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In this dissertation we investigate joint optimal capacity investment, pricing and
production decisions for a multinational manufacturer who faces exchange rate
uncertainties. We consider a manufacturer that sells its product in both domestic and
foreign markets over a multiperiod season. Because of long-lead times, the capacity
investment must be committed before the selling season begins. The exchange rate
between the two countries fluctuates across period and the demand in both markets is
price dependent. In the first part, the model considers three scenarios: (1) early
commitment to price and quantity with central sourcing, (2) postponement of prices and
quantities with central sourcing, and (3) local sourcing. We derive the optimal capacity
and the optimal prices for each scenario, and investigate the impact of the exchange rate
parameters and the length of the selling season on optimal capacity investment,
production allocation, and pricing decisions. We observe that while the price and
production decisions in the domestic market are independent of the exchange rate under
early commitment and local sourcing scenarios, the exchange rate between two countries
directly impacts these decisions under the postponement setting. We identify thresholds
and gain insights on investment costs, market potentials, exchange rate drifts, and selling

season length for the choice of entering a foreign market under all scenarios.



In the second part of this dissertation, we consider a duopoly competition in the
foreign country. We consider a single period setting and we model the exchange rate as a
random variable. We assume two scenarios: (1) Exogenous Model, where the price of the
foreign manufacturer is set a priori, and (2) Endogenous Model, where the prices are set
simultaneously based on a Nash Game outcome. In the Exogenous Model, we study the
impact of exchange rate and foreign manufacturer's price on optimal capacity and prices.
In the Endogenous Model, we investigate the impact of competition and exchange rate on
optimal capacities and optimal prices. We show how competition can impact the decision

of the home manufacturer to enter the foreign market.
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Part I Monopoly

Chapter 1

Introduction and Literature Review

1.1  Introduction

Many manufacturers sell their products and services in international markets
so as to increase their market share and profitability. Exchange rate is one of the key
factors for a multinational manufacturer determining its profitability. Exchange rate
fluctuations from 1% a day to 20 % a year is common and this changes could affect
capacity and cost, which will ultimately affect the overall profit significantly (Dornier
1998). During the past 20 years, firms are expanding their product and services to
foreign market, (Lowe et al. 2002).For a global firm to continue operating
internationally and stay in business, it must be flexible and proactive in responding to
uncertain shocks in exchange rate movements and adjust its operations based on
unexpected movements in exchange rate. Therefore, multinational firms incorporate
multiple risk-management techniques to handle exchange rate uncertainty.
Unfavorable conditions in exchange rates may result in financial losses for the
manufacturers' international operations or even end their operations in the market
altogether. For example, in late 70's and early 80's a British airline company called
Lakers Airlines was facing increasing demand for its low cost tickets (Jet Blue is an
example of current companies that uses their technique). To expand its capacity, the
company made investments in US dollars. When the value of dollar increased against
pounds significantly, the company collapsed in 1982 because of the imbalance

between its revenues in pounds and expenses in dollars (Anderson 1997). Similarly,



according to Dominguez (1998), between the time from 1985 to 1997 the Yen was
appreciating against the Dollar reaching its highest value in 1995. Therefore the
Japanese companies revised their operations significantly by shifting their production
abroad to low cost countries including the US (Smithson 1998). Pollack (1993)
mentioned that the sole reason behind that move was that the Japanese companies
were paying their employees in a strong Yen and making revenue in weak Dollars. It
is imperative for a multinational company not to ignore the impact of exchange rate
in its investment, production, and pricing decisions. Specifically, when a
manufacturing firm makes a decision to enter a foreign market, based on the prospect
of a favorable market potential and exchange rate, it must coordinate its capacity
investments and supply chain operations across borders properly in order to realize
higher profits. To achieve this goal, the firm has to allocate its investments wisely
across markets and fix the prices accordingly.

In this dissertation, we consider a single manufacturer that produces its
product in home country and sells it in both domestic and foreign countries over a
planning horizon that consists of multiple periods. The goal of the manufacturer is to
maximize the total net present value (NPV) of its profits (before tax) over the planing
horizon in two markets; domestic and international. Quite a few companies prefer
manufacturing their products at home and sell them both domestically and
internationally. Sargento Cheese Company, Inc., for example, is a food company that
has a factory in Plymouth, Wisconsin. The company is famous for producing quality
cheese products which are sold in the local and international markets.

In our setting, the manufacturer must first decide on its capacity investment in
the home country before the selling season. Then, based on demand and exchange
rate conditions, the company is to decide how to allocate capacity across markets and
how to price them. The selling season is composed of multiple periods across which

the exchange rate fluctuates. The fluctuations in exchange rate is stochastic and



modeled by the Geometric Brownian Motion. The demands in both markets, on the
other hand, are assumed to be downward slopping with selling prices. We study the
effects of exchange rate parameters, specifically, drift and volatility on a
multinational manufacturer's capacity investment and allocation decisions under three
different scenarios. In the first scenario we consider early commitment with central
sourcing, where the manufacturer builds capacity only in the domestic market.
Furthermore it must determine and commit to its pricing and production quantities for
the selling season in both markets before the selling season starts. The selling price,
hence demand in each market, stays constant throughout the selling season regardless
of how the exchange rate fluctuates. Such situations occur when the manufacturer
makes long term contracts with its distributors or buyers. Typically, those contracts
stipulate price and quantity that the manufacturer must provide for its buyers over a
specified term. This type of contracts are common especially for food and beverage
producers. The second model (Postponement of Prices and Quantities) also assumes
that the overall capacity will be built in the domestic market before the selling season,
however it considers postponement with central sourcing where the price and the
allocation of the production can be adjusted in each period for each market once the
exchange rate for that period is observed.

As an alternative to exporting its products, we also consider the case where
the manufacturer has the option of investing in capacity in the foreign country. This
case investigates local sourcing where the manufacturer builds capacity in both
markets and satisfies the demand in each market locally. In this case, since both the
manufacturing cost and the revenue from sales are based on the same currency the
early and delayed commitments are effectively undistinguishable. Traditional
manufacturers of the 20th Century used to carry out their main production operations
in their home country and export their goods to other nations. However, with the

recent wave of globalization many large scale manufacturers open and operate



manufacturing facilities at international locations. Moving some of the manufacturing
to other countries provide the firms with chances to improve their service and
delivery efficiency in local markets, product availability, savings in logistics, and tax
benefits. On the other hand, it exposes them to financial risks due to exchange rate
fluctuations and additional overhead costs. In the car industry, luxury car
manufactures prefer to produce their cars locally instead of exporting them to the
foreign market, because they can react more efficiently to consumer satisfactions and
exchange rate fluctuations (Taipei Time 2003). As an example, Lexus is one of the
successful car manufacturers that produces luxury vehicles. Although it manufactures
its certain models in Japan and exports them to foreign markets, it has also invested in
capacity to manufacture the RX model in Canada. The investment for overseas
production could be explained by the huge demand for the RX in the United States
(The Age 20006).

By analyzing the aforementioned models we investigate the conditions under
which the manufacturer should invest for capacity for local production in the foreign
market, export to the foreign market, or not to enter the foreign market at all. We also
study the impact of the length of the planing horizon on the manufacturer's optimal
investment, allocation, and pricing policies under all scenarios.

In this dissertation, we will try to address the following questions:

In Part I:

1. What is the impact of exchange rate parameters on capacity and prices?
2. When is it profitable to enter the foreign market?

4. When is it profitable to invest capacity in the foreign?

In part IT

5. How competition is going to affect capacity allocation?

6. How is competition going to affect the firm's home sales?

7. which exchange rate value is going to help the firm competing?



1.2  Dissertation Outline

This dissertation is divided into two parts, Part I (Monopoly) and Part II
(Competition). In Part I, the manufacturer relies on the exchange rate to enter the
foreign market where in Part II the manufacturer relies on exchange rate and
competition factors to enter the foreign markets.

Part I includes: the preceding section, Chapter 2, Chapter 3, Chapter 4, and
Chapter 5. In the preceding section, we present the literature review. In Chapter 2,
we present our basic settings, assumptions, and nomenclature. In Chapter 3, we
present the Early Commitment to Price and Quantity Model where the manufacturer
commits to prices and quantities at the beginning of the planning horizon. In Chapter
4, we present the Postponement of Prices and Quantities Model where the
manufacturer flexes its prices and quantities from period to period. In Chapter 5, we
present the Capacity Investment in the Foreign Market Model (LS) where we show
when it is profitable for the manufacturer to build capacity at the foreign country. For
each model we will discuss the allocation scenarios under capacity investment at
home and in both countries.

Part II includes chapter 6 where we assume that there is a competition at the
foreign market only and the manufacturer postpones prices and quantities until the
realization of exchange rate. In this chapter, we present our basic settings,
assumptions, and nomenclature, Exogenous Model, Endogenous Model, and we drive
the optimal capacity for each model.

In Chapter 7, we will have a summary of key results and future work.

1.3 Literature Review
To manage the risk caused by the exchange rates a global manufacturer can
employ two types of strategies: financial hedging and operational hedging. In

financial hedging the multinational firm buys option contracts such as the one that



grants the right to buy or sell currency at a specified exchange rate during a specified
period of time. The multinational firm can opt out of the contract if the future
exchange rate is not favorable. According to O'Brien (1996), currency option is used
regularly by firms to protect themselves against exchange rate volatility. Another
example that is being used frequently is forward exchange contract where an
agreement is made between two parties to exchange a specified amount of one
currency for another currency at a specified foreign exchange rate on a future date.
The financial hedging has its disadvantages that could hit the firm with financial
losses: the firm could lose profit because it cannot catch the upside of the exchange
rate volatility and it could be risky for a firm to enter foreign market, which leads to
financial losses if the firm is not hitting the targeting sales and the exchange rate is
weak, and/or any cancellation of the contract will result in a financial loss for the
multinational firm (Huchzermeier and Cohen 1996).

Our work focuses on operational hedging; where we propose operational
hedging mechanism for the firm to implement to hedge against exchange rate
fluctuations. Ding et al. (2007) define operational hedging strategies as "real
compound options that are exercised in response to the demand, price, and exchange-
rate contingencies faced by the firm in a global supply chain context." Such
operational techniques (real options) can be found in the literature and include
postponing prices (Kazaz et al. 2005), switching production between countries
(Kogut and Kutalika 1994, Dasu and Li 1997, Kouvelis et al. 2001), and reserving
capacity (Cohen and Huchzermeier 1999).

Huchzermeier and Cohen (1996) consider a supply chain consisting of
supplying countries, production facilities, and markets. Similar to our model, capacity
decision is made before realizing the exchange rate. They developed model to select
the optimal supply chain. For example, one optimal supply chain option is to supply

the material from home country and manufacture the product at all factories and each



factory sells it to its market. They implement a multinomial approach to approximate
exchange rate. Our model differs from this work in the sense that we assume a
multiperiod model with price dependent demand. Kouvelis et al. (2001) consider
three types of strategies: exporting with capacity being only at home, partnership with
a firm in the foreign market, and investing capacity in the foreign market. They study
policies that shift between those strategies based on exchange rate volatility. They
observe that increasing volatility would force the firm to implement the exporting
strategy. In their work, they assume that the firm always enters the foreign market,
whereas in our work the manufacturer has the option of not entering the market in a
setting with price dependent demand.

Kazaz et al. (2005) developed a two-staged stochastic program. The goal of
their model is to determine optimal capacity investment and allocation policies that
can be employed as a hedge against uncertain fluctuations in exchange rate. This
program chooses the optimal allocation policy based on the realized exchange rate. In
their model, capacity is built and products are manufactured before the realization of
the exchange rate. Once the exchange rate is observed the firm decides how it
allocates its quantities to the markets. Similar to our setting, they consider a multiple
period model.

In another paper, Ding et al. (2007) present a multinational firm that invests
capacity in either one of the two markets or in both markets. They assume that the
firm commits to capacity before the realization of the exchange rate and demand in
both markets. In their paper, they consider both financial hedging and operational
hedging in order for the firm to protect itself against exchange rate uncertainty. The
multinational firm employs financial hedging at the time of capacity building by
purchasing financial option contracts. This strategy is based on the schemes presented
by previous researchers such as Mello et al. (1995) and Chowdhry and Howe (1999).

The other method is operational hedging where the multinational firm postpones its



allocation of capacity to both markets until the demand and exchange rate are
observed. In this sense their model is similar to Kazaz et. al. (2005) where both
papers utilize a two-stage stochastic program. In the first stage, both of them invest
capacity before the realization of the exchange rate and in the second stage they
allocate capacity after the realization of the exchange rate. As mentioned above, the
main difference is that Ding et al. (2007) incorporate financial hedging techniques
into the first stage whereas Kazaz et al. (2005) also considers a multiperiod setting.

There are two key differences that distinguish our model from Kazaz et. al.
and Ding et al. (2007): how the exchange rate fluctuations are modeled and the price
dependent demand function. In our model we assume that the exchange rate follows a
geometric Brownian motion whereas Kazaz et. al. (2005) assume a general
probability distribution function and Ding et al. (2007) assume that exchange rate
follows a lognormal distribution.

In a relevant work, Aytekin and Birge (2004) compare both financial and
operational hedging strategies. Their conclusions favor financial hedging when
exchange rate has a small volatility and operational hedging when exchange rate has
a strong volatility. They consider three scenarios where production is done at home,
production is done at home and foreign country where home production supply the
shortage at the foreign market, and production is done in both countries and each

production country can serve either market.



Chapter 2

Basic Settings, Assumptions, and Nomenclature

2.1 Basic Settings and Assumptions

In this study we investigate for optimal capacity investment, pricing, and
production allocation policies for a global firm that manufacturers its products at
"home" country and sells them to domestic and foreign markets. As an alternative to
exporting its products, the manufacturer has the option of investing in capacity at the
foreign country. Traditional manufacturers of the 20th Century used to carry out their
main production operations in their home country and export their goods to other
nations. However, with the recent wave of globalization many large scale
manufacturers open and operate manufacturing facilities at international locations.
Moving some of the manufacturing to other countries provide the firms with chances
to improve their service and delivery efficiency in local markets, product availability,
savings in logistics, and tax benefits. On the other hand, it exposes them to financial
risks due to exchange rate fluctuations and additional overhead costs. As such, there
are still quite a few companies that prefer manufacturing their products only at home
and export them to other countries. Sargento Cheese Company, Inc., is an example of
a food company that has a factory in Plymouth, Wisconsin. The company is famous
for producing quality cheese products and their products are sold to local and
international markets. In the car industry, luxury car manufactures prefer to produce
their cars locally and export them to the foreign market, because they can react more
efficiently to consumer satisfactions and exchange rate fluctuations (Taipei Time,
2003). The main reason for a luxury car manufacturer to spend a lot of money to

invest in capacity aboard is to increase their sales (Taipei Time 2003). Lexus is one of
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the successful car manufacturers that produces luxury vehicles. According to Table
2.1, Lexus manufactures all of there models in Japan and export them to foreign
market except for the RX model which is produced in Japan and Canada. This could

be explained by the huge demand of the RX in the United States (Morley 2006).

Table 2.1 Lexus Production Location

Model Production Location

LS Tahara, Japan

LS Hybrid | Tahara, Japan

GS Tahara, Japan

GS Hybrid | Tahara, Japan

ES Kyushu, Japan

IS Kyushu and Tahara, Japan
ISF Tahara, Japan

SC Kanto Jidosha, Japan

LX Araco, Japan

GX Tahara, Japan

RX Kyushu, Japan and Cambridge, Ontario
RX Hybrid | Kyushu, Japan

We consider a firm that manufactures and sells a single type product to two
markets: the home country and a foreign market. The firm must decide on its
production capacity, selling prices at both markets, and the production allocations
throughout the selling season of multiple periods. In the basic model, the capacity
investment is irreversible and must be made in the home country.

The choice of capacity is made ahead of the selling season, before the
exchange rates between the currencies of the home and the foreign countries are
observed. This is often times the case for many industries with long capacity lead
times such as the pharmaceutical and high-tech industries (Anupindi and Jiang 2008).
Also, many multinational car manufacturers invest in capacity before the realization

of the exchange rates and postpone their prices and allocations to local and foreign
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market until after the realization of the exchange rates (for more examples see
Mieghem and Dada 1999).

If the manufacturer chooses to build all the capacity at home, both the
domestic and the foreign market demands are satisfied from the home country (Figure
2.1.a). We referred to this model as the Central Sourcing Model. The manufacturer
also has the option of building capacity in the foreign market to satisfy the demand
therein. In this case, both markets are served locally and independently (Figure 2.1.b).

We call this model as the Local Sourcing Model.

Production Market Production Market

= (=
°

Figure 2.1.a Central Sourcing Model Figure 2.1.b Local Sourcing Mode

The domestic and the foreign markets differ in their demand base and
disparity in currencies. In each market demand is assumed to be linear decreasing in
price which is expressed in local currency. The demand base is steady. While the
demand is assumed to be a deterministic function of price, the exchange rate is
stochastic and fluctuating across periods. It is assumed that the manufacturer does not
carry any inventory across periods. The product can be produced and shipped to both
markets within the same selling period.

We study the manufacturer's decision problem under two scenarios. In the
first scenario (Early Commitment), the manufacturer has to commit to its capacity,
price, and production before the selling season as illustrated in Figure 2.2. Once the
season starts no decision change can be made. This is a common practice especially

for agricultural products where the suppliers and buyers lock prices and quantities
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before the harvesting season based on their prospect in future market demand and

supply.

Set capacity,

. Exchange Rate Sales are
prices, and 5

L is realized finalized
qua.ntltles

Figure 2.2  Sequence of operational decisions under early commitment

In the second scenario (postponement of prices and quantities), the
manufacturer has more flexibility in that she can postpone the price and quantity

decisions until after the exchange rates are realized (Figure 2.3).

Exchange Set prices

Rate is and

Sales are

realized qua;ntiti.es finalized

Figure 2.3  Sequence of operational decisions under price and quantity
postponement

2.2 Nomenclator

Indices

i market index where i = H for the home market, and i = F' for the foreign
market

7 investigated scenario index where scenarios j = 1,2, and 3 are as explained
above

t: period index (t=1..T)

Parameters
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Iy: The initial foreign exchange rate expressed in home-currency per unit foreign-

currency.

I(t): exchange rate between the currency of home country and foreign country

cy:  unit manufacturing cost at home country expressed in home currency

cp:  unit manufacturing cost at foreign country expressed in foreign currency

r unit shipment cost to foreign market expressed in home currency

wug:  unit capacity cost at home in home currency

upp: portion of the marginal capacity cost for the foreign country paid in home
currency

upp: portion of the marginal capacity cost for the foreign country paid in local
currency

up:  unit capacity cost in the foreign country where up = upg + I, upp

Decision Variables

Z .
KH]'

under

Z .
KF]'

units

z

Diji-

Z .
ijt-

manufacturing capacity built at home country expressed in number of units

scenario j for model z (z = s for the SSM and [ for LSM)

manufacturing capacity built at the foreign country expressed in number of

under scenario j for model z.

unit selling price for the product in market ¢, scenario 7, in period ¢ in local
currency and model z

quantity allocated to market ¢ under scenario j in period ¢ and model z

To model the price dependent demand we employ the linear additive demand

function. Specifically, at any given period ¢ (t = 1..7)

Diy = o — Bipijt (2.1)
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where D;j; denotes the demand in market ¢ while «; and (3; represent the demand
potential and price coefficient in market 7 respectively. Similar demand function is
common in the literature and some include Mills (1959), Zabel (1972), Thowsen
(1975), Petruzzi and Dada (1999), Chen and Simchi-Levi (2004), Chen et al. (2006),
and Gurnani et al. (2007).

In our setting, the exchange rate fluctuations across periods are modeled by a
Weiner Process, B(t), where B(t) = e+/t.Here, ¢ is the random error term that
follows the Standard Normal distribution. As such, it is assumed that the exchange

rate follows a Geometric Brownian motion:

dI(t) = pl(t)dt + oI(t)dB(t) (2.2)

where I(t) is driven by the Ito process. The parameters ;1 and o are the mean and the
standard deviation of the Normal exchange rate drift. The solution to equation (2.2) is
given by Davis (2001) as I(t) = Ipe((r=27")t+0B(1) - Assuming B(t) = e/t and

replacing in (2.2), we get
I(t) = Loellim)roevi) (2.3)

Hence, the expected value of I(¢) at time ¢ is [ye!.



Chapter 3
Early Commitment to Price and Quantity

3.1 Background

In this section, we consider the case where the manufacturer must commit to
her capacity, domestic and foreign market prices, and quantity allocation before the
beginning of the selling season. Once fixed, prices and sales quantities stay
unchanged across all periods. Clearly, since the demand is deterministic, the
manufacturer's revenue from the domestic sales stays constant in all periods. On the
other hand, since the exchange rate is random she may loose money in some periods
due to low realized exchange rates. We note that in the foreign market the
manufacturer collects its revenues in local currencies, whereas, both the production
and transportation costs are paid in home currency. Therefore, by early commitment,
the manufacturer takes the risk of incurring negative profits in some periods from her
sales in the foreign country. As such, she accepts to make a commitment for the

foreign market only if the overall expected profits increase by doing so.

3.2 The Model

All products are manufactured at home and shipped to both markets. In this
case, the prices and quantities, and hence demand are unchanged across periods.
Consequently, the manufacturer's objective is to maximize the following profit

function:

T
Maximize H"':—uH*K;‘{—&-E(Ze’/”((p;{—cH)Q‘;ﬁ-(p"FI(t)—cH—r)Q”F> (31)
K 0505.Q:Q%=0 =1

st. Qf <oy —Bipi Yi=H,F (3.2)

15
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Qu +Qr < Ky (3.3)
In (3.1), E( -) returns the expected value and the exponential term is used to
capture the net present value of the profit using the constant discount rate p. The first
constraint set ensures that sales in any market do not exceed the production allocated
to that market. The constraint in (3.3) is the capacity constraint for the production.
We note that since the sales quantities have constant values for all periods and
production and capacity decisions are given simultaneously, there will be no
incentive for the manufacturer to deviate from the market prices that clear the market
and also it will not be economically justified to build capacity beyond the total
production levels. Consequently, it is straightforward to see that both constraints (3.2)
and (3.3) must be binding. Hence, assuming Ito process for the exchange rates we can
rewrite the manufacturer's model as follows:

T
Maximize Hezqu(aHJraFfﬁprqfﬁpp})+Ze""(p§{ch)(aHf[J’HijI)
=1

D00
# (et wpnel ) oy nar - Berpelade) @4
which can be further reduced to
Maxin;ﬁi{z; one = —ug(ag + arp — Bupy — Brp%)
+Lo(w—cn)on—Bupy) +H(Liprplo — (¢ + 1) Lo)(ar — Brpy) (3.5)

where ¢(¢) is the standard Normal density function,
(1 — e—PT (h=p) (e(n=p)T _q
- —° ) (1—e”) and L) = ¢ (e )

Lo = (1 — e*P) (e(/l*/’) — 1)

(3.6)

A quick analysis of (3.5) will reveal that the expected profit function is jointly
concave in pY; and p%. Hence using the first order optimality conditions we get

e ag cgl,t+ug
PH = 98y 2L,

o %4 n (CH+T)LO+UH
208F 21,Ly
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Thus,
Q; _ OéTH B 5H(CH2L£O+ up) (3.9)
e — % _ Br((cn ;]:;;Llo + un) (3.10)
K = Qyu+QF (3.11)

From the optimality conditions we can make the following observation:
Lemma 3.1: The optimal price for the foreign market decreases in the drift on the
exchange rate (i.e., ). Moreover, both optimal market prices are decreasing in T'.

Proof. First we need to write the first derivative of the foreign market price given in

(3.8):
OpF _ _fewtr) T Tl 1) — (0T 1)
o 2l eln=r) (eli=n)T — 1)2 (3-12)
The derivative of the numerator in the right hand side with respect to 7" is
e(,u,—p)T(e(p,—/)) _ (M _ p) _ 1+(H _ p)Te(/t—/))> (313)

Observe that e* — z > 1 for any value of z implying that the foregoing function is
strictly positive. Hence, from (3.12), we conclude that p$ is strictly decreasing in .
To investigate the impact of 7" on prices we first write down the first

derivative of p¢; as follows:

e* —pT(1 _ =P
oT 2(1 —erT)

Clearly, the foregoing function is negative implying that the optimal home
market price is monotonically decreasing in I'. To analyze the foreign market price

we compute the first derivative of p$ with respect to T":

8pc* CH+T U—p L—pP UL—p —p
81{’ = ( 57 )(e(/ ) _ 1) (p(1 - eW=ATY — (= p)ePT(1 — ¢ )
uH(M — p)e(”fp)(T+1)p€7pT(1 _ efp> 315
- 27— 1) G-19)
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It is easy to see that the last term in the function above is always positive. A closer
look reveals that the first term is always negative. Consequently, we can conclude
that the foreign market price is decreasing in 7" as well. O

We notice from (3.8) and (3.10) that exchange rate volatility does not affect
optimal foreign price and optimal foreign quantity because the firm commits to price
and quantity at the beginning of the planning horizon and it would not change, so
exchange rate shocks does not affect them.

We note that higher drift implies a prospect for more favorable exchange rates
for the firm. Since higher exchange rates imply increased profit margins for the firm
in the foreign market. Increased profit margins allow the firm to drop the prices in
this market in return for increased demand eventually leading to higher profits
overall. As expected, higher exchange rate makes the foreign market more attractive
for the firm. Under this scenario, the home country price is clearly independent of the
exchange rate drift. Return on investment on capacity is higher also when the selling
season gets longer. This allows the firm drop the product's prices in both markets. As
the number of periods increases prices converge to the following levels:

p‘; o+ ﬁH(CH + uH(e” — 1))

= 3.16
o, i (3.16)
i _ OF
u>p,T—oo 25F (317)
e _or (cg +r+ug(e’ —1))(e” —et) (3.18)
H<pT=o0 = 23, 2et (el — 1)1 '

Equations (3.17) and (3.18) hint us that the foreign market price is in general
more sensitive to the selling season length when p > p. In this case since the drift in
exchange rate outstrips the discount rate there will be additional return on investment
due to exchange rates providing more room for further price cuts when 7' increases.

Equations (3.16) through (3.18) imply the following:
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c* — p— 1
Oy _ on 5H(CH;“H<€ ) (3.19)
c* Q{F
O = (320
%T _Of_F_ﬂF(CH+T+uH(€p_1))<6p_eu) 321
p<p.T—oo — 9 2et(er — 1)1 3:21)
and thus,
e oan +ap — Ba(cq +un(e” —1

l{gp?Tﬂoc _ r ( 5 ( )) (322)
Ket  _ o1+as—Bulem +un(e’ —1))  Brlen +r+un(e’ —1))(e” — eﬂ)@ 23)

u<p,T—oo 2 o 26'“‘(6'0 — 1)[0 e

To keep the analysis interesting we assume that ay > Sy (cy + up) so that it
is always profitable for the manufacturer to manufacture and sell its products in the
home market. On the other hand willingness of the manufacturer committing to the
price and quantity in the foreign country depends on its prospect on the exchange rate
fluctuations. A risk neutral manufacturer participates in the foreign market under this
scenario only if the "expected" profit from sales in the foreign market over the selling
season is positive. The following lemma lays out the condition under which this
criterion is satisfied:

Lemma 3.2: The manufacturer accepts early commitment for the foreign market if
and only if
Br((cag +7)Lo +um)

ap > ol = ap. (3.24)

Otherwise the manufacturer does not enter the foreign market at all, figure 3.1.
Proof. It is straightforward to observe from (3.5) that selling to the foreign market is
profitable for the manufacturer if and only if

(LippiIo — (e + 1)Ly —upg)(ap — Brppy) > 0. (3.25)
By plugging the optimal price given in (3.8) in the left hand side we get the inequality
in (3.24). O
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Net Profit $

A

Home Sales Home and Foreign Sales

»
>

O Foreign Potential
Demand

Figure 3.1  Early Commitment to Price and Quantity Capacity Allocation

3.3 Summary

The result above indicates that entering the foreign market with central
sourcing is preferable for the firm if the demand potential in that market is above a
certain threshold. We note that the threshold decreases in the average exchange rate
drift (1) and the initial exchange rate (/,). As such, everything else is fixed, the
foreign market is appealing to the firm if and only if the exchange rate drift is above a
certain level. This is intuitive since high values for these parameters increase the ROI.
On the other hand, increased costs and higher sensitivity to price in the market makes
it more difficult for the firm to participate in the foreign market.

From the first order derivative we can observe that the right hand side in
(3.24) is decreasing in the number of periods, T, when p > p, that is, when the mean
drift on exchange rate is higher than the discount factor. In this case, a longer horizon
makes the foreign market more appealing for the firm. It is easy to see from (3.6) that
in this case as T'—oo, the market potential threshold approaches to zero. In contrast,
when the drift is slow or negative (i.e., u < p), the manufacturer will be more

reluctant to enter the foreign market as the length of the selling season increases.



Chapter 4
Postponement of Prices and Quantities

4.1 Background

In this section, we consider the case where the manufacturer is able to adjust
its prices and quantities sold in each market at the beginning of each period after the
exchange rate for that period is observed. This flexibility will give the manufacturer
the opportunity to allocate more capacity to the foreign market by decreasing its
foreign price when exchange rate is rising, and less capacity to the foreign market by
increasing its foreign price when exchange rate is falling. The manufacturer still has
to decide on capacity before the beginning of the selling season.

Similar to the previous case all products are manufactured at home and sold in
both markets. To facilitate our post-investment analysis we first suppose that capacity
is ample (i.e., unlimited). We employ this assumption at the beginning to find the
maximum capacity that manufacturer would utilize to satisfy demand at home and in
the foreign market. We also attempt to compute the exchange rate levels at which the
manufacturer exports its product to the foreign market. This implies that the home
price and hence the sales volume in the domestic market stay constant across all
periods, that is, p},, = p}; and QY;, = Q' for all ¢. Under this assumption, one of the
two scenarios could occur: (1) serve only home market and (2) serve both home and
foreign markets. As such, the manufacturer faces two decisions: when is it optimal to

serve both markets and when is it optimal to serve only the home market?

4.2 The Model

The manufacturer's profit at any given period can be written as:

21
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~Max W =(pf—cn)(an—Buply)+(I(#)pf,—ca—)(ar—Brps)
p;[rp%ﬁQ}[: %,ZO
+ (L(t)PF: — ca — r)(ar — Brppy) (4.1)
s.t. QnH = og — ﬁHan (42)
Q%t =og — ﬁHp%t (43)

A quick analysis of (4.1) will reveal that the expected profit function is jointly

concave in pY; and py,. Hence using the first order optimality conditions we get

= — 4.4

nt I(t)OzF + ﬁF(cH + 7’)

ST 10) )

Thus,
}z; — w (4-6)
o _ I — rlen +1) )

Ft 21(t)

Optimal home quantity shows that the manufacturer will always sell to home
market, since oy — cy Gy is assumed to be a non-negative value. Also, it shows that
home sales are independent of exchange rate and demand potential at the foreign
market because we assume ample capacity. The main question is: when is it
profitable to export to foreign market?

Lemma 4.1: The manufacturer will export to the foreign market if

I(t) > @ = L. (4.8)

Otherwise, the manufacturer will sell only to home market.
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Proof. In order for the manufacturer to export to the foreign market, Q% must be

greater than 0, which implies from (4.7) that I(t)ap — Br(cy +7) > 0. This
inequality is equivalent to (4.8). O

Lemma 4.1 indicates that the manufacturer exports to the foreign market if the
foreign potential demand is high, the cost of production and transportation are
sufficiently low, and the price sensitivity is low. This strategy translates into
operational hedging; once the capacity is committed, at any period ¢, if the desired
exchange rate is not met, i.e., I(t) < I, then the manufacturer does not export to the
foreign market. Say, if in the next period the desired exchange rate is met, then the
manufacturer will export to the foreign market. Suppose that the desired exchange
rate is not met at a given period. Then the manufacturer profit for that period can be

written as:

. (am — cuPr)?
Wrw<r = 13y (4.9)

Substituting optimal home price (4.4) and optimal home quantity (4.6) in (4.1), we
get (4.9). We notice that the profit is constant and independent of exchange rate since
no sales occur in the foreign market.

Suppose at any given period, the desired exchange rate is met, I(¢) > I,. The
manufacturer exports to the foreign market and the profit increases due to the portion

of sales coming from the foreign market, Figure 4.1.
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Net Profit $

Home Sales Home and Foreign Sales

Tkl e

»

(1)

o~

Figure 4.1  Capacity Allocation for Postponement of Prices and Quantities
(Unlimited Capacity)

In this case, substituting equations (4.4-4.7) in (4.1), we get:

T (am — cuPr)? n (I(t)ap — Brlcy + 1))
O A 18, 1B, 1(D)

(4.10)

Since this model is a multiperiod model, the net profit over all periods can be written

as

L ag—cpby)® | poo ((ebo? JoroeVt) e
R (( B TR (0 E e R (4.11)

t=1 ‘ 485 Ie

The total capacity used in period ¢ is the sum of the quantities sold to home
and foreign markets in the same period:

+ap —cuPu Brlcy +7)
K= 2 — 412

As expected, total used capacity increases in the foreign exchange rate, while

decreasing in production and transportation costs. Since the price of the product
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decreases in the exchange rate in the foreign market, the sales volume will increase.
The sales in the domestic market will not be affected in this case by the exchange rate
fluctuations.

Now, we relax the unlimited capacity assumption. This implies that the
manufacturer can not always fully satisfy demand in both markets at the same period.
Unlike the unlimited capacity case, now the manufacturer must decide on its capacity
allocation. The condition that the manufacturer will export to the foreign market if
I(t) > I, is still valid as long as the manufacturer can satisfy the home demand.

When capacity is limited, the manufacturer must decide on which market to
serve first. We have a full operational hedging mechanism in that the manufacturer
can react to exchange rate fluctuations by changing the selling prices and quantities in
both markets.

At any given period ¢ the manufacturer faces the following optimization

problem:
Maximize I} =(p}—cu) (g —Baply,)+ I () ppy,—ca—r)(ar—Brply) (4.13)
QY QPP =0
st. Qi <a; —Bipyy Yi=H,F (4.14)
Qe + Qe < Ky (4.15)

As in the previous case we can easily observe that the inequalities in (4.14)
must be binding. Using this observation, we can employ Lagrangian relaxation and

rewrite the model as follows:

Maximize Iy = (pfy, — cm)(am — Bupiy,) + (L()pg, — cm — r)(ar — Brpf,)

A A
PhesPi >

+ AMKY —ag + Bupp — ar + 6Fp%t) (4.16)

It can be shown that the function in (4.16) is jointly concave in p}, and pj,.

Hence using the first order optimality conditions we get
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v an + Bulca + (1))

= T (4.17)
g = LWar+ gf}g;%: r+ A1) 18
wre A1) — Qe e 20— R
Thus,
LTI VIR Ber) (420
oy — 1(0arBu — Brlow — 20 — Byr) 421)

2(1(t)Bu + Br)

Proposition 4.1: At a given period, the manufacturer's capacity is fully utilized (and
hence limited) if and only if

I(t)(ag + aF — Bucw) — Brr — Bren
21(1)

K < (4.22)

Proof. It is straightforward to observe from (4.19) that A(¢) must be > 0 in order for
the capacity to be limited (i.e., the capacity constraint is binding). This implies that
(4.22) must hold. O

We note that the right hand side in (4.22) equals K}?t given in (40). The
inequality in (4.12) implies that while the capacity utilization in a period increases
with the observed exchange rate and market potentials, it decreases in price
sensitivities, the production cost, and the transportation cost. This result implies that

the unconstrained optimal solution given in (4.4-4.7) is obtained when

Br(r+ cm)
ag +ap — 2K}, — Byen

I(t) < = I (4.23)

The above lemma shows that the manufacturer can implement the

unconstrained solution and hence does not need to split her capacity across markets if
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I(t) < I;. In contrast, when the inequality in (4.23) does not hold the capacity is
limited. As such, the manufacturer faces the problem of allocating the capacity
between the two markets. Depending on the market potentials and the realized
exchange rates the manufacturer may also choose to sell only in one of the markets.
The next proposition indicates that if the exchange rate is significantly high, the
manufacturer in fact may opt out of the domestic market.

Proposition 4.2. The manufacturer chooses to sell in the domestic marketin a given
period if and only if

Br(amg + Bar)

10 < 5ar —2k3)

= Iy (4.24)

otherwise, the manufacturer sells only in the foreign market. On the other hand, she

will export her product to the foreign market at any period if and only if
- Br(ag — 2K} + Bgr)
Buar

1(t) = I, (4.25)

Hence, the manufacturer splits the capacity between the domestic and foreign
markets only when I, < 1(t) < Is.
Proof. The inequality in (4.24) directly follows from the fact that the manufacturer
will sell to the domestic market if @)%, > 0 implying that the numerator in (4.20)
must be non-negative. This is satisfied when (4.24) holds. Similarly, Q%, > 0 implies
that (4.25) holds. Next we show that I, < I3. First observe that I, < I3 implies that
ap(ag + pur) > (ap — 2K%)(ay — 2Ky, — Byr),
which can be rewritten as
apBpr > — Ki.(ap + ag — 2K% — Byr).

Since ap + ay — 2K}, — fur > 0, this inequality must hold. O

We notice from (4.24) that the manufacturer will always sell to the domestic
market if K7, > <. Clearly, when the capacity is ample it is always profitable to sell

in the domestic market. However when capacity is scarce, as the foreign exchange



28

rate (or equivalently the potential demand in the foreign market) increases, it
becomes less appealing to allocate capacity to the domestic market. Similarly, we
observe from (4.25) that the manufacturer exports to the foreign market at any given
time if K} > %ﬁm Therefore, low transportation cost and home potential demand
makes the foreign market appealing to the manufacturer. Proposition 4.2 implies that
the optimal policy for the manufacturer at any given period is a "cherry-picking"
policy when the capacity is scarce. Namely, when the exchange rate is significantly
high the manufacturer sells only in the foreign market whereas when it is too low she
will serve exclusively the domestic market. For exchange rates not too high or low,
the capacity is split between the markets. The optimal splitting policy is investigated

next.

4.3 Optimal Capacity Allocation

Based on Proposition 4.2 we conclude that in any period the optimal pricing
and allocation policy falls in one of the following five scenarios:
HU: The capacity is ample (unconstrained) and the firm sells only in the domestic
market.
SU:  The capacity is ample (unconstrained) and the firm sells in both markets.
HC: The capacity is limited and the firm allocates all of its capacity to the
domestic market.
FC: The capacity is limited and the firm allocates all of its capacity to the foreign
market.
SC:  The capacity is limited and the firm splits all of its capacity between the two
markets.

First we note that when capacity is ample, i.e., K} > K]@;, there is always
incentive for the firm to sell in the domestic market. From Lemma 4.1, the firm sells

in the foreign market in any period if the exchange rate is above the threshold given
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in (4.8). In case of scarce capacity any one of the three scenarios (home only, foreign
only or split capacity) may occur depending on the exchange rate as shown in
Proposition 4.2.

Suppose that capacity is too scarce (high-cost case), that is, lower than Qg
given in (4.6). This situation is more likely when the cost of capacity is too high that
the firm cannot fully satisfy the demand in the domestic market alone. In this case,
the capacity is fully utilized. As depicted in Figure 4.2, the firm allocates all of its
capacity to the domestic market (HC) if the exchange rate is below I;. In this case
the low exchange rate does not justify exporting to the foreign market. The firm
chooses to split the capacity between two markets (SC) if the exchange rate falls
between I3 and I,. The optimal allocation is then given by (4.20) and (4.21). If the
exchange rate is too high (above I3) the revenue from sales in the foreign market

justifies the full allocation of the capacity to this market (FC).

(1) |

HC

Figure 4.2  Scarce Capacity Allocation

Under this scenarios exante expected profit function before the start of the
selling season can be written as follows:

Maximize " = —ugKj
I(t)>1, K5 <Qp

T A(Ly) A(I3)
+ —pt I de + 11 de +
> ( /  Macs(e)de / scé(e)de /

o0

A(ly) A(I3)

Hchb(e)de> (4.26)
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where from (2.3)

Mo = (P — cn)Q, + (I()ppy — cu — r)Qland

I(t)*(aH — KIZT) — ﬁF(CH -+ 7")

H C — KTL
F B H
To compute the optimal capacity we look at the first order optimality
condition:
dII™ T A(Ly) ag — 2K} — ﬁHCH Alls)
= —ug+ Yy e / i ede+/ Ao (e)de | +
e LAY ( B -~ slede+ [ MO
T 00 _ n—y\ __
Y et ( / I)ar = 2K5; ) = Brien + T)qﬁ(e)de) 0 (4.27)
‘= A(I) Br

where A(t) is the Lagrangian multiplier defined in (4.19). It is straightforward to see
from the function above that the second derivative with respect to K7~ is strictly
negative for any K7~ > 0 implying concavity. Hence solution to (4.27) gives the
unique optimal value for the capacity to be built at home in advance of the selling
season. Unfortunately, there is no close form solution. However, the optimal capacity
can be calculated easily with a simple line search.

Recall that the condition given in (4.27) applies when the capacity scarce.
This is expected to occur when capacity is very expensive. Suppose that capacity is
bigger than home demand and less than the total unconstrained demand. Then, the

allocation decision follows Figure 4.3:
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(1) if the spot exchange rate is below I,, then the manufacturer satisfies all the
demand in the domestic market and stays out of the foreign market (Lemma 4.1).

(2) if the spot exchange rate falls between I, and I;, then the manufacturer satisfies all
demand in both markets (Proposition 4.1).

(3) if the spot exchange rate falls between I; and I, then the manufacturer splits its
limited capacity between the two markets (Proposition 4.2).

(4) if the spot exchange rate is higher than I3, then the manufacturer allocates all the

capacity to the foreign market (Proposition 4.2).

(1) |

HU

o~ k-

Figure 4.3. Allocation of medium capacity

Consequently, the manufacturer's net profit in this case can be written as:

T A(L)
Maximize n" = —ug Ky + Ze*pt (/ HHUQS(e)de) +

I(t)>LQu +Qu > Ky >Qy =1 00

T A(L) A(Ly) 0
Ze*pt (/ sy o(e)de —I—/ Mgcp(e)de +/ Hchb(e)de) (4.28)

t=1 A(I) A(Iy) A(Is)

In order to find the optimal capacity, once again we look at the first order

optimality condition based on (56):
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dKy I(t)Bu + Br

T —pt < I(t)(ap — 2K;§13) — Br(eg + 1) -
;e </A(13) B p(e)de | =0 (4.29)

drr a AL T (¢ — 2K
I ( [ e or 2K )
=1 A(L)

Although we cannot find closed form solutions both for (5.27) and (5.29) we
can derive the following conclusions from concavity
Proposition 4.3. There exits a capacity cost threshold wy such that if ug > ujy; the
optimal capacity is obtained from (5.27). Otherwise, solution to (5.29) gives the
optimal capacity for the firm.
Proof. First we observe that when the cost of capacity is too high optimal,
K} = }f;in (4.28), implying that the optimal capacity investment strategy is
determined by (4.27) since the medium cost case is but a special case of the other.
Similarly when the cost is too low K}~ = Q”H+in (4.26) implying that the optimal
capacity investment strategy is determined by (4.29) since the high-cost case is a
special case of the medium-cost case. In between we can observe that the first
derivative given in the left hand side of (4.29) is greater than that of (4.27). This
implies that in this region K7~ < K7, at optimality. From the Envelop Theorem, the
derivative of the difference between the optimal expected profits with respect to the
cost of capacity (i.e., ugy) is K}~ — K}, which is negative. As such, the difference
between profits in the medium-cost case and the high-cost case is strictly increasing
in this region. Consequently we can conclude that there exists a capacity cost value
that falls in this region beyond which the optimal capacity is computed by (4.27) and
below which by (4.29). O

4.4 Summary
Figure 4.4 shows all allocation scenarios with regards to the capacity cost and

the exchange rate. When capacity is inexpensive and the foreign currency is weak
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(i.e., I > I, > I), the firm stays in the home market and fully satisfies the demand.
For I, > I > I;, both market demands are filled. In both cases the capacity is
underutilized. When the capacity is expensive and foreign currency is weak, the firm
sells only to the home market and fully utilizes the capacity. As exchange rate
increases, the firm splits its capacity between the two markets. When the foreign
currency is too strong, the firm dedicates all of its capacity to the foreign market and
leaves the home market completely. When capacity cost is expensive, depending on
the exchange rate, the firm allocates all of its capacity to the home market (I < Ij) or
to the foreign market (I > I3), or split it between both markets (I3 > I > I;). As the
capacity cost increases the allocation decision becomes "cherry picking" problem
where the scarce capacity is dedicated to one of the markets. Since capacity will be

too small, splitting capacity does not make economical sense.
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Figure 4.4  Limited Capacity Allocations

Our numerical analysis indicates that the optimal capacity increases in number
of periods regardless of the drift on the exchange rate. Clearly as the number of
periods (i.e., the selling season) increases the return on investment in capacity

increases. As such, the firm can invest for more capacity. As expected, it is also
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observed that the optimal capacity increases in exchange rate drift. A higher
exchange rate drift diminishes the risk in capacity investment for the firm. As shown
in Figure 4.5, the increase in optimal capacity investment is stronger when the drift is
large. Figure 4.6 shows the impact of the consumer's price sensitivity on optimal
capacity. We notice that optimal capacity is higher when both home and foreign

consumer price sensitivity are low, and it is lower when they are high.
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Chapter 5
Capacity Investment in the Foreign Market (LS)

5.1 Overview

We now consider the case where the manufacturer invests for capacity in both
markets to serve them locally. We refer to this case as the Local Sourcing Model
(LS). The unit cost for capacity built in the foreign market is upgy + [,upp. In this
case, the capacity built in a market is exclusively allocated to that market. The first
part of the cost is incurred at home that may include transfer of technology and
equipment and recruitment of qualified workforce at home. The latter part represents
the necessary expenditures made in the local market that may include facility and
local workforce expansion. The production cost in the foreign market is cp and
expressed in the foreign currency. We first note that since both markets are served
locally early commitment and the postponement models discussed earlier are
identical in this case. That is, once the capacities are determined the price and
quantity decisions will not change throughout the planning period since these

decision are made locally.

5.2 The Model

The firm's decision model is as follows:
Maximize II'= — ug(ag — ﬂHpZH) — (upg + Lupp)(ap — BFpZF)
pzmvplnzo
T
+ e (py — cm) (am — Bupy)
t=1

oo T 1.2
N (/ Ze—ptjoe((mo )t+oei) (P — er)(ap — ﬁFpZF)¢(e)de> (5.1)
—00¢=1

which reduces to
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Maximize II' = —ug(ayg — Bupy) — (urg + Lurr)(ar — Brph)
lel,p’Flzo
+ Lo (ply — cu) (o — Buply) + L1l (P — cr)(ar — Brop) (5.2)

A straightforward comparison between profit functions in (3.5) and (5.2)
reveals that pl; = p%; and K% = Q% = Q%. We compute the optimal foreign market

price and capacity from the first order optimality conditions as follows:

1% afp + ﬂFcF UFH + I()UFF
_ 9.3

Thus,

arF — Brer B Br(urpg + Lyupr)
2 21,14

Ky =QF = (5.4)

Hence similar to the previous case we observe the following:

Lemma 5.1: The optimal price for the foreign market decreases in the drift on the
exchange rate (i.e., 1) in the LS model. Moreover, both optimal market prices are
decreasing in T

The proof is similar to Lemma 3.1 and from the first derivatives. For infinite horizon

the prices and sales converge to what follows:

Z*
P _ap+ Prer
u>p,T—o00 206p (55)
pg‘ _ap + Brer n (urg + Loupr)(e” —e) (5.6)
u<p,T—oo 2ﬁF 21,er )
s ap — Brer
/z>]/j,T—>oo - 9 (67)
Qr _ or-Brer  Br(urn + Loupp)(e” — e) (5.8)
p<p,T—o0 2 21, et '

We observe from (3.17) and (5.5) that when p > p long-run foreign market
price is always higher in this case compared to early commitment with central

sourcing. To see the intuition first observe that the production cost is incurred in the
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foreign country in the latter case. When the currency of the foreign country has a high
average drift, the effective variable cost for the manufacturer increases significantly
in terms of home currency, driving the manufacturer towards setting a higher price in
the foreign market. Eventually, when T =00 and the foreign currency is stronger than
the home currency, the manufacturer can sell the product cheaper in the foreign
market by manufacturing it at home and exporting. Thus, the sales volume will be
higher under the export option. This is interestingly the case regardless of the
capacity and labor costs. Whereas, for p© < p, the comparison depends on the capacity
and the labor costs incurred in the home and foreign markets.
Similar to the previous case, participation of the manufacturer in the foreign market
depends on the demand base, price sensitivity, and the average exchange drift:
Lemma 5.2: The manufacturer has incentive to build capacity in the foreign market if
and only if

Br(urm + Lyupr) !

ap > Bpep + Il = op. (59)

The proof is similar to that of Lemma 2. Likewise, the average exchange rate drift,
price sensitivity, and cost factors have impact on the manufacturer's decision about
entering the foreign market. Inequality given in (5.9) specifies the conditions for the
manufacturer's market entry. Observe that the right hand side of the equation is
decreasing in I" for any values of p implying that investing for capacity is more
appealing as the product life cycle gets longer regardless of the drift. At this point, the
interesting question is "how will the manufacturer allocate its capacity investment
should it enter the foreign market?" In what follows we investigate the answer to this

question.
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5.3 Comparison between Capacity Expansion Strategies

As a risk neutral decision maker, the manufacturer will choose between
exporting its products and production based on the expected profits over the planning
horizon. First consider the early commitment case. Since all decisions are to be made
before the beginning of the selling season, the comparison of the profits under two
cases is easy to get from the cost margins.

Proposition 5.1. Producing at home and exporting to the foreign market generates
higher expected profits for the manufacturer if and only if

G =LiI,cp — Ly(cg +71)— (ug — upg — Lyupp) >0 (5.10)
The proof is straightforward from the comparison of the margins in the profit
functions given by (3.5) and (5.2). This observation shows that the manufacturer's
choice is a direct result of the net present value of the effective marginal cost of
goods sold. Higher capacity and/or production costs in one market creates incentives
for the manufacturer to divert the production to the other market.

We note that the exchange rate indeed has an impact on this decision.
Specifically, since L is increasing in u, we can conclude when the exchange rate is
expected to get stronger against the home currency over time, producing at home and
exporting becomes more appealing for the manufacturer. The intuition is that with
sufficiently strong foreign currency the variable production cost becomes substantial
for the manufacturer and it becomes difficult to economically justify production in
the foreign country. The impact of the length of the selling season is reflected in I
and L, and depends on the tradeoff between the future direction of the exchange rate
drift and the investment costs. To investigate the role of the season length (717) we first
make the following observation:

Lemma 5.3 The difference in profits, G, given in (5.10) is unimodular in T in
( — 00,00). Moreover, it has at most one maximizer if p <0 and at most one

minimizer if p > 0.
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Proof. To make the proof first we take the first derivative of G' with respect to 7:
G' = LiI,cp — L (cy + 7).
Note that at a stationary point L I,cr = L] (cy + ) must hold. Second we compute
the second order derivative as follows:
G' = (u—p)Li1,cp + pL(cy + 1)

From the above observation it is straightforward to observe that at a stationary point
the second derivative is puL)I,cp. Since L} > 0, for < 0 (u > 0) all stationary
points must be maximizers (minimizers) implying unimodularity. O

This result is quite useful to capture the interplay between the optimal
investment strategy and the planning horizon. The other factor that determines the
long-run investment strategy is the gap between the capacity investments that must be
finalized before the beginning of the selling season. The difference in investment
amounts is captured by ug — urpy — I,urp. Let H denote this difference. As such a
positive value for H indicates that it is more costly for the firm to invest for capacity
at home. Reverse is true for any negative value. Based on these observations we can
summarize the optimal investment strategies as a function of the length of the

planning horizon as shown in Table 5.1.

Table 5.1 Central v.s. local capacity investment preferences as a function of exchange rate
drift and investment costs

Drift Condition Cost Condition Scenarios Initial Exchange Rate
Condition (I ,CF)
Always LS Small
H=>0 LS — 55 Large
n<0 LS — SS — IS Medium
H<O0 Always S5 Large
SS— LS Small to Medium
H=>0 LS — SS Small
Always LS Large
O<p=<p Always SS Large
H<O0 SS —> LS — S5 Medium
SS— IS Small
u=p H=>0 LS — SS small
H<0 Always SS Large
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When the drift on the exchange rate is negative the firm expects a weaker
currency for the foreign market. In general, weak foreign currency makes local
sourcing strategy (LS) appealing due to decreasing production costs. When the initial
exchange rate is sufficiently small local investment is a preferred strategy regardless
of the planning horizon. Interestingly for higher initial exchange rates, depending on
the magnitude of the drift, central sourcing strategy (CS) becomes preferable as the
planning horizon increases. Under this case, the production cost in the foreign market
is high. Nevertheless, for short planning horizon LS may still be preferable due to
high cost of investment at home. However as the planning period lengthens the high
cost of production in the foreign market weighs in and as such, investment at home
becomes more profitable for the firm. For longer horizon the decreasing value of the
foreign currency may lead back to LS policy. Even when capacity in the foreign
market costs more, while the firm is better off with central investment for relatively
short horizon, it prefers the local investment strategy as the horizon increases unless
the initial exchange rate is high.

When the drift on the exchange rate is positive but below the discount rate,
central capacity investment becomes more appealing for the firm due to increasing
production cost in the foreign market. This is especially the case when the capacity
investment is cheaper in the home country. However, when cost of capacity is high at
home, local capacity investment is preferable for short planning horizon. When the
drift is above the discount rate, central investment is more profitable in general except
when the home capacity is expensive. In the latter case, the central investment still
becomes appealing as the planning horizon grows.

It is straightforward to observe from (5.9) that building capacity in the foreign
market (LS) becomes more appealing if the initial exchange rate is low and the drift is

negative On the other hand, staying with home capacity (CS) is more profitable, when



41

the initial exchange rate is high and the drift is positive, Figure 5.1. The impact of

upr is similar to the impact of initial exchange rate and it is illustrated in Figure 5.2.
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Figure 5.2 Impact of Foreign Capacity Cost on Capacity Investment Strategy

Clearly, the postponement strategy discussed in Chapter 4 yields higher
profits for the firm since the price and quantity decisions are ex-post. As such the
centralized capacity investment generates relatively more profits for the firm under
this scenario. Otherwise, the general structure of the strategy shift between capacity
location structures is similar to the comparison discussed above. The main difference
is that the central sourcing remains to be a preferable strategy for longer time horizon.
The advantage of this strategy is more significant under higher exchange rate
volatility (variance) as the expected profit for the firms increases in ¢ under the

postponement case as shown in Figure 5.3.
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Impact of the standard deviation in exchange rate drift on profits
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Part II Duopoly

Chapter 6

Competition

6.1 Introductory Remarks

In Part I, we discussed the importance of exchange rate fluctuation in
determining whether the firm is better off entering the foreign market or not and how
the firm utilizes its capacity between the two markets. In Part II, we give a
comprehensive analysis of a duopoly competition between two manufacturers who
sell substitutable product under exchange rate uncertainty and market competition.

In this part, we consider an international firm that competes with a foreign
manufacturer in a foreign market while also selling its product in her home country as
a monopolist. We study two scenarios under a single period setting. In the first
scenario, we assume that the price of the product sold by the foreign manufacture in
the foreign market is given and known (Exogenous Model). In the second scenario,
the price of the foreign manufacturer is modeled as a decision variable (Endogenous
Model). Under each scenario, there are two cases concerning capacity constraint for
the international firm: (1) the capacity constraint is inactive or non binding, meaning
that capacity is ample, and (2) the capacity constraint is active or binding, meaning
that capacity is scarce.

In the Exogenous Model, the international firm will build its capacity and then
observed the spot exchange rate and the foreign manufacturer's price. Then, the firm
decides on its capacity allocation for both home and foreign markets. In the
Endogenous Model, the capacity decision depends on exchange rate and competition

parameters; however, both prices are affected by each other. The price decisions for
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the foreign market are decided simultaneously by both firms. As such, we assume a
Nash Game setting. In the first capacity scenario, the capacity is assumed to be ample
enough for any possible production amount. In this scenario, once the exchange rate
between countries is observed both firms move simultaneously and set their prices for
all markets that they serve. Specifically, the international firm determines the market
prices for both home and foreign markets. At the same time, the foreign manufacturer
sets its price in its own market. Under the second capacity scenario, the international
firm has to decide how much capacity to build in the home country before the
exchange rate is observed. Once capacity is built (and the exchange rate is observed)
the prices are determined simultaneously as in the former scenario. It is assumed that
the foreign manufacturer in the foreign country has always ample capacity.

Competition has a major impact on pricing. Bitran and Caldentey (2003)
claim that selecting a certain pricing policy depends mainly on the price competition
among players. Chan et al. (2004) claim that product price and service are the major
factors that firms compete on and that should be taken into account by firms when
setting the pricing policies. The work done in the area of competition is ample,
however most of the reported studies are trying to drive the optimal prices and
quantities under demand uncertainty for different demand functions. Some examples
include: Bernstein and Federgruen (2004), Mieghem and Dada (1999), and Anupindi
and Jiang (2008).

Bernstein and Federgruen (2004) address the problem of two echelon system
(single supplier and competing retailers) under demand uncertainty. They derive the
Nash equilibrium in terms of price and base-stock level for each retailer. Also, they
show the impact of different parameters such as cost, and distribution parameters on
optimal price and optimal base-stock level of a retailer. Mieghem and Dada (1999)
show how price postponement strategy can generate more profit to the firm under

competition and demand uncertainty. Anupindi and Jiang (2008) show that flexible
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firms (price and quantity postponement) can make more profit than inflexible firms
(price postponement) under demand uncertainty (multiplicative and additive
demand). However, Bernstein and Federgruen (2004), Mieghem and Dada (1999),
and Anupindi and Jiang (2008) did not consider the impact of exchange rate
uncertainty on capacity investment and price.

In this chapter, we are presenting a new model where we integrate
competition between two manufacturers under exchange rate uncertainty. We will
drive the optimal prices and quantities for both manufactures and show the impact of

exchange rate under price competition.

6.2 Basic Settings, Assumptions, and Nomenclature

We consider a multinational firm that produces a single product at home and
sells it to domestic and foreign markets. At the foreign market, we consider a foreign
manufacturer that manufacturers the same product and sells it to the foreign market
only. Therefore, the former firm is competing with the foreign manufacturer on
market share at the foreign market only. We consider a monopolistic setting at
domestic market, and a duopoly setting at the foreign market as illustrated in Figure

6.1.



46

Production Market

Qu

QF/ r

Q,

Figure 6.1  The Proposed Model

We consider a single period where the international firm must decide on its
initial capacity investment before the selling season, and selling price at each market,
and the production allocation across the selling season after the realization of the
exchange rate. In this model, the capacity investment is irreversible and must be made
in the home country only. The domestic and the foreign markets differ in their
demand base and disparity in currencies. In each market, demand is assumed to be
linearly decreasing in price which is expressed in local currency. The demand base is
steady. In this part, we assume a deterministic demand function of prices and can be
"interpreted as expected demand in many applications" (Gallego and Hu 2006). We
model the exchange rate as a random variable. It is assumed that the firm does not
carry any inventory. The product can be produced and shipped to both markets at the
beginning of the selling season. We use the following nomenclator in our analysis:

Parameters



47

¢ manufacturer index where i = [ for the international firm, and i = g for the foreign
manufacturer

j: market index where j = h for the home market, and j = f for the foreign market

k: scenario index where k =1 for Exogenous Model, and k = 2 for Endogenous
Model

n: capacity index where n = + for ample or unlimited capacity, and n = — for
limited capacity

I,,: The initial foreign exchange rate expressed in home-currency per unit foreign-
currency.

I: observed exchange rate between the currency of home country and foreign country
¢;: unit manufacturing cost at country ¢ expressed in country ¢ currency

r: unit shipment cost to foreign market expressed in home currency

w;: unit capacity cost at home in home currency

Decision Variables

K ;,: firm's capacity under scenario k
pjj,+ unit selling price set by manufacturer ¢ for market j
o quantity sold by manufacturer ¢ market j

We assume that demand function is differentiable and satisfies the following

conditions:
0Dy 0D,
— < 1
8le 8Dg
>0 C?2

(C1)and (C'2) are common conditions in the oligopoly pricing literature (see

Bernstein and Federgruen (2005) and Gallego and Hu (2006)). (C'1) shows that each
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manufacturer's demand decrease in its price. (C'2) indicates that each manufacturer's
demand increase in the other manufacturer price.
We are considering the additive demand function mentioned in Varian (1992),
which satisfies (C'1) and (C'2).
Dij = aij — BijPiji + 0P (6.1)
Where D;; denotes the demand for manufacturer 7in market jwhile «;; and 3;;
represent the demand potential and price coefficient for manufacturer:in market j
respectively. fis the "cross-price effect" which is symmetric for "well-behaved
consumer demand function". § measures the degree of competition between the two
manufacturers (Vives (1999) and Varian (1992)). In this study we are focusing on
noncomplementary product (substitutable product). Positive 6 (e.g., an increase in the
foreign manufacturer price increases the demand of the firm) means the products of
both manufacturer are substitutable and if § is a negative value that means that the
two products are complements (Baumann et al. 1998). Therefore, equation (6.1) can

be formulated as follows:

Dy, = aup — Bin Py,
Diy = iy — BisBiy + 01,

Dy=a, —B,P+ 0Py

To be consistent with the first part of the study, the exchange rate is modeled
by a Weiner Process, B(t), where B(t) = €4/t . Here, ¢ is the random error term that
follows the Standard Normal distribution. As such, it is assumed that the exchange
rate follows a Geometric Brownian motion:

dI(t) = pI(t)dt + oI(t)dB(t) (6.2)



49

where I(t) is driven by the Ito process. The parameters p and o are the mean and the
standard deviation of the Normal exchange rate drift. The solution to equation (6.2) is
given by Davis (2001) as I(t) = Ioe((r=20")H+9B() - Assuming B(t) = €4/t and

replacing in (6.2), we get

1(t) = pyelle=tr)eevi) (6.3)

6.3 The Exogenous Model

In this section, we assume that the firm knows the price of the foreign
manufacturer before it set its local and foreign prices. In order to facilitate our post-
investment analysis we first suppose that capacity is ample (i.e., unlimited). We
employ this assumption at the beginning to find the maximum capacity that firm
would utilize to satisfy demand at home and in the foreign market. We also attempt to
compute the exchange rate levels at which the firm exports its product to the foreign
market. This implies that the home price and hence the sales volume in the domestic
market are not affected by exchange rate fluctuations or the price of the foreign
manufacturer. Under this assumption, one of the two scenarios could occur: (1) serve
only home market and (2) serve both home and foreign markets. Later, we assume
that capacity is limited, where exchange rate and price of the foreign manufacturer

can affect the local price and sales at both markets.

6.3.1 The Exogenous Model with Ample Capacity
In this section, we assume that the firm has ample capacity where capacity
cost is negligible and the firm can produce up to demand in both markets.

Consequently, the firm's profit can be written as:
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Max I} = (Py, — C))(cun — Bin Pyy) +
Pp1oPrp1 Q@i 20

(LB — Cr = r)(0uy = Bip P + 0F) (6.4)
st Qi = amn — BinPi (6.5)
Qip1 = aup — By Pip1 + 0P, (6.6)

A quick analysis of (6.4) will reveal that the expected profit function is jointly
concave in Py, and P,. Hence using the first order optimality conditions we get the

optimal prices and quantities:

4 ap+ PG

Py, = % (6.7)
o (o +0F) + Bif(Cr+1)

P = .

If1 2ﬂlfI (6 8)
Thus,
o amn, — BinCi
Il = fl (6-9)
o I(aye+0P,) — Gir(Cr+ 1

Qi1 = (0 +6Fs) — iy (G4 7) (6.10)

21

A quick analysis to equation (6.8) shows that firm's foreign price decreases in
exchange rate, however as exchange rate gets large, Pf}+1 converges to
(cqr +6P,)/26;s and Q?}l converges to (a;r + 0F,)/2. Therefore, the firm drops its
foreign price further if the exchange rate is high to export more quantities to the
foreign market and to capture the entire foreign market. Also, equation (6.10) shows
that the exported quantities to the foreign market increases in foreign manufacturer's
price. The effect of high P, on Q}";l is stronger if 6 is close to 3y (see EQ. 6.6).

However, low 0 will offset the contribution of high P,.
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Equation (6.9) reveals that the firm will always sell to domestic market since
ayn, > CFy,. This is expected since the capacity is ample, there is no competition at
the domestic market (home market share belongs to the firm), and exchange rate does
not affect the quantity sold to domestic market. Therefore, the firm makes profit even
if exchange rate is not favorable. P, or 6 does not affect the local price and quantity
because of ample capacity.

Lemma 6.1: The firm will export to the foreign market if

S Bif(Cr+ 1)

=1, 6.11
oqf+9Pg ! ( )

Otherwise the firm will sell only to home market.
Proof. In order for the manufacturer to export to the foreign market, Q;‘;l must be
> (. The denominator of equation (6.10) is clearly > 0, however the numerator of
(6.10) must be > 0: I(oys +60P,) — Bis(Ci+ 1) > 0. From the last inequality, we
can get the exchange rate threshold, /,; given in (6.11) . O

The exchange rate threshold, 7,;, shows that it would be difficult for the firm
to export its product to the foreign market if the foreign manufacturer's price is low or
if the "cross-price" is low. Therefore, if the firm is fortunate to export to the foreign
market (I > I,;) while the foreign manufacturer's price is low, the firm would drop
its price according to (6.8) to compete with foreign manufacturer. /,; shows that if the
foreign customers are very sensitive to price, the firm might not export its product to
the foreign market. Also, demand potential plays an important role in shipping to
foreign market, the higher the foreign potential demand, the more likely the firm
would export to foreign market.

Suppose the exchange rate is > I,;, meaning the firm is exporting its product

to foreign market, then the equation (6.4) can be written as:
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(aun — BinCy)” N (I(auy + OP,) — By (Cr +1))°
451, 415y

I = (6.12)

The first term of (6.12) is the profit of the quantities sold at the domestic
market where the second term is the profit of the quantities exported to foreign
market. The profit clearly decreases in consumer price sensitivity, cost per unit, and
transportation cost and increases in potential demands, exchange rate, "cross-price",
and foreign manufacturer's price.

The total capacity used by the firm is the sum of the quantities sold to home
and foreign market:

aup +aup — BinCi + 08, Biy(Ci+r)
2 21 (1)

K} = (6.13)

As expected, total used capacity increases in the foreign exchange rate and the
price of the foreign manufacturer, while decreasing in production and transportation
costs. Since the price of the product decreases in the exchange rate in the foreign
market, the sales volume will increase. The sales in the domestic market will not be
affected in this case by the exchange rate fluctuations or the price of the foreign

manufacturer.

6.3.2 The Exogenous Model with Limited Capacity

Now, we relax the unlimited capacity assumption. This implies that the firm
can not always fully satisfy demand in both markets at the same period. Unlike the
unlimited capacity case, now the firm must decide on its capacity allocation. The
condition that the firm will export to the foreign market, Lemma 6.1, is still valid as
long as the firm can satisfy the home demand.

Two factors will impact capacity allocations: available capacity and exchange

rate. In this model, we are going to assume two capacity levels: expensive capacity



53

(available capacity is low) and medium capacity (capacity cost is not expensive nor
cheap). Under each capacity level, the firm must decide on capacity allocations. The
process is as follow: depending on the capacity cost (expensive or medium), the firm
determines the capacity level then the manufacturer looks at the spot exchange rate

and decide on allocation of capacity. Later, we will discuss all allocation scenarios.

6.3.2.1 The Model
The firm faces the following optimization problem:

Maximize Tl = (Pyy = Ci)(oun = BinPya) + (1P = Co = 1) (eus — By Fiy + 0F)) (6.14)
st 2

st Qi < amn — Bin Py (6.15)
Qi < aup — Big P + 085 (6.16)
Qi + Qi < Ky (6.17)

we can easily observe that the inequalities in (6.15) and (6.16) must be
binding. Using this observation, we can employ Lagrangian relaxation and rewrite the
model as follows:

Maximize 11 = (Pyy — C)(ean — BnP) + (TP — Cr = 1) (cuy — iy Pyy +0P;) +
)‘Zviszzm:PmZO

M Ky — aun + Bin Py — cup + Bip Py — 0F) (6.18)

Equation (6.18) shows that the expected profit function is jointly concave in

By, and F,;,. Hence, using the first order optimality conditions we get

ain + Bin(Cr+ i)

P 7}:1 = 2 ﬂlh

[(Ozlf + HPg) + ﬁlf(Cl +7r4+ A1)

Pipy =
i 210

where
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Iy + i + 0P, — 2K — BinCh) — Bis(Cr+ 1)

Ny —
. 18, + Biy

(6.19)

Substituting (6.19) in Pj,; and P}“}l, we get the optimal prices for the firm in terms of

by
pr P Qaan + iy — 2Ky, + 0F,) + By (e — Bunr) (6.20)
" 26in(1Bin + Biy) '
- I(ayr + 0P (2 - 2K 20P,
Py = Bund (oug + 0Py) + Bir (2cuy + aun n + 2085, + Bur) (6.21)

2611 (1B, + Bif)

Thus, the optimal quantities in terms of P, are

O = Binl (2K — ayp — 0Py) + Biy(oun + Binr)
" 2(TBi + Biy)

(6.22)

= Bud(cuy +0P;) — Bif(aun — 2K + Bir)
Qi1 = ;([ﬁm T+ 8y) (6.23)

Due to the limited capacity, we can witness the effect of P, and 6 on domestic
price and quantity (Pj,; and Q;gl). As Pjor 0 increase, the firm increases its
domestic price to sell less quantities to the domestic market because it is more
attractive to allocate more capacity to the foreign market. At the foreign market, the
firm increases its foreign price and allocate more capacity under high P, and 6 is
close to 3.

Proposition 6.1: the firm's capacity is fully utilized (and hence limited) if and only if

I(ey, +aip — B, Cr+0F,) — Bif(Cr + 1)

K
n< 2]

(6.24)

Proof. It is straightforward to observe from (6.19) that \;; must be > 0 in order for
the capacity to be limited (i.e., the capacity constraint is binding). This implies that
(6.24) must hold. O

We note that the right hand side in (6.24) equals K,| given in (6.13). The

inequality in (6.24) implies that while the capacity utilization in a period increases
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with the observed exchange rate and market potentials, it decreases in price
sensitivities, the production cost, and the transportation cost. This result implies that

the unconstrained optimal solution given in (6.20-6.23) is obtained when

ﬁlf(Cz +7)
I(t) < =1 6.25
( ) a (am +oup — 2I(ll - ﬁlhcl + QPQ) " ( )

Eq. (6.25) shows that the firm can implement the unconstrained solution and
hence does not need to split her capacity across markets if 1(¢) < I;;. In contrast,
when the inequality in (6.25) does not hold the capacity is limited. As such, the firm
faces the problem of allocating the capacity between the two markets. Depending on
the market potentials, the realized exchange rates, and the price of the foreign
manufacturer the firm may also choose to sell only in one of the markets. The next
proposition indicates that if the exchange rate is significantly high, the firm in fact
may opt out of the domestic market.

Proposition 6.2. The firm chooses to sell in the domestic market at the beginning of
the period if and only if

Bif(cun + Binr)
Bun(ouy + 6P, — 2K),)

I< = I (6.26)

otherwise, the firm sells only in the foreign market. On the other hand, she will export

her product to the foreign market at any period if and only if
Big(cun — 2K, + Binr)
Buneup + 0F;)

Hence, the firm splits the capacity between the domestic and foreign markets only

1>

=1Ip (6.27)

when Iy < I(t) < Ip.
Proof. The inequality in (6.26) directly follows from the fact that the manufacturer
will sell to the domestic market if Ql,;l > (0 implying that the numerator in (6.22)

must be non-negative. This is satisfied when (6.26) holds. Similarly, Ql}l > 0 implies
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that (6.27) holds. Next we show that Iy; < Ij;. First observe that Iy, < Ij,; implies

that

Bif(aun + Binr) Bif(oun — 2K + Binr)
Bin(ous+t0 Py — 2K;;) Bin(cup+0Py) 7

which can be rewritten as

(oun + Binr) . (oun — 2K, + ﬂuﬂ“)'
(i t0F) —2K)) (s +0F)

It is clear that from the last argument that (o, + Gin7) > (oup — 2K, + Bir) and
(oqr + 0P, —2K,,) < (cous + 6P,), this inequality must hold. O

We notice from (6.26) that the firm will always sell to the domestic market if
Kn > % = K. Clearly, when the capacity is ample it is always profitable to
sell in the domestic market. However when capacity is scarce, as the foreign
exchange rate (or equivalently the potential demand in the foreign market and the
price of the foreign manufacturer) increases, it becomes less appealing to allocate
capacity to the domestic market. Similarly, we observe from (6.27) that the firm

an+Binr : :
=5~ as long as inequality

exports to the foreign market at any given time if K;; >
in (6.11) holds. Therefore, low transportation cost and home potential demand make
the foreign market appealing to the firm. Proposition 6.2 implies that the optimal
policy for the firm at any given period is a "cherry-picking" policy when the capacity
is scarce. Namely, when the exchange rate is significantly high the firm sells only in
the foreign market whereas when it is too low she will serve exclusively the domestic
market. For exchange rates not too high or low, the capacity is split between the
markets. The optimal splitting policy is investigated in the next section. Now, we will
show how exchange rate thresholds are related.

Lemma 6.2: For any given K1, I > Iy

Proof.
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Bis(cun + Binr) S Bif(Cr+r)
Bin(cup + 0P, —2K,,) = (o + ayp — 2K — B Cr + 0F)

(cun + Binr) (Ci+1)
Blh(Oélf + 9Pg — QKH) (Ozlh + o — QK“ — GinCr + 9Pg2)

It is clear that (cup + Bunr) > (Cr+ 1), and forany given K,
(alh + Qpf — 2Kll — ﬁthl + HPQQ) > ﬁlh(alf + ¢9Pg — QKZI)‘ O
Lemma 6.3: For any given capacity level, 1,1 > 1,1

Proof.

By (can + Bunr) Bif(Cr+ 1)
Bin(cuy + 0P, — 2K)) a 0P,

It is clear that (oyp + Bir) > (Cr+71), and for any given K,
(aqf +0P)) > Bip(ous + 0P, — 2K),). O
Lemma 6.4: 1., > I for K;; > Q}*;l otherwise Iy; > I.;

Proof.

Bif(Cr+ ) S Bif(oun, — 2K + Binr)
a0 P, Bin (cqr+0Fy)

Simplifying the last argument we get: 0 > ay, — 2K}, + Bjr. The last inequality
indicates that: at Kj;; = Q;‘,jl, we find that I, = Iy, and at Kj; > QZ‘,;, we get
Iy > Iy, and at Ky < Qjyy, we get Iy > Ly O
Lemma 6.5: 1,1 > 1.1 if and only if K1 > Qfgl

Proof. if capacity level falls below Q}“,:l, then [;; is irrelevant because capacity is

scarce for both markets. We are interested in the situation where Kj; > Qj;,:

ﬂlf(cl-i-?“) S ﬁlf(ol-i-?“)
(th + oy — 2Kl1 — BinCr + GPg) alf+9Pg

Simplifying the last inequality we get: 0 > ay;, + oqy — 2K, — B3, C;. Therefore, for
Kn > Qpy, weget Iy > L. O
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Lemma 6.2 through Lemma 6.5 show the relationship between exchange rate
thresholds with respect to capacity and those Lemmas are important in order to

construct Figure 6.2.

6.3.2.2 The Exogenous Model Optimal Capacity

Based on Proposition 6.2 we conclude that at the beginning of the planning
horizon the optimal pricing and allocation policy falls in one of the following five
scenarios:

HU: The capacity is ample (unconstrained) and the firm sells only in the domestic
market.

SU:  The capacity is ample (unconstrained) and the firm sells in both markets.

HC: The capacity is limited and the firm allocates all of its capacity to the
domestic market.

FC: The capacity is limited and the firm allocates all of its capacity to the foreign
market.

SC:  The capacity is limited and the firm splits all of its capacity between the two
markets.

First we note that when capacity is ample, i.e., K3 > K ,Jlr , there is always
incentive for the firm to sell in the domestic market. From Lemma 6.1, the firm sells
in the foreign market in the beginning of the planning horizon if the exchange rate is
above the threshold given in (6.11). In case of scarce capacity any one of the three
scenarios (home only, foreign only or split capacity) may occur depending on the
exchange rate as shown in Proposition 6.2.

Suppose that capacity is too scarce (high-cost case), that is, lower than Q;;ﬂ
given in (6.9). This situation is more likely when the cost of capacity is too high that
the firm cannot fully satisfy the demand in the domestic market alone. In this case,

the capacity is fully utilized. As depicted in Figure 6.2, the firm allocates all of its
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capacity to the domestic market (HC) if the exchange rate is below ;. In this case
the low exchange rate does not justify exporting to the foreign market. The firm
chooses to split the capacity between two markets (SC) if the exchange rate falls
between Ij,; and 7. The optimal allocation is then given by (6.22) and (6.23). If the
exchange rate is too high (above [;) the revenue from sales in the foreign market
justifies the full allocation of the capacity to this market (FC).

Under this scenarios exante expected profit function before the start of the

selling season can be written as follows:

In
Maximize II,; = —wKj —|—/ MycA(I)dI
Ky <Qin 0

In 00

~|—/ HSCA(I)dI+/ MpcA(I)dI (6.28)
Iy I

Where:

oy — Ky — BinC
R

Hsc = (P — C)Q:, (IP}‘}l —C) — 1)@, , and

if17?

I(ay, — Kjy +0F;) — Biy(Ci + )
Biy

To find the optimal capacity, we need to take the derivative of (6.28) with

respect to K,
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I

f1 I
dIl;; T oy, — 2K, — BinCy /7
= — d A d
dK, et 0 Bin Jle)de+ il nfle)de+
1,  — 2K 0P, — 5;+(C
[ ci(ouy — 2K, +ﬁ W) =BG ET) g = o (6.20)

lo

where \;; is the Lagrangian multiplier defined in (6.19). It is straightforward to see
from the function above that the second derivative with respect to K, is strictly
negative for any K;; > 0 implying concavity. Hence solution to (6.29) gives the
unique optimal value for the capacity to be built at home in advance of the selling
season. Unfortunately, there is no close form solution. However, the optimal capacity
can be calculated easily with a simple line search.

Recall that the condition given in (6.29) applies when the capacity scarce.
This is expected to occur when capacity is very expensive. Suppose that capacity is
bigger than home demand and less than K};. Then, the allocation decision follows
Figure 6.2:
(1) if the spot exchange rate is below I,;, then the firm satisfies all the demand in the
domestic market and stays out of the foreign market (Lemma 6.1).
(2) if the spot exchange rate falls between I, and I;;, then the firm satisfies all
demand in both markets (Proposition 6.1).

(3) if the spot exchange rate falls between I;; and [,

h1l?

then the firm splits its limited
capacity between the two markets (Proposition 6.2).

(4) if the spot exchange rate is higher than 7,

.1» then the firm allocates all the capacity

to the foreign market (Proposition 6.2).

Consequently, the firm's net profit in this case can be written as:
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I

T
Maximize I, = —wKy ~|—/ Mgy f(e)de +
Kn>K; > Qi 0

T I 00

J msus@es [T ses@ier [Ties@ae (60

Io

We want to find the optimal capacity, we need to take the derivative of

equation (6.30) with respect to K;; and we find:

Iy

ally; fo
dKll = —u + /Ilt1 )\llf(e)de +
> I e — 2K, +0F;) — By (C,
/ €i(aus n 9) — B (Cr + T)f(e)de =0 (6.31)
n Bi

Now, remember that in (6.31) the capacity is somehow not scares, however
the firm above certain exchange rate threshold, 7;;, will dedicate its capacity to the
foreign market. Lets assume that capacity falls between K},; and K| where the firm
will always satisfy demand at home market. Then, the allocation decision follows
Figure 6.2:

(1) if the spot exchange rate is below I,1, then the firm satisfies all the demand in the
domestic market and stays out of the foreign market (Lemma 6.1).

(2) if the spot exchange rate falls between 1,; and I;;, then the firm satisfies all
demand in both markets (Proposition 6.1).

(3) if the spot exchange rate falls between [;; and I,

W12

then the firm splits its limited
capacity between the two markets (Proposition 6.2).

Consequently, the firm's net profit in this case can be written as:
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Ix

To
Maximize I, = —wk; + / Mgy f(e)de +
Kt1>K11>Kh1 0

In

/1210 HsUf<€)d€ + /I:OHSCYf(G)dE (6_32)

1 L
0 T

We want to find the optimal capacity, we need to take the derivative of

equation (6.32) with respect to K;; and we find:

dITj; >
dKl; = —ul—i—/ i1 f(€)de (6.33)

Although we cannot find closed form solutions for (6.29), (6.31) and (6.33)
we can derive the following conclusions from concavity
Proposition 6.3. There exit two capacity cost thresholds ul'and ul* such that
ut! > ul?,
if w > uj', then K* will be obtained from (6.29), if w}*> > w; > u}', then K* will be
obtained from (6.31), and if ul* > w, then K will be obtained from (6.33).

The above proposition shows that when capacity cost is expensive, then the
optimal capacity falls between 0 and Q;u- However, as capacity cost get cheaper,
then optimal capacity falls between Qz;ﬂ and K, if we assume that K, > Q;u-

Otherwise, the optimal capacity falls between Q;;ﬂ and K.
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Figure 6.2  Capacity Allocation (Exogenous Model)

6.3.2.3 Discussion

Figure 6.2 shows all allocation scenarios with regards the exchange rate and
the available capacity. When capacity is inexpensive and the foreign currency is
weak, the firm stays in the home market and fully satisfies the demand. For
I, > 1 > 1I;;, both market demands are filled. In both cases the capacity is
underutilized. When the capacity is expensive and foreign currency is weak, the firm
sells only to the home market and fully utilizes the capacity. As exchange rate
increases, the firm splits its capacity between the two markets. When the foreign
currency is too strong, the firm dedicates all of its capacity to the foreign market and
leaves the home market completely. When capacity cost is expensive (equivalently
less available capacity), depending on the exchange rate, the firm allocates all of its
capacity to the home market (I < I;) or to the foreign market (I > Ij,1), or split it
between both markets (1,1 > I > I1). As the capacity cost increases the allocation
decision becomes "cherry picking" problem where the scarce capacity is dedicated to
one of the markets. Since capacity will be too small, splitting capacity does not make

economical sense.
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Also, we notice from Figure 6.3, Table 6.1 and Figure 4.4 that optimal
capacity increases in P, and 6 which makes it more attractive for the firm to export to
the foreign market when the price of the foreign manufacturer is high. Also, optimal
capacity decreases in 0. Table 6.2 shows the effect of P, on exchange rate thresholds.
I.; and Iy decreases in P, which as we stated earlier makes it compelling to export

to foreign market.

235 -
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T
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115 - = -:__‘_'I."-':-_-_':'.'- — —Ki1{e=0.1)
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Figure 6.3  Effect of Sigma on Optimal Capacity



Table 6.1 Effect of P, and o on Optimal Capacity (X))

P, Sl Ky | Kn | Kn(o=01) | Kj(o=0.5) | Ky(o=1)
10 | 97 101.5 | 198.5 | 94.22 87.21 78.43
20 | 97 103 | 200 | 95.72 88.66 79.75
30 | 97 104.5 | 201.5 | 97.22 90.11 81.09
40 |97 106 | 203 | 98.72 91.57 82.43
50 |97 107.5 | 204.5 | 100.22 93.04 83.794
60 | 97 109 | 206 101.72 94.51 85.16
70 | 97 110.5 | 207.5 | 103.22 95.99 86.55
80 | 97 112 | 209 104.72 97.48 87.94
90 | 97 113.5 | 210.5 | 106.22 98.98 89.35
100 | 97 115 | 212 107.72 100.48 90.77
110 | 97 116.5 | 213.5 | 109.22 101.98 92.20
120 | 97 118 | 215 110.72 103.48 93.64
130 | 97 119.5 | 216.5 | 112.22 104.98 95.10
140 | 97 121 218 113.72 106.48 96.56
150 | 97 122.5 | 219.5 | 115.22 107.98 98.05
160 | 97 124 | 221 116.72 109.48 99.55
Table 6.2 Effect of P, and o on Exchange Rate Thresholds

Pg Izl Itl Ifl Ihl

0.1 05 |10 |01 |05 |1.0 |O.1 05 | 1.0
10 | 0.03 0.06 | 0.13 | 0.22 | 13.88 | 7.07 | 4.37
20 | 0.03 0.05]0.11 | 0.20 | 13.88 | 7.04 | 4.34
30 |0.03|7.89 0.10 { 0.19 | 13.88 | 7.02 | 4.31
40 | 0.03 | 8.01 0.08 | 0.17 | 13.88 | 7.00 | 4.28
50 |0.03|8.14 0.07 | 0.16 | 13.88 | 6.98 | 4.26
60 | 0.03 | 8.26 0.05|0.14 | 13.88 | 6.97 | 4.23
70 | 0.03 | 8.39 0.04 | 0.13 | 13.88 | 6.96 | 4.21
80 |0.03 853 | 791 0.11 | 13.88 | 6.96 | 4.19
90 | 0.03 | 8.66 | 8.03 0.10 | 13.88 | 6.96 | 4.18
100 | 0.03 | 8.81 | 8.16 0.08 | 13.88 | 6.96 | 4.16
110 | 0.03 | 8.96 | 8.28 0.07 | 13.88 | 6.96 | 4.15
120 | 0.03 | 9.11 | 8.42 0.06 | 13.88 | 6.96 | 4.14
130 | 0.03 | 9.27 | 8.55 0.04 | 13.88 | 6.96 | 4.13
140 | 0.03 | 9.43 | 8.69 0.03 | 13.88 | 6.96 | 4.13
150 | 0.03 | 9.60 | 8.83 | 7.96 13.88 | 6.96 | 4.13
160 | 0.03 | 9.78 | 8.98 | 8.08 13.88 | 6.96 | 4.13
170 | 0.03 | 9.96 | 9.14 | 8.20 13.88 | 6.96 | 4.13
180 | 0.03 | 10.15 | 9.30 | 8.33 13.88 | 6.96 | 4.13

65
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Figure 6.4  Effect of Cross-Price (#) on Optimal Capacity

6.4 The Endogenous Model

In this section, we are assuming that both firms make their prices
simultaneously at the foreign market. We are going to make two assumptions: both
firms has ample capacities and the firm has limited capacity and the foreign
manufacturer has ample capacity. We will drive the Nash Game outcome (optimal
prices and quantities) for each firm and show the impact of exchange rate and
competition parameters on the firm's capacity allocations, hence the foreign

manufacturer does not face a capacity issue.

6.4.1 The Endogenous Model with Ample Capacity

The assumption of ample capacity help us finding the exchange rate threshold
which will allow the firm to export to the foreign market. Also, it will give an idea
how much the firm can sell to the local market. Therefore, the firm's profit was given
in (6.4) and the home optimal price and quantity are given in (6.7) and (6.9)
respectively. Also, the firm's foreign price and quantity are given in (6.8) and (6.10),

respectively. However, both optimal foreign price and quantity are function of the
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foreign manufacturer's price, P,, therefore we need to drive the optimal foreign
manufacturer price and substitute it in (6.8) and (6.10) to obtain optimal prices,
optimal quantities and the exchange rate threshold (1,2) where the firm exports its

product to foreign market. The profit function of the foreign manufacturer can be

written as:
Maximizcgz >0Hq+ = (P, — Cy)(ag — By Py + 9P1f2) (6.34)
Pply20
st. Q= ay— B, + 0P (6.35)

A quick analysis of (6.34) will reveal that the expected profit function is

jointly concave in P,. Hence using the first order optimality conditions we get

*x O{g + C’yﬁg + QPZfQ

P, = 259 (6.36)
Thus, substituting (6.36) in (6.8), we get
o 1200y By + 0(ag + CyBy)) + 2817 8y(Cr + 1)
P = 6.37
v I(46,8, — 6) (637
Substituting (6.37) in (6.36), we get
+ 1 2
P = (bous + 201 (g + Cyby)) + 055 (Cr + 1) (6.38)

1(40115, = 6%)

We notice that both optimal prices decreases in exchange rate, however Pl’};
decreases in exchange rate faster rate than Pf if demand base and consumer price
sensitivity are the same (a;r = agand iy = (3,) since 28, > 0. As exchange rate
increases, the firm would decrease its price, Pl’;;, and as consequence reaction by the
foreign manufacturer, Pg*+ would decreases too. Therefore, the local manufacturer
acts as a leader and the foreign manufacturer acts as a follower.

Lemma 6.6: The firm will drop its price below the foreign manufacturer's price,

Py < Pr', ifand only if
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Bir(Cr+ 1) (28, — 6) 7
(287 — 0)(ag + CyBy) — (285 — 0)cuy 3

I>

where oy > (2085 — 0) (g + CyB,)/ (28, — 0), and if oy = yy, and By = Biy, then
Pf}; < Py " occurs if and only if

Ci+r
Cg

I> =1,

otherwise, Pf’}z > Py ", Figure 6.5.
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Figure 6.5  Effect of Exchange Rate on Optimal Prices and Quantities

The goal of each manufacturer is to drop its price below the competitor
manufacturer's price to increase sales; The above lemma shows the price competition
between the two manufacturers in terms of exchange rate where the firm can drop its
price below the foreign manufacturer's price faster as 3;¢, Cj, r, and «;; decreases or
as oy, By, and C; increases. We notice that 6 does not affect the price competition if
potential demands and prices sensitivity are the same.

Now, we will drive the optimal quantities for the firm and the foreign

manufacturer. Substituting (6.37) and (6.38) in (6.10), we get



_ 1617 (20urBy + 0(ag + CyBy)) — Bip(Cr+ 1) (281485 — 6)

Qi =
v 146158, — 0%)
Substituting (6.37) and (6.38) in (5.35), we get

Q** _ 18,(Biy (2ay — 2C,8,) + 0(cuy + 0C,)) + 0611 8,(Cr + 1)
! I(48; 8, — 62)

Lemma 6.7: Suppose By = By = 3, cuy = ay = v, then

I((28+ 0)a+ 08C,) + 28*(Ci + )

fire = 17— )

I((28+ 0)a + 28%C,) + 0B(C, + 1)

by = 1467 — 62)

B((28 + 0)a +05C,) — (28° — 6%)(C) + 1))

Qi = 10452~ 97)

or' = BB +0)a — C,(25 —6%) +05(Ci +1)
g 1(43% — 62)

and if I = 1,and C; +r = Cy, = C, then

Pipp=F; = ( 452)(f92 )
+ + -C — 0
0~ A= C3=0)

23— 0

69

(6.39)

(6.40)



70

The above lemma shows that if everything is symmetric, where consumers
have the same reaction to price changes for each manufacturer and both currencies
have the same value, then equilibrium prices and sales are identical.

Lemma 6.8: The firm will export to foreign market if

(C1+ 1) (2818, = 6°)
20018, + 0(ay + Cyy)

1> = I, (6.41)

Otherwise, the firm will sell only to domestic market.
Proof. The firm will export to the foreign market only if Q?}Q > (. From (6.39) we
know that 453, — 6% > 0, since Bi; > 6. So, we are left with numerator which must
be > 0 which is given in (6.41). a
I, shows that it is more attractive to export to foreign market as 6, 3,, C,,
aqr, and o, increase. On the other hand, it becomes less attractive to export to foreign
market as 3¢, Cj, and r, Table 6.3.a, 6.3.b, and 6.3.c. The interesting outcome is that
if the potential demand of the foreign manufacturer increase, the firm has more

incentive to enter the foreign market.

Table 6.3.a Impact of ¢ Table 6.3.b Impact of 3, Table 6.3.¢c Impact of o

4 122 ﬁg 122 Qg 122

0.1 | 0.056 0.4 | 0.083 160 | 0.0517
0.2 | 0.053 0.5 0.073 170 | 0.0514
0.3 | 0.050 0.6 | 0.066 180 | 0.0510
0.4 | 0.047 0.7 | 0.061 190 | 0.0507
0.5 | 0.043 0.8 | 0.056 200 | 0.0504
0.6 | 0.040 0.9 | 0.053 210 | 0.0500
0.7 | 0.036 1.0 | 0.050 220 | 0.0497
0.8 | 0.033 1.1 | 0.047 230 | 0.0494

We are going to assume that the exchange rate is > I,» where the firm can
export to foreign market and compete with the foreign manufacturer, then the firm's

profit can be written as:
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-C 2
I — (cun 101n.) N
43,

Bip (12078, + 0(ay + Cyf3y)) — (Cr + 1)(261 By — 6%))°
I(4B,8, — 62)°

(6.42)

We notice from (6.42) that the profit generated from home market is
independent of the price of the foreign market and the exchange rate since capacity is
unlimited. The second term is the profit generated from the sales at the foreign market
and this profit is zero if the exchange rate falls below 1,s.

The foreign manufacturer's profit can be written as:

1+ = Bl (Biy(ag = CyBy) +0(0uy + Cyb) + 051 (Ci+7))°
! (1(4B78g — 6%))°

(6.43)

Lemma 6.9: The firm will generate more profit than the foreign manufacture at the

foreign market if

1 P —C)(a, — B,P* + 0P
I> *+<(f’ o) (o = BFy lf2)+Cg+r>:qu (6.44)
Plf2 (le_ﬂlfpl?;+epj

otherwise, if 1., < I < I.,, then the foreign manufacturer will generate more profit.
Proof. Solving equations (6.43) and (6.44) in terms of exchange rate (/).

The above lemma shows how the exchange rate can affect the profit of each
manufacturer; if the foreign currency is strong, then the firm is more profitable than
the foreign manufacturer because looking at (6.43) we notice that an increase in the
exchange rate is disadvantageous for the foreign manufacturer.

Lemma 6.10: The foreign manufacturer can not make sales if

Gﬁlf(Cl + 7“)

I >
2@,}”(09 - ag) - 9<O‘lf + 009)

=1, (6.45)

where
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Qﬁgfag + Oalf _
26 — P E C, (6.46)

Cy >
if C, < C,, then the firm can not force the foreign manufacturer out of the game.
Proof. From (5.7) where Q§+ <0.

The above lemma shows that if the exchange rate is above a certain
thresholds, 7, then the foreign manufacturer will have zero sales and the firm will be
the only player in the game. However, in order for this to occur the cost of
production, C,, must be really high as we notice from (6.46).

Lemma 6.11: There is no competition if

o~ (Byag+0ai)(4Bya, — 67)
I 4B By 02 (2015 + 30118, — 6?)

= Chigh (6.47)

Proof. Solving for C, when 1.5 > I,

Lemma 6.12: There exist c,,, such that I, > Ileq.

(Cr+1)(28118y — 0°) — 2011 By(Ieg — 1) — by,
ﬁgqu

C, <

By solving the above equation we can obtain C),.
Lemma 6.13: Ch;g, > Cp, > C,
Lemma 6.14: The interactions between the firm and the foreign manufacturer in
terms of the cost of production and exchange rate are as follows:
1. if Cy > Chign no competition at all, where
— if I < I, foreign manufacturer's sales only
— if I, < I < I, No sales
— if I, < I firm's sales only
2. if e < ¢4 < Chigh, then

— if I < I, foreign manufacturer's sales only
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— if I, < I < I, advantage for the firm
— if I, < I firm's sales only
3. if C, < Cy < C,y, then
— if I < I, foreign manufacturer's sales only
— if I, < I < 1., advantage for the foreign manufacturer
— if I., < I < I, advantage for the firm
— if I, < I firm's sales only
4. if C, < C., then more and more competition
— if I < I, foreign manufacturer's sales only
— if I, < I < 1., advantage for the foreign manufacturer

— if I., < I < I, advantage for the firm

Table 6.4 Effect of Exchange Rate on Optimal Prices, Quantities, and Profits

I Py, Py Qs | Q) Iy, |10
I, =0.033 | 241.78 139.26 0 133.274 | O 17760
0.2 138.56 123.78 98.56 117.78 1943 4646
I@q =0.382 | 128.81 122.32 107.88 | 116.32 4449 4449
0.8 123.22 121.48 113.22 | 115.48 10255 | 4338
Ip = 1.333 121.176 | 121.176 | 115.17 | 115.17 17687 | 4298
2 120.15 121.02 116.15 | 115.02 26983 | 4278

The above table illustrates lemmas 6.9, 6.10, and 6.14 where it shows the
impact of the exchange rate thresholds on optimal prices, optimal quantities, and
profits. We notice at [ < I,o, the firm does not export to the foreign market and the
foreign manufacturer generates the maximum profit because it is the only player in
the market. When exchange rate increases (above [,9), the firm starts exporting to the
foreign market. Then, the foreign manufacturer starts decreasing its price due to the
competition, however, the foreign manufacturer still generates more profit than the

firm as long as I < I,,. At I = I,,, both manufacturers generates the same profits,
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however, prices are different because I, # I,,. At I = I,, both optimal prices and
quantities are equal, however the firm generates more profit due to a high value of
exchange rate. Clearly, as exchange rate increases the foreign manufacturer's profit

converges while the firm's profit increases linearly, Figure 6.6.

60000 -
50000 -
40000 - Local
o Manu.
© 30000 - Profit
o
20000 Foreign
IManu.
10000 - Profit
D T T T T T T T T T T T T T T T 1
1.01.21.21.41.61.82.02.22.42.62.83.03.23.43.63.8
Exchange Rate

Figure 6.6  Effect of Exchange Rate on Profits

6.4.2 The Endogenous Model with Limited Capacity

Now, we assume that the firm's capacity is limited. However, we are going to
assume that the foreign manufacturer has unlimited capacity. This will give an
advantage to the foreign manufacturer. However, we would like to see how the firm
is going to react to this leverage. Unlike the ample capacity case, the firm must
decide on its capacity allocation to maximize the net profit. We expect the firm to
miss some sales opportunities due to capacity limitation. The assumption is still valid
the firm will export to the foreign market if I > I,, and if the capacity level is above
the home demand (Q;; ).

The firm has to look at the available capacity and the spot exchange rate. In

this model we are going to assume two capacity levels: expensive capacity and
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medium capacity. Under each capacity level, the firm must decide on capacity
allocation. The process is as follow: depending on the capacity cost, that
manufacturer determines the capacity level, then the firm looks at the spot exchange
rate and decide on allocation of capacity. Later, we will discuss all allocation

scenarios.

6.4.2.1 The Model
In this section, we will drive the optimal prices and quantities for the firm and the
foreign manufacturer. By substituting (6.38) in (.20) and (6.21) we get:

£ _ 1818, (4ayp + 20q; — 4K,y + 0C)
M2 I8, (4818, — 62) + B (46158, — 262)

I10(0(cun + Kp) + Biray)
18 (4511 By — 602) + Bir (45178, — 26%)

_|_

Biy(aun — Bunr) (2618 — 62)
Bin (1 Bin (4811 8g — 0%) + Bir (45118, — 26?))

(6.48)

= Iﬁlh@ﬁgalf + 9(049 + Cgﬁg))
U2 1B (4811 By — 02) + B (481 B, — 262)

Qﬂlf(ﬂg(alh + 2a1f — 2K,y + ng + 6lh7") + 9049)

T I (4B B, — ) + By (41,5, — 267)

(6.49)

Substituting Py, in P, " we get

o 1Bn@Bi(ay + ByCy) + Ocuy)
b IBn (48118 — 62) + Bir (4818, — 267)

51]‘((251]0(049 + ﬁgCg) + Qozlf) + Q(Ozlh + 20sz — 2K,y + ﬁlhr))
18 (4811 By — 62) + Bir (48118, — 26%)

(6.50)
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Thus,

Iﬁlh((ﬁlfﬁg) (4K12 — 20u5 — GCg) - 9(5lf049 + HKZQ))
151 (40811 8y — 602) + Biy (4818, — 26?)

th2 =

Biy(cun + Binr) (26162 — 6%)

7 B (46118, — 02) + Biy (46158, — 26°)

(6.51)

Iﬁlfﬂlh (ﬁg(QOélf + GCg) + 9049)
18 (4511 By — 602) + Bir (46178, — 26%)

QlfQ =

Bip(oan — 2Ky + Binr) (2817 02 — 6%)

1B (48118, — 62) + Biy (461 B, — 262) (6.52)

By(IBunb(cuy +0Cy) + 2815 (g — ByCo) LBy + 1))
18 (4811 By — 02) + Biy (4811 By — 262)

Qy =

BoBig(cun + 20up — 2K +20C, + Bir)
I8 (408158, — 02) + Biyr (45118, — 202)

n (6.53)

Substituting P, in (6.19), we get

Aip = 12811 B,(20un + 20y — 4K, +0C, — 281,C)) + 208;r,)
18 (411 By — 6%) + Big (48155, — 262)

16%( — ay + 2K,y + BinCr) — 20815 (Cr + 1) (261584 — 6?)
I8, (481 By — 62) + Bip (48158, — 262)

(6.54)

Hence, if we assume that demand base and consumer price sensitivity
are the same for both manufacturers at the foreign market, then the optimal prices and

quantities can be written as:

Iﬁ2(4alh + 4o — 8K12 + 2909 - 40151}1)
(8 + 18m) (46> — 62)

*
Pipe =

_ I(ez(azh — Kl?) — eﬂa)
(ﬂ + Iﬁzh)(élﬁz - 92)
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5(452(0‘1/1 B /Blh,Cl) B 92(05111 B /Blh,(cl + T)))

* 28,,(8 + 18,)(45” — 6)

1(8,(28a + 0o + 08C,) + 26°a,,)
43*(6 + 16,,)

By =

26°(2a — 2K, + 0C, + B, 1)
46%(B+18,)

. 92(0% — 2K, - C18,) + 405
2(5 + I/Blh)(462 - 92)

(92(0[ +7r)
I(ﬂ + I(t)ﬂzll)(4ﬂ2 - 92)

po— Iﬁlh(26(a + 5Cg) + 90&)
9 I8, (432 — 62) + B(45% — 262)

Gir((28(a + BCy) + Oayy) + 0(cup + 200 — 2Ky, + Binr))
161, (462 — 62) + B(458% — 26?)

Thus,

Q** _ Iﬁz/z((ﬂQ)(4K12 —2a — 909) - 9(ﬁ0{ + QKIQ))
ne (B+18,)(40% - 62)

B(43% (o, + B,r) — 0°B(a, + B, (Cr +2r)))

" 26+ 18,) (45 — 6?)

Q*’ _ Iﬁﬂzh(za(zﬂ + 9) + 9600)
2T (B4 18,)(482 - 62)

ﬁ(4ﬂ2(2K12 -y ﬁth) + 92(04”1 - ZKIQ + Blh(cl + T)))
2(ﬂ + Iﬁzh)(élﬁz - 92)
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BUIBmb(a+ 0Cy) + 26(ac — BCy) (LGB + 1))
Iﬂlh(élﬂz — 92) + ﬂlf(ﬁlﬂQ — 292)

Q)=

B20(ay, + 20 — 2K,y + 20C, + Bir)
16 (452 — 62) + B(48* — 26?)

Proposition 6.4: The firm's capacity is fully utilized if and only if
26, (Cirtr) (26,;8,—6%)

1> 26,1, 2o +201;— 4K, +0C,— 2B, Cl)+ 02—+ 2K, - CiBin )+ 2005 Iio (6.55)
or
K, < 20,8y (2aun 4201 +0C,—2C1 By, ) +6%(—up+Ci 5 ) +20, 51 ~ K, (6.56)
2(46,8,-62)
Otherwise, the firm will sell constrained optimal.
Proof. We drove I, via A\j;p > 0. We drove K via I;p > 0. O

The above lemma shows that the firm can implement the unconstrained
solution and hence does not need to split her capacity across markets if I(t) < Ij.In
contrast, when the inequality in (6.55) does not hold the capacity is limited. As such,
the firm faces the problem of allocating the capacity between the two markets.
Depending on the market potentials and the realized exchange rates the firm may also
choose to sell only in one of the markets. The next proposition indicates that if the
exchange rate is significantly high, the firm in fact may opt out of the domestic
market.

Proposition 6.5. The firm chooses to sell in the domestic market if and only if

Bis(cun + Binr) (261782 — 62)

1
= Bu((BirB,) ey — 4K,y + 0C,) + 0(Bip, + 0K )

— Iy (6.57)

otherwise, the firm sells only in the foreign market. On the other hand, she will export

her product to the foreign market if and only if
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(oun — 2K, + Binr) (261782 — 62)

1> Bin(By(2aus + 0C,) + bayy)

= I (6.58)

Hence, the firm splits the capacity between the domestic and foreign markets only
when Ipy < I(t) < Ipo.

Proof. The inequality in (6.57) directly follows from the fact that the manufacturer
will sell to the domestic market if Q;,;Q > (0 implying that the numerator in (6.51)
must be non-negative. This is satisfied when (6.57) holds. Similarly, Q;}Q > (0 implies
that (6.52) holds. Next we show that I < Ij5. First observe that Iyy < I;2 implies

that

By (cun + Binr) - (cun — 2Ky + Bipr)
((BirBy) (2oup — 4Ky + 0Cy) + 0(Biray + 0K)y)) (By(2cuy 4+ 0C,) + bary) ’

which can be rewritten as
2ﬁlfﬂg(2alh + QOégf + QCg) + 9(2ﬁlfag —+ o + ﬁl}ﬂ“) > 2K12(4ﬁgfﬁg + 9)
It is clear that the above inequality holds. O

We notice from (6.57) that the manufacturer will always sell to the domestic

Bir (0(ag+8,Cy)+28,0u)
45,8, 02

market if K}, > = K. Clearly, when the capacity is ample it is

always profitable to sell in the domestic market. However when capacity is scarce, as
the foreign exchange rate increases, it becomes less appealing to allocate capacity to
the domestic market. Similarly, we observe from (6.58) that the manufacturer exports

. . . . L+/81
to the foreign market at any given time if K > “ 7,

Therefore, low
transportation cost and home potential demand makes the foreign market appealing to
the firm. We also notice that how completion can increase the appeal to enter the
foreign market especially when cost of production (C) potential demand, alpha (c)

for the foreign manufacturer and cross price effect () increase. Proposition 6.5

implies that the optimal policy for the manufacturer at any given period is a "cherry-
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picking" policy when the capacity is scarce. Namely, when the exchange rate is
significantly high the manufacturer sells only in the foreign market whereas when it
is too low she will serve exclusively the domestic market. For exchange rates not too
high or low, the capacity is split between the markets. The optimal splitting policy is
investigated next. Now, we will show how exchange rate thresholds are related.
Lemma 6.15: For any given Ky, Ins > Ipo

Proof. The proof is similar to the proof of Lemma 6.2 O
Lemma 6.16: For any given capacity level, I,y > 1.9

Proof. The proof is similar to the proof of Lemma 6.3 O
Lemma 6.17: 1.5 > Iy, for K;, > QZ‘,; otherwise It > I.»

Proof. The proof is similar to the proof of Lemma 6.4 O
Lemma 6.18: I;5 > L5 if and only if K, > Qi

Proof. The proof is similar to the proof of Lemma 6.5 O

6.4.2.2 The Endogenous Model Optimal Capacity

Based on Proposition 6.5 we conclude that at the beginning of the planning
horizon the optimal pricing and allocation policy falls in one of the following five
scenarios:
HU: The capacity is ample (unconstrained) and the firm sells only in the domestic
market.
SU:  The capacity is ample (unconstrained) and the firm sells in both markets.
HC: The capacity is limited and the firm allocates all of its capacity to the
domestic market.
FC: The capacity is limited and the firm allocates all of its capacity to the foreign
market.
SC:  The capacity is limited and the firm splits all of its capacity between the two

markets.
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First we note that when capacity is ample, i.e., K, > K,,, there is always
incentive for the firm to sell in the domestic market. From Lemma 6.8, the firm sells
in the foreign market in the beginning of the planning horizon if the exchange rate is
above the threshold given in (6.41). In case of scarce capacity any one of the three
scenarios (home only, foreign only or split capacity) may occur depending on the
exchange rate as shown in Proposition 6.5.

Suppose that capacity is too scarce (high-cost case), that is, lower than QZ‘,;
given in (6.9). This situation is more likely when the cost of capacity is too high that
the firm cannot fully satisfy the demand in the domestic market alone. In this case,
the capacity is fully utilized. As depicted in Figure 6.7, the firm allocates all of its
capacity to the domestic market (HC) if the exchange rate is below . In this case
the low exchange rate does not justify exporting to the foreign market. The firm
chooses to split the capacity between two markets (SC) if the exchange rate falls
between I and Iyo. The optimal allocation is then given by (6.51) and (6.52). If the
exchange rate is too high (above I2) the revenue from sales in the foreign market
justifies the full allocation of the capacity to this market (FC).

Under this scenarios exante expected profit function before the start of the

selling season can be written as follows:

Ip
Maximize I, = —wkKpy —|—/ MycA(I)dI
1) > L5 K <Qfyy 0

Ihg [ee]
+/ HSCA(I)dI+/ MpcA(I)dI (6.59)
If2 Ih?
Where:
o, — Ky — 6,0
e = &0 12— Bin L, Ky,

Bin
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s = (P — CNQ;, + (L) Py — C1 = 1)Q;,, , and

2’

HFC: V)

Bif

To find the optimal capacity, we need to take the derivative of (6.59) with

respect to /),
1

f2 Ipo
dIl;, /T ay, — Ky — BinCy /7
= —u + €)de + A €)de +
ik, o+ B f(e) : i2.f ()
OOI(Ozlh - Ky + QP;) — ﬂg(Cl + 7‘)
: e)de =0 6.60
/. i e (6.60)

Io

where \j2 is the Lagrangian multiplier defined in (6.54). It is straightforward to see
from the function above that the second derivative with respect to K, is strictly
negative for any K, > 0 implying concavity. Hence solution to (6.60) gives the
unique optimal value for the capacity to be built at home in advance of the selling
season. Unfortunately, there is no close form solution. However, the optimal capacity
can be calculated easily with a simple line search.

Recall that the condition given in (6.60) applies when the capacity scarce.
This is expected to occur when capacity is very expensive. Suppose that capacity is
bigger than home demand and Kj;,5. Then, the allocation decision follows Figure 6.7:
(1) if the spot exchange rate is below I,o, then the manufacturer satisfies all the
demand in the domestic market and stays out of the foreign market (Lemma 6.8).
(2) if the spot exchange rate falls between 1.5 and I;5, then the manufacturer satisfies
all demand in both markets (Proposition 6.4).

(3) if the spot exchange rate falls between ;9 and [,

.»» then the manufacturer splits its

limited capacity between the two markets (Proposition 6.5).
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(4) if the spot exchange rate is higher than /,,, then the manufacturer allocates all the

h2?

capacity to the foreign market (Proposition 6.5).

Consequently, the manufacturer's net profit in this case can be written as:

=)

T
Maximize M, = —wKy+ / Mgy f(e)de +
I>Iz’Q1*f+2+Q7}:;>Klz>Qz*h+1 0
/IZ2 sy f(e)de + [ Mge f(e)de + [Ih e f(e)de (6.61)
1o [f_Z Zh

o Io

We want to find the optimal capacity, we need to take the derivative of
equation (6.51) with respect to K, and we find:

dIl;,

dE,

Iho

= —u + [ﬂn )\lzf(e)de +

lo

/OC Ioei(alf — 2K, + QP;) — ﬁlf(C’l + 7“)
L Bif

Io

fle)de =0 (6.62)

Now, remember that in (6.62) the capacity is somehow not scares, however
the firm above certain exchange rate threshold, 19, will dedicate its capacity to the
foreign market.

Lets assume that capacity falls between K2 and K, where the firm will
always satisfy demand at home market. Then, the allocation decision follows Figure
6.7:

(1) if the spot exchange rate is below I5, then the manufacturer satisfies all the
demand in the domestic market and stays out of the foreign market (Lemma 6.8).

(2) if the spot exchange rate falls between 1,5 and I;o, then the manufacturer satisfies
all demand in both markets (Proposition 6.4).

(3) if the spot exchange rate falls between I3 and I,

> then the manufacturer splits its

limited capacity between the two markets (Proposition 6.5).

Consequently, the manufacturer's net profit in this case can be written as:
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=)

To
Maximize Iy = —wKpy + / Mgy f(e)de +
Kt2>K12>Kh2 0

L)

/1220 HsUf<€)d€ + /I:OHSCf(G)dE (663)

1 12
0 T

We want to find the optimal capacity, we need to take the derivative of

equation (6.63) with respect to K, and we find:

dil; >
K, u + %ﬂ Ao f (€)de (6.64)

Io

Although we cannot find closed form solutions for (6.60), (6.62) and (6.64)
we can derive the following conclusions from concavity
Proposition 6.6 There exit two capacity cost thresholds ui'and ul* such that
ut! > ul?,
if w > uj', then K* will be obtained from (6.60), if w}*> > w; > ul', then K* will be
obtained from (6.62), and if ul* > w, then K, will be obtained from (6.64)

The above proposition shows that when capacity cost is expensive, then the
optimal capacity falls between 0 and Q;,:/l. However, as capacity cost get cheaper,
then optimal capacity falls between Q;,:l and K, if we assume that K, > Q;,:/l.

Otherwise, the optimal capacity falls between Q;;ﬂ and K,,.
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Figure 6.7

6.4.2.3

As we mentioned in the previous section that equations (6.60), (6.62) and
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(6.64) can not be solved analytically; therefore we performed a numerical analysis to

get some insight on the effect of certain parameters on the optimal capacity where

u=100, a;,=200, a;;=200, ,,=200, B=1, Bi;=1, B,=1, 0=0.1, 0.2, and 0.3, C/=6,

Cy=6, 1,=1, r=2, and 6=0.3

We notice the optimal capacity decreases in ¢ and 3, (Table 6.5 (a, b, and c)

and Figure 6.8) and it increases in «y, ¢, and p (Table 6.5 (a, b, and c) and Figure

6.8).

Table 6.5.a Impact of 3,

By

K

0.4

142.12

0.5

131.87

0.6

125.17

0.7

120.45

0.8

116.94

0.9

114.23

1.0

112.08

1.1

110.32

Qg KZQ

160 | 109.01

170 | 109.77

180 | 110.54

190 | 111.31

200 | 112.08

210 | 112.84

220 | 113.61

230 | 114.38

Table 6.5.b Impact of o

Table 6.5.c Impact of 0

6

K

0.2

54.81

0.3

62.53

0.4

71.52

0.5

82.01

0.6

94.28

0.7

108.70

0.8

125.78

0.9

146.22
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Chapter 7

Conclusions and Future Work

7.1 Summary of Key Results

Exchange rate fluctuations and competition impact the manufacturers'
decision to enter a foreign market for exporting a product or even building capacity
for manufacturing. In the Monopoly setting, the former scenario almost all the costs
of overhead, production and transportation are incurred in home currency while the
realized revenue is based on the foreign currency. In the latter case, most of the
associated costs are realized in units of the foreign currency. As such, the behavior of
the exchange rate between the home and foreign countries play a substantial role in
the manufacturer's strategical and operational decisions. Another factor that
significantly affects the firm's strategy is the length of the selling season and the
commitment requirements of the markets. Often times the capacity investment must
be finalized at the beginning of the season. When the manufacturer has the flexibility
of postponing its pricing and production decisions throughout the selling season, the
fluctuations in exchange rate can be hedged by adjusting the price and quantity of the
product every period. However, this is not possible if these decisions must be locked
at the beginning and can't be changed throughout the selling season. In this case, an
alternative way of hedging may be to invest for capacity in the foreign market to fill
the demand locally. This paper investigates the interplay among important factors
such as exchange rate, cost of capacity and production, demand, and selling season
length on the manufacturing's decisions regarding production capacity investment,

pricing, and production policies in international markets.
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The study first considers the early commitment model with central sourcing,
where the manufacturer builds all the production capacity in the home country and
allocate the production between the domestic and foreign markets. In this case all
decisions including capacity, price, and production amount are decided and fixed at
the beginning of the selling season based on the prospect of the behavior of the
exchange rate over multiple periods. Our results show that entering the foreign
market with central sourcing is preferable for the firm if the exchange rate drift is
above a certain level. This is intuitive since high values for these parameters increase
the ROIL. On the other hand, increased costs and higher sensitivity to price in the
market makes it more difficult for the firm to participate in the foreign market. We
also observe that with positive exchange rate drift a longer selling season is more
appealing for the manufacturer for entering the foreign market. On the other hand,
when the drift is negative, the manufacturer will be more reluctant to enter the foreign
market as the length of the selling season increases. In this setting, the home market
prices (production quantities) are independent of the exchange rate fluctuations in the
foreign market but decrease (increase) in selling season length.

Under postponed commitment model with central sourcing, the manufacturer
has the flexibility of postponing the price and production decisions until the foreign
exchange rate is observed in each period. However it still has to make its capacity
investment decision before the beginning of the selling season. As such, the
manufacturer faces the problem of allocating its capacity across markets in each
period. Consequently, not only the prices and quantities fluctuate in the foreign
market but also home market prices and quantities change every period as well. We
observe that optimal capacity increases in drift on the exchange rate, demand
potential, and number of periods, and decreases in price sensitivity, transportation
cost, discount factor, exchange rate volatility, and capacity cost. Our study derives the

conditions on the exchange rate movement for varying optimal allocation policies.
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The manufacture is more likely to split capacity across domestic and foreign markets
when: drift on the exchange rate is positive, planing horizon is long, capacity cost is
less expensive, price sensitivity in the domestic market is high, domestic market
potential is low, and production cost is low. This setting is substantially better for the
manufacturer when the exchange rate movements are highly volatile.

Our analysis also investigates the /local sourcing policy where the
manufacturer opens plants in both markets. We first observe that under this policy all
variable costs are realized in local currencies. As such postponement does not offer
any advantage. The home market prices and quantities are identical to the early
commitment case with central sourcing and similarly are independent of the exchange
rate movements. We identify the thresholds on investment costs, market potentials,
exchange rate drifts, and selling season length for choice of this option for the
manufacturer.

In the Competition setting, we showed the impact of competition on optimal
prices, quantities, and capacity under two scenarios: Exogenous Model and
Endogenous Model. Under the Exogenous model, we showed the impact of the
foreign manufacturer price on local sales and the firm's decision to enter the foreign
market. As the foreign manufacturer's price increases, it becomes more appealing for
the firm to enter the foreign manufacturer, sales at home country decreases, and the
optimal capacity increases. Also, as exchange rate volatility increases, optimal
capacity decreases.

Under the Endogenous Model, where capacity is ample, it becomes attractive
to export to the foreign market when "cross-price", cost per unit for the foreign
manufacturer, potential demand at the foreign country, and consumer sensitivity for
the foreign price increases. We presented exchange rate thresholds when the firm
generate more money than the foreign manufacturer, and when the prices at the

foreign country are identical. Also, we showed that high cost per unit for the foreign
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manufacturer makes the firm the only player at the foreign market. When capacity is
ample, sales at the home market stays constant. However, when capacity is limited,
the firm must allocate its capacity properly between the two markets to attain optimal
profit. We drove exchange rate thresholds where: the firm split capacity between the
two markets, sell only to home market, and sell only to foreign market. We showed
that an increase in the drift of exchange rate, potential demand, and "cross-price"
increase optimal capacity. On the other hand, an increase in consumer price

sensitivity, and exchange rate volatility decreases optimal capacity.

7.2 Future Work

The future work is to make demand uncertain. Also, using different demand
functions such as Cobb-Douglas function (see Gallego and Hu (2006)), the CES
function (see Varian (1992)), or the Transcendental Logarithmic (translog) function
(see Christensen et al. (1973)). In addition to exchange rate, we also aim to integrate

the impact of after-tax profit calculations and tariffs into our analysis.
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