Econ G25T: Open Economy Macroeconomics

Problem and Discussion Questions #1

ANSWER KEY (in bold)

Please note that the answer key is not comprehensive and may not be fullyrigorous.

HitE, ERAFLE, LaIsERSIE,

1. Suppose a homogenous good is sold in the domestic market by two firms, one domestic
and one foreign. Demand in the domestic market is given by a linear demand curve: {5 % —
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Q=a-bP, (1)

where Q is the total output of the good sold in the domestic market and P its price. There are
two firms, one domestic and one foreign, which sell the good in the domestic market. Sales
of the domestic (foreign) firm in the domestic market are given by g (g*), so Q = g + g*. Each
firm maximises profits, taking as given the output of the other firm. (This is the standard
Cournot assumption.)

The (constant) marginal cost of producing a unit of output is W forthe domestic firm and W*
(in foreign currency terms) for the foreign firm. Also, E is the exchange rate (domestic currency
price of one unit of foreign currency) and is treated by the firms as exogenous.
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Profits for the domestic firm are hence [E P 4V R 3RS 16 A1) 9«

= (P-W)q, (2)

and for the foreign firm they are X715 /A =] >k 1 1 /2 fnl b -
I1*= (P / E -W*)qg*, (3)

(a) Each firm chooses its output to maximise its profits. Give the two first-order conditions for
profit maximisation with respect to choice of output levels. Note: each firm needs to take into
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account the effects of its actions on P. &4~ w] #IEFE H 7= R RAHE . 3= & /K
RBRLE B AN B KA A — B 2t o 13BN A B R 75 B2 Je HAT Rt P S .

From the demand curve, we have P = (o — Q)/b = (a — g — g*)/b. Substituting this into
equation (2), we derive the following expression for the domestic firm’s maximand: {R#ESE

Kihek, HIBP=(a-Qb=(a-q-g*)b. BEAARQ), FEIEALIMHEXEREIMT:

(4)

The first order condition for maximization with respect to q is as follows (applying the
product rule):

q BRI — B SR AEI0 T (S SRARIE )
(5)



Similarly, the foreign firm’s maximand can be written [E#, JMEATNRAFIIEIIISH
¥k

(6)
The first-order conditionis

—RisRlF:
(7)

(b) Using your results in (a), derive each firm’s reaction function — that is, an expression for

the firm’s output in terms of the other firm’s output, the parameters and other variables. Fi
H@E)H R, #HSFEENAF RN RE—ABEEN, AR — AR E. SERHAMAE
BRRNZAF &,

Re-arranging equation (5) gives EFEIE:(5)15

qg={a—gq*-bW}/ 2. (8)

This is the domestic firm’s reaction function. X 2EIRITW IR RIFEE,

Carrying out the maximisation, we derive the following reaction function for the foreign

firm: AT SEMEXE, BAIMNERIESHNTRIRREE:

g*={a—q—-bEW*}/ 2. (9)

(c) Depict the reaction functions diagrammatically, in a diagram with g on one axis and g*on
the other. What happens to each firm’s reaction function when the exchange rate changes?

CAEIR AR S B e, q fE—NE, oS — Ml b SIERARI, REAS AR 1 SO bR KL
2R L2

See below for the reaction function diagram. The curve labelled DD is the domestic firm’s
reaction function and that labelled FF is the foreign firm’s reaction function. FEIERMEE]

Bl. #x/9 DD RHE&AEIREIAIRMNEREL, 78 FF BYBRZAEIMENVAIR N EREL. FrLAXSTE
RNk, RNEEDY: qYEUFT-29. MFESMEIKR, RMNEEDY: g EUET
-0.5q. FFlAZ B TEFEIMITEL.

From the equations of the reaction functions, it should be clear that the domestic firm’s
reaction function does not change when the exchange rate changes, whereas the foreign
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firm’s reaction function shifts inwards. This is shown as the movement from FF to F’F’ in the
diagram below. MRMFEAEADLIEEY, BAEWHRMEHAECEZHMEN, mEIME
WHIRMERHNEAZE. MTER R, XEMFFEF' F 91850 (& EIgX, FFRTEHE
FF ),

q

DD: EWAN RN RS FF: BN RN R
Cournot Oligopoly Diagram — Effect of Depreciation of Exchange Rate i i# &3k [&——
MR Rip- Al

(d) Using the reaction functions, derive expressions for each individual firm’s output, for total
output and the price of the good in terms of the parameters, the exchange rate, and W and
W* FIH M g, HESHEEE X AR &, &7 BRSPS S5, 10R W R W

Substituting for g* from (9) into (8), we obtain 1&(9)FfY gX A (8)Fh, 5ZFI

2g=a—{a—q—-bEW}/ 2—-bW. (10)



Solving, we obtain

_ a—2bW + bEW * (11)
- 3

Similarly, we obtain the following expression for g*:

FIE, &SR o rIRENXS:

(12)
_ a+bW —2bEW *
o 3
Total output is hence given by Eitt, B4
2a—b(W + EW™*) (13)

Q=qg+0g*= 3

Substituting this into the demand curve, we obtain the following expression for the price:

BEAARRME, SANEIREINT:

P_a+b(W+EW*)
= 0 .

(14)

(e) Derive an expression for exchange-rate pass-through. What can be said about its

magnitude? #EFIC KL R ER . T e ANRANTGE e A 0?2

From (14) we can derive the following expression for exchange rate pass through: FH(14)¥
IILAESHATCRERHFAI: ERPT ICE(E®, B Exchange-rate Pass-through, &
B L2 TR ENME, BICER E TW 1% RIERINTE P THHBSLE.

ERPT _EdP _EW* (15)
PdE 3P

It must be the case that P/E > W* or else the foreign firm would not enter the market - it
will only supply goods to the market if it makes a positive profit. It follows, therefore, that

ERPT in this case must be less than 1/3. B4R P/E > WRIER, d, EittyELTIEAS

EEFHANZETRS, BR WE2IME2RN B MER EhH RS RAIRE RIS, P/E 25

E AR EiI/MEREHER R BB mAMNE. R P/E<W*, NSPEIRIVESMIEASEEE,

EIE R R EAIEFHNZEHIH. HAMNE P/E>W*, BIR(UEmENAKTFERSE,
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WAHXELEMFEAAPIE, REFERIERN, IMECIASEFEZEGIAMEER. Eit, £
XHERT, tBFAE7E P/E > W*, tBB) W*<P/E XHERT, ®EH ERPT IVF 1/3,

2. Suppose the following equation governs the behaviour of the real exchange rate (q:): {i ¥
SEBRILE (A 1T A
g, = PG, + B, with p <1.

Note that, for simplicity, but unrealistically, we assume there is no disturbanceterm. 717,
N T RN, FAMRBIEA RS, REREATIERI R

(i) Under what condition does the dynamic system have a steady state? zh 4 KRG fEA T4 &1
TS

© must be less than 1 for there to be a steady state. W/IF 1 AgEBE—MIERIRS

(ii) If a steady state exists, what is the steady-state value of g:?
IR, qt MRS ER 22



The steady state value of g:( () solves the equation Q= o0+ £.So 0=/ (1-p).

(iii) (Assume the condition for the existence of a steady state is satisfied.) Suppose that for all
t < 0, the real exchange rate is at its steady-state level, but at time t = 0, £ increases to
L. Derive an expression for the time path that g: takes in response to this shock. What can be
said about the adjustment path the real exchange rate takes from time 0 onwards? Draw a
diagram to illustrate.

(i)  (RRBHERSHIFY) RIXSTAE t <0, LPRCRGTIREKFE, BZ2ER
B t=00f, BIEIZEIPR . BIFHESE ot WELXFMPEAYRNEEEERIATN. MAJE 0
R, SSRCRIIFENARRERENA? B— 1 ERRA.

We can derive the following expressions: ¥{iJa]LAESH LA TRIA:

a.=p1(1-p),

d=ppI(1-p)+ /',
GW=p"B1(1-p)+pB +f,

Q=P Bl(1-p)+p°f'+pB +f, etc

A pattern quickly establishes itself. The general expression for gt is {&Est{RiRFREI#ER
T. qt —RRFRENE

9= B1(A-p)+ 1+ p+ p*+..+p") B =
pt +lﬂ N (1_ pt+1)ﬂ! (16)
1-p 1-p

In the limit (i.e. as t tends to infinity) the first term in this expression goes to zero and the
second term converges to ['/(1- p), which is the new steady state value of q. What

happens every period is that the real exchange rate adjusts to eliminate a fraction of the
difference between the previous value of the real exchange rate and its new steady state
value. Things may be clearer if we take a numerical example. Suppose f=1, p=1/2 and
= 2, so the original steady-state value of g is 2 and the new steady-state value 4. Then it is
easily calculated that the time path of g: is as follows (starting with its value at time t -1): 2,
3, 3.5, 3.75, 3.8875, etc. It is easy to draw this.

ERFR (BPREE t BFEXHFK) B, ZREANE—RETHLE, HEABZKRETF S’/
(1-p), BR q BFHESE. BN RMERSRENE, EIFRCRSHTRARE, ISR
LR CERSCRIESEMNESEZANEERN—ES. MRBIE—AIHFLO, |
PRSEBE. Ri&s=1 p=12andp =2, Bl q WIFREIRSES 2, FORSER
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4, RETLMRESBMITELN ot BRERERENT (MEBE -1 BEFR) : 2, 3. 3.5,

3.75, 3.8875 F, LRHIEREES.
(iv) What is the ‘half-life’ of the adjustment process described above if (a) o= 0.99 or if (b)
instead p = 0.97? Note: ‘half- Iife’ is defined as the time expected for the real exchange rate

level, it’s the time it takes for the real exchange rate to move to a 5% overvaluation.

AR (a) p=0.998 (b) p=0.97, EREERESEN F=EERHA?

TR s ENATIRCREEERSSKEN—EArENRE, Ei, RG]
tbieKESH 10%, NizAEFR EFRCERTHEIIESKES 5% KFERREEER
A8,

The difference between the new steady state value of g and qois easily calculated to be

L .,
L (B'~p)- The difference between the new steady state value of g and g:can be similarly
—-pP
: (B'-Pp" . .
calculated (using (16)) to be 1, The half-life, T, hence solves the equation a7
Ea 5 9 zEMNEEREZHITELE, A .

q 1 qt HFRRSEZANERTIAEG X2
(16) XEFRIGEITEWE, B . F=H (T)
PEZ A ERIRE.

This clearly reducesto p' =0.5. So wehave T =log(0.5)/log p. This means that when

£=0.99T is approximately 69 and when p = 0.97, T is approximately 23. If the length of a
period is one month, then the first case corresponds to a half-life of about five years and nine
months, whereas the second corresponds to a half- life of one year and eleven months.

XEHRELPp=0.99 B, =T K973 69, Mo =097 B, T KE9J 23, ANRHAE
BREA—MA, US—HERMMFAL 5 F£2 9 MBrYER, B "HERIIRN
AOERERR 1 £ 11 4R,

. Suppose the price of widgets in the UK is Pwand their euro price is Pw*. All the usual
assumptions underlying the law of one price are assumed to hold, except that there is a
transport cost of T for transporting a widget between the UK and the euro area. What can be
said about the relationship between the two prices? (l.e. derive a relationship which replaces

the law of one price equation.) {5 15 5 [E [/ NEBAEAN RS & Pw, EATTHIRK TS & Pw* o
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B 1 AE S BRI TT X 2[R 4 — ™ b IS sRA A2 T 250, P2k T — e fiid
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The relationship is SP,*-T < R, <SP, *+T.

If the first inequality is not satisfied, it would be profitable for an arbitrageur to buy widgets
in the UK, ship them to Germany and make a profit after paying the transport cost. If the
second inequality is not satisfied, then it will be profitable for an arbitrageur to buy the goods
in Germany and sell them in the UK, making a profit after paying the transport cost. The
essential point is that two inequality constraints replace one equation.

MRFB-ANFFAFEARE, ENEFTLIERELT SR, ARREIEEE, EI7iEHh
BAEBRT. MRERFRBEBANARFR, BAENEEEEWIHS, ARERELE, E2ZT
ERRFERT. EREAMFFRORKE T —1F.

Is it true that the higher the transport costs of transporting a good, the greater the divergence
from the law of one price must be? iz W) A ks, 5 —0 @ 3 1 B kR,
T 2

No, if transport costs for one good are higher than that for another good, it doesn’t follow that
the divergence from the LOOP must be greater for that good. The divergence may be greater,
but this does not mean that it must be higher. Put another way, higher transport costs may
increase the maximum divergence possible from the LOOP, they may not increase the actual

divergence. &, MR—MAERISHMFETH—HERISHNEE, WHAGEELGA
AZimS LooP HERWAEKX, ERULEKX, EXHAEHRECUNER. %7
G, RENSHRAFRIEERIBINS Loor ZEMERXESR, (BrlftASIBNSERER.






