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Abstract

China has been criticized for adopting the low yuan policy to take unfair advantage of its trading
partners. This paper considers the optimal exchange rate policy of a Keynesian open economy
with unemployed resources. Under certain conditions, yuan devaluation lowers the dollar price
of China’s exportable good. In the case of Cobb-Douglas utility and production functions,
indirect utility is monotone increasing and concave in the exchange rate. Yuan devaluation is
shown to reduce unemployment. However, currency devaluation is shown to have no effect on
foreign debt. Moreover, the optimal exchange rate is one which guarantees full employment.
Thus, China may be pursuing the low yuan policy to achieve full employment. A numerical
example illustrates the main propositions.
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Yuan devaluation decreases the dollar price of China’s exportable good.
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The exchange rate that guarantees full employment is optimal.
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1. Introduction

Due to its mounting currency reserves since the 1990s, China’s exchange rate policy has
been under intense scrutiny. According to the State Administration of Foreign Exchange of
People’s Bank of China (PBC), China’s foreign exchange reserve was $22 billion in 1993.
China’s foreign exchange reserve has since increased steadily, to $3.1 trillion in October 2016.
Such a dramatic rise in China’s cumulative trade surplus has provoked much debate concerning
China’s currency valuation and misalignment.

Most major currencies are freely floating vis-a-vis other currencies, except the renminbi.
It is argued that China may be deliberately depressing the yuan in the hope of stimulating
domestic production. In the celebrated Mundell-Fleming model, currency devaluation influences
a country’s balance of payments, thereby affecting production and unemployment. Gylfason and
Schmid (1983) show that devaluation has positive output effects in a study of ten countries.

In an open economy, the government may be more interested in the output effects of
currency devaluation. Helpman (1976) considered a single-period framework with a nontraded
good and showed devaluation increases employment, while Cuddington (1981) investigated the
contemporaneous effect of devaluation. More recently, Batra and Beladi (2013) suggest that both
China and Japan kept their currency values low relative to those of other nations such as the
United States and Europe in order to maintain unemployment below a target rate.* Jin and Choi
(2013) noted that while some profits might be generated in the short run by slightly deviating
from the equilibrium exchange rates, in the long run excessive hoarding of reserve assets can
only result in losses to PBC’s balance of payment account. Jin et al (2016) showed that in a two-

period model nonintervention is the optimal exchange rate policy. However, the prevailing view



is that China has intentionally depressed the value of the yuan to gain unfair advantages in the
global market. (Cheung et al., 2009, Cheung, 2012)

In a developing country like China, the goal of keeping the unemployment rate low might
be more important than other economic issues. Thus, Chinese government may have adopted the
low yuan policy, not to take advantage of its trading partners, but to stimulate its domestic
economy.

This paper investigates optimal exchange rate for a Keynesian open economy.? Open
economy macroeconomic models are predominantly based on an economy producing a single
homogeneous good.® In order to consider currency devaluation and output effects, we consider
an open economy which produces two tradable goods. Using the Cobb-Douglas utility and
production functions, we show that under certain conditions, the exchange rate which guarantees
full employment is the optimal policy.

Section 2 introduces the basic two-sector, two-country model with unemployment.
Section 3 investigates the effect of yuan devaluation on exchange rate pass-through into the yuan
price of China’s exportable good. Section 4 examines the effect of yuan devaluation on trade
imbalance. Section 5 considers the effect of yuan devaluation on income and welfare, while
Section 6 explores the effect on unemployment. Section 7 shows a numerical example which

illustrates the main propositions. Section 8 offers concluding remarks.

2. The Two-Sector Keynesian Model with Unemployment

In this section we describe a Keynesian open economy model with two goods to consider
China’s optimal exchange rate policy. Let China’s importable good Z be the numéraire, i.e., its

dollar price P*=1, and let ¢ denote the yuan price of the dollar. Exchange rate pass-through into



the import price is perfect, * and the yuan price of the importable is P. An increase in &
represents an increase in the yuan price of the dollar, and hence a yuan depreciation. We assume
that the dollar price of the importable good P* is fixed in the importing country, and its yuan

price is P=P™*&, where ¢ is the yuan price of the dollar.

Each country is assumed to fix the price of its exportable in terms of its own currency.
That is, the yuan price of good C, which China exports, is b, regardless of yuan depreciation.
Likewise, the dollar price P* of good Z is fixed, equal to unity. The relative price of good Z in

* * *
P*o = P* = P—. That is, the relative price of good Z is the same
b b/é6 b*

China can be written as: % =
in both countries, regardless of the exchange rate. However, a change in the exchange rate may

affect the relative price of good Z.

Assumptions
We now consider a two-sector Keynesian model of two countries producing two goods, C
and Z. Unemployment exists in both the capital and labor markets. The wage rate w and capital
rental r are assumed to be fixed in the short run. To lay the basis for analyzing the effects of
yuan devaluation, we employ the following assumptions:
(1)  Two factors, capital K and labor L, are used to produce two goods, C and Z. China is
assumed to export C and import Z.
(i)  The dollar price of good Z is normalized, i.e., P*=1.
(iii)  The Chinese government pegs the yuan to the dollar, and the yuan price of the
importable isP=P*56=95.
(iv) Cobb-Douglas production functions are used in both industries.

(v)  Unemployment exists in both capital and labor markets.



(vi) Consumer preferences are given by a Cobb-Douglas utility function in both countries.
China

China produces two goods, using two factors, capital (K) and labor (L) inputs. Domestic

outputs of the traded goods are given by C = F(L.,K.) = A.L2KZ, and
Z=G(L,,K,)=A,L3Ks>, where L, and K; denote the amounts of labor and capital inputs

employed in sector j = C, Z. Both production functions are assumed to exhibit decreasing returns

to scale (DRS), i.e., o, + 4, <1, and «, + 3, <1. DRS implies that the production functions F(.)

and G(.) are monotone increasing and concave.’

China’s Supplies of Tradable Goods

Since labor and capital inputs are unemployed and are immobile internationally, w = w*

and r = r*. Total profit of the Chinese economy in yuan is
M=, +I1, =bA.LEKE + PA L2 K2 —wL. —rK, —wL, —rK,, (1)
where L;, and K, are input demands of labor and capital in sector i = C, Z. The central planner’s

problem is to choose L., L,, K, and K, subjectto L. + L, <L, K.+ K, <K. Due to

unemployment, a production mix of C and Z does not occur along a production possibility

frontier (PPF). The first order conditions are

by A Lgl_lKéBl =w, b AL Kgl_l =r,

)
Pa, A, L% K2 =w, PB,ALZKE =1,

The input demands for labor and capital in the production of the two goods are as follows:
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China’s Demands for Tradable Goods

Preferences of Chinese consumers are represented by a Cobb-Douglas utility function,
U(c,z)=c"2"7, )

where ¢ and z are China’s consumption of the exportable and importable, respectively. The

equilibrium condition for optimal consumption is:

C

c_b
u P’ ©)

where b and P are the yuan prices of exportable good C and importable good Z, respectively.
Let S denote the dollar amount of money that the Chinese government lends to the United

States. When S >0, consumers are required to spend only E =1—-6S yuan to purchase

. . E
consumption goods. Thus, consumer demands for the two goods are written as: ¢ = % and

_(@-»nE

z , Where I and E =1-06S are China’s income and expenditure in yuan. Since both



factors are unemployed and the total profit is distributed to consumers, the total income of China

is I =w(L. +L,)+r(K. +K,)+IT=bC+PZ. The budget constraint in yuan is given by:

bc+Pz=E=1-6S. (7
China’s national income IS
A B V(- -5) a B U(l-ay-p,)
I=bC+PZ={EE%%¥£j +[Eﬁ%£%f§J . (8)
Wr wW2rs?

Suppose China lends S dollars to the United States. Then China’s expenditure in yuan is

@ ph V(l-ay-f) @ b V(-ay-f,)
E:._(gs:(mj [Mj s, ©
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China’s consumer demands for two tradable goods are written as:

C=y

b é‘ Wal r B Waz r B

1
T — V(1-en-5) a+p, U(l-ay-p,)
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(10)
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United States

The United States is also assumed to produce the two goods, using two factors, capital (K)
and labor (L) inputs. Since both inputs are unemployed, production does not occur on the PPF.
Recall that the United States and China have the same technologies in the production of two

goods, C and Z. U.S. outputs of the tradable goods are given by



C*=F (L, Ko) = ALK and Z*=G(L,, K;) = A ;%K ", where L and K] denote the

labor and capital inputs employed in sector j = C*, Z*.

U.S. Supplies of Tradable Goods

The total profit of the United States in dollar is
T* =TI +11,. =b* A LKA + P* A LK 2 —w* (Lo + L) — 1 * (KG + KL, (1)
where b* and P*=1 are dollar prices of good C and Z, and L; and K are input demands of
labor and capital in sector i = C*, Z*. The central planner’s problem is to choose L, L, K¢,
and K to maximize the total profit in (11) subject to L, + L, < L*, K + K} <K™.
The first order conditions are

¥ ALK W, b ALK =

i . (12)
P*a,A L2 'K =w*, P*B,A LK " =r*,
U.S. input demands are given by
_ V(l-ay-f) a ploa p \0a-A)
L; _ b*oﬁl ﬂlﬂﬂAc K = b*oy 11 A
W*]-’ﬂl r*ﬂl ! C W*al r*1’a1 !
P*g. P p 5 V(-ax=fz) P*qg. @Bl Va-ar=f) (13)
" = a, P A, K: = @ Py A
Z W*l—ﬁz r*ﬁz 1z W*%2 r*l—az )
The optimal supplies are:
Y(-ay-f)
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U.S. Demands for Tradable Goods

Preferences of American consumers are represented by a utility function,
U (c*, z*) = (c*)” (z*)"7, where c* and z* are the U.S. demands for C and Z, respectively.
National income of the United States is
I*=wr*(L. + L) +r*(K; + K;)+IT*=b*C*+P*Z*. U.S. expenditure in dollar is given by:
b*c*+P*z*=1*+S=b*C*+P*Z*+S, (15)
where b* and P* are the dollar prices of C* and Z*, respectively.

Revenue from production is

* 4k V(@-oy-f) * % 2 b V(--p5,)
|*:b*C*+P*Z*:(b x4 ﬂl ACJ +(P &, ﬁz Azj . (16)

W*al r*,Bl W*az r*ﬂz
Since the U.S. borrows S dollars from China, the total expenditure of the United States is

* o A l/(l_al_ﬁl) * o B U(l-ay-p,)
er=lms= (b Wofelal fl*ﬁaAc } J{ - woffaz fi—ﬁ’zAZ J S (17)

The equilibrium condition for optimal consumption is:

U, b*
U, P*

z

(18)

U.S. consumer demands satisfying the equilibrium condition in (18) and the budget

constraint in (16) are written as:

w ok U(l-oq-p;) @ A V(-ay-p,)
C*_l(b*al /31%] +L£MJ W78

- b*|  w* r*A h* W*% %5 b *
1 b* ey V(-o4-p) 1 p* a n B U(l-ay-5,) 1 S (19)
=7V o™ p A L7 o, p A +( -7)
p* W r*ﬂl p* W22 r*ﬁz p* !

where w* and r* are the wage rate and capital rent, respectively.



World Market Equilibrium and Trade Balance

Recall that the relative price of the exportable is b/ P =b/&. A competitive equilibrium
is attained when producers and consumers in both markets behave as price takers. Recall that
when unemployment exists in the labor market, any increases in K or L have no effect on
China’s domestic outputs. Note that due to unemployment the supply of each good depends on
its own price, but not on the price of the other good. Thus, the supply functions are written as:
C=C(b) and Z =Z(P).

The market clearing condition for good C is written as:

c(b, 5,1 —5S)+c*(b, 5,1 *+S) =C(b, 5) + C* (b, 5). (20)

Despite unemployment in the factor markets, a Keynesian equilibrium exists when aggregate
demand is equal to aggregate supply in each sector. The labor market imperfection only causes
labor unemployment, but does not preclude Walras’ Law in the output markets. Thus, all outputs
produced are sold at the equilibrium prices. Walras’ Law suggests that if the market for good C
is in equilibrium, the market for the other output, Z, is also in equilibrium, i.e.,

z2(b,6,1 =6S)+z2*(b, 5,1 *+S) =Z(b,5) +Z*(b, 5). (21)
Thus, there exists a unique value of 6 which clears the market for good C in (20). Note that when
capital is not fully utilized, 6Z /6K =0. Likewise, when labor unemployment exists,
oZ | oL =0. The same conditions hold if capital and labor are not fully employed in the United

States, i.e., 0Z*/oK*=0Z */oL.*=0.

Exchange Rate Pass Through

10



Let (b,o) be a pair of yuan prices at the competitive benchmark equilibrium satisfying
(20).° Then by Walras’ law, the price pair (b,5) also satisfies (21). That is, if the market for
good C clears for given prices (b, o), the other product market (i.e., for good Z) also clears.

Substituting (4), (10), (14) and (19) into (20), we obtain the world market clearing condition for

good C:

V(- -5) V(1-en-5)
pY/-a—) ber,” B A L+ plaaA) @/ 8)" o BPA
werh w*xa x4

(22)
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Since good Z is the numéraire, P*=1, we have P =¢,and b=b*¢. Recall that China and the

United States have identical technologies, and in the absence of trade barriers, output prices are

equalized. The equilibrium yuan price of good C is:’

o o (-a-4)
(-1 -5) 1 a B U(Q-ay-f,) a B U(-ay-f,) *
( /4 ] (51062& (0{2 ‘B, ZAzj +5(0[2 ‘b, ZAzj

1— y W2 rﬁz W*% r *0,
b(o) = . (23
() w oA U(-ay—f,) _atfy @ p A U(-cy-f,) (-en=h) (23)
" " A n E ab (o™ B A
Wal rﬂl 5 W*al r*ﬁl

The equilibrium dollar price of good C is:®

(t-a-4) 1 5o \Yl-ar-5y) 5 n \Yi-a-p) A
7 sterh "B A s @, B A,
1— y W rﬁz W*% r */

-  NGaA)
1 V(-y-A) Y-a-4) \%

A 1 A

[51&1@ (af‘lﬂl A j +5(a1“1,31 A j J

Wal rﬂl W*Oﬁ r *B

b*(5) = - (24)

Thus, both the yuan and dollar prices of good C depend on the exchange rate, & .

11



3. Devaluation and Exchange Rate Pass-Through

We now consider the effect of yuan devaluation on the yuan and dollar prices of the
exportable good C. Yuan devaluation is represented by an increase in J, which raises the yuan
price P of good Z. Differentiating (23) with respect to &, we have

) y G-a=A) y b g ﬁ ()]
db(5):( —061_131)('&‘3)(1_7) (al—i_ﬂl)(l—}/J (5j (AZ)

l-oy— o+ + U(ey+p-1
doé (A1)< m(AZ)( B) (alalﬂlﬂl,%j( B )(Al)(Z—al—ﬂo

.(25)

W*al r *ﬂl
where

U(-oy-f) _ath U-a,-f,)
A&:[aﬁlﬂﬂﬂ 1 +(£J1'“1'ﬂ1(0a"“ﬂfl&] 1

Wal rﬂl é‘ W*al r *5

1 B V(l-a,-5,) Y V(l-a,-5,)
Az = gtare [aZ{ZZ—ﬂZ ZAZJ +5[a2a2ﬂ2 ZAZ}

W% rﬂz W*%2 r*ﬂz
e (1 (1
51—a2—ﬂ2 a azﬂ 'BzAZ (1-a2-5,) a azﬂ ﬂzAZ (-a2-5)
2 2 2 2
A, = T o i 2 .
1_0./2 _ﬂz W“z rﬁz W*az r*ﬂz

If both industries exhibit DRS (¢, + 8, <1 and a, + f, <1), then db/do > 0. If b rises

proportionately, then b/ 6 =b™* is constant, i.e., yuan devaluation has no effect on the dollar
price of good C.
We assume that b rises with ¢, but less than proportionately, and that the dollar price of

good C decreases with ¢. Differentiating (24) with respect to ¢ yields

(-e1=f1)

(-a-4)
Y Y (1-e1=3)
6(b*(§)) (l_al_ﬂl)(l—]/j Aj_(l_al_ﬂl)[l—}/j (Az) A4

oS (A) )(1*arﬂ1) (Az )(aﬁﬁ’l) (Ab )(2*061*/31)

12



where A ’s are functions of J as follows:

Wal r o W * r */

. ) U@-a-f) ) V@)
A = st h [al 1ﬂlﬁlp\c ] +5£0‘1 lﬂlﬁl'&b j

Waz rﬁz W*az r */

1 B V(-ay-p,) B V(Q-ay-p,)
A2 :517’12*@ {aZQ—ZﬂZ ZAZ) +§[0{2a2ﬂ2 ZAZJ

+f,

AS ) 5@ (0{2“2 IBZ’BZ AZ jll(lazﬁz) +(0{2a2 ﬁzﬂz AZ ]l/(lazﬂz)
1-a,- B\ wer” W2 P ’
otk (1 (1
a0 [aﬂﬂm ] e +(a1“1ﬂf1/% ] e
1-a, - B\ werh W A '

In general, the sign of d(b/d)/do depends on the values of o, £, «,, f,, W, W*, T,
and r*. If both industries exhibit the same DRS («, + £, = o, + £3,), then a yuan devaluation has

d(b/6) _

no effect on the relative price of the good C , 0. If 6>1, industry C exhibits higher

returns to scale than industry Z (e, + 5, > «, + f3,), and the U.S. wage is higher and capital rent

lower than those in China (w*>w, and r*<r), then

d(ggé) <0. In this case, the U.S. import

of good C increases. This implies that the dollar price of good C decreases with ¢, i.e.,

db*/do < 0. Figure 1 illustrates the case where the dollar price of good C decreases with ¢ until

the full employment rate 5" is reached, and is constant thereafter because exchange rate pass-

through into the export price is perfect.

13
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Figure 1. Yuan Devaluation and Terms of Trade

Let 6° denote the benchmark equilibrium value of o, at which the market for good C
clears when producers and consumers in both countries behave as price takers. In the absence of
government intervention, the benchmark equilibrium also means trade is balanced between the
two countries. If China devalues the yuan from the benchmark equilibrium rate, then the yuan
price of good C increases. We assume that the yuan price of good C increases at a decreasing
rate, i.e., b'(6) >0, and b"(5) <0.

Once full-employment is reached, it can be shown that the dollar price of good C is

constant,
T 1+, (ap—) — 7% (ap—a)
b* — 1-o E"‘L_ -7 A-a,) 1-| % (|§+|‘_< )
o, K+K*) v (@-a)"™™ l1-a, ) (L+L%)

P — (or3—e)
N l1-o, | L+L* A () (1-a,)
a, K+K=* A()* (1-o) '
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where K and L are fixed endowments of China’s capital and labor inputs, and K* and L*
are U.S. endowments of the same inputs. Thus, once full employment is reached, a further

increase in ¢ has no effect on the dollar price of good C, i.e., db*/d6=d(b/6)/do=0.

If o, + f, >, + ,, yuan devaluation lowers the dollar price of good C, which increases
China’s exports. If o, + f, =, + f3,, yuan devaluation has no effect on the terms of trade. On
the other hand, if o, + S, <, + f3,, then yuan devaluation raises the relative price of good C and

may defeat the purpose of reducing unemployment.

4. Devaluation and Foreign Debt

The yuan value of China’s export is written as

bX (5,1 —S) =bC(b) —bc(b, 5, 1 —59)
AbC (b) + AbZ (b, §) — 1S5S

=bC(b)-b . = (1—A)bC(b) — APZ (b, 5) + A5S (26)
(a2+$,)
(a+5) o ph V(l-a-4) -y, @ b U(l-ay-f,)
= (1-y)b(b*§)*uA) (0!1 aﬂ?ﬂl&j 0 - (052 ﬂ?ﬁAzj LSS,
W 1 * Waz 2

The yuan value of China’s import is written as

PM (5,1 —5S) = Pz(3,1 - 5S) - PZ(5)

_ pA=A)bC(b) +@A-AHPZ(b,6) - (L~ 1)5S
P

= (1= A)bC(b) - APZ (b, 5) — (L— A)SS (27)

(q+p) @ V(-4 -5)
=(1-y)Pb * 5A-a-f) (al ﬁlﬂl A j

-PZ(0)

Wal rﬁl

(a2+5,) a, Bo V(-a,-p,)
_7/P5(1*‘12*ﬂ2) (aZWOIfiﬂZAZ j _(1_/1)58
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The yuan value of China’s import, PM (5,1 —6S), and that of export, bX (5,1 —-6S), are
functions of the exchange rate. We assume that China’s trade surplus is lent fully to the United

States. Thus, China’s trade surplus also depends on ¢:

B(5) =bX (5,1 —5S)—PM (5,1 —59)
= (1— A)bC(b) - APZ (b, 5) + 15S (28)
—(1— A)bC(b) + APZ (b, 8) + (1— A)5S = 55,

The dollar value of China’s trade surplus is:

=S.

|

which implies the dollar value of China’s trade surplus is independent of 6.

Proposition 1: If the income elasticity of demand for each good is unity, a yuan devaluation has

no effect on the dollar value of China’s trade surplus.

Note that China’s trade surplus is a means of forced savings for China’s consumers, and is a
policy variable in China. Once the Chinese government chooses the lending amount S, Chinese
consumers are forced to spend that much less. As a result, China incurs a trade surplus, equal to

S, which is not affected by currency manipulations.

5. Yuan Devaluation, Income and welfare

Devaluation and GDP
We now consider the effect of yuan devaluation on national income. Let | denote the

yuan value of China’s outputs, i.e.,

16



| =bC(b,P)+PZ(b,P)
. V(-oy-4) ., U(-a,-5,)
= b17;7A (0‘1 B A j + 5170521%2 [az ‘B A, ] . (29)

W% r A Waz r B

Differentiating (29) with respect to ¢ yields

o +pB o ph V(A-q-p4) a,+B; % b U(1l-ay-f,)
d b“‘l"l[al S A“«j T - 51%@(“2 2 AZ] >0. (30)

do werh 1-a, - f, wezr?

Thus, the yuan value of China’s national income rises with 9.

Devaluation and Welfare

Next, consider the effect of a yuan devaluation on consumer welfare, using (8) and (23),

and the Cobb-Douglas utility function in (5). Expenditure is written as a function of o:

E(5) = 1(5)-35.

Given the demand functions in (10), the indirect utility of the Chinese consumers is given by

V(b,5,1(5)-55) =U (c(b,5,1(5) - 55),2(b,5,1(5) - 5S)). (31)

We now investigate whether China gains from yuan devaluation. Differentiating (31) with

respect to o, and using Roy’s identities, V, =-V,c and V, =-V,z, we obtain

3_\; —V, (db/ d8) +V, +V, (1'(5)-S)

=V, (db/d5) +V, +V, (b'(5)C +Z +bb'C (b) + 52 (5)-S) (32)
—V, ((C=c)b'(8) +(Z —2)+bb'C (b)) +5Z'(5)-S),

17



where 8=bb'C'(b) +6Z'(5) is the change in national income resulting from a reduction in
unemployment through a change in the exchange rate. Once full employment is reached, & =0.

Thus, as J approaches 8", (5) must converge to 0. Thus, we assume that 0'(5) <0. Note that

oS =bX —6Q, and hence Q :%X -S,or (z-2) :g(C—c)—S. Thus, (32) is written as

‘;\; ((c— Q)b'(5) b(5)(c c)+9) V,(X(5)(b'(5) b(g)jwj (33)

If unemployment exists in China, then db(6)/do =b'< g =b*. Assume that there is a

unique solution &*in the interval (5°,6'] to the utility maximization problem. From (33),

o *satisfies the first order condition,
av b(é))
— X(0)| b'(o +60 |=0. 34
I ( ()( O j (34)

Recall that once full employment is reached & =0, and hence b'(5) —@ =0. Thus, &'

satisfies (34). Differentiating (34) with respect to &, we obtain

dv _ 5y P%) (5)_ P) -
@_V,P(X(é)(b 6)-= j+9j+v,b(X(5)(b (6)-= )+6?jb(5)
[x (5)(b (S) - b(;)j X (5)b"(S) - Xf)(b (S) - b(5)j 9(5)}

+V, (X(&)(b‘(&)—@j+9jl '

2

When evaluated at &', \2 reduces to
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d*Vv
do?

=V, (X(8)b"(S5) +6'(5)) <O0.

which implies that the indirect utility is concave in J. Thus, 8" is the optimal solution.

Proposition 2: Assume that b'<b/¢&. Then China’s optimal policy is yuan devaluation until full

employment is reached.

V(d) V(3)

0
SO sf S}

Figure 2. Yuan Devaluation and Indirect Utility

Figure 2 illustrates that China’s optimal policy is yuan devaluation, raising ¢ above 6°.

Since the indirect utility is monotone increasing, J can be raised to its upper limit, 5", thereby
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reaching a maximum utility. A further increase in ¢ does not affect the dollar price of good C,
because exchange rate pass-through into the export price is perfect.

Chen (2014) showed that in the case of China, from 1995 to 2007, exchange rate pass-
through into the (long-term) export price was 42.6 percent. This finding suggests that China has

not pursued the optimal exchange rate policy, and China has devalued the yuan below the full

employment rate, 5" .

6. Yuan Devaluation and Unemployment

We now consider the effect of yuan devaluation on unemployment. The number of

unemployed workers is

U =L-L(6)-L,(5)
_ V(- -p) _ U (l-ay-f,)
_ L —pYa-e-s) all BlﬂlﬂlA: _ sV arp) azl & ﬂzﬁz A, (35)
\Nl_ﬂl rﬂl \Nl_ﬂz rﬂz '

Once the full employment exchange rate o is reached, the labor constraint is binding, i.e.,

_ V(- -£) - V(l-a-f5,)
L—(b(s "))V &R m — (5" Ve a, "B A, ~0
wArA W P :

Differentiating (35) with respect to ¢ yields

a+p

a+p,
— _ V(1-ay-p5) — _ U(1-a,—f,)
- -8 nhB 1 1 P, -5 p P
U _ . b (0{1 B, Abj 5ot [az ZﬂZZAZJ -0

6 (Uma=p) WA CQ-a-p) W

This implies that a yuan devaluation reduces labor unemployment. Thus, there is some merit in

the argument that China has is undervaluing renminbi to reduce its domestic unemployment.

Proposition 3: Assume the Cobb-Douglas production in Section 2, a yuan devaluation

reduces China’s domestic unemployment.
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Yuan Devaluation and Output Effects

R2=bEhHCc +8Fz

R'=b@EhC+5'z

RO=b(89C +8°Z

BI

Figure 3. Yuan Devaluation and Output Effect

Figure 3 illustrates the effect of yuan devaluation in the presence of unemployment in
China. The initial benchmark equilibrium occurs at point 0, where both K and L are unemployed
and which is inside the PPF, labeled BB'. Since yuan devaluation affects the relative yuan price
of good C. In this case, the supplies of C and Z rise, which causes a movement from point 0 to 1
inside the PPF. Yuan devaluation always raises domestic production of both goods in so far as

unemployment exists. Thus, China’s optimal policy is to choose & to eliminate unemployment

f
until production occurs at point 2 along the PPF, i.e., % o
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Consider an alternative scenario in which capital is fully utilized at point 0, but
unemployment exists in the labor market. Note that the supply of good Z increases with 4.
An increase in ¢ not only raises the yuan price of good C, but also raises the shadow price of
capital. The latter effect partly offsets the former effect. Thus, the supply response of good C is

likely to be less pronounced than when unemployment exists in both factor markets.’

7. Numerical Example

Since there is no tariff, the yuan price of the importable is P =P*¢6 =6. The price of the

exportable good C is b and its dollar price of good C is b*.
China and the United States

The United States and China are assumed to have identical production functions for the
traded goods, C and Z: C =F(L,K)=1.3L*K™ and Z =G(L,K) = L’K"". Assume that factor
prices in China are: w=.7 and r =1, and in the Unites States: w*=1 and r*=0.7. Labor and

capital endowments are L =4 and K =1 in Chinaand L*=1 and K*=3 in the United States.

China’s lending to the U.S. is S = 0.001. Direct utility functions of the Chinese and U.S.
consumers are given by u(c,z) =(cz)* and u(c*, z*) = (c*z*)".
From the world market clearing condition in equation (24), we obtain the optimal yuan

and dollar prices of good C:

1.67 04
b(5) = 0.3966 +0.4466 _
0.575+0.44(1/ 5)"

b(s) 1

=55

0.4
0.3965 +0.4465-
0.575+0.44(1/5)"

Thus, as ¢ increases, the dollar price of good C, b*(5), decreases.
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China’s consumer demands for the two tradable goods are written as:

_04

0.4
1.67
0.4465% + 0.575[ 0.3960 +0.4460 J ~0.001

0.575+0.44(1/ 5)"*

Z= E O 4 0.4465"% +0.575
s 5

0.4
0.3965 +0.4465°7 |
0.575+0.44(1/ 5)"* ]

China’s consumer welfare is measured by the indirect utility,

V(b,5,1(5)-5S) = (cz)*

0.4
1.67 (36)
0.48 0.3966 +0.4466 J _o0.001! |

= 0.4466° 0.575[

T b5 0.575+0.44(1/5)"

We now investigate whether China gains from a yuan devaluation. Mathematica was
used to generate Figure 4, which shows the impacts of yuan devaluation on the yuan and dollar
prices of good C, national income, indirect utility, and labor and capital unemployment. When
o0 =~ 2.44, both capital and labor inputs are fully utilized and a maximum utility is attained. Until

5" is reached, exchange rate pass-through into the yuan price is imperfect, i.e., b'<b/ 8. Once

5" is reached, a further increase in 6 does not affect the dollar price of good C, b*.

b b6
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Figure 4. Effects on Yuan Devaluation

8. Concluding Remarks

This paper investigates optimal exchange rate policy for a two-sector, Keynesian open
economy. A Cobb-Douglas utility function is used to investigate China’s optimal exchange rate
policy. Under certain conditions, the indirect utility function is monotone increasing and concave
in J, which suggests the existence of an optimal exchange rate.

China has been widely criticized for keeping the yuan low in order to take advantage of
its trading partners. However, this paper suggests that China may have pursued the low yuan
policy to reduce domestic unemployment. For the case of Cobb-Douglas utility function, China’s
optimal exchange rate is that rate which guarantees full employment. Such a policy cannot be
criticized as deliberately devaluing the yuan to take unfair advantage of China’s trading partners.
The current U.S.-China trade imbalance may be caused by other reasons than the undervalued

yuan.

24




References

Acar, Mustafa, “Devaluation in Developing Countries: Expansionary or Contractionary?,”
Journal of Economic and Social Research 2 (2000), 59-83.

Akiba, Hiroya, Yukihiro lida, and Yoshihiro Kitamura, “The Optimal Exchange Regime for
a Small Country,” International Economics and Economic Policy 6 (2009), 315-43.

Akiba, lida and Kitamura (2009) compares welfare under freely floating, managed floating
and a pegged exchange rate regime, using Central Bank’s expected loss function.

Batra, Raveendra N and Hamid Beladi, “Pattern of Trade between Underemployed
Economies,” Economica 57 (1990), 485-93.

Batra, Ravi and Hamid Beladi, “The US Trade Deficit and the Rate of Interest,” Review of
International Economics 21 (2013), 614-626.

Beladi, Hamid and Reza Oladi, “On Offshoring and Trade Deficit,” Review of Development
Economics 18 (2014), 517-23.

Bruno, Michael, “The Two-Sector Open Economy and the Real Exchange Rate,” American
Economic Review 66 (1976), 566-577.

Chen, Jiatao, “Empirical research on effect of exchange rate pass-through into China’s export
price,” BioTechnology An Indian Journal 10 (2014), 1714-1720.

Cheung, Yin-Wong, “Exchange Rate Misalignment —The Case of the Chinese Renminbi,”
Handbook of Exchange Rates, Jessica James, lan W. Marsh and Lucio Sarno (eds.), 2012.

Cheung, Yin-Wong, Menzie D. Chinn, and Eiji Fujii, “China's Current Account and
Exchange Rate,” NBER Working Paper No. 14673, 20009.

Cuddington, John, “Import Substitution Policies: A Two-Sector, Fix-Price Model,” Review of
Economic Studies 48 (1981), 327-342.

Devereux, M. B., “How does a devaluation affect the current account?,” Journal of
International Money and Finance 19 (2000), 833-851.

Fleming, J. Marcus, "Domestic financial policies under fixed and floating exchange
rates”. IMF Staff Papers 9 (1962): 369-379.

Goldstein, Morris and Nicholas R. Lardy, “Chapter 1, Evolution of China’s Exchange
Regime in the Reform Era,” in The Future of China’s Exchange Rate Policy, 2009, also
http://bookstore.piie.com/book-store/4167.html (accessed December 30, 2011).

Gylfason, Thorvaldur and Michael Schmid, “Does Devaluation Cause Stagflation?,”

25


http://www.nber.org/people/yinwong_cheung
http://www.nber.org/people/menzie_chinn
http://www.nber.org/people/eiji_fujii
http://bookstore.piie.com/book-store/4167.html

Canadian Journal of Economics 16 (1983), 641-654.

Helpman, Elhanan, “Macroeconomic Policy in a Model of International Trade with a Wage
Restriction,” International Economic Review 17 (1976), 262-277.

Jin, Hailong and E. Kwan Choi, “Profits and Losses from Currency Intervention,”

International Review of Economics and Finance, 27 (2013), 14-20.

Jin, Hailong, Yoonho Choi and E. Kwan Choi, “Unemployment and Optimal Currency
Intervention in an Open Economy, “International Review of Economics and Finance, 41
(2016), 253-261.

McKinnon, Ronald and Gunther Schnabl, “China’s Financial Conundrum and Global
Imbalances,” China Economist (21), July-August (2009), 65-77.

Mundell, Robert A, "Capital Mobility and Stabilization Policy Under Fixed and Flexible
Exchange Rates," Canadian Journal of Economic and Political Science, 29 (1963), 475-
85.

Samuelson, Paul, "International Trade and the Equalization of Factor Prices," Economic
Journal, (1948), 163-84.

Yue, Kan and Kevin Honglin Zhang, “How much does China’s exchange rate affect the U.S.
trade deficit?” The Chinese Economy 46 (2013), 80-93.

! Currency devaluation of China may not be the only source of US trade deficits. For instance,
Beladi and Oladi (2014) suggest that outsourcing may widen US trade deficits. Also, Yue and
Zhang (2013) emphasize that US trade deficit would not be reduced very much by a change in
the Chinese exchange rate.

2 Of course, the first best policy is to remove wage and rent rigidity in the factor markets. Given
this rigidity, Chinese government may be using yuan devaluation as a second best policy.

% In the same vein, Bruno (1976) considered a two-sector model, but defines the exchange rate as
the ratio of the price of the tradable goods to that of the nontradable good.

* Devereux (2000) analyzed the impact of devaluation on the trade balance when exchange rate
pass-through is imperfect.

> For instance, F, =, (o, ~) A L2 ?KE <0, Fo = (8, -DALEKE? <0,
F, = a KAt 5 0,and F Foy —(Fip ) = a8 (L—a — a ik At) 50
L = BALETKE T >0,and By R —( LK) = f(l-o ﬂl)(AbLC C ) >U.
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® If the benchmark equilibrium value of $1 is 6 RMB, new RMB notes can be issued at the rate
of 6 RMB for 1 new RMB.

1 (e plm Y by A\
}/ Waz rﬁz - (1_}/) W% rﬂl
o (G gAY bay A )
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