A Disaggregated Model of World
Production and Trade: An Estimate of the
Impact of the Tokyo Round
Alan V. ;Deardorﬁ‘ and Robert I;I' Ste:;;m o
University of Michigan

We present in this paper a computational model of worl: producticn, trade, and
employment tha is disagg.egated by country and sector and repor: on ti.e application of the
model to the chaages in tariffs anc. quantifiable nontariff tarriers regtiated in the Tokyo
Round that was concluded in 1979 The model incorporates sup; ly ard demand funations
and n.arket-clearing conditions for 22 tradable industries, ~lus marke:s for 7 nontradabl:
industries, in each of the 18 major industriglized courties and 16 major developing
countries. The equations of the model are presented in the ‘ext anc the explicit functionsd
forms in an appendix. The implementation of the model is ¢ iscussed briefly.

Application of the model to the Tokyo Round suggeite i that there will be smali but
beneficial effects on trade, domes .ic prices, and economic ¥ 'fare in practically all the major
industrialized countries and in some of the major developing countries. Becausa mary of the
NTB codes negotiated in the Tokyo Round were stated ‘n advisory terms, their impact
cannot be evaluated unambiguously at preseat. Fuither, inazy existing NTBs of importance
were exempted altogether from the ncgotiations. The Tokyd Round must be viewed
accordingly as having dealt with a somewhet limited par: of all inic rferences with trade.

In this paper, we describe a disaggregated model < { world production
and trade and report on its application to the changes in tariffs and
non:ariff barriers that wer2 negotiated in the Tokyo Kound of multilateral
trade negotiations concluded in 1979. Although our model was originally
designed to study the effects of multilateral tariff reductions,' it also
includes several additional exogenous variablu.s which allow us to study
oher problems.? The current version of the mocel includes, besides tariffs,
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aof Michigan, Ann A:bor. MI 4816 5.

! See DeardorfT and Stein (1579), where an I8-country versior of the model was used to
study the tariff and nontariff barrier reductions negotiated in the Fokyo Round. As will be
made clear below, the microeconomic focus o our model di-tinguisnes it from the macro-
oriented world linkage systems typified by the LINK, DES*0S 4.0 METEOR models.
These latter modeis are also highly aggregated in terins of their sectoral coverage within
countries.

“ee Deardorfi et al. (1979), where the effects of exchang: rate  hangss are presenied and
Dieardorff and Stern (1980«, b) for analyses of the cilects of  hange s in tade on eraployment
and changes in the structure ¢! protection under fixed ana flexible exchange rates in the
major industrialized countries.
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taxes on exports and home preduction, quantitative restrictions on trade,
a variable to represent government pr'ocurement rzgulations, and a facility
for making the volume of trade exogenous. The model can be solved under
a variety of assumptions about exchange regimes, including, in addition to
fixed and flexible exchange rates, the possibility of pegging to a basket of
currencies and the use of import licensing. And finally, we include a
cha. acterization of labor markets in which wages can be either exogen-
ous or endogenous at the country or industry level.

EQUATIONS OF THE MODEL

The complete model, though without functional forms, is presented as
equations 1-17 in Table 1. IFunctional forms appear in the Appendix and
will be explained below. ;

The model includes m couatries, i = 1,..., m, producing anc trading n
goeds, j = 1,..., n, and producing an additional (»' — ») nontradabie
goods, j =n + 1,..., n’. A distinguishing characteristic of our model,
however, is that both producers and coasumers distinguish, within
tradzble industries, between home goods, which are produced and used
domestically, and those that are either exported or imported.

Thus, within ezch country and tradable industry, producers are sepa-
rated into a home sector and an expert sector. Each has its own supply
function, reflecting certain fixed factors of production that cannot easily be
transferred between the sectors. This nontransferability may rasuvit from
locational requireinents or from the need to tailor products t¢ natioral
markets, though these features are not explicit in our model.

Demanders, too, differentiate between home-produced and imported
products of a given tradable industry. Consumers, as well as producers
who demand intermediate inputs, are assumed to regard home-produced
and imported goods as imperfcct substitutes, but imports from various
foreign countries as perfect substit:tes.’ Thus, demands for imports and
home-produced gcods are separate, but depend on the prices of both.

Three separate prices obtain in each country, i, for each tradable
industry,j=1,...,n. First,a home price, ps' is paid b users and received
by producers in the home sector.? It is determined by the equality of houne-
sector supply and demand in equation 8. The second and third prices are
those received for exports, px md those paid for imports, . All countries
face a common world price, p!, in each tradable industry, and it is

Ideally, we would like imports from differsrt countries to be imperfect substitutes as well.
However, data limitations and che difticulty of solving a more general modal prevented this.

4 . . . .
Actually, if the tax on home production (1 -- tz‘) is not zero, producers receive only z’_,:u{;
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Table 1: Equations of the Mocel

Country System Equations

Supply functions of products for ex,ort
Sy =s§eloll..... o5 P ol wy KD,
i=1,...,m, g=1,.
Supply functions of produ:ts for home use
st = sfiellpl p}. .. Pl PM. - PI Wy D,
i=1,..., ~ j=1....,#r.
Demand functions for importec goods*
Dif= D{fpl pfl. E;. IPHISH. ..., Ipf 1SE .,
XISK..... pEISE G, i=1....m j=1,..n
Demand functions for home-p. ~duced goods®
Tradables:
i = Dl plf. Ei. 1HISH. ... 125 15E -,
A1SA,. ... ipK1SX. 6. i=1,...,m, j=1,...,n.
Noniradables:
Dff = pfiell, Ei. pH1SH..... hASE . IPRISA.... 1od1SE),
M=1,....m, J=n+1,.. . »n
Expore prices
p,)=m‘:,?q'R,-pJW,. i=1,....m, j=1,...,n.
Import prices
pg"—t”eqRipJW, i=1, ...,m, j=,...,n.
Consumer Pxpena’iturﬂ and tarif” revenue
=E? + '7' {tMea - 1Rl DY + ,-..](l — )RS E

n"

+ -‘“""1“ — e d =1 m
/= .
Market equilibrium for home goods
S=pH i=1,....m j=1,....n.

Tarif Equivalents
To reflact quantitative restrictions:

I

My — Meg, M nM =t ;
i =0 ,J,D,,,Q,ﬁ i=i,....m, j=1,...,n.

(N

(2)

(4a)

(4b)

(5)

6)

(M

(8)

(9a)
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Table 1: Cont.

To reflect import licensing:

n
ot .
D= Li,-(k%.lpz”s{i +BKO)  i=1,....m, j=1,...,n. (9b)
To determine exogenous imports:
DY=pMO i=1,....m j=1,...,n. (9¢)
Export tax equivalents
To reflect quantitative restrictions:
e =dpef sf o, i=nom =1 (10a)
To determine exogenous exports:
SE=8X°,  i=1,....m, j=1,...,n. (10b)

Demand for laber by industry®
Tradables:

D = Dli(Iwy), 1pY), f. 8T, s, k§, k) (11a)
i=1,....,m, j=1,...,n.

Nontradables:

D = Dfi(iwy), 1P, s, xth (11b)
i=1l,....m j=n+1,...,n.

Labor markets
Exogeuous wages:

wu-=w,o, i=l,...,m, j=l,...,n'. (lz;)
Country-wide labor rmarket:

w

J§l05;=s;'-0, wp=wg o Lem, jrk=lon (12b)
Industry labor markeu:

Dhk=Sk0,  i=1,....m, j=1,...,n". (12¢)
Net exports

N=S¥-DM i=1..m j=1...n (13)

World System: Equations
Markect equilibrium for traded goods

n

NS+ NPV =0, j=1,..n (14)

!
i=}
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Table 1: Cont.

Trade balances

]
Bfﬂjg.p}"lv@ i=1,...,m (15)
Rest-of-world net supply
N "MW(P‘VHNJ& Rivooon Ri)y =L . (16)

Exchange rates
Fixed rates:

R;-jl;likﬂk?, P, m o 7a)
Flexible rates:
BT +Bf%=0, R,=R% i=....m=~1 (1Y)
Notation
Endagenous Variables:
S¥, Sl = Supply of good j by country i. export and home sectors, respeciively.
DY, DYf = Demand for good j in country i, imported and home-produced, respectivey.
23, p}f = Domestic price of good,j in country i, exported and imported, respectively.
pﬂﬂ Home-sector pric2 of good j in country .
p}l¥ = World price of good .
E; = Consumer expenditure ir country 1.
BT = Balance of trade of country i.
R; = Exchange rate of country / (domestic currency per unit of world currercy).
DY = Demand for labor by industry j in country /.
wy = Wage of labor in industry J in country i.
t%£9, Meq = Export tax and tari - equivalents in industry j ir country i, respectively.
N{ =+ Net expons of industry j in country i.
Nj*¥ = Rest-of-word net supply in industry j.
Exogenous Variables:
K'«,}f R K{f = Capitai stock of industry in country i, export and home gectors, respectively.
w® = Money wage in country i, if exagenous,
tﬁ‘ = | plus the ad valorem tariff on :mposts of gond # into country 4.

95. t{}' = | minus the ad valorem tax on ¢xports aad Lome production, respectively,
in industry j of country /.



132 Alan V. Deardorff and Robert M. Stern

Table 1: Cont.

G;; = Shift parameter representing government procurenent in illdustry j in
country i.

E,O = Exogerous component cf expenditure in country ..
R? = Exogenous exchange rate.
Bf( C = Exogenous capital inflow in country /.

QX, 0} = shift parameter for quantitative restrictions on exporis and imports,
rrspectively, in industry j in country i.
DMO_ SXO = Imports and exports, respectively, of industry j in country , if exogenous.
S,Lo . S,lyo = Country i and industry j supplies of labor.

Qf} = Weight used in pegging currency of country i to ikat of country .

?Square brackets indicate variables which appear only with Cobb-1Jouglas specification of
technology.

determined ir 2 world market to be described below. Export and import
prices are obtained from this in equations 5 and 6 by using exchange rates,
R;, and export tax and tariff-equivalent variables to be explaired below.

Equations 1-4, then, present supply and demand functions in terms of
these prices, plus wages, expenditure levels, and various exogenous shift
parameters. Supplies depend on ail home and import prices, and demands
depend on all supplies, both to reflect the use of int¢ rmediate inputs to
production.

All tax and tariff revenue is assuraed to be redistributed to consumers
anc spent. Thus, expenditure is given in equation 7 as this revenue plus an
exogenous cornponent. With this formulation we avoid a more detailed
charszcterization of macroeconomic i<sues by making effective expendi-
ture exogenous.

The remaining equations for each country, 9-13, determine tariff and
2xport-tax equivalents, iabor demands and wages, and net exports. The
nirst of these include several cases that will be explained beicw. There are
also three different assumptions made about labor markets, but these
should be self-explanatory from the table. Net exports ‘n each industry are
just the difference between export supplies and import demands, and it is
thase that feed into the worid-system equations, 14-17, whzae world
prices and exchange rates, if flexible, are determined.

Focusing on the work}system equaticns, note first *hat equilibrium in
world markets for traded goods is required in equation 14, where the sum
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of these ne: exports plus net supply fror the rest of the world is set equal
to zero. This determines world prices, p!¥. Next, the values of net exports
are added cover industries to form each country’s balaace of trade in
equation 15. Rest-of-world net supply in each industry is determined in
equation 16. as a simple and rather ad hoc function of world prices and
exchange rates.

Finally, the exchange rates are determined in ecuations 17, with
separate cases for fixed and flexible exchange-rate regimes. For any
country with a pegged exchange rate, equation 17a sets it equai to an
index of other-country rates. Depending on the weights in this index, tiie
peg may either be to a basket of currencies or to a particular currency. For
any country with a flexible exchange rate, on the other hang, 17b
determines it by the requirement that its balance of trade pilus an
exogenous capital inflow be equal to zero.

Only m — 1 markets need to be cleared explicitly, due to Walras’ Law.’
However, to determine absolute prices and exchange rat*  ‘ve .nust then
specify a numeraire. This is Jone in the Iast of equations (. /), where we
fix the exchange rate of country m.

Since exogenous capital flows are specified in units of :he numeraire,
the selection of m is not trivial. In applying the model, we have chosen the
United States dollar as the numeraire, which means that tize dollar values
of capital flows are assumed to be constant.

SUPPLY AND DEMAND FUNCTIONS

We derived explicit supply and demand functions from utility and
profit-maximization of consuraers and firms, assuming expliciz utility and
production functions. Details of these derivations are contained in a
working paper, which can be consulted (Deardorff et al. 1976). Here we
merely report the assumptions that were made and list the results in the
Appendix.

Sincz both producers and ..onsumers demand goods, and since each
tradable industry has both imported and homz-produced goods avaiiable,
we first characterized the choice beiween the two. This was done, for each
industry, with functions that aggregate the services of home and imported
goods. These then enter as arguments i both utility and preduction
functions. To permit choice of the degree of substitution between home

[3

3For consistency we speci{y the oia! value of resi-of-world net supplies 3:1'1 equal to the

sum of exogenous capital inflows. It then follows from equations 1417 thit B, + B~ = 0.

This means, as Walras’ Law woulil suggest, that equilibrium in all but the mth currency
market implies equilibrium in it as well.
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and imported goods, these aggregation functions were specified as
Constant Elasticity of Substitution (CES) functions. The substitution
elasticities for each industry were then inferred from published ecoaome-
tric estimates of import-demand elasticities.’

To obtain consumer demand functions, we used a Cobb-Douglas utility
function. Its arguments were nontradable consumption levels plus these
aggregates of hoine and imported tradable gnods. By maximizing this
utility function for a given level of expenditure, we cbtained consumer
demand functions for each industry.

It will be r:oied that the demands depend only on expenditure and on
home and import prices of the own industry. Prices from other industries
do not appear, since Cobb-Douglas utility forces c oss elasticities of
demand to be zero.

For firms, we assumed prodution functions whose arguments wer:
again these huine-import aggregates for each industry plus an aggregate
of primary factors as well. The aggregate function for primary factors
(labor and capital) was also specified as CES.' These sggregates werc
related by fixed coeificients in the primary version of the model, though we
have also used a Cobb—Douglas technology, which permits more substitu-
tion among the inputs. The model can acconimodate different input-
output data for each country. However, we have so far been unable to
gather and process that much data. Instead, we have used tables for only
the United States and Brazil for all of the industrialized and developing
countries, respectively, in the model.

By solving profit-maximization problems for firms, given their produc-
tion technologies and capital stocks, we: obtained supply functions for the
export and home sectors, demand functions for home and imported
intermediate inputs, and demand functions for labor. Unlike consumer
demand functions, the firm supply functions depend on prices in all
industries, since all may provide intermediate inputs. Also, while firm
demand functions do not directly involve cross-price effects, they do have
such effects indirectly, since thev depend on supplies, which in turn
depend on a! prices.

The main difference between the two specifications of technology is that

®These elasticities are surveyed in Stern et al. (1976). To infer elasticities of substitution
from thege estimates, we first used our model to derive impurt-demand elasticities in terms of
substitution elasticities and measurable parameters such as import shares. The result was
then solved for the substitution clesticities. Details are contained in DeardoriT et al. (1976).

"Elasticities of substitution between capital an1 labor were takea froin Zarembka ¢ad
Chernicoff (1971). Shares of value added aud intermediate inputs were obtained from the
1972 U.S. input-ouiput table and the 1970 Brazilian table.
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input-demand functicns for Cobb-Douglas technology depend directly on
output price and, for labor, on the wage. With fixed coefficients, cutput
alone determines the demand for all inputs except for the .livision between
home goods and imports. But with substitution allowe:d, the prices of
inputs relative t.. output matter for input demands. even oace the level of
output is known.

A further difference is also worth noting. Own-price elasticities of
supply and demand are all somewhat larger with Cobb~Douglas tech-
nology than with fixed coefficients, as one would expect with increased
substitution. |

The supply and demand functions of firms and consumers have been
aggregated Lo et the 2xplicit versions of equations 1--4 and 11 that appear
in the Appendix.

NONTARIFF BARRIERS

We modeled the presence of quantitative 'astrictions (QRs) on imports
by using tariff equivalents, 7}, that vary endogenously to dampen the
quantitative response of ! nports to changes in other variables. We also
includ= a similar facility for handling QRs on exports, through an export-
tax-equivalent variable, t;}"" , though we have not yet had much occasion to
use this.

The tariff equivalent is defined as a weighted average of the romina:
tariff variable, £}, and a second implicit tariff variable, £/ that would
reflect binding QRs for the entire industry. The weights are given by the
fraction of the industry in which QRs are binding. The implicit *ariff is
defined as one that would, in a typical import demand equation, keep the
quantity demanded equal to an exogenous value, @Y, set by a quota. The
result, as shown in the Appendix, is a simple expression relating the tariff
equivalent to the nominal ts riff and to the difference betweer ‘ne quota
and import demand.

A rise in the quantity of permitted imports lowers the tariff 2quivalent
and does in fact stimulate ir ‘ports. On the other hand, changes {such as a
fall in the world price) that ‘vould normally increas: d2n+and { »r imports
will cause the tariff equivalent to rise and so cause the change 11 quantity
to be smaller than it would otherwise be. Similar remarks agoly to the
export-tax equivalent, where it should be remembered the: ¢/ sactually
oi?e minus the export-tax equivalent, which therefore varies inve “sely with
6.

This formulation permuts us to anaiyze problems other than nontariff
barriers (NTBs) under the realistic and important assumption th:ac NTBs
are present and resirict the responsiveness cf trade. This is accomplished
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by merely making the fractions 9% and 62* nonzero in industries where
this is appropriate. In addition, by using the exogenous variables, Q!f and
QF, we have been able to analyze the effec: of changing a QR, so long as
we know the volume of trade that is being released from a binding
constraint. This is how we have treated the changes in agricultural quotas
in our analysis of the Tokyo Round.

IMPORT LICENSING

A new feature of the mocel that we felt necessary with the addition of
developing countries is the treatment of import licensing. Many of these
countries have pegged exchange rates, but they are often unable to finance
all of the imports that would be desired at that (or perhaps any) exchange
rate and so resort to more direct regulation of import behavior.

We have modeled this again through the tariff-equivalent variable, £},
For countries where licensing is in effect, we suppress equation 9a and
assume instead that £}# incorporates the shadow price of scarce foreign
exchange to a particular sector. The government is assumed to allocate the
foreign exchange that is earned from exports and capital inflows among
importers in proportion to some base level of imports that is establ:shec.
As a result, each sector’s imports depend on the total value of exports and
cagital inflow as shown in the licensing function L;; of equation 9b. What
this specification does is to assure approximate balance-of-payments
equilibrium even though the exchange rate is pegged.

Along with import licensing, we also m' Jeled a subsidy to exports 2qual
to the export sector’s payment of any taritf equivalent on imported inputs.
This was done to prevent import. licensing from adversely affecting exports
through its effect on input prizes. Essentially, we are saying that cxporters
are exempt from licensing when what they import will contribute to
production for export.

REST-OF-WORLD NET SUPPLY

With the addition of 16 developing countries to our muodel, th:
importance of the sector representing the rest of the world is correspond-
ingly reduced. In the past, we have experimenied with several ways o’
specifying rest-of-world behavior, but for present purposes we lave used’
only one.

We assume that rest-of-world exports in each industry respenc
positively to the world price with an elasticity, ¢/, that is vypical of the
included countries. Rest-of-world imports are assumed to be subject to
import licensing and so are fixed at a constant fraction of the value of rest-
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of-world exports. Exchange rates in the rest of the world are assumed to be
pegged to a basket of currencies of the included countries, with weights
that depend primarily on their importance in trade. As a result, rest-of-
world net exports in any particala- industry depend upon all world prices
and exchange rates.

IMPLEMENTATION OF THE MODEL

The model just decribed is designed to take :nto account as many as
possible of the interconnections among industries and courntries at the
microeconomic level. This enables us to examine a variety of economic
issues that other models cannot acdress, either because they are too highly
aggregated, or hecause they are specified only in partial equiiibrium terms.
By the same token, however. our model is far toc large to be able to say
anything concrete without further specification of its parameters. Thus, to
use the model, we must apply it {0 a realistic selection of countries and
industries using, as far as possible. actual data to generate the parameters.

In our original model, we focused on the wotld’s 18 major industrialized
countries and treated the rest of the world as a residual in order to close the
system.® We have since added 16 major developing countries so that the
model now covers 34 countries plus a residual rest of world. The countries
ccvered are listed below.

Majr industrialized countries

Australia Italy

Austria Japan
Eelgium-Luxembourg Netherlands
Canada New Zealand
Denmark Norway
Finland Svecden

France Swit:rerland
West Germany United Kingdom
Ireland iJnited States

SThc reason for this choice was the compilation of detailed inforvation on post-Kennedy
Round ad valorem tariffs at the line-item tevel for these countries in machine-readable torm
by the Genera!l Apreement on Tariffs and Trade (GATT, 1974:. Thesc tanifts were firs
available basec upon 1970 trade. They have since been updatec t - 1976, which was the
rafarence year ‘or the Tokyo Round.
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Major developing countries

Argentina Mexico
Brazil Portugal
Chiie Singapore
Colombia South Kcrea
Greece Spain

Hong Kong Taiwan
India Turkey
Israel Yugoslavia

Our industry classification is based upon the International Standard
Industrial Classification (ISIC), and is broken down into tradables and
nontradables as foliows:

ISIC Group

1
310
321
322
323
324
331
332
341
342
35A

Tradables
Description

Agriculture, hunting, forestry, & fishing

Food, beverages, and tobacco

Textiles

Wearing apparel, exc. footwear

Leather & leather & fur products

Footwear

Wood producis, exc. furniture

Fumiture & fixtures, exc. metal

Paper & paper products

Printing, publishing

Industrial chemicals {351); Other chemical products
(352) :

Petroleum refineries (353); Misc. prod. of petroleum
& coal (354)

Rubber products

Fotterv, china & earthenware (361); Other non-
metallic min. prod. (369)

Gilass & glass products

Iron & sieel basic industries

Mon-ferrous metal basic ind.

Metal products, exc. machinery, etc.

Machinery, exc. electrical

Electrical machinery, apparatus, etc.

Transport equipment

Plustic products, n.e.c. (356); Professiona! photogr.
goods. etc. (385); Otier manuf. industries (390)
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L4

Nontradables
ISIC Group Description

Mining and quarrying

Electricity, gas, znd water

Construction

Wholesale & retail trade, restaurants & hotels
Trarsport, storage, & communication
Finance, insurance, real estate, etc.
Community, social & pers.znal services

(Voo BEN B WU BN 8 ]

4

Given appropriate data for the above countries and industries,? solution
of the model shculd, in principle, be straightforward. By differentiating the
equations of the model, we obtained & system of linear equations r-lating
changes in all of the variables of the system. The coefficients in each of
these linear equations were evaluaied using the data and elasticity
information we had collected. All that remained was to solve the system.
Since the system was line: = it could in principle be solved by any of a
variety of means. '

I« fact, however, the size of the model made this difficult. With 34
countries and 29 industries, what we have represeated here as cingle
equations each become a large number of separate equations to be solvzd.
Depending on how many of these ziuations were first eliminated by
substitution, the numbsr of equations i the model could run to several
thousand. A system of this size sirzins the ;apacity of even high-speed
computers. And while the numbter of equations can te reduced substan-
tially by prior substitutions, tne substitutions themselves involve a
tremendous amount of computation. It was to avoid these difficulties that,
in earlier applicrtions of the model, we introduced a number of approxi-
mations to reduce the arount of simultaneity in the system.!°

We have since been able to obtain exact solutions. To do so, we first
devised several Fortran sthroutines that process large partitioned
matrices in which many of th: partitioned blocks contain only zeros, and
wkich avoids costly but meaningiess computations involving these zeros.
Second, we used & Fortran programming technique knowa as dynamic

® The requisite import anc export data used vere obtained from United Nations trade tapes
for 1976. Information on output and employment was obtained directly or otherwise
estimated from the Unied Naticns, Yearbook of Industrial Statistics, CECD publications
on national accounts ar d labor statjstics, anc national statistical sources.

‘UThese approximations consisted primarily of using exogenous taiff changes to
approximate the chang: in both expenditure ard the prices of intermediat: goods, and of
ignoring demands for interriediate goods in the demand functions, at certa.n stages of the
solution,
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dimensioning to avoid wasting computer-memory space on these empty
blocks, even as the contents of all blocks change during the course of the
solution. And finally, we applied these techniques first to each of the 74
couniriss separately, using only ejuations 1-13 to solve for their ret
exports in terms of world prices, exchange rates, and exogenous variables,
and then used equations 14-17 to complete the solution. The resulting
comiputer program is costly, but within reason.

APPLICATION OF THE MODEL TO THE TOKYO ROUND!!

The conclusion of the Tokyo Round of Multilateral Trade Negotiations
(MTN) marked the seventh round of multilateral reductions in trade
barriers that have been negot:ated under GATT auspices since the end of
World War II. Tariffs on industrial products a  : to be reduced cn average
by a quarter to & third of their post-Kennedy Roui.d (1972) levels, with the
reductions to be phased in, beginning in 1980, over a period of up to eight
years. In addition, and perhaps of even greater importance, a series of
codes were negotiated covering a variety of NTBs, including customs
valuation, government procurement, import-licensing procedures, sub-
sidies and countervailing duties, and product standards. A safeguards
code designed to deal with market disruption due to sudden upsurges in
imports was also discussed. But it was not agreed upon because the
advanced countries wanted authority to apply safegnards selzctively by
product and supplying country while the dzveloping countrics favored a
global policy. Furthier, many existing NTSs were cxempted altogether
from the negotiations. These involved especiaily agricultural products and
foodstuffs, textiles and wearing apparel, footwear, ircin and steel products,
consumer ¢lectronic products, and shipbuilding.

Since tariffs constitute an exogenous variable in our model, we can use
the model to analyze the effects of the reductions negotiated in the Tokyo
Round. For this purpose, we began by calculating the tariff changes at the
line-item le:vel based on the Brussels Tariff Nomenclature (BTN). Thess
changes were aggregated using own-country total imports as weights, for
each of the 22 tradzble irdustries in each couatry. The resulting changes
in tariffs were then entered into the model s exogenous changes. As
mentioned, several codes governing NTBs were negotiated in the Tokyo
Round. However, since the codes were stated in adviscery terms, they

"' The material in this section draws Leavily on Deardorff and Stern (19804). The effects
of assumed reductions in tariffs and NT8's in the Tokye Round have been treated by
Baldwin et ai. (1980), Brown and Whailey (1980), and Cline et al. (1978).
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cannot be quantified readily. It turned out that the only changes in NTBs
that we could analyze were those involving agricultural concessions
granted by other countries to the United States and vice versa and the
liberalization of nondefense government procurement that may occur. The
values of the bilateral agricultural concessions were treated as a relaxation
of import quotas in the agricultural sector in each of the countries. For
government procurément, we had information by country on the amount of
nondefense procurement that governr . .t< had tentatively agreed to open
to foreign suppliers for bidding pu - We assumed that the amount
that each country had earmarke’ we«.1d be spent in proportion to the
sector breakdown of governme . expenditure in each country. The
estirnated amounts of government imports by sector were then determinad
by applying the import propensities based upon expenditure data for the
private sector.

All the foregoing exogenous changes in tariffs and NTBs were entered
into the model, which was then sclved by computer. For this purpose, we
used the version of the mcael bused upon fixed-coefficieniz technology,
exogenous wages, and flexible exchange rates. Results were obtained for
percentage changes in the .ndogenous variables in the riodel. Absolute
changes in variables were then determined by multiplying: the percentage
changes times the initial 1976 levels taken as the refererce poins for all
calculations. In addition, we made two separate calculation:s of the change
in economic welfare by country using the results of the mcdel tc estimate
changes in consumer and producer surplus and tariff revenues. The first
measure (Method 1) used price changes directly from the model but is
correct only if supply and demand functions are staiionary. This is most
sppropriate for the reductions in tarifis and for changes in agricultural
quotas. The second measure (Methed 2) aliows for shifts in tnese
schedules by estimating price changes from quantity changes #1d. though
igss accurate, is riaore appropriate whes liberalizatior: extends to zovern-
ment procuremernt.

The overall results are summarized in Table 2 for the major indus-
rialized and develooing countries. The principal findings are as follows'?:

(1) Based upor: 1976 levels, exports will rise in total by over $13 biilion
for all the countries listed, which is about a 1.8% increase. All of this
increase is accounted ‘or by the inajor industrialized countries, since the

'2The results reported here indicate generally less expansion of trade, employment, and
welfare tkan we have reportad befire in, for example, Deardorff and Stern (1979). The
r2ason is that we have revised and improved our method of' calculating weights w0 be assigred
to tariff revenues as they affect expenditure and welfare It turns out that we w.re
underestimating the importance of lost tariff revenue in cur previous calculations.
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exports of the maujcr developing countries fall by a small $0.08 billion.
U.S. exports rise by $3.1 and imports by $2.5 billion.

(2) The results for employment are mixed. Total employment rises in
only 7 of 18 industrialized countries, including the United States, and in
just haif of the developing ccuntries. Employment falls in the rest,
accounting for an overall decline of about one hundred thousand workers
for all countries combined. These changes are uniformly small, however,
when compared to the sizes of the respective national labor forces. In no
country do the changes, positive or negative, amcuat to more than a few
tenths of one percent. In the United States, employment rises by eleven
thousarid workers, but this is only one hundredth of one percent.

(3) Econoinic welfare as measured by changes in consumer and
producer surplus and tarifl revenues will be increased in all the major
industriglized countries except Australia, the NMNetherlands, and New
Zealand. The total weifare gain for the industrialized countries is
estimated at between $1.1 and $4.3 billion per annum, which is les: than
one tenih of one percent of their combined gross domestic product. Most
of the daveloping countries will experience a decline in economic welfare.
The developing countries with an increase in economic welfare are
Argentina, Israel, and Mexico, and possibly several others.

(4) Exchange rates will change to a very small extent. The U.S. dollar
will dereciate very slightly (0.3%), as will such currencies as the Frenca
franc and British pound. The German mark and the yen will appreciate
very siightly. The exchange rates of most developing countries will remain
more or less constant because of controfs over foreign exchange licensing.

(5) Import and therefore consumer prices will fall to a limitzd extent in
all of the industrialized countries except New Zealand. For the United
States, the Cecline is less than 0.1%. For the developing countries, prices
will fall onily in Argentina, Colcinbia, Mexico, and Taiwan, but these
changes and the rises elsewhere are ¢ .tremely smail.

Ali of the above changes, smali as they are, assume that the changes in
tariffs and NTBs that were negotiated in the Tokyo Round are to be
implemented at once. In fact. they will be phased in over a period of up to
a decasle, so that the effects that will occur in ary one year will be even
smailer than noted.

The country results in Table 2 mask much ind 1stry detail. Indeed, one
of the most important features of our model is tliat we can calculate the
absoiute and relative employment effects across the 22 tradable and 7
noniradable sectors in each of the 34 countries ir: the model. These results
are too detailed for inclusion here, bui are available upon request. To give
some flavor of the employment effects by sector, we may notzs that in the
United States, for example, the larges! increases were recorded, in
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thousands of workers, for agriculture (53), chemicals (4), nonelectrical
machinery (5), and transport equipment {4). There were negative
employment effects in food and kindred products (—2), textiles and
wearing apparel (—5), nonmetallic mineral products (1), miscellaneous
manufactures (—4), and for ali the nontradable industries except mining
and quarrying.!* All of ihe foregoing changes tor the United States are
very smal! in absolute terms, it may be noted, and thus also in percentage
terms, except in agriculture, where the rise in employment is 1.6% over
the 1976 level.

The eifects on the individual sectors in the other countries can be
similarly discerned from the underly ing details. While space constraints
do not permit us to singie out particular resutts, it is noteworthy that most
of the negative employment changes in the developing countries were
concentrated in agriculture and textiles and wearing apparel. We have
already mentioned that the NTBs affccting these sectors were left intact in
the Tokyo Round. With tar*ffs being reduced in most other sectors, there
is a tendency for world prices (exclusive of tariffs) in these other sectors to
rise and for consumer prices (inclusive of tariffs) to fall. As a consequence,
the pattern of worid demand shifts somewhat away from the exempted
sectors and toward those in which tariffs are reduced. This fall in demand
occurs in what are often the most important export sectors in the
developing countries, and its adverse effects are augmented by the rise in
prices of other manufactures which niay serve as inputs to these sensitive
sectors. It is the specialization in these sectors by developing countries
that in largs part ac-ounts for the overall declines in employment and
welfare that the Tokyo Round causes in these countries. By the same
token, it should be mentioned that certair: of th~: developing ccuntries that
have been successfu! in expanding their exports of durable manufactures
enjoy the status of free riders in the Tokyo Round and wil} be encouraged
further along these lines.

We made reference to the : :iatively smail cmployment effects that are
likely to occur in individual sectors in the United States, except in the case
of agriculture. However, inspection of the detailed results for other
countiies suggests that there are nuraerous instances in which the per-
certage employment caanges in particular sectors may be substantialt/
greater than 1%. A possibic way to assess these changes, without getting
bogged down in detail, is to look separately at the gross employment

Vi There were numerous instances of negarive employment effects in the nontradable
sectos across countries. These negative effec:s reflect gene-ally the substitution towards
tradable goods and away from nontradables clue to the redu.tion in the prices of tradable
gocd that will result from tke Tokyo Round.
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Table 3: Summary of Employment Effects of the Tokyo Round
on the Major Industrialized anu Devzloping Countries

Net Change CGross Inerease Gross Decline
in Empleyment i Employment® i Employment?
000 of 090 of 000 of

Workers Pet. Workers Pet.  Workers Pt

Industrialized Countries

Australia -14 -0.02 33 .06 -4.7 -0.08
Austria 7.1 0.24 9.1 0.65 -120 -041
Canadsa -5.3 -0.06 255 0.27 -30.8 —0.32
European Community
Belgium-Luxembourg 8.0 0.21 34.6 0.89 -26.6 —0.69
Denm:ark ' 74 0.31 17.5 0.73 —-10.1  —0.42
France i3.4 0.06 64.4 0.31 -51.0 --024
Germany 16.8 0.07 107.0 Q.44 -90.2 ~0.37
Ireland -23 -0.23 4.1 0.41 -6.5 --0.63
I:aly -228 -N12 45.2 0.24 —68.1 --0.36
Netherlands -1.9 —0.04 24.7 0.54 —-26.6 -—0.59
United Kingdom =279 -—-0.11 50.9 0.21 -78.7 —0.32
Total EC -9.5 --0.01 348.3 035 -—3577 -0.36
Finland -39 -0.18 1.7 0.36 —-11.6 —0.54
Japan -27.3 -0.05 349 0.c7 —62.1 —0.12
New Zealand 39 0.31 10.1 0.&4 -6.3 —0.52
Norway -7.4 —0.41 5.8 0.32 -13.2 -0.74
Sweden -79 —-0.19 17.4 0.43 —=25.3 —0.62
Switzerland —-10.2 -0.3€¢ 20 0.32 =191 -0.68
United States 11.4 0.01 123.3 0.14 -—-110.7 —0.13
Total Industralized —=50.5 —0.02 604.2 022 —-6548 —0.24
Developing Countries
Argentina —4.3 —0.04 14 0.01 —-56 -0.05
Brazil 26 0.01 3.0 0.02 -55 --0.01
Chile =217 -0.78 a9 0.03 =226 -0.81
Colombia -0.8 —0.01 3.9 0.04 —-38 -0.05
Greece 0.9 0.02 4.0 0.10 -4 -0.08
Hong Kong 0.3 0.02 25 0.19 ~2.1 —0.16
india =23 —0.] 20.7 0.01 —-43.8 -0.02
Israel -0.2 -0.02 0.5 0.04 -0.7 -0.06
South Korea 5.2 9.04 103.0 0.08 -48 —0.04
Mexico -82 —-0.05 26.1 0.15 -343 -0.20
Portugal 1.2 0.04 4.1 0.13 ~-29 -0.09
Singzpore 0.3 0.03 1.1 0.12 -0.8 —0.09
Spain 2.4 0.02 7.1 0.06 —4.7 -0.04
Taivan -7.6 —C.13 5.3 0.09 -13.0 -0.23
Turkey 2.4 0.02 6.4 0.04 -38 -0.03
Yugosiavia —1.4 -0063 2.2 0.05 -37 —-0.08
Tota. LOCS —-523 -0.01 103.2 0.03 --1556 —004
All Countries -1029 -0.02 7075 0.1 --810.3 -0.13

“Refers to sum of changes :n the home and export sectors w.thin :ndustries.
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inicreases and decl:nes by country. This has been done in Table 3, in which
the third column reports the sum of all positive cectoral employment
changes and the fifth column reports the sum of all negative changes.
Thus, tke latter {igure represents the total number of workers in the
country who woulg have to change jobs as a result of the Tokyo Round.
These gross changes are of course considerably larger than the net
changes in the first column, but they still amount to only a fraction of a
percent of cmployment in each country. It should therefor.: be fairly easy
to accommodate these changes within the norinal process cf labor-market
wurnover. And on¢e again, if we consider that the Toikyo Round reductions
in tariffs and NTBs will be phased in over several years, it scems unlikely
that any serious distuptions in labor markets will occur.

The smallness of our results need not be surprising if we consider the
reasons for it. First of all, the tariff reductions which were negotiated in the
"Tokyo Round are themseves quite small. That is, average tariffs are to be
«ut from approximately £%6 $0 6%. Even if all tariff changes were reflected
fully in import-price changes, the latter would fall by only 2%. But even
this will not happer. since tariff cuts in rnany incustries 2n¢ countries
simuitaneously cause world prices to be bid up and cffsat raore than half of
the tariff changes. Even in countries with above average tariff cuts such as
the United States, exchange rates move to reduce differences frora the
world average. Finally, the price changes that do occur can have only
limited effects on cutput and employment since their roles as output prices
and input prices counteract. All things considered, then, it is to be
¢ xpected that the effects of the Tokyo Rouad on trade, employment, and
welfare should be ineasured in tenths, or even hundredths, of ¢ percent.

SENSITIVITY OF RESULTS TO CHANGES IN PARAMETERS

The question naturally arises as i0 how sensitive our results iay be to
certain key parameters. In order to test for sensitivity, we ran three
separate experiments. We first doubled all supply elasticities, then
doubled all elasticities of sut..titution between home and imported goods
(with the original supply elas._.cities unchanged), and finally doubled both
supply and substitution elesticities. The results of these experiments are
too detailed for presentation here, and we therefore describe them only
qualitatively.

Doubling the supply elasticities enlarges the overall net emnloyment
increases and declines in individual countries, but the effects are still
comparatively small. The effects cn welfare are not unusually sensitive to
the increased supply elasticities. Doubling the elasticities of substitution
between imported and horr:e goods has a negligible effect on the overall net
changes in employment. “’et there is a sizable increase in one of our two
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measures of economic welfare because the higher substitution elasticities
imply a shift of a more elastic schedule and thus a greater welfare effect.
Doubling both the supply and substitution elasticities has a minor effect on
the einployment results, but the welfare calculation just noted is larger.

It should be pointed out that the elasticities of supply and substitution
used in our model have been derived from empirical data and are thus
reasonabiy firmly grounded on realistic data. Our confidence in the model
is enhanced by the comparative stability of the empioyment results. By the
same token, our welfare calculations have more of an ad hoc quality to
them since they are not derived in a rigorous theoretical manner from the
model itself. It is neverthless noteworthy that our one welfare measure,
which assumes given demand and supply functicns and is most appro-
priate for changes in tariffs and quotas, yields fairly stable results. Our
second welfare measure, which assumes an implicit shift in demand, was
designed to deal with the effects of liberalizing government procurement.
It is apparently fairly seusitive to the elasticity parameters and should be
interpreted cautiously therefore.

IMPLICATIONS OF THE TOKYO ROUND

Our analysis of the reductions in tariffs and quantifiable NTBs nego-
tiated in the Tokyo Round suggests that there will be relatively small but
beneficial economic effects for practically all the major industrialized
countries and for some of the major developing countries. It is possible as
well that there may be significant benefits from tae particular NTB codes
that we could not include ir. our calculations. The principal significance of
these codes is that they signal the willingness and intent of participating
governments to reduce their interference with trade. The benefits must
ultimat:ly depend therefore on whether governments will in fact adhere to
the codes.

In order to put the Tokyo Round in perspective, we should recognize
what it failed to accomplish. We noted earlier that negotiations on a
safeguards code broke down on the issue of selective versus global
implementation. Also, and perhaps even more important, several key
sectors now subject to NTBs were exempted explicitly from the negotia-
tions. We have not been able to use our model to investigate the
significance of the NTBs exempted in the Tokyo Round because of data
limitations. However, using a moiel somewhat similar to ours, Brown and
Whalley (1980) have calculated that removing existing NTBs altogether
would increase world welfare by about $16 billion (in 1973 prices), which
is far in excess of their estimated $1.5 billion gain per annum resulting
from the Tokyo Round conczssions. The Tokvo Round must be viewed
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accordingly as having dealt with a relatively li-nited part of all interfer-
ences with interniational trade.

CONCLUSION

We have set out in this paper a computational model of world
production, trade. -d emplnyment that has been constructed to analyze
the likely effects « multilateral changes in tariffs, NTBs, and other
exogenous everts. The model focuses ~n the microeconomic interactions
among industrics and countries. It has undergene a series of refinements
since its inception, and we have reported here its structure and specifica-
tion as of early 1981. If time and resources perm.t, the model will be
modified and expanded stili more in the future as our expericnce with it
and the world economy suggests possible averuss for improvement.

We have applied the model to the reductions in tariffs and NTBs that
were negotiated in the Tokyo Round and that have been implemented
beginning in 1980. Our findings are that the Tokyo Round will have smal:
but beneficial effects on trade, domestic prices, and economic welfar: in
the United States and ~ractically all the other major industrialized
coun‘ries. Employment will rise and fall by small amounts in various
ir  uies and countries, with the Unitad States posting a change that is
positive but almost negligible in siz2. There wil! be small gzins to some bui
by no means all of the major developing countries. We were unable to
quantify nany of the NTB codes negotiated in the Tokyo Reund <o that
their likely effects cannot be evaluated unemb.guously at present. By the
same token, there were several important NTB's tha: were left intact in the
Tokyo Round. Benefiis from further liberalization of international trade
could be substzantial if these existing NTBs were reduced or renioved.

APPENDIX: EXPLICIT FUNCTIONAL FORMS

The following arc the diffe. :ntiated versions of equations -4 and 9--1° of
Table 1. The operator ¢ repre.snts the differentiei of the natuial logarithm of the
- ariable that follows it. Thet is, for any veriable x,

ex = ¢(Inx) = dx/x.
eSY =&, + 8(1 = bO)b i Nep), — e, + 8(1 /b))

n
’ H A X
A zlbll\j(gl’&ep{{ + 95:"[7515) - {t,'b‘oje‘vlj + Fk:jo (Al)
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oS0 = Le; + (1 — %)/ 88 \epll + etl]) — [y + 8(1/6)]

ﬂ’ -~
X X buj(Cikeplh + Olfepll) — eybliewy + eKi, (A2)

where
g; = Supply elasticity of industry j, country i,

by; = Input-cuéput coeflicient for use of good k as input to industry ; in
country i,

b% = Value-added sharz of industry j, country i,

0%, 0%/ = Initial shares of demand in country i for imported and some-produced
products of industry j, and

_ y1for Cobb-Douglas technology
0 for Fixed Coeflicient technology.

eag"z - 0:'?01';‘(9.9:; = ep; 1) - [l - 6)V” +8|(ouepu Auepu)
n’

+ vieE; + X vilvk (eSK + depll) | (A3)

+ (1 — v ) eSH + 8epth)] + eGy;.

é’Dg-’“" - 954%("123 - EP,' -1~ 8) vu + 5](0,18}’,}} + 0,12}73’)

;
+vieE; + Bvlyh(eSk -+ depl)

+ (1 — v eSH + depll)) (Ad)
— (6%1685eG,,

where

o, = Elasticity of substitution in country / betweer: imported and home-
produced products of industry j,
vy = Demand by incustry k for products of industry j 1s a share of rotal demand
for industry / in country 7,
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v{,’ = Share of {inal demand in total demand for industry j in country i, and
71-3‘: = Share of exports in total production of industry j, country i.

edft= etM+ [0f1"/my(1 ~ I?,f“nme‘ i —eDlf), (A92)

it~ T2 A{:lw,kem + (Xu — Ma)epl! + dBF°), (A9b)

et ® = ot} + [63% /e, (1 - 65 )NeQ — eS]), (A10a)
where

& ,M . ﬂgx =: Shares of imports and exports of industry ; subject to quantirative
restricticns ia country 7,
n; = Price elasticity of demand for imports of goodj in country i,
M; = Total imports of country i, and
Xy, M, = Values of exports and imports of industry &, country i.

eDf = rH{I1/(1 + 8/bJe;)85] eST + 8(epl — ew;)]
— (0 — 865/00e,)/(1 + 869,105 1eKE)

+ (- 75){[1/(1 + 8/b,16u\05‘]{esﬁ+ d(enf — ewy)]

— [(6% — 86%/b0e;)/(. + 8/b0¢;)051eKH),

(A11)

where

9{;, UK Labor and capital shares of value-added in industry j, country i.

Equation A9a is derived as follows. Let a typical import demand depend on the
tariff equivalent, wit eiasticity #, and a list, A, of other variables including price:

eDM = peMe? + ). (B1)

Define an implicit tariff, € that would hold imports to a given quantity, ¥, in
(B1):

e M= pet@M 4+ )\, (B2)
and define /1% as the weignted average of £ and /2M:
etMe? = (1 — §9M)erM + g2Me,CM, (B3)

Elirzinating 12Y and \, B1-B3 can be solved to yield A9a. Equation Al0a can be
derived similarly.
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