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Abstract

Exchange rate is extremely volatile and displays a Markovian regime switching prop-

erty. This report proposes a multi-period procurement problem with a flexible quantity

risk-sharing supply contract that may provide a prevention against exchange rate (FX)

fluctuations for international traders. The buyer assumed to be encountered with a ran-

dom price modelled by a regime-switching geometric Brownian motion and also random

demand. The proposed risk sharing supply contract model helps to compensate supplier

for the depreciating market price and also helps buyer when purchase price increases.

According to the author’s knowledge, none of the studies in the literature considers a

risk-sharing supply contract with random demand and random price while modelling the

exchange rates by regime switching approach. Multi-period lattice model is developed

for valuation of risk-sharing supply contract. The problem is solved with using dynamic

programming approach. A numerical example and sensitivity analyses are presented to

illustrate the proposed model.
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Chapter 1

Introduction

Supply chain is a system of all resources, activities and organizations participated in the

procurement, designing, distributing, storing and sale of a good from delivery of raw

materials through to the end users. Coordinating the information, product, and cash

flow within and among organizations is described as supply chain management (Albeniz

and Simchi-Levi 2015). Some of the decision requirements of managing the supply chain

are design of a product, the choice of which suppliers to use, the selection of inputs at

each stage, transportation of inputs, suitable inventory storing, and lastly the end price

of the product. No single business can control all these activities and objectives along

the supply chain. Therefore, a systematic coordination is needed for optimal decisions

to make while reaching the ultimate goals.

A contract method is a fruitful way for coordinating the supply network. That is, it

is a arrangement among different organizations in supply chain networks relating to the

various variables for instance purchase amount, price, delivery, and so on. Deciding on a

proper purchasing strategy in terms of cost is a primary issue for the supply network. In

this study, a model is developed for a dynamic price market environment while evaluating

the quantity flexible risk-sharing supply contract with random demand and random price.

The aim of the problem is to find out an appropriate purchasing quantity and time when
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exchange rate is volatile for the purchased products. It is examined a case that a Canadian

buyer signs an agreement to an American supplier for the price of a flexible quantity of

product to fulfil their customer’s demand over a multiple period. The problem is modelled

as a multi-period procurement problem and solved by the dynamic programming method.

A realistic implementation of the problem for a Canadian company is presented. And

also, some empirical analyses for the effect of changes in the problem parameters on the

results are conducted.

According to the author, none of the studies in the literature considers a risk sharing

and flexible quantity agreement under random price while modelling the exchange rates

by regime switching approach.

This study contains six Chapters. In Chapter 2, some basic concept of supply con-

tracts and regime switching processes are introduced. For Chapter 3, a literature review

about financial and real options valuation methods, supply contracts and regime switch-

ing studies for exchange rates are presented. In Chapter 4, the problem definition, regime

switching exchange rate model, lattice approach and multi-period dynamic programming

mathematical model are presented. In Chapter 5, a numerical example is illustrated by

using the proposed model in Chapter 4. Lastly, the project report concludes with some

final remarks and future research directions presented in Chapter 6.

2



Chapter 2

Supply Chain Contracts and Regime

Switching Processes

This section gives a brief overview about the supply network and its contracts. Further-

more, an information about regime switching processes for exchange rates are explained.

2.1 An Overview to the Supply Network Structure

Supply chain is a sophisticated network that comprises series of activities such as pro-

curement of raw materials, value addition to these materials through transformation

into semi-finished and finished goods, and lastly distribution to final buyers (Bassok and

Anupindi 1997). Management of the supply network interested in controlling informa-

tion, materials, and cash flows formed with suppliers, producers, distributors, retailers,

and buyers. The primary aims of the supply network management is to be productive

and profitable by minimizing total expenditures across the entire system.

Every organization has different conflicting objectives in the network such as suppli-

ers want producers to purchase large and stable quantities with steady delivery times.

Supplier’s this desire conversely clashes with distribution facilities and warehouses to

pull down inventory on hand. Producers must be agile to their customers’ desires and
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fluctuate demands. Hence, they prefer more flexible procurements. Therefore, supplier’s

goal is in conflict with the producer’s wish for flexibility. As manufacturing plans are ap-

plied mostly with no certain knowledge about demands, adjusting supply amount when

demand data come is important in order to balance the supply and demand. So, being

flexible is the key point for demand uncertainties in the supply chain management (Li

et al. 2009).

Supply chain has a dynamic network structure changes regularly during the time. For

instance, amount of requirements and supplier allocation capacities may alter within the

time. Hence, this situation leads to leads to a problem in providing customer expectations

and minimizing overall expenditures. Besides, price and demand variables vary during

the time as the effect of promotions, seasonal demand alterations, market price tactics

and so on (Feng et al. 2013).

Among the most fundamental problem in managing the supply network is uncertainty

because of the fact that it costs additional money. There are different reasons that

lead to uncertainty such as seasonal fluctuations, demand variabilities, logistics, and

quality deficiencies. As a result, a company needs to hold surplus inventory on hand

for both meeting the customer demands preventing a lost sale risk and carry on daily

operations (Fotopoulos et al. 2008). When companies increase their inventory, their

ability to meet higher service levels increases. So, holding excess inventory is a major

component of risk hedging, because firms nowadays could not manage being stock-out

as a consequence of any kinds of supply chain breakdown. If they cannot meet their

customers expectations, customers will go to different suppliers/sources. Therefore, the

management of the uncertainties has a huge priority to achieve an effective supply chain

management (Gurnani and Tang 1999).
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2.2 Supply Chain Contracts

In the previous section, it is mentioned that organizations in supply chain network have

different contradictory objectives. However, biased optimal decisions can cause opera-

tional inefficiencies (Hu et al. 2013b). Generally, there are two approaches in decision

making structure of supply chain. First one is centralized policy in which minimizes the

total cost of the system by managing a central authority who is responsible for deci-

sion making. Second one is the decentralized policy in which the vendor and producer

behave like two independent agent want to maximize their benefit without taking into

account overall network’s profit. The centralized network’s profit is higher than the de-

centralized one. The supplier must propose suitable contract to the manufacturer so that

coordination is achieved (Munson et al. 2012).

A contract method is a good way to obtain a regulation inside the supply networks

that provides sharing risks and benefits by changing the parameters between the organi-

zations. Another words, supply chain contract could be described as an agreement among

different organizations in the network relating to the different variables such as pricing,

order quantity, delivery and so on. An important goal of the contracts is to coordinate the

supply network which results in minimizing the overall supply network’s cost. The other

benefit of the supply contract is ensuring to meet customers’ uncertain and changing de-

mands. Another motivation is sharing the system’s risks and costs emerging due to the

uncertainty in the network. It also provides opportunity for suppliers and buyers to build

enough capacity. The other cause is establishing long-term connections with attending a

continuous business partnership, supplier and purchaser decrease their overall expenses

as pricy researches as well as negotiations are reduced. For example, according to execu-

tives at AMD’s Memory Group, supply contracts secure millions of dollars that funding

in an advanced manufacturing centres which is practically be operated (Hochbaum and

Wagner 2015).
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2.2.1 Categorization of Supply Chain Contracts

There are numerous supply network contract types within literature in order to improve

the coordination. These are buy-back (return), revenue-sharing , quantity discount, risk-

sharing, wholesale price, quantity flexible, options, commitment contracts and so on (Li

et al. 2009).

The returns policy or buy-back contract and revenue sharing contracts are two of the

most commonly studied coordination contracts when the product has a fixed price. The

buy-back (return) policy is generally exercised for merchandises such as computers and

cell phones which have short product life-cycles. The supplier deals to buy remained

unsold inventory at a lower value than the first price. Besides, revenue-sharing agree-

ment coordinates the network when contract variable are chosen appropriately. For the

a revenue-sharing policy, the buyer gives to a seller a pay for each unit purchased, and

in addition to proportion of the revenue that the buyer gain. With commitment policy,

the buyer is obligated to purchase a specified amount during the time horizon. With

option policy, the buyer possess an option to purchase up to a specified amount during

the time horizon (Sethi et al. 2004). Option contract denotes a contract that combines

time flexibility with no minimum purchase requirement. A Blomberg Businessweek arti-

cle reported that Intel has saved $125 million during 2008-2012 due to option contract

(Hochbaum and Wagner 2015). And commitment contract denotes a contract that com-

bines time flexibility with an obligation to purchase a specified amount during the time

horizon.

In addition to optimizing the supply chain coordination, some studies propose models

for comprehensive contract parameters such as time horizon length, pricing, quantity

and time flexibility, quality and information sharing under specific assumptions such as

demand is deterministic or stochastic and purchasing price is certain or uncertain.

In recent days, people are living in an economically global world with a high product

variety. Technological improvements are growing rapidly day by day. Thus, demand and
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price turn into extremely uncertain for so many industries. Therefore, enhancing the

power of estimating price and demand is a great challenge for plenty of firms especially

in context of new products with volatile demand (Hu et al. 2013a). For instance, after

Apple put its i-Pod Touch on the market, a shortage of screens for the product was

occurred within a short time in Autumn 2007 (Guglielmo and Hesseldahl l 19). However,

the producer didn’t estimate this popularity for the product and didn’t contract for

an enough amount of touch-screens. Besides, there were no other suppliers that had

production capacity and could provide the additional units. Therefore, Apple experienced

an important backlogs such as loss of goodwill and loss of sales. In February 2010, Apple

contracted for all the available suppliers for a specific inch screen for both itself and

for creating a scarcity of such screens in the marketplace for its competitors (Guglielmo

and Hesseldahl l 19). Sales prices changing for a several reasons such as supply and

demand uncertainty, foreign exchange rate trends, political and macroeconomic factors,

technological improvements and so on. As a result the buyer pays under or above than

the original price (Yuan 2011).

One of the fundamental aim for the agreements is to ensure the availability of right

quantity and quality of goods within the right time and at the lowest possible payment.

On the other hand, buyers like the flexibility to place orders and then change these orders

as they have more information about future demands. In many supply contract cases,

the right balance between stability and flexibility to allocate the risk between buyers

and sellers is playing an important role (Fotopoulos et al. 2008). Due to the mentioned

price changing environments, supply contracts comprise time flexibility that is letting

the customer to select purchase time. When there is a risky option of purchase timing

in the model, the contract helps to determine when the best time to buy might be.

Time flexibility contracts allow the buyer to monitor the price movements and after that

practising the buying for the suitable time under time flexibility, it is possible purchase

any time between 0 and time T for the buyer. And also, it lets the company to identify
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the order quantity within a period without indicating the definite purchase time. And

then, the company decides on how much to order and when to order for each period

to reduce the procurement cost with addition of stock holding cost. Time inflexibility

contract, by contrast, declares the quantity to be purchased at a definite time. The firm

must define the quantity that it plans to buy at time 0 and when those procurements

occur in the forthcoming periods (Li and Kouvelis 1999).

In addition to time flexibility, contracts also include quantity flexibility. Quantity

flexibility contracts allow the buyer to delay procurements to a next time and at a

favourable quantity and price when a better forecast of the buyer demands are known.

Therefore, the agreement helps the purchaser against demand instability such flexibility

enables the purchaser to decrease the risk of being understock and overstock (Li and

Kouvelis 1999). Quantity flexibility contracts especially used by various firms in the

computer and electronics industry for instance IBM, DELL, and Samsung since 1991,

where demand uncertainties and price fluctuations occur (Sethi et al. 2004). This feature

allows the buyer to modify to order within specific limits as demand uncertainty increases

or decreases to the point of sale.

A quantity supply chain contract could be expressed as: assume that a company

agreed upon a deal of q amounts with a vendor and the commitment is guaranteed an

m × 100% quantity flexibility (0 ≤ m ≤ 1). In that case, the vendor does not obligate

the company to buy total q amounts. The company could buy a total of ε amounts to

that vendor, where (1 − m)q ≤ ε ≤ q. At m = 0, the contract is quantity-inflexible.

Then, the company just place an order that will buy in the end.

It is mentioned before that purchase prices change so fast nowadays. This uncertainty

in the purchase prices has influenced sourcing activities and estimating the operating

costs much more difficult than ever. Risk-sharing contracts offer a much more logical

option than the traditional fixed-price contracts. Therefore, price uncertainty and risk-

sharing contracts studied at the literature. For example, Li and Kouvelis (1999) examines
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risk-sharing contract under a price uncertainty. The price is formulated as geometric

Brownian motion with a single regime to identify quantity flexible,inflexible, and risk-

sharing agreements. The model solved by a binomial tree The risk-sharing property for

a contract is stated with h(c) as follows:

h(c) =





c− λ(c− c), if c > c,

c, if c ≤ c ≤ c,

c+ λ(c− c), if c < c.

(2.1)

In the formula, h(c) represents the unit purchase cost, c is the unit price, c and c are

constants, and the risk-sharing ratio shown as λ ∈ [0, 1]. λ displays a risk-sharing rate

that the supplier shares the uncertainty to the buyer as the unit price increases above c.

Besides, λ displays a rate that the buyer shares the risk to supplier as the unit price falls

below c . And λ = 0 represents without a risk sharing agreement.

According to the Li and Kouvelis (1999) works, under a risk sharing agreement,

supplier and buyer agrees a risk-sharing percentage and then quote a price. After a

while passed, when the supplier delivers the goods, the purchase price of that goods may

be change than the agreed price because of the supplier’s volatile production cost for

instance. As the price of the commodity could go up or go down than the agreed value,

risk-sharing agreement helps to supplier and buyer to share the unpredictable difference

between agreed price and the purchase price. For example, a contract value of the goods

is $50 per each unit and the risk-sharing percentage with the supplier and buyer is 70%

and 30%. At the delivery time, the price raised to $80. If supplier delivers the goods at

$50 per each unit, supplier loses $30 per each unit. If buyer pays for the goods at $80 per

each unit, the buyer could not get an advantage from the contract. Since, buyer’s risk

share ratio is 30%, the buyer’s final pay-off should be $59 [$50+$(80− 50)× 30%]. As a

result, buyer still gets some benefits from the contract and the supplier compensates its

over cost. Conversely, if the price decreases to $40 at the delivery time, buyer should pay
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$47 [$50+ $(40− 50)× 30%] instead of $40. That is, buyer pays lower than the contract

price, whereas supplier also gets benefit. Therefore, risk-sharing agreement provides

win-win opportunity to both suppliers and the buyers.

2.3 Regime Switching Process

Throughout the time, economical and financial variables behaviour could change in terms

of its mean and volatility. If the behaviour change once, usually it is called as structural

break. Or it may change for a period of time and return back to its original behaviour or

switching to another type of behaviour which is expressed as regime switch (Cheung and

Erlandsson 2005). A stochastic process is said to be regime switching if its behaviour is

determined by different models (different regimes) during different time periods. In this

section, it is explained processes in which change randomly between regimes.

Economic depressions, wars, important changes in the policy of government, changes

in the market trends or changes in the business mechanism leads to drastic modifications

in the behaviour of series (Goutte and Zou 2011). Figure 2.1 displays an illustration for

the switch. The behaviour of the series changes at around Jan/04. As seen from the

plot, the series become much more volatile than previously. For this case, it is logical to

group the data into different time periods and forecast models for those periods. These

models should let the whole data to predict the future value and also the model should

be flexible. Markov regime-shifting model is a good way to enable these properties.
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Figure 2.1: A time series with a regime switch (Marin et al. 2014)

Exchange ratio, is the value of a nation’s money with respect to the other nation’s

money, one of the most significant subject in international economics and policy making.

Exchange rate switches affect asset prices. Furthermore, investors take into account

the exchange rate fluctuations impact on their international portfolios. Governments

and central banks also care about its effect for the prices of export/imports, domestic

currency value of debt payments, international reserves and domestic inflation values.

Hamilton’s (1990) Markov regime-switching representation is a good method for ex-

amining exchange rate motion, knowing the fact that the real world economics changes

from regime to regime due to the different reasons that mentioned previously. Many

financial time series, stock prices, gasoline prices, interest rates, exchange rates, prod-

uct life cycles of high technology good behaviours cannot be modelled by linear models.

To accomplish that problem, regime switching models are used (Yuan 2011). Regime-

switching allows to a variable having different processes with different mean and variance

values on a duration of a time. Each process follows a Markovian property which is going

from one regime to the other based on the probability of present regime process (Engel

and Hamilton 1990).
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Figure 2.2: Memory card supply history (Bollen 1999)

Seasonal demand alterations are observed for gasoline, electricity, and natural gas.

For instance, requirement of the electricity increases summer in Spain, Also, both price

and demand of the gasoline are raised throughout the summer in USA. Furthermore,

demand of the natural gas is increased particularly during winter in North America.

Several real option practices are using to model uncertainty for different life cycles of

a product. For example computer memory cards have increasing demand when they are

first introduced to the market. And then, they have a decreasing demand period because

of the new cards with excessive capacity. Figure 2.2 illustrates that example for different

memory card capacities (Bollen 1999). Demand changes over the a product life cycle and

cause managerial challenges. For this type of product, a simple stochastic process may

not be appropriate.

2.3.1 Properties of Markov Switching Model

The space of probable events is divided into m states. Changing the place of a variable

between different states are ruled with a Markov process. Markov property is defined as

follows:
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P (x < at ≤ y | a1, a2, ..., at−1) = P (x < at ≤ y | at−1) (2.2)

It should be known a probability of staying the existing and moving to the other

regime for a variable if it has a Markov regime-switching process behaviour. These

probabilities are shown by a transition probability matrix (Bollen 1998):

P =




p11 p12 · · · p1m

p21 p22 · · · p2m
...

...
. . .

...

pm1 pm2 · · · pmm




pij : probability of jumping from regime i to j.

For instance, let m = 2. The unobserved state variable, expressed as vt, follows

according to a Markov process with the probabilities below (Bollen 1998):

Prob(vt = 1 | vt−1 = 1) = p11, (2.3)

Prob(vt = 2 | vt−1 = 2) = p22, (2.4)

Prob(vt = 2 | vt−1 = 1) = 1− p11, (2.5)

Prob(vt = 1 | vt−1 = 2) = 1− p22. (2.6)

p11 is the probability of staying in trend 1, known that a variable was in trend 1

throughout the last term, and p22 express the probability of being in trend 2, known that

a variable was in trend 2 through the last term, respectively.

Since at any given time the variable must be one of the m states, it must be true that

m∑

j=1

pij = 1 ∀i

πi is the probability of being presently at regime i. Given πi and P , the probability

of for the following term is forecasted as :

πi+1 = πiP
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The probabilities for n step into the future will be given by :

πi+n = πiP
n

The Markov switching approach is useful when a series thought to experience shifts from

one behaviour to another and back again.

2.3.2 Exchange Rate Regime Switching Process

The price of a merchandise always holds in the long run based on the purchasing power

parity theorem. Hence, exchange rates should be constant under some assumptions

(Lo and Morley 2015). However, a few studies become unsuccessful to reject the null

hypothesis in exchange rates. In order to examine this void, Bergman and Hansson

(2005) provide a model that have a Markov regime-switching property model which allows

shifts between two regimes. In the study, the currency exchange rates of 6 countries are

used. The Markov switching probabilities are acquired with the maximum likelihood

estimation. The outcomes are displayed at Figure 2.3.

Figure 2.3: Markov regime-switching process for two state (Bergman and Hansson 2005)

From Figure 2.3 it can be seen that, the model divides the exchange rates into two

regimes. Regime 1 (µ1) is positive for all countries except Japan means a drop of the
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domestic currency against the dollar. µ2 is negative for all countries, stands for a domestic

currency appreciation against the dollar.

The probabilities of continuing in the same regime for the next period p11 and p22

are low for the UK, France, Germany, and Switzerland indicating periodic shifts from

one regime to another in the currencies of those countries. At the end, the authors used

the proposed model to make comparisons with the estimations generated by a random

process. They find that the model built predictions having the lowest mean squared

errors that is statistically significant.

In this project, a flexible quantity with risk-sharing supply network agreement is

proposed under demand and price uncertainties. The contributions of this project are

threefold: First, to provide a multi-period mathematical model to solve the procurement

decisions problem of the buyer considering with stochastic demand and random price.

Second, to illustrate a realistic application of this model within the context of risk-

sharing supply chain contracts with regime switching models for exchange rates. Finally,

to present some empirical analyses for the effect of changes in the problem parameters on

the resulting solutions. As will be presented in the literature section, none of the studies

consider a flexible and a risk-sharing supply contract with random demand and random

price while modelling the exchange rates by regime switching approach.
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Chapter 3

Literature Review

Studies of supply contracts focus on costs of components, ordered amount, delivery date,

inventory allocations and the other variables (Li and Kouvelis 1999). The problem pa-

rameters such as demand and price of the products can be deterministic or stochastic

(Munson et al. 2012).

There are assorted studies in the literature on management science area considering

stochastic processes. For the project concept, literature studies can be categorized into

three parts. In the first part, we emphasize on financial and real option valuation methods

for two and n-regimes. In the second part, we focus on supply chain contracts and lastly,

papers about regime switching studies for exchange rates are mentioned.

3.1 Valuation Methods of Financial and

Real Options

Some fundamental studies that covering the valuation methods of financial and real

options for two or n-regimes are followings: Bollen (1998), Bollen (1999), Nembhard

et al. (2005) and Wahab and Lee (2009). One of the earlier studies considering valuing

financial options in two-regime is Bollen (1998). In this study, variables are defined to
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represent the probability of switching regimes. Parameters are different for each regimes.

And, the returns are assumed as normally distributed in both regimes. Bollen (1998)

suggested a pentanomial lattice to value an American and European options for the

regime-switching models. Each trend is shown with a trinomial tree for the trends at

the pentanomial tree. To merge both regimes in one lattice and decrease the number of

nodes, step sizes are adjusted of both regimes into a 1:2 ratio.

In addition to determining the value of a financial asset, some studies also suggested

modelling manufacturing or project operations using real options. Bollen (1999) deter-

mines an option valuation technique for high technology and newly improved products

such as semi-conductors that have different life cycles which means a process can not be

proper for dynamically changing demand. To model accurately for these kind of prod-

ucts, demand should be taken differently in the product life cycles instead of a constant

expected growth rate. Real option concept is considered for changing a project’s capacity

in the study. Problem solved with the pentanomial lattice using dynamic programming

to give a price the project and also production capacity changing options. In the analy-

ses, it is showed that single regime model that ignores the product life cycle undervalues

the actual results.

Nembhard et al. (2005) propose a dynamic method to estimate the value of real

options under uncertain currency exchange rate for a global manufacturing company.

Manufacturing enterprise aim is maximizing the profit. The company has a flexible op-

tion to decide on suppliers and facility locations with a manufacturing time pause. In the

literature, real options and financial options are applied right away while for the sophis-

ticated productions that assumption can not used due to the fact that production takes

a long time. They assume exchange rates follow geometric Brownian motion. Firstly,

the pentanomial lattice is formulated. However, with the lattice method calculations

are increased dramatically when there are more than two states variables in the model.

Therefore, they suggest a simulation approach to simplify evaluating flexibility models
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for various variants.

A variable can has more than 2 trends. Wahab and Lee (2009) define a regime

switching procedure with n states to examine swing option valuation for gasoline industry

under price uncertainty when states are defined by geometric Brownian motion. Similar

to financial options, swing is a kind of agreement that an owner purchases an amount

of energy at a price while having flexibility in the amount of quantity and the price. A

limitation is set how much that energy will cost and how many times during the month

the option holder can swing the quantity of energy bought. The net present values are

shown with nodes in the lattice. The authors stated that provided lattice method can be

implemented to several supply contracts.

3.2 Supply Chain Contracts

In addition to considering the valuation methods of financial and real options for two

or n-regimes, some studies also embodies several types of supply chain contracts. These

papers can be listed as follows: Bassok and Anupindi (1997), Gurnani and Tang (1999),

Tibben-Lembke (2004), Sethi et al. (2004) , Li et al. (2009), Munson et al. (2012), Feng

et al. (2013), Hu et al. (2013b), Albeniz and Simchi-Levi (2015), Hochbaum and Wagner

(2015).

Bassok and Anupindi (1997) describe a purchasing plan for a product with periodic

review and stochastic demand for minimum commitment contracts. They derive a model

for decreasing the overall expenditures of the purchaser. The buyer signs a contract that

can order any amount for any time. Based on the contract, the vendor offers a discount.

A supplier gives a plan of (price and quantity) pairs. When the agreed order amount

goes up, the price decreases. They formulate the problem in terms of a dynamic model.

In the paper of Gurnani and Tang (1999) the best order plan to a retailer within

a selling season is determined for a profit maximization. Retailer has two instants to
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give an order before season starts. Demand is assumed as uncertain. To improve the

demand forecast, retailer observes market trends between first and second order. Since

the retailer observes the market, second instant information is more accurate than the

first one. So, retailer wants to postpone the order before the second season. Moreover,

manufacturing costs are uncertain due to the fluctuations in currency exchange rate and

shortage inventory. They developed a newsvendor model to find optimal order quantity

for each two instants. Demand information quality range from the market is also consid-

ered (i.e. from worthless to perfect information level). Joint distribution of demand and

information is normally distributed.

A purchasing policy that minimizes the expected profit for N -period is determined for

the long term quantity flexible supply contracts in the paper of Tibben-Lembke (2004).

The model is solved with dynamic programming. Over the contract duration, the buyer

guarantees to purchase a minimum amount. Therefore, purchaser gets a better price in

the long-term contract. It is assumed that demand is random and all unmet demands are

backlogged. Demand is modelled by normal distribution. There are so many variables

that make the model complicated and make the completion time increases. Therefore,

they also build an heuristic method for the proposed policies. It is stated that when the

demand is stochastic, having flexible options leads to gain much more benefit.

Sethi et al. (2004) build a model for a single and a multi-period flexible quantity

contract to find best quantity order amount in the beginning of a time-period. In the

contract feature, purchaser has a right to increase its quantity order. And also, the buyer

can revise the order amount based on the demand forecast before the final purchase.

Authors also study the effect of information level on the purchasing decisions. They use

two alternative price (high and low) that follows geometric Brownian motion.

In the management science literature, so many supply contract models are investi-

gated. In Li et al. (2009), both long-term and short-term agreements are compared to

choose the right supplier under dynamic demand process. Signing long-term agreement
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ensures stable and reliable price and quality in the environment of upward or downward

market price trend. With the short-term contract, the buyer takes the benefit of best

price for each period. But, the short-term price is too stochastic because of the dynamic

movements of supply and demand on the market. This study revealed that when the

variance of the price is high, long-term contracts decrease the expected cost.

Munson et al. (2012) analysed commitment and option contracts with time flexibility.

Purchase cost assumed to be varied stochastically over the length of the contracts. Timing

and purchase price expectation strategies are combined for the buyer’s (retailer) decision.

Profit maximization model is formulated. Proposed model extended for multiple supplier

cases. In these cases, the price processes for different suppliers may vary due to the

exchange rate fluctuation impact and different raw material costs (e.g. aluminium vs.

steel).

Feng et al. (2013) work on a market-based adjustable contract problem which is solved

by Nash bargaining equilibrium to identify the target price and risk sharing ratio of the

contract for single vendor and a buyer. This study has also same risk-share properties

with Li and Kouvelis (1999) settings, yet varies in terms of customer and supplier are both

risk-averse. The model considers market price uncertainty with supplier’s and buyer’s

production cost variabilities. The risk-sharing mechanism (target price and risk sharing

ratio) is not given. Lastly, buyer’s operating cost is considered.

Hu et al. (2013b) examines one-period supply network coordination problem between

two suppliers and a retailer with stochastic demand and random production output. Opti-

mal solution for the centralized model is presented. Also, leading supplier’s and retailer’s

decisions are formulated for decentralized model. It is argued that simple wholesale and

overproduction risk-sharing contract can not decrease the total cost of the network. So,

both buy-back and risk-sharing agreements are suggested in addition to a second supplier

to maximize the profit.

In a related paper of Li and Kouvelis (1999), Albeniz and Simchi-Levi (2015) provide
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a discrete time dynamic model for supply contract selection of a buyer who has stochastic

demand for a period of time. The aim of this study is to generate the best combination

of different suppliers according to the prospective contract prices. The authors offer the

following contract combinations: A long term constant price contract, spot market and

option contracts. Firstly, a replenishment problem of the buyer is solved dynamically.

And then, the best contract combination at the beginning of the period is solved. Even-

tually, the authors display the model on an example that the long term contracts have

an advantage of the expected profit.

Hochbaum and Wagner (2015) consider the range contract, which enables a buyer

and a supplier to share the cost of a volatile demand and build a win-win position where

both firms benefit from decentralization. In a range contracts, the buyer can order

any quantity within the range. This form of the contract is suitable for semiconductor

industry in high-tech sector which has inflexible production and short-life cycles product.

Demand is assumed as random with uniform distribution. They modelled both for the

vendor’s and the customer’s profit maximization.

There are also some papers dealing with uncertainty while determining the optimal

purchase amount and time in the contract literature. Various sources of uncertainty

are considered. For instance, random demand and supply, uncertainty in the purchase

prices, uncertainty in the production output and uncertainty in the exchange rates. Some

examples of studies considering changeability are Li and Kouvelis (1999), Kamrad and

Siddique (2004), Fotopoulos et al. (2008) and Hu et al. (2013a).

Li and Kouvelis (1999) propose a dynamic programming model with using the bi-

nomial lattice for the valuation of different types of supply chain contracts under a

risk-sharing property. Objectives of the model are determining a procurement plan for a

company that expected overall cost (purchase and inventory cost), expected net present

value, is minimized. Firm both decides on order time and quantity when consider-

ing time-inflexible, time-flexible and quantity flexible supply contracts under uncertain
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prices. The authors assumed that the firm’s customer future demand is deterministic.

It is also assumed that unit purchasing price follows the geometric Brownian motion.

Analyses are done for a single and two supplier cases.

Kamrad and Siddique (2004) study on valuing quantity flexible contracts for random

exchange rates, revenue sharing, multiple supplier choice, counteraction options. Ex-

change rates are represented by a standard Brownian motion. The producer forms a

combination from multiple suppliers in which the combination of the suppliers have a

lower variability from than an individual one. Suppliers are located on different countries.

The customer chooses its supplier from that combination during the period. Portfolio

theory is used for the risk reduction with using the supplier combinations as a risky port-

folio. The customer changes the amount of order based on the volatility of exchange rates

throughout the time. In return, suppliers give a penalty for a protection to unexpected

changes in the customer’s order size. So, supplier gains revenue from these penalties.

Suppliers react and protect their rights against customer’s order level changing and to

exchange rate fluctuations. Supplier’s counteraction define as an option. A dual profit

maximization problem is developed for the supplier’s and producer’s option value.

Fotopoulos et al. (2008) study a flexible-time contract under changing prices with de-

terministic demand. Purchase price process is expressed as geometric Brownian motion.

For the supply chain contract, the firm would like to decide the discounted total cost

at time t for every order and every quantity for minimizing order and inventory holding

costs.

Hu et al. (2013a) propose a flexible quantity contract that the buyer’s order changes

between a minimum and a maximum amount. It is accepted that supplier’s production

output (yield) and demand is uncertain. The paper’s objectives are to maximize expected

profit that coordinate the centralized and decentralized supply chain networks by propos-

ing a flexible ordering policy with negotiations. For operational decisions, minimum and

maximum purchasing quantities for the customer’s perspective and production amounts
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for supplier’s point of views are determined. It is also assumed that there is one supplier

with stochastic production and one buyer with deterministic production with random

demand. Flexible ordering policy is modelled for centralized supply chain where sup-

plier and buyer have a coordination. It is showed that flexible ordering policy enhances

the total network’s profit. For maximizing network’s expected profit a new combined

agreement (OPR-order penalty and rebate) with revenue sharing contract is developed.

3.3 Regime Switching Studies for Exchange Rates

In this project, it is specifically developed a model for a stochastic price market envi-

ronment while evaluating the flexible risk-sharing supply contract. Since price volatility

depends on the changing trends of exchange rates, we also continue to research on another

relevant stream which is regime switching studies for exchange rates. Examples of studies

dealing with regime switching for exchange rates are Bollen et al. (2000), Bergman and

Hansson (2005), Cheung and Erlandsson (2005), Lee and Chen (2006), Goutte and Zou

(2011)and Yuan (2011).

Bollen et al. (2000) study capability of regime-switching model for capturing the be-

haviour of FX. Mean and variance are evaluated for the data by maximum likelihood

method for one, two and four regime distributions. Returns are assumed normally dis-

tributed in each regimes. Parameters pair are calculated for appreciation and depreciation

periods. The results indicate that two or four regime switching models performers well

than the single regime model. The paper proved that exchange rate has trends within

their processes and a regime-switching evaluation method achieves greater profits than

traditional option valuation models.

Bergman and Hansson (2005) suggest regime-switching model allows for multiple

switches between two regimes for exchange rates. The Markov switching model estimates

are obtained using maximum likelihood estimation. They find that for all six series and for
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forecast horizons up to 4 steps (quarter) ahead, their Markov switching model generates

predictions with the lowest mean squared errors which is statistically significant.

In the model of Cheung and Erlandsson (2005) Monte Carlo approach is proposed for

overcome the statistical unidentified parameter problem when identifying the distribution

of exchange rates with having more than two regimes. It is suggested that data should be

increased to enhance the power of Monte Carlo test while detecting the Markov switching

dynamics. Analyses resulted that exchanges show a dynamic Markov regime-switching

property.

Lee and Chen (2006) use a model to define exchange rate dynamics under a dirty

float regime. A dirty floating is occurred by a government which causes to change the

direction of the float by selling or buying currencies.Also, stochastic actions made by the

central bank leads to a change in market expectations, and therefore the process of the

exchange rates. The authors stated that the process of exchange rates can be described

by stochastically. They showed with this paper that Markov method is appropriate dirty

floating exchange rate regimes which is one of the most well-known exchange rate regime

in the world. It is showed that the parameters of exchange rate are state-dependent.

This explains the hypothesis of exchange rate process has a regime switching model.

The work by Goutte and Zou (2011) initially present exchange rates with Cox-

Ingersoll-Ross model with regime switching. They calibrate the model based on some

real daily foreign exchange rate data and do some comparisons with respect to other

non-regime switching model. Findings demonstrate that stochastic exchange rate un-

der regime switching model match the regime-switching duration in which a financial

depression occurred between January 2000 and March 2000.

Yuan (2011) presents a forecasting model for exchange rates. The new model corrects

two shortcomings of the existing literature. Firstly, existing models tends to be unstable

in estimation for regime shifts as financial processes such as exchange rates are usually

highly volatile. Secondly, standard Markov switching models using just two trends,
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growth and decline, which is not suitable almost all exchange rates. So, a third regime

with no trend is suggested to define the behaviour of exchange rates.

According to the author’s knowledge, none of the studies referred in that part consid-

ers a flexible and a risk-sharing supply chain contract with random demand and random

price while modelling the exchange rates by regime switching approach.
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Chapter 4

The Model

This chapter firstly presents the problem definition of the studied project. A multi-period

mathematical model is solved for the procurement decisions problem of the Canadian

buyer sourcing from USA. The buyer assumed to be encountered with a random demand

and also random price due to the exchange rate volatility between Canadian and US

dollar. Therefore, a risk-sharing supply contract is applied for the price uncertainties.

This contract helps to compensate a supplier for the decreasing monetary value of the

price with a buyer. And also helps the buyer when the currency appreciates. Secondly,

a comprehensive information about regime switching exchange rate model is given. And

then, n-period lattice approach is explained. Lastly, a dynamic programming model is

generated for the valuation of contracts. In the supply chain contract literature, n-period

procurement problems and a regime switching model have never been used for the flexible

quantity risk sharing agreements under price uncertainty.

4.1 Problem Definition

Let’s consider a product which is procured from USA paying US dollar by a Canadian

buyer and all costs are converted into Canadian dollar. The US supplier is flexible to

send any quantity to the buyer. That is, the vendor has unlimited supply quantity of a
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product. The demand per period D is assumed to be a normal distribution with mean,

µ, and variance, σ2. The inventory model is base-stock policy (S-policy). The behaviour

of the product price is changed due to the volatility of the exchange rates. The exchange

rate has a regime-switching process with multiple trends (n-regimes). Each trend is

defined by a geometric Brownian motion. The problem is modelled under a risk sharing

agreement, the supplier and the buyer agrees a risk-sharing ratio, λ, and quote a price.

After a period of time passed, when the supplier delivers the goods, the purchase price

of these goods may be changed than the agreed price because of the volatility of the

exchange rates or supplier’s production expenses.

As the value of the commodity can go up or down from the agreed price, risk-sharing

agreement helps vendor and buyer to share the uncertain difference among agreed price

and the spot-market value. The objective is to evaluate and compare the price of the

product over different discrete-time periods to obtain best order-up-to level with a net

present value given that the inventory level at period t before ordering x, the purchase

price is c, and that the regime is i.

Here is the some assumptions for the problem:

• linear holding cost h per unit per period

• stochastic demand with pdf φ(·) and cdf Φ(·)

• possible values of prices: {c1, c2, ...., ck}, where c1 ≥ 0, and ci+1 > ci∀1 < i < k − 1

• price follows a Markovian transition with transition matrix Π = {πij}

• Set-up cost is negligible because nowadays all communication activities are con-

ducted via e- mail or telephone (Bassok and Anupindi 1997, Fotopoulos et al. 2008,

Munson et al. 2012, Hu et al. 2013b)

• No lead times (Haksoz and Seshadri 2007, Li et al. 2009, Munson et al. 2012)

• Unsatisfied demand is lost (Hu et al. 2013a, Hu et al. 2013b)
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• No capacity restrictions since supplier is flexible, so it can be possible to order any

quantity (Gavirneni 2004)

4.2 Regime-Switching Exchange Rate Model

For that part, a lattice model is introduced to model the process for an exchange rate

that has n-regimes.

A stochastic process is said to be regime switching if its behaviour is determined by

different models (different regimes) during different periods.

In a one-regime approach, the stochastic process is defined with a probability distri-

bution such as Black-Scholes-Merton model for a profit P price of the stock that can be

described by a normally distributed geometric Brownian motion as follows (Black and

Scholes 1973):

P ∼ N(µ, σ2). (4.1)

For this project, it is studied a multiple regime model that is regime i is distributed

normally with a drift µi, and standard deviation σi. The n-regime model could be

defined as follows:

Pt|Φt−1 ∼ N(µi, σ
2
i ) with probability pit = Pr(vt = i|Φt−1), (4.2)

and
∑

i

pit = 1.

Where Pat=ln(Xt/Xt−1) and Xt represents a FX (currency exchange rate) in terms

of US dollars for the foreign currency. The detailed information about Equation 4.2 was

presented at Section 2.3.1 Properties of Markov-Switching Model. n-regime model, has

n2 transition probabilities shown as:

Pr(vt = i|vt−1 = j) for i, j = 1, 2, . . . , n, (4.3)

The transition from one state to the other is driven by a transition probability matrix.

Transition probabilities are known as regime persistence parameters, the other words they
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can be defined as probability of remaining the existing and moving to the other regime

for a variable if it has a Markov regime switching behaviour.

4.3 Lattice Approach

As Lattice (tree) method provides a simplicity and a flexibility in the mathematical

calculations, they have been used so frequently. The main objective is to construct a

discrete-time tree for the prospective worth for a random variant during time steps.

Continuous distribution process such as geometric Brownian motion can be represented

in the lattice by dividing the total time duration into equal fine discrete intervals. This

process is called discretization. For instance, a financial option has a finite expiry date of

X years. The tree is generated by an integer number, m, with time steps, y. Then, the

duration of each steps is X/y. For example, an evaluation process of an option starts at

the end of the due date and come back to the current day, recursively. For the end nodes,

the value of an option is the payoff, whereas for interim nodes, the value of the option

can be formulated as the sum of the present time payoff plus the expected discounted

payoffs for the future periods.

In the literature section, it is explained that there are various studies that use for ex-

ample a binomial lattice to value an option for a single regime with a geometric Brownian

motion, as well as for stochastic processes. Intuitively, one may think that a binomial

lattice is modelled with each regime with 4 branches (quadrinomial lattice) are enough

to model randomly changing distributions. However, this four branch method is not effi-

cient. The reason for this inefficiency is explained as the branches can not be generated

properly as the time passes.

To solve this problem, a trinomial lattice is substituted for one of the binomial lattice

with resulting an extra fifth branch. Therefore, the tree has equally 5 branches. The

center branch is shared by two trends (Bollen 1998) . The flexibility of a five branch
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lattice is that the streams could be located equally whereas remaining to preserve the

original mean and variance of the variable by choosing appropriate branch probabilities.

It also gives opportunity for wider branches with positive probabilities. A lattice method

is generated to describe the behaviour of a variable that has a different regime switch-

ing models for multiple regimes that each regime is defined with a geometric Brownian

motion.

According to the study of Bollen (1998) every regime is shown with a trinomial lattice

that the center stream is shared in the tree method. To decrease the lattice points unite

with modifying the jump sizes (Figure 4.1). To make a decision for the which regime’s

step size should be changed, the branch probabilities and step sizes for the regimes should

be calculated. This process is called as adjusting of the step size. The jump size for the

regimes are calculated using equation (4.4), which is similar to equation (9) in Bollen

(1998):

φ̂i =
√

σ2
i (∆t) + µ2

i (∆t)2, i = 1, 2, . . . , n, (4.4)

µi and σi represent drift and volatility for trend i; ∆t denotes the time interval among two

discrete sections of the tree (Bollen 1998). In order to maintain the positive conditional

branch probability, the step size ∆t can be chosen sufficiently small.

Wahab and Lee (2009) modelled a n-trend tree. The following properties are gener-

ated based on their paper. Assume φ̂1, φ̂2, . . ., φ̂n are the jump sizes for rends. Firstly,

index the trends again such as φ1 < φ2 < φ3 < . . . , < φn holds. After re-indexing the

regimes, we set φk = φ̂i for k = 1, 2, 3, . . . , n such that φ1 < φ2 < φ3 < . . . , < φn

holds, and secondly φ = max{φ1,
φ2

2
, φ3

3
, . . . φn

n
} (Wahab and Lee 2009). Let φ = φk

k
(i.e.,

φk

k
>

φj

j
, ∀j 6= k). Third, modify the jump size for the trends φj such as:

φ̃j =






φk, j = k,

j φk

k
, j 6= k.

(4.5)
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Figure 4.1: Multinomial lattice-one step

Regimes with step size φj, i.e., j 6= k, are build with a trinomial tree. The highest, center,

and lowest conditional branch probabilities for tree branches with trend j = 1, 2, 3, .., n

are as follows (Wahab and Lee 2009):

π
φ̃j ,u

=
eµj∆t − e(−φ̃j) − πφj ,m(1− e(−φ̃j))

e(φ̃j) − e(−φ̃j )
, (4.6)

π
φ̃j ,m

= 1−
φ2
j

(φ̃j)2
, (4.7)

π
φ̃j ,d

= 1− π
φ̃j ,u

− π
φ̃j ,m

, (4.8)

When regime φk, i.e., j = k, a binomial lattice is used for this trend. Because when

j = kthe center stream probability becomes zero. In this case, the expressions for the

branch probabilities can be simplified from Equations (4.6)–(4.8) and they are given as:

π
φ̃j ,u

=
eµj∆t − e−φ̃j

eφ̃j − e−φ̃j

, (4.9)

π
φ̃j ,d

= 1− π
φ̃j ,u

, (4.10)
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For the purpose of giving a start with the tree, the jump sizes of each trends and

conditional branch probabilities are calculated with Equations (4.4)-(4.10) and then,

lattice is built for a specific date. At the end, price of a product can be determined using

the exchange rate computed at each node.

4.4 Valuation of Contracts

An option valuation can be defined as a price to buy the right of a related option. The

other words, value of an option is a function that depends on the time value of the asset

that can be changed due to the volatility. Binomial tree method is one of the most

fundamental and simple way to value the options such as American and European for a

discrete-time period. An American option owner possess a right to exercise the American

option every time, while an European owner possess to exercise the option at just its

expiration time (Black and Scholes 1973). In the binomial tree method a stochastic

process for a variable can be move to either up or down with a certain probability during

a discrete time period which is the total life of the option.

Let’s think a binomial tree in which a stochastic variable has a single trend process.

One should first calculate the option values at the final (terminal) nodes and then move

from back to the beginning by calculating the expected value of the forward nodes. Note

that final (terminal) nodes are the expiration date of the option. At each final node for an

European option can be found as follows: Max[0, Exercise value] . For the forward nodes

the option value is : Max[0, expected discounted payoff]. Expected discounted payoffs

can be calculated with using the probability percentages of moving up or down for the

underlying asset. The same process is repeated from each final node to the current time.

On the other hand, there is a right to hold the option or exercised it until due date for

an American option owner (Wahab and Lee 2009). Therefore, the value of the forward

nodes can be formulated as: Max[exercise value, expected discounted payoff from early
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exercise] for each node. The value of the terminal nodes are same with the American

option.

On the other hand, regime probabilities and regime-switching likelihood for every

nodes lead to a complexity while calculating the discounted expected value for the regime-

switching models. To handle this difficulty, conditional option values for the nodes with

related trends are used. Conditional information of one node is coming from the preceding

state. Therefore, it can be calculated from the backward procedure, and at the end there

is a one option value for every trend. Moreover, the conditional probabilities rely on the

transition probability matrix. The reason is that prospective regime probabilities are

identical with the conditional transition probabilities.

Two regimes are used to show the algorithm. The following Figure shows two-regime

process for an exchange rate. In this Figure, φ is the step size of the regime, subscript

i = 1, 2 of φ represents two regimes, and l indicates the level of the exchange rate (branch

position).
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Figure 4.2: Two-regime process for an exchange rate

“Base-stock policy” (S-policy) is applied. This policy says that whenever the stock

is less than S we palace an up to S amount of order . That is, the maximum inventory

level is S; with the lost sale we have a lower bound of 0.
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Suppose that the buyer is unable to segment the market into submarkets where each

market serves a different group of consumers and the seller prices the product using a

fixed marginal profit. In other words, if the purchase price is c, the price will be set at

(1 + α)c, where α > 0 is the marginal profit.

Suppose that demand for per period, D has a distribution with continuous probability

density function f(·). Also, r represents a constant interest rate per year. Decision period

is one month, which is denoted by ∆t, which is 1/12 year. The holding cost per unit

per period is h. Let z(x, i, c, t) denote the optimal net present value given that the stock

level at period t when ordering x, the purchase price is c, and that regime is i. The best

order-up-to level y for each scenario is needed to be obtain. Following recursive equations

are generated:

z(x, 1, c, t) = max
y≥x

{cx+G(y, 1, c, t)},

where

G(y, 1, c, t) =c(1 + α)E[min{D, y}]− cy −H(y) (4.11)

+ e−r∆tγ11πφ̃1,u
E[z((y −D)+, 1, ceφ̃1, t+∆t)]

+ e−r∆tγ11πφ̃1,m
E[z((y −D)+, 1, c, t+∆t)]

+ e−r∆tγ11πφ̃1,d
E[z((y −D)+, 1, ce−φ̃1, t+∆t)]

+ e−r∆tγ12πφ̃2,u
E[z((y −D)+, 2, ce2φ̃1, t+∆t)]

+ e−r∆tγ12πφ̃2,m
E[z((y −D)+, 2, c, t+∆t)]

+ e−r∆tγ12πφ̃2,d
E[z((y −D)+, 2, ce−2φ̃1 , t+∆t)],

where

E[min{D, y}] =

∫ y

−∞

Df(D)dD +

∫ ∞

y

yf(D)dD,

and the holding cost

H(y) = h

∫ y

0

(y −D)f(D)dD.
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It is assumed that there is no salvage value, i.e., z(y, 1, c, T +∆t) = 0 for all y and c.

Similarly, if regime is 2, we have

z(x, 2, c, t) = max
y≥x

{cx+G(y, 2, c, t)},

where

G(y, 2, c, t) =c(1 + α)E[min{D, y}]− cy −H(y) (4.12)

+ e−r∆tγ21πφ̃1,u
E[z((y −D)+, 1, ceφ̃1, t+∆t)]

+ e−r∆tγ21πφ̃1,m
E[z((y −D)+, 1, c, t+∆t)]

+ e−r∆tγ21πφ̃1,d
E[z((y −D)+, 1, ceφ̃1, t +∆t)]

+ e−r∆tγ22πφ̃2,u
E[z((y −D)+, 2, ce2φ̃1, t+∆t)]

+ e−r∆tγ22πφ̃2,m
E[z((y −D)+, 2, c, t+∆t)]

+ e−r∆tγ22πφ̃2,d
E[z((y −D)+, 2, ce−2φ̃1 , t+∆t)].

Denote the optimal policy by St(i, c), where period t = 1, · · · , T , regime i = 1, 2, and

purchase cost is c. Define S(i, c) as the number which maximizes

V (i, c, y) = c(1 + α)E[min{D, y}]− (c− e−rE[c|i])y −H(y),

E[c|i] represents expected cost for the following term knowing that i is the present

regime and the current cost is c.
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Chapter 5

An Example and Sensitivity

Analyses

In this chapter, the proposed model is presented in Chapter 4 with a numerical example

and several sensitivity analyses. The analyses include changes in gross margin, mean

and standard deviation of the demand, holding cost, risk-sharing ratio, lower and upper

price. In addition, changes in the standard deviations of the exchange rate for regime 1,

regime 2 and a single regime models are also investigated.

5.1 Numerical Example

Figure 5.1 shows the exchange rate in Canadian dollar (CAD) per US dollar (USD)

during the period of August 5, 2010 and October 17, 2011. Figure 5.2 shows two regimes

of the exchange rate and smoothed probabilities. Table 5.1 provides the daily estimated

parameters for both regimes. Parameters are forcasted by maximum likelihood assuming

normal distribution returns for each regime. The same exchange rate data is used to

fit into a single Brownian motion and Table 5.2 shows the daily estimated parameters.

When estimating the parameters, the null hypothesis is that each parameter value is 0

and the p–value reflects the reliability of the null hypothesis.
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Figure 5.1: Daily exchange rate in CAD per USD from August 5, 2010 and October 17,

2011

50 100 150 200 250 300
−2

−1

0

1

2

3

lo
g 

re
tu

rn
s ×

 1
00

 

 

50 100 150 200 250 300
0

0.2

0.4

0.6

0.8

1

Days from Aug. 5, 2010 to Oct. 17, 2011

S
m

oo
th

ed
 p

ro
ba

bi
lit

y

Regime 1
Regime 2

Figure 5.2: Two regimes with smoothed probability for the daily exchange rate in CAD

per 100 units of USD
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Table 5.1: Estimated regime parameters for exchange

rate in CAD per 100 units of USD

Variable Coefficient Standard error p–value

γ11 0.96 0.06 0.00

γ22 0.93 0.06 0.00

µ1 -0.0585 0.0389 0.13

µ2 0.0963 0.0818 0.24

σ2
1 0.1904 0.0238 0.00

σ2
2 0.5730 0.0792 0.00

Table 5.2: Estimated parameters for exchange rate in

CAD per 100 units of USD

Variable Coefficient Standard error p–value

µ 0.0018 0.0336 0.9573

σ 0.5823 0.1176 0.0000

A simple example with 3 month periods to show the computation is applied. Assume

the demand for each term is distributed normally with mean 100 units and standard

deviation 5 units. Initial unit price c0 = 4/0.99 = $4.0404. The holding cost is $0.8 per

unit per period, which is a constant as explained before. The riskless interest rate is 5%

per year. The gross margin is α = 35% (Note: Notation $ represents the Canadian dollar).

The parameters related to the risk–sharing contract are λ = 0.5, P = 2c0 = 8.0808, and

P = 0.95c0 = 3.8384. The step size of regime 1 is φ̂1 = 0.02347 and the step size of

regime 2 is φ̂2 = 0.04015. Then, adjusted step sizes of regimes 1 and 2 are φ̃1 = 0.02347

and φ̃2 = 0.04694, respectively. The branch probabilities of regimes 1 and 2 are:

π
φ̃1,u

= 0.2340, π
φ̃1,m

= 0, π
φ̃1,d

= 0.7660

π
φ̃2,u

= 0.5749, π
φ̃2,m

= 0.2681, πΦ̃2,d
= 0.1570
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Assuming 21 trading days per month (252 trading days in a year), the monthly

transition probabilities are : γ11 = 0.6678, γ12 = 0.3322, γ21 = 0.5813, and γ22 = 0.4187.

Unconditional probabilities of regimes 1 and 2 are 0.3637 and 0.6363, respectively.

We first calculate the unit purchase price on the lattice depicted in Figure 5.3. For

example, the step size travelling along the lower branch of the high-volatility regime is

e−2×0.02347 and unit purchase price at period 2 is 4/0.9 ∗ e−2×0.02347 = 3.8551. Following

this node, the step size travelling along the lower branch of the low-volatility regime

is e−0.02347 and unit purchase price at period 3 is 3.8551 × e−0.02347 = 3.7657. Since

3.7657 < P = 3.8384, the actual unit purchase price following the risk-sharing contract

is 3.7657 + λ(P − 3.7657) = 3.8020.

The value of the contracts for each node are calculated using Figure 5.3, which dis-

plays the unit purchase price values. Figure 5.4 shows the expected discounted sup-

ply contract’s value based on the proposed recursive equations mentioned above. One

can find the final discounted supply contract’s value by multiplying and then adding

these values with unconditional probabilities of the respective regimes. The uncondi-

tional probabilities of regimes 1 and 2 are 0.3637 and 0.6363, respectively. For example,

(0.3637× 37.8255) + (0.6363× 37.9054) = 37.8763
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Figure 5.3: Unit purchase prices
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Figure 5.4: Optimal net present values

40



5.2 Sensitivity Analyses

In this Chapter, a 3-period example is extended to 36-periods (3 years) with the param-

eter settings presented in the previous section to observe the effects of changes in various

problem parameter on the solutions of regime switching and a single Brownian motion

models.

5.2.1 Changes in the gross margin

Initially, the changes in the profit with different gross margin, α, values for the risk-

sharing and without risk-sharing contracts are analysed when exchange rate follows a

regime switching and a single Brownian motion. Gross margin, α, values are varied

between 0.25%-0.45%. The results with different gross margins are presented in Figure

5.5.

From Figure 5.5, as expected when α increases, the expected discounted total profits

for all contracts increase. Also, there is no significant profit difference between the

contracts. They have almost same profit values.
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Figure 5.5: Changes in the gross margin
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5.2.2 Changes in the mean of demand

In the numerical example, it was assumed that the demand for each period distributed

normally with mean of 100 units. In this analysis, the demand per period was assumed to

has a normal distribution with varying between 80 and 120 units. Figure 5.6 demonstrates

the respective demand changes on the risk-sharing contracts when exchange rate follows

a regime switching and a single Brownian motion.

In all instances displayed at Figure 5.6 there is no significant profit variants among the

contracts. They have almost same profit values. Moreover, when the demand increases,

the expected discounted profit also increases for all contracts because of the revenue

rising.
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Figure 5.6: Changes in mean of demand

5.2.3 Changes in the standard deviation of demand

Next, changes in the profit are examined when there is variations in the standard devi-

ation of the demand . As stated at numerical model, standard deviation of the demand

is 5 units. In this analysis, it is varied between 3 and 7 units. Figure 5.7 displays these

changes on the risk sharing and no-risk sharing contracts when exchange rate variable
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follows a regime switching and a single Brownian motion.

From Figure 5.7, it can be observed that as standard deviation increases, the expected

discounted profit of all contracts decrease. The graph also shows that under the high

uncertainty of demand, the profit of the risk-sharing contracts always greater than the no

risk-sharing contracts. Therefore, it is especially beneficial to use the risk-sharing supply

chain contract when the demand is stochastic.
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Figure 5.7: Changes in the standard deviation of demand

That observation is also seen in the study of Tibben-Lembke (2004). They proved

that base-stock procurement method is optimal for n-term problems. They conducted

analyses about the impact of variance on profits when the variance rises 20 to 100. It is

observed that the overall profit decreases its nearly half value. Also, Hu et al. (2013a)

shows that the integrated supply chain’s profit suffers from a decrease under demand

uncertainty. They indicate that the profit increase becomes more obvious as the demand

uncertainty is low. Furthermore, Hu et al. (2013b) also indicates the same outcomes from

their studies.
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5.2.4 Changes in the holding cost

Next, the changes on the profit with different holding costs for the risk-sharing and with-

out risk-sharing contracts are researched when exchange rate follows a regime switching

and a single Brownian motion. Now, holding cost values are varied from $0.2 to $1.4.

Results are presented in Figure 5.8.
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Figure 5.8: Changes in the holding cost

Observe from Figure 5.8 that as holding cost increases, the expected discounted profit

for all the contracts are decreased due to the raising of the total costs. However, the return

of the both risk-sharing contracts are always superior to the no risk-sharing contracts.

This indicates the value of applying the risk-sharing contract. Besides, it can be also

noted that the profits of the single Brownian motion (binomial) are always higher than

the regime switching processes for all the supply contracts. This is because when the

exchange rate follows a single Brownian motion, the profit is overestimated due to not

to be able to capture the regime switching behaviour of the variable. And, when the

exchange rate follows the regime switching process, the profit is underestimated due to

not to be able to capture the binomial behaviour.
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5.2.5 Changes in the risk-sharing ratio

Next, analyses are continued with changing the risk-sharing ratio, λ, when exchange

rate follows a regime switching and a single Brownian motion. For this analysis, the

risk-sharing ratio is varied between 0 to 1. Results with varying risk-sharing ratio are

presented in Figure 5.9.
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Figure 5.9: Changes in the risk-sharing ratio

As it can be observed from Figure 5.9, for all instances the risk sharing contract in

which exchange rate follows a single process have higher profit value than the exchange

rate variable fluctuates between different regimes. When λ is small, the profit for both

contracts are low. If λ increases, the profit also rises. This proofs the risk-sharing

property has a significant favourable effect on improving profit and worth to use it in the

supply chain contracts. Note that according to Equation 2.1, λ = 0 stands for no-risk

sharing contract. When λ = 1, again based on Equation 2.1, P = P for the unit price

above than the upper purchase price limit (P ). And, P = P when the unit price under

the lower purchase price frontier (P ). Therefore, when λ = 1, both supply contracts have

the same profit value as can be seen on Figure 5.9 .
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5.2.6 Changes in the lower price

Moreover, lower price, P , diversity is investigated for the risk-sharing contract when

exchange rate variable follows a regime switching and a single Brownian motion. For

the numerical example, we considers P = 0.95c0 = 3.8384. For this analysis, the risk-

sharing contract parameter is altered between 2 and 4. Results with varying P values

are displayed in Figure 5.10.
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Figure 5.10: Changes in the lower price

As it can be observed from Figure 5.10, the value of the profits are almost same for the

risk-sharing contract when exchange rate follows a single process and regime switching

process. As P increases, profit also increases. The results suggest that the risk-sharing

contract may lower the profit as P is low, whereas the profit is high as P becomes bigger.

That is, risk-sharing agreement having a high P , makes the contract more attractive and

moreover increase the compensating opportunity of buyer to the supplier for the lower

purchase costs.
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5.2.7 Changes in the upper price

Next, an analyse is conducted for changing the upper price (P ) for risk-sharing contract

when exchange rate variable follows a regime-switching and a single geometric Brownian

motion. For this analysis, risk-sharing contract parameter is varied between 5 and 11.

Results with varying P values are demonstrated in Figure 5.11.
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Figure 5.11: Changes in the upper price

From Figure 5.11, profit does not change when the P value is increased or decreased

. Besides, the profit of the exchange rate for the regime switching process is lower than

the single geometric Brownian motion. This is because when the exchange rate follows

a single Brownian motion, the profit is overestimated due to not to be able to capture

the regime switching behaviour of the variable. And, when the exchange rate follows the

regime switching process, the profit is underestimated due to not to be able to capture

the binomial behaviour. In that case, we can state that having risk-sharing contract does

not give the buyer any significant advantage.
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5.2.8 Changes in the standard deviations of the exchange rate

for regime 1 and regime 2

Standard deviations (σ1, σ2) of the exchange rate are varied from 6%-10% and 10%-14%

for regime 1 and regime 2, respectively. Each regime process is still presumed to pursue

a geometric Brownian motion. When σ1 and σ2 percentages are changed, the step sizes

of the lattice and probability of the each branches are modified. Next, the appropriate

probability changes are applied to the model and then plotted Figure 5.12 and Figure

5.13. This analyse is conducted for the risk-sharing and no risk-sharing contracts.
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Figure 5.12: Changes of the exchange rate standard deviation for regime 1
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Figure 5.13: Changes of the exchange rate standard deviation for regime 2

From Figure 5.12 and Figure 5.13, it can be observed that as expected when σ1

and σ2 increase, profit also increases. This outcome obviously shows that when the

uncertainty of the exchange rate is high and volatile, it is definitely more beneficial to

use the risk-sharing supply chain contract with the perspective of expected discounted

profit value. Furthermore, according to the risk (standard deviation) and return (profit)

trade off relationship as the risk increases, the profit also increases. So, the results of this

sensitivity analyse exactly show and proof that property.

5.2.9 Changes of the exchange rate standard deviation for the

single trend process

Lastly, standard deviation, σ, for an exchange rate is varied between 5% and 13% when

the underlying variable follows a single process which is geometric Brownian motion.

When the standard deviation percentages are changed, the step size of the lattice and

probabilities of the each branches are also altered. Next, the appropriate probability

modifications are applied to the model and then plotted Figure 5.14.
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Figure 5.14: Changes of the exchange rate standard deviation for a single regime model

Figure 5.14 demonstrates the profit changes for the risk-sharing and without risk-

sharing agreements. This analyse showed that as σ goes up, profit also goes up. One

may also conclude that when σ is low, the difference between the profit values of the

risk-sharing and without risk-sharing contracts is small and considerably close to the

each other. However, when σ is high, the difference between the expected discounted

profit values are also high. Moreover, the profit value of the risk-sharing contract is

greater than the without risk-sharing supply contract. This results indicate that, risk-

sharing contract is more profitable under the high and volatile uncertainty conditions of

the exchange rates.
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Chapter 6

Conclusion

In this project, a new modelling framework is proposed for a supply contract decision

problem. The problem is motivated by the procurement decision issue of a Canadian

buyer sourcing from USA. It is thought that the buyer encounters with a random demand

and also random price due to the exchange rate volatility between Canadian and US

dollar. Therefore, a risk-sharing supply contract is suggested for the price uncertainties

to compensate the supplier when the price decreases. And also, helps the buyer when the

currency appreciate. Unlike the existing literature, demand for the Canadian buyer and

purchasing price are considered to be stochastic and modelled as a geometric Brownian

motion. Exchange rate for product price assumed to be followed a regime-shifting process

for n-regimes. Each trend is defined with a geometric Brownian motion.

Problem is modelled by using a multi-period setting. n-period lattice model is devel-

oped for the valuation of the risk-sharing contract. We generated a dynamic modelling

method for the solution of the multi-period lattice model. In the supply contract litera-

ture, n-period lattice valuation and regime switching model have never been used before

for the flexible risk sharing agreements under price uncertainty.

A numerical example of the model is presented with the real data for 3 month periods

when the demand variable follows a single regime and price exchange rate follows two
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regimes. A lattice approach is presented to value the unit purchase price and risk-sharing

contract. Furthermore, several extensive sensitivity analyses are studied for 36 month

periods to observe the effect of changes in various problem parameters on the long run

for risk-sharing and no risk-sharing contracts when exchange rate follows a single and

two regimes.

It is observed that as standard deviations of demand are increased, the expected

discounted profit value of all contracts decreased. Also, it is seen that under the high

uncertainty of demand, the profit of the risk-sharing contracts always greater than the no

risk-sharing contracts. Therefore, it is especially beneficial to use the risk-sharing supply

contract when the demand is stochastic. Also, it is displayed for all the sensitivity

analyses that the return of the risk-sharing contracts are always superior to the no risk-

sharing agreements. Besides, note that profits of the single Brownian motion are always

higher than the regime switching processes for all the supply contracts. This is because

when the exchange rate follows single Brownian motion, the profit is overestimated due to

not to be able to capture the regime switching behaviour of the variable. And, when the

exchange rate follows the regime switching process, and also the profit is underestimated

due to not to be able to capture the binomial behaviour.

Furthermore, the risk sharing ratio is changed. It is observed that the profit for both

the regime switching and binomial supply contract is high, as risk sharing ratio is high.

This proofs risk-sharing property has a significant favourable effect on profit improvement

and worth to use it in the supply contracts. Besides, the standard deviations of the

exchange rates are varied for regime switching and single Brownian motion processes.

The results displayed that as risk are increased, the profit value also increased and the

profit value of the risk-sharing contract is greater than the no risk-sharing supply contract.

These outcomes show that when the uncertainty of the exchange rate is high and volatile,

it is definitely more beneficial to use the risk-sharing contract.

The proposed lattice approach can be implemented to value financial and real options
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as a variable pursues a regime-switching process owns more than two regimes. This

project can be extended for the future studies. For instance, it is possible to modify the

demand process as an n-regime model. Another possible future research direction is to

consider an incentive factor to be offered in order to stimulate the procurement of the

buyer from the supplier. In contrast with the incentive factor, the buyer can impose a

penalty cost when the delivery quantity is below the ordered level. And then, the supplier

pays a penalty for an amount of below the order. The related mathematical model of

this problem can be developed as dual optimization for both buyer and supplier. In

addition to incentive and penalty analyses, the project can be broaden for more than

two supplier sourcing commitments within a multi-period setting through a discrete and

finite planning horizon.
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