CAPITAL FLOWS, TERMS OF TRADE, AND REAL
EXCHANGE RATE FLUCTUATIONS

After financial openings, like that in Spain and Mexico in the
late 1980s, large capital inflows have been accompanied by
substantial appreciations in the real exchange rate.

Previous work has shown that, to capture the timing of
capital inflows and the changes in the relative prices of
nontraded goods, frictions in factor markets are important.

The model here stresses the role of the imperfect
substitutability between domestic and foreign traded goods
In determining the terms of trade, whose movements are
major components of real exchange rate fluctuations.



This is preliminary work based on

"Capital Flows and Real Exchange Rate Fluctuations
Following Spain’s Entry into the European Community,”
with Gonzalo Fernandez de Cordoba.

"Tradability of Goods and Real Exchange Rate
Fluctuations” with Caroline M. Betts



REAL EXCHANGE RATE
RER = NER x

pesetas
deutsche marks

units:

y deutsche marks/German basket

pesetas/Spanish basket

_ Spanish basket
German basket




Suppose P, = NER x Pl.(law of one price)
I:)gsp 9 I:)ger _ (Pgerlpger
P-grer Pesp (Pesp/P-erSp

RERN is the part of the real exchange rate explained by the
relative price of nontraded goods.

RERN =



log(RER)
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What is left over in RER is the part explained by the terms of
trade.

RERT — NER x P'grer
I:)-ersp
Notice that
RER = RERT x RERN
TRADED

Agriculture and Industry

NONTRADED
Construction and Services



MODELING CAPITAL FLOWS INTO SPAIN

Y; = ANFaKe
yi = Ak{
(rj = a Ak{™ = 6)
Yosp = 21,875 (1986)
Yger = 27,879
Kesp = 45,528
Keer = 73,618

Yesp _ Kesp y
Yger Kger



Let a = 0.3020

Yesp  _ ().8649
Yger

INn data
Yoo _ 0.7847
Yaer

Differences in capital per worker explain 63 percent of
differences in output per worker between Spain and
Germany.



HOW LARGE SHOULD CAPITAL FLOWS BE?
Calibrate

Aesp — yesp/kgsp — 8573298

Ager — yger/kger — 9450353
Equate marginal products
OliA\espkgs_p1 = o Ager kggrl
kger — 73,618 Imp|IeS kesp — 64,030

Spanish capital stock would have to increase by 18,502,
which is 85 percent of Spanish GDP, 41 percent of Spanish
capital stock.



subject to

where

Simple Model

consumers

max ) Biech + (1~ €)ck)/p
t=0

Ctt + PtCNt + Aty1 = Wil + (1 + rt)at
a: > —A

di = qt—lkt + bt.



Feasibility condtions

Cnt + Znt = AnKEY 0™
Ktt + Knt = Kt
O+ One = 0
Kier — (L — 8)k = Gzl z3,”

1—
Ctt +Z7Nt T+ bt+1 = ATk-?-tTQTtaT + (1 + rt)bt



Calibration

yn = 1.0481K%2869(0.7131
y7 = 1.0214k0:3109(0.6591
X = 1.94342_(?_.38022%6198
5 = (5kiy)/(kly) = 0.0576
(enfer)™  _ _ 0.58301"

1+ (cn/cr)t™®  1+0.5830%
B =1/(1+r*) =0.9463
(r* — aAajekgEl — 5)



Labor adjustment frictions

Unt+1 < Al
Urts1 < AlTy

A>1
(In the simulacions, 4 = 1.01.)



Capital adjustment frictions

XNt+1 + XTtr1 < GZKHZ%_Y
Kntrr < @(Xntr1 /KTt )Kne + (1 — 0)Knie
Kttrr < @(Xrtea /Kre)KTt + (1 — 6)KTt

o' (x/k) >0, ¢"(x/k) <0, ¢(8) =6, ¢'(6) =1
(P(x/Kk) = (6*"(x/K)" = (1 -n)o)m, 0 <n<1)

(In the simulaciones n = 0.9.)



MODEL WITH ARMINGTON AGGREGATOR

Consumers

max Y B(ech + (1 —e)cRy — 1)/p
t=0

subject to
PTtCTt + PntCnNt + At = Wt0_+ (L +rya + Ty

a: > —A
where
at = (i1Ki + by



Feasibility-Equilibrium Conditions
Domestically produced traded good
Xpt + Xt = ApkED (5P
Armington aggregator
Cre + 27t = M(uxy + (1 — pym; )
Nontraded good
Cne + Znt = AnkEY 0™
Balance of payments
Mt + b1 = PotXee + (1 + )by
Investment

Kier — (L= 8)ke = Gzl 2y



Foreign demand
Xrt = D((1 + TFt)th)l%lC
Factor markets
kpt + knt = Ke, Opt + Ont = 0
Transfer of tariff revenue
Tt = TptMy



Profit maximization

Wt = pPptAp (1 — ap)(Kpi/lp;) “P
= pPntAN(L — an) (Kne/ly) ™™

1+ri = (potApap(lo/kp) %0 + (1 — 6)qi)/qi-
= (PntAnon (Une/Kne) 7N + (1 = 8)9t) ]

Pt = CItVG(ZNt/ZTt)l_y
Pne = qe(1 — V)G(ZTt/ZNt)y



1 ¢ 1
Xpt = 1= M (p1e/pot) T (C1t + Z71t)

1 ¢ _1
My = (1 — /,t) 1-¢ M 1< (th/(l -+ TDt)) 1-¢ (CTt -+ ZTt)

where
- —(1-0)

1 £ 1
pre = UIM)[p < por ¥ + (L =) = (L + 7o) €] ¢



LABOR ADJUSTMENT FRICTIONS

lptr1 < Alpy
Unt+1r < Alnt

A>1

If constraint binds, labor in traded goods sector receives a
different wage, wpt, than the wage of labor in the nontraded

goods sector, Wy.
(In simulations, A = 1.01.)



CAPITAL ADJUSTMENT FRICTIONS

: : v 1y
IDt+1 + Inttt < GZTZni

Kptr1 < @(iptr1/Kpi)Kpr + (1 — 0)Kpt
Kntei < @(Inta/Kne)Kne + (1 — 0)Knie

$'(ilk) > 0, ¢"(i/k) <0, ¢(5) =35, ¢'() =1
(¢(|/k) = (51_'7(i/k)77 — (1 — 17)5)/77, 0 < n < 1)

Adjusting the sector specific capital stock rapidly is costly.
(In simulations n = 0.9.)
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log(RER)
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REAL EXCHANGE RATE

Bilateral real exchange rate between the United States and country

l:

NER. :nominal exchange rate — country i currency units per

1,us *

U.S. dollar

P;: price deflator or index for the basket of goods consumed or
produced 1n country j, j=us, i.



Decompose

P\ P P!
RER, . = (NER j[ L )RERM = RER] xRER]

1,us P P P L,us
where
PT
RER/, = NER =
P

1s the real exchange rate of traded goods — the component that
measures deviations from the law of one price and

T T
RER" = IE — |/ PT —
’ P(P ,P") P (P.,F,)

us ?

is the (bilateral) relative price of nontraded (to traded) goods.



TRADED
Agriculture, Mining and Petroleum, and Manufacturing

NONTRADED
Construction and Services
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MODELING CAPITAL FLOWS INTO MEXICO

¥ = AKIN
y; = Ak;
y,..=16,373, y =36,859 (1989)
r, = OCAk;H )
r..=0.13, 7 =0.05(1989-1990)

ymex - kmex ) — rMS + 5 E
yus kus rmex + 5

Let a =0.30, 6 =0.05




0.3
Lier :(—8'1(;) = 0.8383
yus :

while, in the data,

e _ (). 4442
yus

Difference 1n capital per worker explains 30 percent of difference
in output per worker.



We can calibrate different productivity parameters 4 and A4 :
ay,
r,+o

y.
4=k
J

k. =

J

k =27,288, A4 =764.43
k =110,577, 4_=1130.95

Productivity in the United States 1s 48 percent higher than in
Mexico.



Notice that
k.. 27,288

mex

k110,577

us

=(0.2468

while, in the Summers-Heston data set,

k.. 21,985

mex

k59,011

us

=0.3726

This would imply a much smaller difference in real interest rates:

ro+8 k. /y. 16010
r+8 k_/y  1.3428

mex

=1.1923

r. =0.05,0=0.05 mply r _ =0.07

mex



HOW LARGE SHOULD CAPITAL FLOWS BE?

Equate returns on capital marginal products

ad k“'—S=ad k-5

mex ~mex us us

N k +Nk =N 27288+N, 110,577

mex ~mex us us

N =27,302,000, N, =121,863,000.

Free capital flows resultin £, =56,019, k =98,027.

> "Yus

Mexican capital stock would have to increase by 28,731, which 1s
175 percent of Mexican GDP, 105 percent of Mexican capital
stock.



MODEL

Consumers
_ v v _
max ZOO Blel 2| +(1-¢)| 2| -1|/p
h n, n,
subject to
PrCr + PniC + a,., = tht + (1 + r )at + Tt
a, 2—A
where
at — qt—lkt + bt’
k,, b, given.

Here 7, 1s working-age population and n, =0.5¢, + 0.5 pop, 1s
adult-equivalent population.



Production functions

Domestically produced traded good
Ypr = min[ZTDt [ @rys Zay | G Akt £y }
Nontraded good
Y = min|:ZTNt [ gy > Zyy, /aNN,ANk;;VEIA‘;‘N}
Investment good
i =Gzl z 7

Armington aggregator

1
v = M L, + (1) |



Market clearing

Domestically produced traded good

Xpe T Xg = Vi

Composite traded good
Cro ¥ Zm + Zppy T 20 = Vo
Nontraded good
Cne T 2Znn T Znpe T 2w = Vwe
Investment good
ki — (1 - 5)kt =1,

Factor markets

th +th :kt9 th +€Nt :gt



Balance of payments

m,+b,,, = ppxg +(1+7;)bt

Foreign demand

-1

X = D[(l TTx )th :|§

Transfer of tariff revenue

Tz = TpM,



Profit maximization

Domestically produced traded good

W, = (th —ArpPri — Anp P )(1 —ap )AD (th [ py )%
I+7, = [(pm —Ap Pre — Anp Py )aDAD (th [k, )1_% t (1 B 5)%}/%—1

Nontraded good

W, = (pzvz — AP _aNNpNt)(l _aN)AN (sz [, )aN
I+7, = [(pzvz — Ay Pr _aNNpNt)aNAN (gNt [k, )l_aN +(1_5)qt}/%—1



Investment good
1-
Pr = qt?/G(Zle /ZT[t) '
PN =4, (1_7/)G(ZTH [ Zyy )y

Armington aggregator

¢
y
Py = D AM ¢ (i]

th

I=¢
1+TD1‘ = Pr (1_,L1)M§ [&)

m,

where

Pr :(I/M) 1 ppt +(1—,u)1—§ (1+rDt )Q




CAPITAL ADJUSTMENT FRICTIONS

. /4 1—7
ip, +iy, <Gzi,zy,

Kpen < ¢( L /th)th +(1 5)k
Kpen < ¢(Dt/th)th+(1 5)k

$i/K)>0, §'i/ k) <0, §(S) =5, $(S) =1
(#(irk)=[ 8" (i/k) ~(1-n)8]/m, 0<n <1)

Adjusting the sector specific capital stock rapidly 1s costly. Capital
in the traded goods sector has a different price, ¢g,,, than capital in

the nontraded goods sector, ¢,,.

(In simulations 7 =0.9.)



LABOR ADJUSTMENT FRICTIONS

l o S Al Dt-1
l N S Al Nt-1

There is a limit to how fast sector specific labor can adjust. Labor
in the traded goods sector receives a different wage, w,,, than labor

in the nontraded goods sector, w,,.

(In simulations 4 =1.03.)



Input-Output Matrix for Mexico 1989

(percent of GDP)

traded| nontraded C+G ] X | total
traded 27.24 9.02 24.48111.13/14.98|86.85
nontraded 9.76 19.42 52.49/11.90| 0.00(93.57
wi 18.05 44.51 62.56
(r+8)k|  13.07 20.62 33.69
wl+(r+90)k|  31.12 65.13 96.25
m 14.98 0.00 14.98
™m 3.75 0.00 3.75

total 86.85 93.57 76.97123.03|14.98




Principal Ingredients in Numerical Experiments
Demographic differences
Differences 1n initial real interest rates
Financial liberalization

Trade liberalization



SUDDEN STOP!

b=b,+b,t=T,..T+N

Domestic interest rate 1s endogenously determined, although
interest payments on foreign debt —b, are made at international

Interest rate.



Real GDP
Y, = Pp Vi ~ Pri, 21D — Py Znp

T P, Yor — PriyZive — Py 2w T T,

Real Investment

[, = Pri, 21 T P, Z nie

Real capital stock
K, =(0-9)K, +1,

Total factor productivity
Y

PP = —
K (Cp+10y)

t
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