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Evidence on terms of trade, GDP, and TFP
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Evidence on terms of trade, GDP, and TFP
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International trade is often thought of as a production technology.

Inputs are exports and outputs are imports.

1
ptMt :Xt — Mt :_Xt

Py

A deterioration in the terms of trade (an increase in p,) acts as a

productivity shock.



International trade is often thought of as a production technology.

Inputs are exports and outputs are imports.

1
ptMt :Xt — Mt :_Xt

Py

A deterioration in the terms of trade (an increase in p,) acts as a

productivity shock.

Or does it?



GDP in current prices

Y, =(C,+1.+G, + X,)— pM,

p, T = Ml = (C+1,+G +X){

Real GDP in base period prices

Yt :(Ct + It +Gt + Xt)_ poMt

T = M = C+1.+G +X)I = V7?2



In a simple model, changes in p, have no first order effect on chain

weighted GDP or measured productivity.

With fixed proportions production, result is exact even for large

shocks. (Forget about calculus!)

Without chain weighting, effect involves p, — p,. (Effect goes

either way!)

With elastically supplied factors of production, effect goes either

way.

Results generalize to changes in tariffs and other trade barriers.



What drives the correlation between p, and real GDP and TFP?



What drives the correlation between p, and real GDP and TFP?

Not the mechanism we have discussed!



What drives the correlation between p, and real GDP and TFP?

Not the mechanism we have discussed!

These ideas are well understood by economists interested in index

numbers and national income accounting.
Diewert and Morrison (1986)
Kohli (1983, 2004)



Simple model: Closed economy
0, =1
y, = T({,,m)

Normalize the price of the y good to be 1.

P =&



Real GDP:

expenditure side
Y =C =Y, —X
output side
Yo = (¥, + Pom, ) = (oM, + %) = ¥, =X,

where p, =4a,



Firms solve

max f (/,m)—am,

fm(€1mt) = &,

_1 <0
fom (£,M(a,))

m'(a) =

With fixed proportions, y, =min|Z,,m,/b],
m'(a,)=0



How does real GDP change?
Y(a,)-Y(@)=Y'(a)a,-a)

where
Y(a)=f(¢,m(a))-am(a)

Y'(a) = f,(£,m(a))m'(a,) —am'(a,)—m(a,) =—m(a,) < 0.

With fixed proportions, y, =min|[¢,,m, /b],

Y(a)="(-ahb/
Y'(a)=-bl=-m.

Real GDP and productivity decline.



Simple model: Open economy

m, Is an imported intermediate input
X, are exports of the y good

p, Is the terms of trade

we assume balanced trade,

pM, =X



Real GDP
Yo =C +X — PoM, =Y, — PM, = f(z’ mt)_ PoM,
An Increase In p, has the identical impact on consumption and

welfare as the decline in productivity in the closed economy.

But what happens to real GDP and productivity?
Y(pt) = f (21 m(pt)) — pom(pt)
Y’( pt) — fm (z’ m(pt))m’( pt) _ pom'( pt) — (pt o po)m,( pt)



With fixed proportions,
Y(p,) = (- pobz

Y’(pt) =0,

but
c(p,)=@1- ptb)z

This is the case where consumption, and therefore welfare, falls the

most in response to a deterioration in the terms of trade.



Extensions to the simple model

Variable labor supply
maxu(c,, /—¢,)
s.t.c =w/
where w, = f,(¢,,m,).
wu_(c,, /—¢)=u,(c,—¢,)
which implicitly defines the function /(w):
WU, (WL (W,), £ —£(W,)) =u, (WL (W,), £ —£(W,))

—0)+u_(c, =L )WL, —u_(c, (-1,
_gv)th —2u, (Ct’Z—Et)Wt +U,, (ct,Z—ft)'

, u.(c,, ¢
! (Wt):_u (ct Y
CcC t?



C. E. S. case

c’+yz’ =1-y)lp for p<1, p#0
0(6.2) = (¢ +7 y)l p for p<i, p
logc + ylog z for p=0

¢'(w) has same sign as p.



How do w and m vary with p?
f,(¢(w(p)),m(p)) =w(p)
£ (C(wW(p)),m(p))) = p

f,, (¢, m)"(w)w'(p)+ f,, (¢, m)m'(p) =w'(p)
frn (£, M) (W)W (P) + f . (£, m)m'(p) =1

W,( p) — ffm (6’ m)
Fon (0, ) = ( fo (£, m) £, (£,m) = £, (2,m) )£/ (W)
(p) = 1- f,,(¢,m)¢'(w)

fmm (f, m) _( 1:mm (f, m) fM (ﬁ, m) o ffm (f, m)Z)gr(W)



Consumer welfare:
c(p) = T (£(w(p)),m)— pm(p)

f—pu(c(pﬂ—f(w(pt») = 0,(c, 7~ £)m <0
Real GDP:

Y(pt) = f(é(w(pt)),m(pt))— pom(pt)
Y'(p) = f,(¢,, m)"(w )w'(p,) + (P, — Po)M'(P,)

Real GDP can either rise or fall with p,

If /'(w,) >0, which implies that w'(p,) <0, and if (p, — p,)m'(p,)

IS small, real GDP falls.



Productivity:

Y (p)/ L(w(p,))

d Y(p) _ fw)Y'(p)—Y(Rp) (W)W (R,)
dp, £(w(p,)) ((w,)’

d Y(pt) :(pt_pO)(gtm,(pt)_mt—lgr(wt)wr(pt)).
dp, £(w(p,)) 0

with fixed proportions case,

Y(pt) = (1_ pob)f(w( pt))



Tariffs

max f(¢,m)—(1+z,)p,m,
Real GDP:
Y'(p) = (A+7) P — po) pm'(py)
Y'(z,) = (A+7)p, - po)am'(z,)

~01f 1+7,)p,—p, =0 orif f isclose to fixed proportions.
Welfare:

c'(p,) =(A+7)p, — Py) P;M'(P,) —M(p,)
c'(z;) = (A+7)p, — Py) PM'(z,)



Chain weighted real GDP

U.S. Bureau of Economic Analysis — National Income and
Product Accounts (NIPA): Fisher chain weights

(also Statistics Canada)

Yt(pt) _ f(€1m(pt)F2_ ptm(pt)

t

1

: :( F(,m(p,y) - pmm(pm)ﬂ f(7,m(p)- pmm(pt)jz -
t+1 f(g,m(ptﬂ))_ ptm(pt+1) f(f,m(pt))_ ptm(pt) t

Y(p )ZE f(Z,_m(le))_ pmm(pm)]z( f(Z,_m(thrl))_ ptm(pt+1) jZY(p )
AU Emp) - pam(p) ) L fEm(p)-pm(p) )



U.N. Statistics Division — System of National Accounts (SNA):
Laspeyres chain weights (although Fisher and Paasche are

allowed)

Y.(p,) = f(&m(pt)g— pm(p,)

_ f (z_’m( pt+1)) B pt+1m( pt+1)
i f (61 m( pt+1)) o ptm( pt+l)

f(¢,m(p.,)) - Pm(Pua) y (p,)

Y = —
(pt+1) f(£1m(pt))_ ptm(pt)

With any method of chaining, effect involving p, — p, disappears.



Elasticity of substitution

1

f(0,m)=((1-B8)+pm¢ )

For each value of p, choose £ so that

il _-0.08

(1-B) et +pmy )
(U.S. data, 1998-2005).




Real GDP and the elasticity of substitution
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Consumption and the elasticity of substitution
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Alternative income measures

U.S. NIPA: command-basis GDP
U.N. SNA: Gross Domestic Income
C L G X, M,

GDP =—"+—+t+—+
" R R R° R* R"

Ct_|_ It _|_Gt_|_Xt_Mt
PtC F)tl F)tG Pl\/l '

t

GDI, =

or deflate X, —M, by P" or deflate X, —M, by P*, or...
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Switzerland
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Hodrick-Prescott filtered data

deviations from trend

United States
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Hodrick-Prescott filtered data
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Conclusion

Terms of trade shocks are worse than you thought!



