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ABSTRACT

In a global supply chain consisting of one retailer and one manufacturer, both from
specific countries, when there is a time lag between the payments made whilst placing
the order and the time when the order is realized, threat in the form of exchange rate
fluctuation influences the optimal pricing and order quantity decisions. We explain the
effect of exchange rate fluctuation underneath Gamma distribution when the retailer or
producer undertakes to share the exchange rate risk and the demand error is modelled
in the multiplicative form in the news vendor framework.

Keywords: Transaction Exposure, Exchange Rate Error, Newsvendor Problem,
Optimal Pricing and Quantity, Gamma Distribution

1. INTRODUCTION

Forex exposure refers back to the risk related to the foreign exchange rates that
alternate frequently and may have a detrimental effect on the financial transactions
denominated in some foreign currency rather than the local currency of the agency.
In short, the company’s risk that its future cash flow gets affected by the exchange
within the cost of the foreign currency.

A hazard confronted via the company that whilst dealing within the global
change, the currency rate can also change earlier than making the final settlement,
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is called as a Transaction exposure. The greater the time gap among the agreement
and the final agreement, the higher is the risk associated with the trade inside the
forex prices. Arcelus et al. (2013) have invented a mathematical model in news
vendor framework to find maximum favourable ordering and pricing techniques for
exporter and manufacturer, when the two international locations doing the
business, faces transaction exposure. The entire derivation of optimum techniques
and predicted profit of the exchange rate risk model for multiplicative demand is
given in Patel and Gor (2015). Our main contribution on this paper is to give an
explanation for the effect of gamma distribution within the exchange rate error
under the isoelastic demand with multiplicative error in news vendor setting.

2. LITERATURE REVIEW

This paper follows Arcelus et al. (2013) mathematical model. Transaction
exposures by firms with receivables or payables in foreign currencies have been
modeled in Goel (2012). It is the nature of global trade that a buyer or a seller must
bear what is known in the international finance field as transaction exposure,
Eitemann et al. (2010), Shubita et al. (2011).

By Petruzzi and Dada (1999), a newsvendor framework was invented. The
price dependent demand forms in the additive and multiplicative error by Mills
(1958), Karlin and Carr (1962) have been used. In Patel and Gor (2015), the
maximum profit and ideal techniques are derived for linear demand forms and for
multiplicative demand forms. A new hybrid model was developed for additive and
multiplicative demand errors (2015). In a Newsvendor framework, Mehta and Gor
(2020) modeled exchange rate errors under Gamma distribution. The

effect of a log-normal distribution on the exchange rate error under linear
demand in news vendor settings is modeled by Mehta and Gor (2020). The authors
have also developed a model for the exchange rate error under a Gumbel
distribution (2021) and under Exponential distribution (2022).

3. TRANSACTION EXPOSURE MODEL

If exporter intend to buy q units from a foreign producer of some product. The
exporter is not very well aware about the demand(D) of the product, which is
uncertain. But the demand depends on the price(p), and it is uncertain. In this paper,
we consider the price dependent demand with multiplicative error which can be
given as,

D(p, €) = g(p)e, where € is the multiplicative error in the demand and it follows
some distribution with mean y in interval [A, B] and g(p) = ap~?,a,b > 0 is the
multiplicative demand error.

Let us denote exchange rate as 7’ in the exporter currency when the order is
confirmed. Let w denotes the cost of one unit of the product in the producer
currency. If buyer gives the payment on the day of settlement, then he has to pay wr
per unit of the product in his currency. Suppose there is a time lag between placing
of order and the release of payment for the product, there exists transaction
exposure risk, since the exchange rate may differ. So, the buyer must pay more or
less, depends on the prevailing rate on the day delivery of the product. We model
future exchange rate as,

FER= Current exchange rate+ fluctuation in the exchange rate.

The difference in the exchange rate is some percentage of r, so we take
FER= r + re, = r(1 + €,.), where €, is arandom variable together with the variable
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D. We consider ¢, lies in [—a, a]. Here, 0 < a < 1. The value of €, is unknown but it
depends on distribution ¥(€,.). In this paper we assume gamma distribution for

€- with support [a, b] i.e., Y(y) = k6. The expected value of the fluctuation in
exchange rate is, E(y) =a7+b. If the exchange rate fluctuation €, is positive,

buyer must pay more and if it is negative then seller will get less. So, who will bear
the exchange rate risk? In this paper, we will discuss two scenarios under
multiplicative demand error. In both the cases, the exporter’s optimal policy is to
determine the optimum order (g) and selling price (p) of the product. So, his
expected profit is maximum. Also, we will obtain the strategies for producer as well.

4. ASSUMPTIONS AND NOTATIONS

We will use the following presumptions in the foreign exchange transaction
exposure model:

1) The standard newsvendor problem assumptions apply.

2) The global supply chain consists of single exporter-single producer.
3) The error in demand is multiplicative.

4) Only one of the two-exporter or producer- bears the exchange rate risk.
The following notations are used in the paper:

e = order quantity

e p=selling price per unit

e D=demand of the product= no. of units required

e ¢=demand error= randomness in the demand.

e V=salvage value per unit

e s=penalty cost per unit for shortage

e c=cost of manufacturing per unit for manufacturer

e wr = purchase cost for retailer

e &= the exchange rate fluctuation= exchange rate error= randomness in
exchange rate

e [I=profit function.

The two Scenarios
Case 1: Exporter bears the exchange rate risk

Assume that exporter bears the exchange rate risk and producer does not bear.
Hence, the producer will get w per unit at any time and the buyer must pay according
to the existing exchange rate. So, buyer will pay wr(1 + €,) per unit, on the
settlement day. This amount in producer’s currency is m =w(l+e)=W,.
Hence, Wr is the purchase cost to buyer in seller’s currency. Now, the exporter will

choose the selling price p & order quantity q, to maximize his expected profit. The
profit function of the exporter is given by,

I1 (p, q) = [revenue from g items]- [expenses for the q items]

[pD + v(q — D)] — [qw,]if D < q (overstocking)

I, q) = {[pq] —[s(D—q) +qw,]if D >q (shortage)
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All the parameters p, v, s, wr are taken in producer’s currency and the salvage
value v is taken as an income from the disposal of each of the g — D leftovers.

Since, the demand D (p, €) = g(p)e the exporter’s profit function is given by,

N(p, q) = {p(g(p) €)+v(@—gp) €)—qw, if D<gq
' pq—s(g(p) € —q) —qw, if D>q
Putting g(p) = g and define z = % = %i.e.q = gz, for the multiplicative

demand error. Now, D < q & g €< q @€ % <€< z and similarly D > q &
€E>z

pg € +vg(z—€) —w,zg, if €<z

(z,p) = {pgz —sg(€ —z) —w,zg,if €>z

(2)

The equation (2) describes the profit function for the retailer in the
manufacturer currency. Note that the parameter q is replaced by z. Now the retailer
wants to find the optimal order quantity q say q* and optimal price p= p* to
maximize his expected profit. In order to do this, he must find optimal values of the
price p and the parameter z, say p* and z* respectively which maximizes his
expected profit so that he can determine the optimal order q*=z*g(p*). The profit I
is a function of the random variable € with support [A, B]. Thus, the retailer’s
expected profit is given by,

B

ENG) = [ NG adu
A
ENl(zp) = [;lpgu + vg(z — w) — gzw,|f (Wdu + [ [pgz — sg(u — z) —

gzw,]f (wdu.

Define A(z) = fj(z —u)f(u)du [expected leftovers] and
Dd(2) = fZB (u — z)f (u)du [expected shortages]

Then the expected profit of the retailer as a function of z and p is given by,

Ell(z,p) =@ —-—w)(gu) —gw, —v)A—(p+s—w,)® (4) as derived in
Sanjay Patel and Ravi Gor. Where y = ff uf (u)du in the equation (4) and it gives
the expected value of the randomness u in the demand D.

We use whitin’s method to maximize the expected profit function. In this

method first we keep p fixed in (4) and use the second order optimality conditions
2

Z—i =0and 375 < 0 to find the optimum value of z* as a function of function p. Then

we substitute the value of z* in the expected profit (4) so that it becomes a function

of single variable p and hence the optimal p* can also be obtained. The authors have

already derived the optimal policies given below, in Patel and Gor (2015)
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z*=F1 (M) (5) where F(z) = fAZf(u)du is the CDF.

p+s-v

The retailer’s optimal order quantity q = g* is given by

q =gz =g@IF (u) (6)

p*+s—v

Also, the manufacturer’s profit when the buyer bears the risk is [(selling price
of seller) - (cost of purchase to seller)] x no. of units sold,

M, =WwW-0)q" (7)

Case: 2 Seller bears the exchange rate risk

We assume that the manufacturer bears the exchange rate risk and retailer does
not. Thus, the retailer pays w per unit in manufacturer’s currency at any point of
time and the manufacturer will get according to the existing exchange rate. So, the

manufacturer will be getting = w,, per unit on the settlement day in his

r(1+€;)
currency. Now the retailer’s profit function, his expected profit, and optimal policies
to get maximum expected profit can be obtained by replacing wr by w in case 1. So,
we get the retailer’s profit as,

_([pD +v(q — D)] — [qwl,if D < q (overstocking)
100 = {1 o0~ )+ qulif D> ¢ (shorcage (®)
And his expected profit as,
EN(z,p) = (p—w)(gw) — glw —v)A+ (p +s—w)P] (9)

D+s—w

The optimal value of z is given by z* = F~1 ( ) and hence the optimum

p+s—v
order quantity is, q* = g(p*)z* = g(p*)F_l (Z;*':—%) (10). Also, the manufacturer’s

profit when the buyer bears the risk is [(selling price of seller) - (cost of purchase to
seller)] x no. of units sold,

M = (Wm = )q" (11)

5. SENSITIVITY ANALYSIS

Here, we have considered isoelastic demand with multiplicative demand error
u which follows the uniform distribution f (u) with support [A, B]. We get the ideal
strategy and maximum expected profit of the exporter and producer using MAPLE
software when either exporter or producer takes the exchange rate risk. We figure
out the ideal optimum values by using gamma distribution ¥ (€,.) in the exchange
rate error €, with support [0.1,0.2]. The probability density function of gamma
distribution is,
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X
xk—le 2]

flx;k,0) = T x € (0, 0)with mean E[X] = k6 and standard deviation o =

VKo

We will consider following parameter values:

Demand support= [A, B] =[0.7,1.1]

Mean demand= u = A%B = 0.92

Isoelastic demand g(p) = ap~?,a = 500,000,000,b = 2.5

Salvage value v = 10

Penalty cost s =5

Cost of producing per unit for producer ¢ = 20

Current exchange rate r =45

The following tables in case-I and case-II we get using MAPLE software.

5.1. MAPLE CODE FOR GAMMA DISTRIBUTION WHEN
EXPORTER BEARS THE RISK

The expected value of the exchange rate error er=erx in [el,eu] using
generalized gamma probability density function is:

S -X

k—1

0
erx = eval (el + (eu — el)-x)- € P’

(k)6

erx == (0.2000000000
wr = w-(1 + erx)
wr = 1.200000000 w

EIl:= (p — wr)-g(p)-n—g(p)(wr—v)A—g(p)(p+s—wr)d

Ellr = eval(EH, [a =500000000,5=2.5,v=10,5=5,4=.7,B=1.1,f(u) = ﬁ, n= 9D

EIT:= (p — 1.200000000w) ap *w — ap”? (1.200000000w — v)

N
N
S

B

- u]f(u) du| —ap™ (p + s — 1.200000000w) [ (u - —(%)f(u) du
ap
q

up’b
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0
DgEIllr .= — EIIr
0q

DgETTr = ~2.500000000 (1.200000000w — 10) (2.000000000 x 10~ g* >
— 0.7000000000) + 2.500000000 (p + 5 — 1.200000000w) (1.100000000
— 2000000000 x 10~ *?)

solve for q
_—
8 9
4.500000000 x 10 1.125000000 x 10 — 1.200000000 w
DpEllr := 25 - (3ps :
p p

1

— W (6.250000000 ( 1.200000000w — 10) ¢ (2.000000000

1

3.5
)4

—10) (5.000000000 x 10~° ¢ > 2 (2.000000000 x 10~ ¢° | 2 — 0.7000000000)

x10~2¢p° % — 0.7000000000) ) + (1.250000000 x 10° (1.200000000 w

— 5.000000000 x 10~ '8 4% p° + 0.6125000000) ) — %(500000000(
2

~5.000000000 x 10~° ¢p° ! % (1.100000000 — 2.000000000 x 10~° ¢ ° ' 2)

+ 1.512500000 — 5.000000000 x 10~ '8 *p°))

1

+ W(ezsooooooo (p + 5 — 1.200000000w) ¢ (1.100000000

1

2000000000 x 10~°g°'2)) + —= (1250000000 x 10 (p + 5
B

— 1.200000000w) ( ~5.000000000 x 10~ ¢ > 2 (1.100000000 — 2.000000000
x107°p° | ) + 1512500000 — 5.000000000 x 10~ '8 4% p*))

Hq_ 1.0000000 x 107 (55.p — 24.w — 75.) H
5/2
p/ (-5.+p)

0
DpEIlly := EEHF

solve for p
I p=25.Ro0t0f(74° 2% — ¢ 7'° — 704000 7' — 37632000000 7

- 5888000000)2“

EPm = (w—¢)-q
EPm == (w—2¢)q
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7
o= 20, g = 1:0000000 X 107 (55.p — 24.w — 75.) U

Ellm = eval[EPm, 572
p (=5 +p)

,
Eln - 1:000000000 x 10 (5w2 20) (55.p — 24.w — 75.)
p' T (p—35)

7
:1.0000000x51/02(55.p 24.w 75'),DpEHr—O“
P (=5 +p)
[146493.576801648800, [p=69.8331791432934, ¢ = 11253.9118284623, w
=33.01712498147991]

Optimization[ interactive [E IIm, {q

EPr == eval(EITr,w =33.0171249814799)

8
Epy — 2300000000 x 10 z(f — 39.62054998) _ —; = (1.481027499 x 10'? (5.000000000
) >

x 1072 ¢p° 1 (2.000000000 x 10~ ¢ ° | 2 — 0.7000000000) — 5.000000000

x 1071842 p° + 0.6125000000) ) — %5(500000000 (p — 34.62054998) (

~5.000000000 x 10~ ¢p° % (1.100000000 — 2.000000000 x 10~°¢p° /%)
+ 1.512500000 — 5.000000000 x 10~ ¥ 4% °))

Optimization| interactive|(EPr)
[294139.116843350988, [ p = 69.8331806894015, ¢ = 11253.9092547152]]

5.2. MAPLE CODE FOR GAMMA DISTRIBUTION WHEN
PRODUCER BEARS THE RISK
With gamma distribution seller bears the risk with isoelastic demand and
multiplicative error

o -X
k=16

X €

k

I'(k)-0

erx = eval (el + (eu — el) x)- dv, {k=1,0=1}

erx == 0.2000000000

wr = w

EIT:= (p — wr)-g(p)-u—g(p) (wr—v)-A—g(p)(p+s—wr)d
Elr = eval(EH, [a = 500000000, b =2.5,v=10,5=5,4=.7, B=1.1,f(u) = ﬁ, n= .9])
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£l = _h
|'I|’J
-h - AP -
Ell:= (p—=w)ap ! u—ap 'rj(u' — V) J —qj —u |-f{u] du | —ap b (p+s

A ap J

x (-8

- w) J [r; - —qx};'[u} di
ap
— f!
\ {J_,u"r’
+

a
DqEllr == — ETlIr
qETTr aq g

DGETTr = ~2.500000000 (w — 10) (2.000000000 x 10~°¢p* 1 * — 0.7000000000)
+2.500000000 (p + 5 — w) (1.100000000 — 2.000000000 x 10~* ¢p*/ ?)

solve for g

Hq= 50000000 x 107 (11.p — 4.w — 15.) ”
ps’fz(—ﬁﬁp]

a
DpElr == —ETlr
plTlr ap .=

8 9
5 2 )
DoERF : 4,_00000}0?0 x 10 1.125000000 :cilﬂ (p—w) 31s (I.2SUUUUOUU

P P
% 10° (w — 10) (5.000000000 x 10~° ¢ p° ' (2.000000000 x 10~° g p° | >
— 0.7000000000) — 5.000000000 x 10~ "% ¢* 5° + 0.6125000000) )

~6.250000000 (s — 10) ¢ (2.000000000 x 10~ ¢p* |2 — 0.7000000000)
1000000000

* _I = (1.250000000 % 10° (p + 5 — w) ( ~5.000000000 x 10~° ¢’ 12 (1.100000000
>
2.000000000 x 10~ ¢° /2 5 Wy

—2. x 1077 gp° 7] + 1.512500000 — 5.000000000 x 10~ %4 ) )

— ——(500000000 ( ~5.000000000 x 10° gp*/ > (1.100000000 — 2.000000000
>

x 1072471 %) + 1.512500000 — 5.000000000 x 10~ '8 ¢* °))

. 6250000000 (p +5 = w) g (1100000000 — 2.000000000 x 10~° ¢p* /2)
Pl 0000000

solve for p
_—

[[p=25.Root0f(16 2 = & 7° — 7040004 7 — 37632000000 7

- 5888000000)2”

w

wm = ——————
1+ erx

wm = 0.8333333333 w

EPm == (wm — ¢)-q
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EPm = (0.8333333333w — ¢) ¢

7
Eln = eval[EPm, c=20,g- 5.0000000 xsl/(; (11.p — 4.w — 15.) ]]
p' (=5 +p)
5.000000000 x 107 (0.8333333333w — 20) (11.p — 4.w — 15.)
Elln = 512
p'(p—35)

p = w,DpEllr=0,q

Optimization| interactive | [EHm,

_ 5.0000000 x 10" (11.p — 4.w — 15.) ”
p 7 (=5 +p)

[146493.576786785969, [p = 69.8331791700036, ¢ = 11253.9118174699, w
=39.6205499930334]]

EPr := eval(ETlr, w =39.6205499930334)

8
ppy - 2300000000 10" (p — 39.6203499930334) __L_(, 45107500
r ‘
x10° (5000000000 x 10~° ¢p* [ 2 (2.000000000 x 10" ¢p* |2  0.7000000000)

— 5.000000000 x 10~ '8 4% »° + 0.6125000000) ) — %(soooooooo (»
>

— 34.62054999) (-5.000000000 x 10~ ¢° /> (1100000000 — 2.000000000
x107°¢p° /%) + 1.512500000 — 5.000000000 x 10~ 18 % °) )

Optimization| interactive|( EPr)
[294139.116690077353, [ p = 69.8331807134434, g = 11253.9092427257]]

Table 1

Table 1 Gives the Observations by Taking Different Values of Parameters of The Gamma Distribution
When Exporter Bears the Risk.

Distribution Parameters of p* q* Seller’s Optimum Optimum
the selling expected expected
Distribution price profit of buyer  profitofseller
*
w

k=1,6=3 81.58 7569.81 33.09 232042.73 99164.24

k=36=1 81.58 7569.81 33.09 232042.73 99164.24
k=16=1 69.83 11253.91 33.01 294139.11 146493.57
k=1,6=2 75.71 9155.63 33.06 260002.64 119603.50
k=26=3 99.13 4612.99 33.17 172507.91 60769.09

k=3,6=2 99.13 4612.99 33.17 172507.91 60769.09
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Table 2

Table 2 Gives the Observations by Taking Different Values of Parameters of the Gamma Distribution
When Producer Bears the Risk.

Distribution Parameters P’ q* Seller’s selling Optimum Optimum
of the price expected profit expected profit

distribution w of buyer of seller
Gamma k=1,6=3 7468 9471.42 42.39 265499.26 97472.85
k=3,6=1 7468 947142 42.39 265499.26 97472.85

11253.91 294139.11 146493.57
k=16=2 6241 15000 35.38 34921691 108278.41
34921691 12212.90

349216.91 12212.90

6. CONCLUSION

We expand exchange rate fluctuation using gamma distribution when the
retailer or manufacturer accepts to share the exchange rate risk with multiplicative
demand error in news vendor framework.
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