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¥odels of International Trade mud the Effects of Depresistion
by

Arnold C, Harbergerl

1. With the work of applying Keynesian technique %o problens of
international trade by r ow well advancsdz, it seems appropriate to investi-
gate one of its major limitations: nemely, itsneplect of price relstions,
Such an investipgation cun also be conzldered as en attempt to gensralize
the classicel smupply-snd~demend analysis to teke account of income relations.

A recont paper by J. ']l‘i.n'bergqm5

has broken the ground for a development of
this type by suggesting models of intermational trade in which both prices
and incomes appeﬁr as expliclt warisbles. Tinberpen, however, does not
consider the implications which accoptence of this type of medel would have
in regard to current notions of the effocts of chosen disturbances cn vari-
ablss considered to be importent.

The purpose of‘/;r}::ent paper is to show how existing ideas as to the
effocts cf depreclation on the balance of trade and on income and employment

must be revised if models of this generalized type ere considered preferable

l, I wish to express my indebtedness to L. A, Metzler end K. J. Arrow for
helpful comments and suggestions,

2. The literature in this area is abundunt. Only some of the outstanding
early work is cited here: J., J. Polak, "The Intemational Propagation of
Business Cyoles", Review of Economic Studies, Vol. VI, (193¢), pp. 79-98.

L. A. Metzler, "Underemployment Equilibruim in International Trade," Econo-
metrics, X (1942), pp. 97=-112. "The Transfer Problem Reconsidered," Journal
of Politiocal Economy, L (1942), pp. 397-414. F. Machlup, Internstional Trade
and the National lncome Multiplier, (Philadelphia, 1944).

3« dJd. Tinbergen, "Models of International Trade," Giornale degli Economisti,
VII (1948) pp. 627 £f. -
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to these ourrently in use. This applicetion is particulerly relevant because
the traditionel discussion of the effectz of deprecistion on the balsnce of
trade is framed in terms of a Mclassical® demandmend-supbly model {in which
incomes are assumed constent), while the Hoynesian diseussion of the effects
of depreciation on employment essumes tha;t the clessical conditions for im~
provement in the trede helence are directly spplicable to a model in which
incomes are variable and pz‘icés sre nssumed constent. It will be shown be-
low that the trensition between the classical and Xeynesian cases is not
without pitfalls. Specifically, it will be shown thet, within the fremework
of the model here suggested, the. traditionsl conditions for improvgment in
the valmce of trade are nobt epplicable whon inecome is veriable, Exnd_f‘ug'ther N
that the eonditione for inereesed employment rthroug;h deprecistion ere not the
gams 6z tho ccnditions for improvemsnt in the balance of trade,.

2+ Thoe modes whichlprwidas the basis for the current theory of theo
sffects of doprecintion oconsists simply of supply of export and demend for
import equations in which the only vuriables are the quantities and absolute
prices of the poods involved, Thus, steting the pries of each good in 'phe
surrency of the country in which it is produced, and choosing units of gom=
modities and units of currency so that at the point whero depreciation %.s
cntemplated Py» Py and k¥ = 1 (where k is the exchange rate), we huve

s =T +S1P1 " &Rk

o~ Supply('f.v‘) =Demand(%1 8)
*2“51*@1%&=lz*U’2P2 :

Differentiating with respect to k,
dpl = @2 ; dxl = lfl Qz ;’ d(pl I) = xl 92 + U.I 02
dk \J1-6, dk  |J179 dke Vi-9
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The relation between slopes and elasticities, togsther with the fact that we
heve chosen cur units so as to make Pys Pp = 1, give us the following elasti~
cities of supply end demand.
Define rll“?}_ 1\2._9_?_ Uluyl &)zu]{_z-

*2 ! *1 X2
Sinece the belance of trade of country 1 can be. written (in terms of the cur-
rency of country 2) as B; = x; p; kex, pp, the chenge in the balance of trade

as a result of depreciation is

By Lz e x Y)a(1+u)l)+x 711 (1+w2)
dk 712 Tll

We shell assume throughout this paper thet trede was oripginelly balanced i.0.,

é
%y ™ X5, 80 that our expression bocomes

(1+w)

aB (1+ W
s { f)_“_ﬂ‘_ Zh =V,

Since we assume country 1 to depraciate, &nd since in our notation k is that

number by which tha price of & -good in country 1 must be multiplied to yield
its prics in country 2, improvement in the bzlance of trade for country 1l re-
quires that %‘1} be € 0. If elasticities of supply ere assumed to be 20,

end elasticities of demend £ 0, it can be shown thet, in the absoence of know-

ledge about the slusticlities of supply, we can be sure that improvement in the

4. This assumption can be avoided by inserting & term representing the ratio
of 1‘2 at the start., But if trade is not originally balenced, the conditions

for }mprovement in terms of home currency are not the same as those for improve-
ment in terms of foreign ocurrency. Cf. A. O.Hir schman, "Devaluation snd the
Trade Balence: A Note", Review of Economics and Stetistics, February, 1949,
Ppo‘ 50=53.
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balance of trade of country 1 will result only if ﬁhe sum of the elas-
ticitdes of demand is < - 1., °

This, the current theory concerning the effects of depreciation, has
been clearly elatorated by Joan Rebinson. Mrs. Robinson and others, how-
ever, 7o on to utilize the above results in considering whether depreciation
will help to relieve unemployment. They thereby make two assumptions:

2) that the condition for improvement in the balance of trade is not
changsd when income variables are introduced into the model, and

b) that the condition for improved employrment is the same as the

condition for improvement in the balance of trade .6

5. i.e., cur ¢ondition can be restated: [1 - -[—Z;(i-(-}-zféhl - %B-ll-:]‘;"‘b-)] c.
. (d + ot
P

T

Now if either f ’]y 71, the tern in which that /*\!, enters ¥ill be l' I<:1
Lthe condition will be fulfilled regardless of the‘walus of the other 'fj .

If botn [ , & 1, then each -4 -Ti—-‘l-;"-é > l r){s and our most stringent

condition becomes 1 -~ l ;\l - "‘l, 4‘70, which coincides with the condition
when both elasticities of supply are infinite.

6. Gf, Joan Robinson, Essays in the Theory of Employment, (Basil Blackwell:
Cxford, 1947) 2nd Edition, p. 130:"A posiiive balance ol trade is equivalent to
investment, from thé point of view of the home country, and it has the same
influence as investment upon the level of effective demand in the home country."
Cf. also 4,J, Brown, "Trade Balances and Exchange Stability," Oxford Economic
l_’_a_?ers » Ho. o (April, 1942), p. 7h: "If the trade balance, acting through the
milidplier, affects the levels of activity in the two countries s the critical
values of the elasticities necessary to make equilibrium stable are not
affected, but the trade balance is made less sensitive %o chanses in the

rate of exchange than vwhen levels of activity are fixed.® Brown's mathema-
tical proof of the above statement (loc. cit., pp. 64-5) is based on
assumption b) and on this assumption 15 not faulty, but we shall show below
that this assumption does not follow from the relationships generally postue-
lated in analysis of this type. :
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3. The plan of this paper is to investigate the copditions for improve-
ment in the belance of trade and for increase in home output, as e result of
 depreciation, in terms of models which include both prices end incomes &s
variables., It is assumed in the construction of these models that each country
produces only one good, and that its choice as tp how mch of that good it will
consume and how much it will trade depends upon its current production of that
good and upon the resl terms of trade (1.0., demendsfor home goods and for im-
ports are functions of real income [production] and ifelative prices in terms of
home ourrancy. ) Equil_ibﬂum canditions are provided by the reguirement that
totel production of each good equal 1ts total eonsumption._ Four varients of
the model will be cmsidered:

1) The Keynesian cese, characterized by infinitely elastic supply
curves of products.

2) The classisul case, characterized by Say's law and ccmpletely
inelastic supply -urves of products. :

3) The quasi-clessicel >r modern case, charscteriged .'by the main-
tenence in each couritry of I‘uli employment snd a stable price level.

4) The general case, in which prices in eech eouhtry are functions
of production, and from which the previous three cases can be dsrived under
special assumptions. |
In the discussion of all"of these cases, units of goods and currency &re
8o nhosen that at the point of depreciation Dy Py andk =1,

4. The following model describes the Keynesian g¢ese:

Equilibrium Conditions (1) 31 - e + xI 3 Yy T Oy Xy

Dmndfongooda (2) c = o +ﬁ yl-rd _l.- 3 c2-d2+ﬁzyz+. Jz

11" l:-wh'“» B
)L“' Nt of [
c,"‘ WMJ] ¢




mﬁa :

D I . o= = —-1—-..
emand for Importa  (3) x, %1 + 51 ¥+ 9 ok ,xl _5.2 + Ea Y, + 8, ¥

Supply of Products (&) P, =1 5 Py =1

It will be gaeen that, &8 before, prices are expressed in the eurrency of the
country in which the good in question is produced, and that k is that number
by which the price of & good in terms of currency 1 musﬁ be multiplied to yield
its price in terms of currency 2. Agsin By = x) P k « pp xp (in terms of

foreign currency), and

4aB _ d«Yg
1 . —_— - d
= x1+92+91+'£2 & Edil

dyy ., dy,y dy. d a
Bl hrar = /5 = N-afM

Now we can cefine /""1 - }«1 + 035 Fp = fav s / here being the price slope
of the total demand function for the goods of the coﬁntry in question (the ag-

gregate of the domestic and foreign demand functions).

dy ~ D e dy. d -
Thus 1 (1= f,) af + &, %2 N7
F _ /gl ,01 2 i .and.aﬁ.?'. (l-ﬂz) -.-/024-61 dy,

Solving, we £ind that

~€2 /> (1-,£1)+52 £141°" ifl (1- £,) *5251/24“7
1 € - ]

' s Wy = 51 dy, = (1- 1) (1~
If we divgide both the munerator and denominetor by (i- ,&1) (= B,), and cetine
7, = 1""" 3 /A

the € dy, - £ dy, =- ?(771 77y /03(77 -7 4/17
2 T T

I " pl : ' | .
f now we define 6-; -F;r ’ Jg- - ’; : (( representing the elastic;zz of total
demend for the product of the country in question), and if we let r - -3—1— : rz - 2 R
1 . Xp

end if trade is originally balanced, then the change in the balence of trade of

country 1 as a result of depreciation cen be writtem:



i 7 i

U PR VS N AR AL m@}]

dBl ,
For improvement in the balance of trade to result, i must be < 0, The above

equation shows that the traditional condition for improvement (that (1 +‘r,-1 + 722)
be €0, is not the eppropriate ons in this case. I.t: can further be shown that
the presumptive sigr; of the additional term is positive, so thet the criticsl
value of the sum of the elesticities (absoluts walues) is so_mething greater then 1,
and quite possibly significantly greatex'.? |

S. The "claugsical assumption of no "money illusion” on the part of buyers
end sellers of lubor leads us to a completely inelastlic supply curve of the national
product. Thus we replace equations (4) in the above system by equations (4a):

CORPATE (R AL R 8

Since now, however, Py Pg» and k enter only as a retio, our system 18 over-
determined, with 8 equations and 7 unknowns. But if we add the additional
"classiosl” reguirement that sll income be spent, we cen eliminete one of the
two demand equetions for éach country by subtrecting 'Ehe remaining @emand equation
from total income, reducing the number of ecustions to 8. The seventh equatioh is
provided by the reﬁuiremt of‘ balance of payments eguilibrium, which also followse

L) [ ] a . = X
from the assumption of Say's lew. Thus 501 Py 2oy P # xl plg ‘7l’1 p:l 2o p ot P2,

1 k

so that

ba = p.
(_) = P xz__gk__

7. 1t is essumed that both oountries are "stable in isoletion", i.e., that they
have positive propensities to save, sothat [y (= £1 ) and ‘Trz (=€2 ) e 1.

: . 1-3 . -
This meang that ("n’l -’ﬂl sz). ('Trz - 771 772) andl(l -711’”2)9.1'0 &n > 0.
Since r, and r, 8re necesserily > 0, the sign of the bracketed expression is the
seme as the sign of f ) and (  (elesticities of totsl demand), which are assumed
to be £ 0. (A guelificetion to this essumplion appears in the /ppendix). Since the
bracketed expression appears with & negative sign, its total contribution to

%1_13 >0.
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It cen easily be seen that if this system has & unique solution, it will be
independent of k, since sny change in k will be accompanied by a countervalling
change in the rutio % o ' Stated alternatively, since equstion (5a) requires
that both the equilibrium existing before and the equilibrium existing after
:B:hange ;n k have as a property that B1 =x, p k=% pzl,c_ 0, it follows that
T - Oe

The results of using a classical mioroeconomic model on the one hend end

using a classical mecroeconomic model on the other are thus incompatible.inin

thq macroeconamic csse just considered, not only is the criterion that 1 + Yh +7‘t 2( 0.
‘1nappli.cable for improvement in the balance of t;'ade'as a result of depreciation;

thers is in fact no way by which the balance of trade cemn be improved.

6. This concluslion 1§ not distressing, since it depends on the unrealistic
essumption of Say's law., Furthermore, the attempt on the part of modern govera-
ments to meintain full employment and & stable price level would appear to Justify
us in constructing what I have called the quasi-classical oase, in which’ the
classicel assumption of fixed netional production is maintained while the assump~
tion of Say's law is absndoned. Our model then becomes:

(1a) EI'LP]_'G-';I H 52‘4/2-62-:2

(2) °'1°9<1*/21 PR SR 'dz“/éz ¢z :’_ir

P2

Cm P2 - ' Pk
(3) x, 61+£1y1+01.ﬁﬁ.;x1 gzi-ézyz-rﬁz.;:_

(4 p. =1 ;3 Py =1

1
(40) ¥, '¢1 s Y27 4/2

8. This is the conclusion reached by Tinbergen, los. cit.
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This can be visualized by conceiving of vach government declaring a
commodlty standerd in the good produced in its country. This would entoe
matically insure constancy of the full employment incc;me and of the price
level. Any deficiency in quantity demended et p = 1 would be filled by the
government edding to stocks; any deficlency in quantity sipplied (i.e., any
excess of quantity demended over full employment output &t p = 1) would be
filled by the government out of its {presumably unlimited) stocks.

In this case the criter’on for improvement in the balence of trade as
8 result of depreciation is the same as that which results from the use of
the treditional supply-nnd-demhnd model. This can be easily shown, since

equations (3) are independent of equetions {(la) end (2), so that

dx) dx ' d8,
I =62 2 =-0,andif x =x, at the start, 3p— = x,(1 ﬂ] 1 * Nl

dk
Thus if governments accept the Keynesian challenge and succeed in meintaining

full employment by internal measures, heeding the Keyneaian werning egainat
"peggar-my-neighbor™ trade policies, their actions vﬂ.a—i—?ﬁ ﬁalance of trade
problems cen agein be governed by the traditional ("elassieal") statement of
the critical value for the elasticities of demend for imports.

7. Ve cannow proceed to generalize the models we have been considering.
Our general zhodel consi sts of eqnations (1), (2), and (3), with equations (4)
or (4a) replaced by

@) p Uy Xy BT A,

k .
If we set f.l.... =) (Intema’s "net monetary factor™) end agein choose units so
Pz . :

80 that at the start p;s Pys k = 1, we can congider equastions (1), (2), end (3)

alone, Differentiating now with respect to k7, we find 3-31 to be the same
aw




: . dBy
expression as we obtained for “3y in the Keynesien case above. Thus for our

genersl case

dBy [1 {’161(771'7{17{2)*?36‘2(ﬂz-ﬂlﬁz’j
-n 1+ e S T

Thus so long as g% % 0s the conditions for improvement in the balance of trade
d

are exactly the seme es those we obtained for the Keynesian case. Variations in

% (g: > 0) will effact the magnituce but not the sign of the chenge in the

trade balance. -

The guestion arises, however, as to whether the sign of dw must be positive,
dk
A priori, we would expect & fall in k to leed to a rise in P, end a fall in Pps

but we would also expect that the effect on —_ P1 would not be so great as to make

P2
P,
I’L move in the opposite direction from k. The exact conditions for this to be
s - ;
true are formuleated below:

@ o1 491 -9P2 .34 3?1”)\233’3 aw

dK *® & 1 '
1

1+ A2d¥%2- A1 N
Sw %

Sign of -g% = gign of'1+>. 332' Xlayl

)
- sign of P‘t' 5 * TP g (1-Thp)

1'77'17]'2 i

From this we can see that if either 7(1 = RZ ﬁl -Pz. dk must be > 0.

=g, 14,
But beyond this no definite statementa oen be made, oxoept that it is impossitle

for (Lo =Ty /01) end (/0 77J /02) both to be ) 0, under our essumptions
that _/0< 0, 0« ’Tf< 1. If now one of these terms is >0, we can conceive of

e cage in which its 12‘2 coefficlent is large (say infinite) and in which the
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other ...}... coefficient is amall (say o), so that we can definitely state that
it is not impossible for -g— to be_) o under “rea.sonabla;"asslmptions; ifr
thie were the cass, the olasﬁioity conditione stated a‘bov_c would have to be
reversed, so that a small (absolute) sva of elastiai.t.ies would lead to im~
provement, and & lafgo sum to deterioration of the balance of trade. It is
probebly unlikely that such cases are frequemt in prectice, however.

It should be apparent that the models consldered earl.ier are special
cases of the present one, the Keyneslan cese aria' g when Xl = O,

the classinal case erising when 3¥
ao that T = 1,/c-md the quasi-clagsical case arising when -- = 1 and

1
and #2 are (effectively) = o,

8. To consider the effect of depreciation on qnploymmt, we need only
look at the Keynesien and general" casas, since in the other two cases employ-
ment (production) is determined, In both of these cases, (so long as in the
second case %% Y o), the sign of the change in employment is determined by the

sign of

"Tﬂ'l (/01 7(/02)

If this expression 18 { 0, employment will mcrease as & result of depreciation,
end conversely.

| It is to be noted thet this condition is not identical with the condition

for improvement in the .buloz;ce of trade. It is quite concelvable thet depreclation
oould lead to an inerease in employment and to & deterloration of the balance of
trade. Such a case would occur, for example, 1f the elastioitiea of demand for
home goods and for i.mport_a were identical as betwean_ the two cmntrigs. and if

the elssticlties of demend for imports were mafficientiy small. The converse,

an improvement in the balance of trade, together with a desrease in employment,
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is also péssible , 88 is shown by the case where the price slope of the totel
demend function for foreipgn goods ls sufficiently pgreater then the price slope
of the total demand function for home goods, thile the sum of the two elasti-
cities of demand for imports is large. The traditionel asaumptioh. of identity

between these two conditiong thus appeares to have been unwarrsnted.
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APPENDIX

It has been assumed throughout this argument that the signs of all demand
elasticities are negative. However, the theory of consumer choice indlicetes

that they need not be,. 'Ifh;ls can be illustrated on the following indifference

. dimgram.
good 2
Preferences of

P,k / People in

Pz Country 1

Pk / N |

L. low ~N T -~

Pz

y good 1
Since d’ 1 end 91 ere defined ems measuring by how much consumption of home
goods end imports, respectively, will chenge if Pl chenges , with national pro-
pz .

duction constent, we are justified in making _thé two prioe lines comverge at y;.

Now it can éasily be seen thet, though the substitution effect will a]:ways lead
toward bfl' 8, < o (point (@), the income effect will do the sgme only in the
case where the home produced good is inferior (point (&) @ ). In the "normal"
oase in which neither good is inferior, the income d‘feo‘b will lead toward
8, <o and))‘) o (point de

1f we assume neither good inferior, our presumptive oomclusims remain
irtact if a) the lubltih:tion effeoct ot_x‘bwéighs the income effect on a’ 1 °F b)

if, even falling a), fr though positive is not grester in absolute value than 0.
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Condition t) is explained by the fact that in the conditions derived above

§"» eaters only as an element :ln/lﬁﬂ J’l + 0,). ‘i'he sign of J, is thus
by itself of little importsnoss

It 1s nevertholees conceivable that condition b) might mot hold. If

this were the cass, the oritical value of the sum' of the elasticities of
demand would be lowered. The effects on _@3% are dual: pl > o would make
sn increase in income more difficult, whileaf?z >0 _wulﬁruke it easier to
achieve by depreciation. The effects on % are more ocomplex: Each/ enters
fw:_loo (with opposite signs) in the expression for %. maltiplied in each més
by different coeffiolemts. It osn be seid, however, that if both /1 and g,
are » o it will genmily'be more likely that %E- will beg O than if/’l and

/92 had their presumptive signs.




