
include long-term supply network planning of a package manufacturer
(Santoso et al. 2005), mid-term demand planning of a fashion product
manufacturer (Fisher and Raman 1996), and short-term inventory opti-
mization at an electronics manufacturer (Cohen et al. 1990).

Tang (2006) reviews quantitative models under the rubric supply chain
risk management. While a clear definition for supply chain risk manage-
ment has not been established yet (Sodhi et al. 2012), risk management
clearly has a different meaning in the context of operations from what it
means in the risk analysis of technical systems, for instance. As an ex-
ample, in operations management, a model that minimizes expected costs
can be considered as a risk management model, even though it would not
have explicit risk objectives or constraints. Tang (2006) divides supply
chain risks into operational and disruptional: the former refers to risks
caused by uncertainties in customer demand, material and labor costs, or
supplier lead times; and the latter to major disruptions caused by natu-
ral and man-made disasters. Further, Tang and Tomlin (2008) categorize
supply chain risks based on their underlying cause as supply risks (up-
stream partners); process risks (inherent to all supply chain partners);
and demand risks (downstream partners, e.g., customers).

In operational models for inventory management and sourcing with the
focus on demand risks, the Newsvendor model (e.g., Qin et al. 2011) is ar-

guably one of the most influential. It is a single period model that charac-



terizes situations where a costly commitment (e.g., a procurement order,
a production order, or a capacity plan) must be made before a realiza-
tion of unknown demand occurs, and both excess commitments and short-
ages carry a cost. The model is particularly applicable to situations in
which products are perishable, fashionable, or for some other reason have
short life cycles. It has a simple analytic solution (Porteus 1990), it has
been extended for many different purposes (Khouja 1999), and, despite of
its simple structure, experiments have shown that humans are not good
at making optimal newsvendor decisions (Schweitzer and Cachon 2000;
Bolton and Katok 2008).

While the Newsvendor model helps managing frequent operational risks
caused by uncertain customer demand, the management of disruptional
risks accounts for high-impact events that occur with low frequency. As
noted by Snyder et al. (2012), due to the vast scale of modern supply
chains and wide array of possible events, there is a high likelihood that a
disruption will strike a given supply chain in a given year; thus there is a
need to manage disruptional risks systematically. Tomlin (2006) lists pos-
sible tactics for managing disruptions: in addition to risk mitigation with,
e.g., insurance or inventories, he also promotes responsive strategies such
as switching to alternative suppliers. These mitigation strategies can be

studied with stochastic optimization models.

2.2 Stochastic optimization

Complex planning problems have traditionally been solved through math-
ematical optimization, formulated as deterministic linear or mixed inte-
ger linear programs. The significance of uncertainties in problem param-
eters has given rise to stochastic optimization, where at least one of the
parameters is uncertain (Santoso et al. 2005; Shapiro et al. 2009). A clas-
sification can be made between stochastic optimization and dynamic op-
timization: many supply chain planning problems contain multiple time
steps, and can require even tens of consecutive (e.g., weekly) decisions;
these kinds of problems are best approached with dynamic optimization

techniques. In contrast, stochastic optimization tends to focus more on



uncertainties and less on dynamics, and the solving techniques are also
different (see, e.g., Rockafellar 2001).

The focus of this Dissertation is on one- and two-stage stochastic opti-
mization models that are either continuous (Papers [I] and [II]) or dis-
crete (Paper [III]) models. In continuous models, stochastic variables
are modeled with continuous probability distributions whereas discrete
models employ discrete distributions, or scenarios (Rockafellar and Wets
1991). The choice of modeling approach matters: continuous models can
be used to derive generalizable insights about a specific problem such as
the Newsvendor problem and, thus, they are particularly valuable in the-
ory development. For actual problem solving, the discrete approach can
be more suitable because the use of sampling techniques makes it possible
to recast stochastic problems as deterministic ones (Shapiro et al. 2009).
This means that complex, industrial size problems can be solved effec-
tively with computers (Santoso et al. 2005). There are also differences in
the estimation of uncertain variables: probability distributions can often
be estimated from data or expert judgments (Keeney and Von Winterfeldt
1991) but, on the other hand, there are effective ways to generate mul-
tivariate, multistage scenarios which can be more readily understood by
managers (Hgyland and Wallace 2001).

The discrete approach is particularly useful for problems that involve
many uncertainties, because of complex multivariate distribution func-
tions. This makes it challenging to analytically determine the global
optimum of, for example, expected profit function that contains such a
distribution function. Multivariate distributions are complex especially
when there are dependencies among the uncertainties. However, sam-
pling multivariate distributions and generating scenarios with dependen-
cies is quite straightforward (see Dupacova et al. 2000; Hgyland and Wal-
lace 2001, and references therein). This approach is increasingly used
in financial risk management, in which dependencies need to be modeled
especially when solving portfolio problems. For example recently, more
attention has been paid to the structure of dependencies, and modeling

with copula functions has gained popularity (Embrechts et al. 1999; Em-



brechts et al. 2005). Copulas are used to model, for example, non-linear
dependencies.

Stochastic optimization approaches to the modeling and management of
uncertainties can be used to solve a variety of planning problems. The
optimal solutions, however, are sensitive to assumptions about the uncer-
tainties, as will be illustrated in this Dissertation. It should be noted that
optimization under uncertainty does not require such assumptions: ro-
bust optimization (Bertsimas and Sim 2004) is a distribution-free stochas-
tic optimization approach that has been applied to the Newsvendor prob-
lem (Gallego and Moon 1993; Perakis and Roels 2008) and inventory plan-
ning problems (Bertsimas and Thiele 2006), for example. Especially in
cases where optimal solutions are sought but few assumptions of the prob-
ability distributions can be made, robust optimization can provide better
solutions than traditional stochastic optimization. But then again, deci-
sion recommendations of robust optimization models can also be overly
conservative (e.g., order zero items because that implies no risk) and thus

non-practical.

2.3 Probabilistic risk analysis

Jittner et al. (2003) call for the adoption of a network perspective in sup-
ply chain risk management, and Sheffi (2005) describes various cases
where disruptions at a company originate from disruptions in the sup-
ply base. But companies can have very complex supply bases (Choi and
Krause 2006), which restricts the efficient use of optimization based ap-
proaches. Instead, Deleris and Erhun (2011) apply Probabilistic Risk As-
sessment (PRA; also referred to as quantitative risk analysis, QRA; and
probabilistic safety analysis, PSA) to supply chains. PRA is a generic
methodology for analyzing the risks of complex systems, and it has been
successfully utilized in various technical applications (Paté-Cornell 1996;
Bedford and Cooke 2001; Stamatelatos et al. 2011).

PRA provides a quantitative estimate of a system’s risk, where a sys-
tem refers to a complex entity such as nuclear power plant and its risk

is related to an undesired event, such as nuclear core melt. When com-



bined with optimization, PRA also helps set priorities among risk mitiga-
tion actions for given resource constraints and, in addition, it can be used
to explore alternative system designs from the risk perspective (Deleris
and Erhun 2011). PRA consists of several methods such as fault mod-
els, event trees, and statistical analysis (Bedford and Cooke 2001; Hgy-
land and Rausand 2009). In a typical PRA process, the system is divided
into basic events or components, and their failure probabilities are esti-
mated. Then, a causal analysis is performed to link these basic events
to a top event (system failure or an accident, for example) using tools
such as fault trees. Finally, the top events are linked to consequences (to
humans, environment, production) using, for example, event trees. The
use of probabilistic data and system modeling make it possible to analyze
the aggregated risk quantitatively, and to assess the impact of individual
events or components on the system risk.

Where optimization models give specific decision recommendations, PRA
is a generic methodology that aims to increase risk-awareness in an orga-
nization (Deleris and Erhun 2011). Indeed, Apostolakis (2004) promotes
the term risk-informed decision making (as opposed to risk-based), mean-
ing that the results of PRA should not be used as the sole basis for decision
making. While this reflects the author’s experiences in the nuclear power
industry where risk assessment is critical for safety and mandated by reg-
ulations, the principle of risk-informed decision making seems relevant to
business problems as well. In business operations, disruptions can be
hazardous and threaten the safety of, e.g., employees in operations man-
agement context, too, but in most cases the focus of operational disruption
management is on the financial consequences (which can be severe; see,
e.g., Sheffi 2005; Hendricks and Singhal 2005). Thus, the role of PRA
in operations management is to provide information for cost-risk tradeoff

analyses and inputs to further decision models.

3 Results

Table 1 summarizes the contributions of Papers [I]-[IV]. Paper [I] exam-

ines widely used supply chain planning models and discusses their out-
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Table 2. Contributions of Papers [I]-[IV]

Paper

Research objectives

Methodology /
Approach

Results

(1]

[11]

[III]

[IV]

Evaluate the impact
of demand distri-
bution shape on
planning models

Study how supply
uncertainty affects
Newsvendor
decision making

Assess the impact of
interdependency
between demand
and supply uncer-
tainties on sourcing
strategies

Develop a metho-
dology for supply
disruption risk
assessment

Analytical study and
numerical sensitivity
analysis of three
models

Theoretical
development of the
Newsvendor model;
experimental study
with on-line
Newsvendor game

Scenario generation
with copulas;
stochastic

programming model to

sourcing with capacity
reservation option

Modeling supply
networks with
Bayesian networks;
analysis based on risk
importance measures;
conceptual examples
and simulation

Insights on the impact
of demand shape in
inventory manage-
ment, sourcing, and
facility location

Newsvendor solution
for interdependent
demand and supply;
analysis of subject
behavior under supply
uncertainty

Insights on how
interdependent
uncertainties can
impact both costs and
risks of sourcing

Generic methodology
for high-level risk
analysis; insight on the
relationship between
network structure and
disruption risk

come in the light of different types of demands.

Papers [II] and [III]

present extensions for the Newsvendor model. In addition, Paper [II] de-
scribes a Newsvendor experiment with results related to the impact of
supply uncertainty. Paper [III] focuses on more complex sourcing setups
than the Newsvendor; these are modeled as scenario-based stochastic op-
timization problems. Paper [IV] develops a methodology for supply risk
assessment in large supply networks.

Specifically, Paper [I] discusses three typical decision models in supply
chain planning: i) Inventory management with safety stock (Silver et al.

1998); ii) Procurement with capacity reservation options (Cachon and Lar-
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iviere 2005); and iii) Facility location and capacity acquisition (Dasci and
Laporte 2005). The basic formulation of these models assumes that there
is a single demand uncertainty (of component, product or market area),
and the paper presents sensitivity analysis of these models with respect to
the shape of the demand distribution. The key result is that the distribu-
tion shape has a major impact on decision recommendations of the three
models (RQ1). In the analysis, the first two moments (expected value,
variance) of distributions were held constant, but the shape had a signif-
icant impact on optimal strategies and their outcomes. For example, in
the procurement model, there were two suppliers available: a cheapless
costly supplier who required fixed order quantities, and a more costly but
flexible supplier that offered capacity reservation options. With identical
expected demand and variance, the optimal share of capacity options in
the total order quantity under normal demand was 83% and under posi-
tively skewed demand 29%. Results of similar scale were obtained for all
models.

Papers [II] and [III] both contribute to the Newsvendor literature and
provide insights on sourcing in buyer-supplier relationships. Paper [II]
focuses solely on the Newsvendor model and its analytical contribution
relates to modeling uncertain supply with the stochastic yield model and,
moreover, considering interdependent demand and supply uncertainties
in the Newsvendor setting. It is shown that under the assumption of in-
dependent, uniformly distributed demand and supply yield, the Newsven-
dor solution changes in a non-trivial manner (RQ2). For example, if the
expected yield, i.e., the share of received goods of the ordered quantity,
is 50%, it is not optimal to order twice the optimal order under perfect
supply yield.

Paper [II] also discusses interdependency between demand and supply:
in the paper, the interdependent case is modeled with a copula structure
that exhibits only moderate dependency (corresponds to correlation coef-
ficient of i%), but the differences in optimal order quantity and expected
profit due to interdependency are still substantial (RQ4). In particular,

positive dependency both increases the expected profit and lowers the risk

12



level measured with Conditional-Value-at-Risk.

The experimental results of Paper [II] shed light on how human deci-
sion makers react in the face of supply uncertainty in Newsvendor de-
cisions. The main result is that supply uncertainty makes it more diffi-
cult to reach the optimal decision, but this also depends on the subjects
(RQ2). The control group (standard Newsvendor setting with perfect sup-
ply yield) and the primary test group (additional stochastic supply yield)
consisted of bachelor and master level engineering students. They faced
two kinds of products: one with high profit margin and one with low profit
margin. The ordering decisions were severely non-optimal: in the case
of high profit margin, the average order by the student group was 44%
short of the optimal order quantity. For a product that has a low profit
margin, the optimal order should have been 39% lower than what was ob-
served on average. Both results exhibit the so-called pull-to-center effect
where orders are adjusted towards the average demand. But, in addition,
a group of supply chain consultants participated the experiment. These
consultants made only 18% smaller orders than the optimum under the
high profit margin; this substantially closer-to-optimal strategy also lead
to over 20% improvement in the average profit when compared to the stu-
dent group.

While Paper [II] focuses on theoretical and experimental investigation
of the Newsvendor setting, Paper [III] focuses on more complex sourc-
ing situations. First, the decision maker can order from two alternative
suppliers: in addition to an unreliable low-cost supplier, also a perfectly
reliable but more costly supplier is available. Moreover, this supplier of-
fers a capacity reservation option which is used to share demand risk
in a buyer-supplier relationship. Second, the uncertainties are modeled
with scenarios that can be generated with little assumptions. For exam-
ple, these scenarios can be generated from expert knowledge, such as per-
centile estimates of demand and supply yield for the planning period in
question. In particular, with this scenario approach, various structures of
dependency can be used to construct the joint distribution for demand and

supply. In the paper, linear and tail-dependent dependency structures are
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compared. The scenarios are used in conjunction with a stochastic op-
timization model for procurement cost minimization. The model is also
extended to two products with two components, which makes it possible
to evaluate how the use of common components helps mitigate risks.

The model in Paper [III] shows that the capacity reservation option is
an effective tool for risk mitigation: in the examples of the paper, the
Conditional-Value-at-Risk (of the procurement cost) at 95% level is almost
10% smaller compared to the case where the option was not available;
also expected costs are decreased by more than 10% due to the option.
The value of the option, however, varies depending on the dependency
strength between demand and supply (RQ4). In particular when demand
and supply are negatively correlated, i.e., high (low) demand tends to oc-
cur at the same with low (high) supply capability, capacity reservation is
preferred to (cheaper) fixed orders. This is due to the fact that under neg-
ative dependency, high demands are particularly difficult to fulfill because
of expectedly lower supply yields at the unreliable supplier. Thus, having
a reliable supply source pays off, even though the order cost is higher. Pa-
per [III] also shows that tail-dependent demand and supply can increase
the worst-case costs of procurement compared to linear dependency; this
result is pertinent to industries in which there are no clear dependencies
between demand and supply under normal conditions, but during, e.g.,
sudden demand peak the suppliers’ capacity might not be sufficient and
supply yields drop.

Paper [IV] presents a methodology for supply risk assessment, but in-
stead of operational supply uncertainty discussed in Papers [II] and [III],
it focuses on disruptional uncertainties where supplier capacity is 0% or
100%. Unlike the other papers in this Dissertation, Paper [IV] does not
focus on a specific decision model, but the methodology supports as-is
analysis for risk-informed decision making. Thus, the key result is the
methodology and the insights based on analytical and numerical exam-
ples of using the methodology. In particular, these insights relate to i)
how supply network design relates to disruption risk, and ii) how suppli-

ers can be prioritized for, e.g., risk mitigation actions.
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A key result of Paper [IV] is that disruption risk assessment in complex
supply networks should not be based on simple rules or assumptions: for
example, whether using single or multiple suppliers involves greater risks
depends on the specific case at hand (RQ3). Another result is that even
though complex supply networks are inherently less reliable than less
complex networks, they are more resilient to disruptions (at least in rela-
tive terms) when complexity is high. The paper discusses the use of risk
importance measures, and points out that different measures are suitable
for different purposes: when planning supply network design (how many
nodes and arcs), a different measure should be used compared to a situ-
ation, where targets for improvement actions in the existing network are

sought.

4 Discussion

4.1 Theoretical and practical implications

Uncertainties, in general, and demand and supply uncertainties, in par-
ticular, are critical inputs to stochastic decision models for sourcing. While
the value of information about these uncertainties in such models has
been discussed in the literature (e.g., Perakis and Roels 2008), most stud-
ies have a simple uncertainty model (e.g., a particular probability dis-
tribution) because of theoretical tractability. This Dissertation suggests
that especially when moving to more concrete applications, uncertainties
should be modeled with due care. Inventory management, for example,
is largely dependent on the shape of the demand: for products with nor-
mally distributed demand, the optimal safety stock can differ from that of
products with bimodal demand, which occurs if demand consists of many
small orders and few large orders.

Decisions related to matching demand and supply are particulary dif-
ficult when there are multiple uncertainties. Paper [III] develops a sce-
nario generation method that can be used to model multiple uncertain-
ties subject to a broad range of different assumptions. Modeling multiple

uncertainties and, in particular, their interdependencies, is rare in the
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literature (but not exceptional, see Tomlin and Wang 2005). Still, it is
realistic to assume that multiple uncertainties should be accounted for:
on the supply side, risk management or capacity requirements lead to use
of multiple suppliers, and on the demand side, the increase in product
variety on the one hand, and the increase in product modularity and use
of common components, on the other, makes component demands more
intertwined than before. These can further depend on each other so that
it is desirable to account for interdependencies in the decision models,
too. Linear dependency models have been considered before (Tomlin and
Wang 2005; Fu et al. 2010), but the non-linear models introduced in this
Dissertation are novel.

Most planning systems for supply chain management are essentially
deterministic (Van Landeghem and Vanmaele 2002). Yet, stochastic mod-
els such as those presented in this Dissertation have considerable poten-
tial for practical use. For example, Sodhi (2005) develops a stochastic
model for tactical demand-supply planning process of a consumer elec-
tronics manufacturer to illustrate the benefits of risk-informed decision
making. Also Paper [II] shows that in simple procurement settings, the
optima under demand and supply uncertainties can be flat and that the
risk levels can be decreased significantly by ordering either more or less
than the optimum with the expense of losing only little of the optimal ex-
pected profit. This kind of profit-risk tradeoff analysis can be valuable in
risk-informed decision making.

Many managerial decisions are ultimately based on intuition or experi-
ence, even if decision models and tools are available. Paper [II] shows how
operational decision making under supply uncertainty is difficult even in
simple cases such as ordering of one product for one sales period, i.e., in
the Newsvendor setting. The situation can, however, be improved: the
experiment showed that subjects can learn while playing the Newsven-
dor “game”. Also other studies (Bolton and Katok 2008; Bostian et al.
2008; Bolton et al. 2012) have found that experience and task training
can improve decisions. Moreover, the experimental results suggest that

use of decision support systems such as spreadsheet simulation tools can
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significantly improve decision making.

4.2 Avenues for future research

The Dissertation opens up several research avenues related to supply
management and risk assessment under demand and supply uncertain-
ties. First, analytical models that consider multiple uncertainties can
be developed further. While the Dissertation sheds some light on how,
e.g., interdependent demand and supply uncertainties can impact pro-
curement strategies, more research is needed for building a comprehen-
sive picture of the impact of facing multiple, possibly interdependent un-
certainties. In particular, cost uncertainties are relevant for many en-
vironments and they are likely to be linked to both demand and supply.
Copula-functions seem especially useful for modeling multiple uncertain-
ties and only few copula structures were employed in this Dissertation.

Second, empirical studies of multiple uncertainties would be valuable.
Both market information and company specific data can be collected to
answer questions such as: Are unexpected demands and sudden sup-
ply problems inter-related? How have unexpected, negative high-impact
events impacted a particular supply chain? In addition to mapping the
central phenomena with empirical data, also case studies that implement
methodologies such as those presented in this Dissertation would be im-
portant for validating the potential benefits. In this respect, the elicitation
of probabilities related to uncertain demand, supplier capability, and dis-
ruptional events is not easy in practice and would merit further research,
too.

Third, behavioral aspects in supply management decisions provide a fer-
tile ground for research. As an example, in the experiment of Paper [II],
the subjects’ behavior appears heterogeneous. A more structured study
could help identify different types of behavior, instead of focusing on the
average behavior. This would deepen the understanding of why differ-
ent decision biases occur. Also some potential prescriptive research topics
exist. First, it was observed in Paper [II] that the use of decision sup-

port systems can improve decisions; in-depth analysis in this area would
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be particularly valuable for practitioners. Second, key performance in-
dicators (KPIs) are increasingly used to evaluate and reward employees
based on their performance. Behavioral experiments would provide an ex-
cellent approach to the study of how exactly KPIs impact human behavior
in different situations. Finally, it should be noted that mass experiments
and statistical analyses are not the only approach experimental research.
Gavirneni and Isen (2010) use verbal protocol analysis which is based on
a dialogue between the experimenter and the subject, and can thus sug-
gest findings that cannot be discovered from numerical mass experiment

data.
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