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This study presents the specification, estimation and historical simulation of a

multisectoral Dbilateral world trade model for 16 trading partners and 120
commodity categories. The model shows, for each trade flow, the country of
origin, the country of destination, and the commodity tfaded. It is developed to
provide the bilateral trade linkage among the national models in an international
multisectoral modeling system. The trade model will take each country’s import
demand by industry as given and focus on forecasting how much of those imports
will be supplied by each other country. The bilateral trade linkage ensures that
trade forecasts are consistent from couﬁtry to country. It also permits the analysis,
at a high level of disaggregation by commodity categories and by markets, of

specific changes in international competitive relations.

The centerpiece of the bilateral trade model is the so-called trade-shares.
matrix. Trade shares show, for a country importing a certain product, the
proportions imported from each source country. As the trade shares are not

constant over time, share equations have been developed in this study -- one for



each cell of the trade-shares matrix. While the empirical results bring forward the
fundamental role of relative prices in explaining the temporal variations in
international trade shares, there also appears to be ample evidence suggesting that
capital investment -- a proxy for quality change of product not reflected in the
price indices -- significantly affects changes in the tréde shares as well. In many
cases, changes in trade shares also show a significant time trend not explainable

by either relative prices or capital investment.

In-sample historical simulation tests indicate that the trade model, with its
rather elaborate considerations of relative price and capital investment in the
share equations, definitely outperforms the "naive" assumption of constant trade
shares. In most cases, the trade model can reduce the predictive errors in the
constant-share approach by fifty-percent or more. The analysis uses time series
regressions on annual OECD and UN data of international trade by commodity

and country of origin and destination for the 1974-91 period.

Chapter I gives a brief introduction to the study and an overview of the trade
model. In Chapter II, the present study is compared to related econometric work
in the field of international trade linkages. Chapter III describes the structure and
methodology of the trade model. Chapter IV reviews the data sources and the
data organization effort'. Chapter V presents the parameter estimates and
equation fits. Chapter VI reports the model’s performance in a historical

simulation. Chapter VII concludes the study.
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CHAPTER I

INTRODUCTION

This study presents an econometric model of international trade for 120
categories of merchandise trade among fourteen individual trading partners and
two regions covering the rest of the world (Table 1). The multisectoral bilateral
trade model focuses on forecasting exports by industry for each of these countries.
It takes each country’s import demand by industry as given and forecasts how
much of those imports will be supplied by each other country. Thus, the model
shows, for each trade flow, the country of origin, the country of destination, and
the commodity traded. These bilateral flows ensure strict accounting consistency
in the trade forecasts and permit the sthy of specific changes in international
competitive relaitions. The analysis uses time series regressions on annual OECD
and UN data of international trade by commodity and country of origin and

destination for the 1974-91 period.

1. Purpose of the Study
The primary purpose of this study is to enable the making of medium- and

long-range annual forecasts, at the industry level, of bilateral trade flows among
the major trading partners on the stage of the world economy. Besides their own
intrinsic interest, the detailed international bilateral trade flows will provide the

trade linkage within the Inforum multisectoral international modeling system at the



Table 1. The Bilateral Trade Model: Sectoral and Country Composition

Sectoral Composition

SECTOR TITLE

Unmi l led cereals

Fresh fruits and vegetables
Other crops

Livestock

Silk

Cotton

Wool

Other natural fibers
Crude wood

Fishery

Iron ore

Coal

Non-ferrous metal ore
Crude petroleum
Natural gas
Non-metallic ore
Electrical energy
Meat

Dairy products
Preserved fruits and vegetables
Preserved seafood
Vegetable and animal oils and fats
Grain mill products
Bakery products

Sugar

Cocoa, chocolate,etc
Food products nec.
Prepared animal feeds
Alcoholic beverage
Non-alcoholic beverage
Tobacco products

Yarns and threads
Cotton fabric

Other textile products
Floor coverings

Wearing apparel

Leather and hides

Leather products ex. footwear
Footwear

Plywood and veneer

‘Other wood products

Furnitures and fixtures

Pulp and waste paper

Newsprint

Paper products

Printing, publishing

Basic chemicals ex. fertilizers
Fertilizers

Synthetic resins, man-made fibers
Paints, varnishes and lacquers
Drugs and medicines

Soap and other toilet preparations
Chemical products nec.

Petroleum refineries

Fuel oils

Product of petroleum

Product of coal

Tyre and tube

Rubber products,nec.

Plastic products,nec.

SECTOR SECTOR TITLE

61
62
63
64
65
66
67
68
69
70
n
72
73

74

75
76
77
78
144
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
m
112
113
114
115
116
117
118
119
120

Glass

Cement

Ceramics

Non-metallic mineral products nec.
Basic iron and steel

Copper

Aluminum

Nickel

Lead and zinc

Other Non-ferrous metal

Metal furnitures and fixtures
Structural metal products

Metal containers

Wire products

Hardware /
Boilers and turbines

Aircraft engines

Internal combustion engines
Other power machinery
Agricultural machinery
Construction,mining,oilfield eq
Metal and woodworking machinery
Sewing and knitting machines
Textile machinery

Paper mill machines

Printing machines
Food-processing machines

Other special machinery
Service industry machinery
Pumps,ex measuring pumps
Mechanical handling equipment
Other non-electrical machinery
Radio, TV, phonograph

Other telecommunication equipment
Household electrical appliances
Computers and accessories

Other office machinery
Semiconductors & integrated circuits
Electric motors

Batteries

Electric bulbs, lighting eq.
Electrical indl appliance
Shipbuilding and repairing
Warships

Railroad equipment

Motor vehicles

Motorcycles and bicycles

Motor vehicles parts

Aircraft

Other transport equipment
Professional measurement instruments
Photographic and optical goods
Watches and clocks

Jewellery and related articles
Musical instruments

Sporting goods

Ordnance

Works of art

Manufactured goods nec.
Scraps,used,unclassified




Table 1. (continued)

Country Composition

The trade model consists of fourteen individual trading partners and two regions
covering the rest of the world. The fourteen individual trading partners are:

In North America:

CANADA
THE UNITED STATES
MEXICO

In Europe:

AUSTRIA
BELGIUM-LUXEMBOURG
FRANCE

GERMANY

ITALY

SPAIN

THE UNITED KINGDOM

In Asia:
JAPAN
CHINA (Mainland)
SOUTH KOREA
CHINA (Taiwan)

The two regions are:
ROECD (covering all other member countries of the Organization of Economic
Cooperation and Development (OECD) whose names are not separately
listed above) 5

ROW (covering all other countries in the rest of the world)




University of Maryland.!

Currently, the Inforum international family has thirteen complete, multisectoral
macroeconometric models.2 Prior to the development of the bilateral trade
model, these country models were linked through their national import and export
functions. For instance, the Italian furniture export function connects the total
furniture exports of Italy to a weighted average of the furniture imports of all the
other countries in the linked system and to the ratio of Italian export prices to a
weighted average of domestic furniture prices in the partner countries. Though
the relation works at the industry level -- furniture -- it says nothing about bilateral
trade. That is, it does not show how much of Italian furniture is going to

Germany, how much to the United States, or how much to France. Conversely,

! Inforum originally stood for the INterindustry FORecasting at the University of Maryland,
a research group affiliated with the Department of Economics. Since its founding by Clopper -
Almon in 1967, Inforum has come to designate an international group with partners in Europe,
Asia, and North America. This group has created a system of large scale input-output models of
the United States and its major trading partners. The models are used extensively by the
government and private industry in making policy decisions.

2 Each national model works at or near maximum number of sectors supportable by the
national input-output tables and other necessary statistics. The typical model in this group has
some 60 to 100 industrial sectors and for each of these sectors generates year-by-year projections
over the next 10 or 15 years for prices, outputs, exports, imports, investment, employment, profits,
wages and salaries, interest rate, and taxes, as well as showing the sales of each sector to each
other sector and to each component of final demand. It uses explicit and changing input-output
relations among industries. Where appropriate, the typical model uses regression analysis to
describe the behavior of consumers, producers, exporters, importers, investors, or other economic
decision makers. The national models all share the basic input-output accounting structure and
are built with a common model-building software, yet they are flexible enough to be able to imitate
very closely economies as diverse as those of Mexico, China and the United States. Since the
present study focuses on the linking these country models, for a more complete treatment of the
structure, methodology, and applications of the Inforum national models, the reader is referred
to a symposium on Economic Systems Research, vol. 3, number 1, 1991.

4



the import functions do not specify from which countries the imports come. While
the trade flows in the models were probably not highly inconsistent with one

another, they lacked the rigorous accounting consistency that the present bilateral

trade model would offer.

With the bilateral trade model, the Inforum international system is not only
ensured strict consistency in its trade forecasts, it also becomes a unique
.international .and general equilibrium framework that is particularly suited to
address quantitatively sector- and country-specific issues. For instance, it can
answer a specific question like "How will the U.S. exports of dairy products to the
United Kingdom be affected when Canada lowers its price of dairy products by ten

percent?", or

What is the industrial impact of eliminating the U.S. quota on the imports of
motor vehicles from Japan, or of lowering the Chinese tariff on its imports of
motor vehicles, or of imposing uniform VAT (Value Added Taxes) rates across

countries?

How would the German exports of auto parts to the United States be affected
if the United States, instead of reaching an agreement last June with Japan
over trade in auto parts, triggered a bruising trade war with Japan by

unilaterally imposing a hefty tariff hike on its auto-parts imports from Japan?



The multisectoral bilateral world trade model is also not without interest for
broader problems. For instance, recent years have seen regional trade initiatives
in nearly all continents. In Europe, the economic integration of the European
Community (EC) appears to be fast deepening. In the Americas, the North
American Free Trade Area (NAFTA) between Canada, the United States and
Mexico is now in full swmg, while at the same time countries throughout Latin
America are making progress towards free trade agreements in their regions. In
the Asia-Pacific Basin, the Asia-Pacific Economic Conference (APEC) countries
are pressing forward in setting up a possible Free Trade Area (FTA) in the year
2020.3" And in Africa, there have been attempts to create or revive some free
trade zones.‘ Problems in reaching the objectives of these free-trade arrangements
are partly sector-specific. Although the macroeconomic effects of the free trade
may be all positive, some sectors in some countries would be threatened with
lower output and job loss. Clearly, a thorough analysis of the industrial impact of
a possible FTA and other sector- and country-specific issues requires significant
disaggregation by commodities and by markets. The many multi-country trade
models built in the past, however, generally have not focused on trade at the
detailed industry level. For instance, none of the twelve leading multi-country
models reviewed in Bryant, et al. Empirical Macroeconomics for Interdependent

Economies (Brookings Institution, 1988) link the countries with commodity-specific

3The intention to form a Free Trade Area among the APEC countries was announced in
November, 1994 by the APEC leaders attending their 2nd annual meeting in Seattle, USA.

6



trade.* Neither does the Fair multicountry model (Fair, 1982) nor the Cline trade
model (Cline, 1989). The Harmonized European Research for Macrosectoral and
Energy Systems (HERMES) model does have trade with sectoral detail, but for
only a few sectors. Therefore, by developing international bilateral trade flows at
the full industry level, this study fills an important gap in the modeling of

international trade linkages.

2. Overview of the Model
As already noted, the bilateral trade model is at the very center of the Inforum
international system of dynamic multisectoral forecasting models. It provides the
fundamental trade linkage mechanism that directly conﬁects the import demand
of a country to the export supplies of its trading partner countries, as represented
by the following matrix notation:
X =S M 1.1)
nxl nxn nxl
where X is the export vector with n elements, each of which corresponds to the
total exports in a given sector by ;)ne of the 16 countries or regions in the trade
model, M is the import vector for the same sector, and S is the trade-shares matrix

for this sector. Equation 1.1 states clearly that for any given pair of import vector

“The book covers multi-country models produced by Data Resources, Inc., the European
Economic Commission (EEC), the Japanese Economic Planning Agency, the LINK project, the
U.S. Federal Reserve Board, the IMF, the OECD, Wharton, and by groups at Liverpool, Harvard,
Stanford, and Minnesota universities.



(M) and trade-shares matrix (S), a corresponding export vector (X) may be
uniquely determined. Because the import vector (M) can be feadily constructed
from the import projections supplied by the national forecasting models, it is with
the estimation and projection of the trade-shares matrix (S) that this study is

chiefly concerned.

The trade-shares matrix S is derived from the trade flows matrix F, defined as
follows. For each of the 120 commodities, F is a square, 16 x 16 matrix with a row
‘and a column‘ for each country or region. The ith row of an F matrix shows thé
exports of country ito each of the other countries. The diagonal elements are all
zero, except for ROECD and ROW, where intraregional flows exist. The total
imports of country j are given by the column sum F j= z; Fij’ and total exports
of country i is the row sum F, = Z:j Fij' r.I‘he trade-shares matrix, S, is obtained
by dividing gach column of F by its column sum. Hence, Sij is the proportion of

/

goods from country i in country j’s imports.

As an example of the matrix F, Table 2 shows the international flows of auto
parts for the calendar year‘. 1990 (the base year of the tradg model). Each column
shows the imports, in millions of U.S. dollars, of the country whose name appears
at the top of the column from eéch country named down the side. The bottom
row Shows total imports of each country (the F_j). Table 3 shows the S matrix (in

percentage) corresponding to the F-matrix of Table 2.



CANADA
USA
MEXICO
AUSTRIA
BELGIUM

FRANCE

GERMANY

ITALY
SPAIN
UK
JAPAN
CHINA
KOREA
TAIWAN
ROECD
ROW

TOTIMP

CA

8669
240

56
136
47
14
38
566
2
98
19
80
70
10117

us
5886

1257
1

695
973
418
199
461
6082
28
129
319
282
533
17351

MX
.41
2176

118
397

27

26

398

1"

62
3274

AU

10
39
739
80
15
24
34

68
15
1038

TABLE 2

BILATERAL TRADE FLOWS MATRIX FOR AUTO PARTS (108)

IN MILLIONS OF 1990 U.S. DOLLARS

FOR THE YEAR 1990

BE FR GE I sP
5 3 31 1 1
101 163 216 46 36
2 7 56 0 3
14 42 553 56 7
0 172 564 100 28
838 0 1738 601 1352
839 1958 0 1322 93
122 779 1347 0 186
156 682 648 89 0
153 310 1226 143 116
145 92 390 5 163

1105 314 839 190 164
40 195 240 81 1
3523 4725 7862 2662 3006

UK
10
253

24

1106
3089
387
398

424

715
78
7138

JA

270

34
214
65

37

37
59
9%
35

903

-o&-oogia

113

85
2837
3506

SK
10
105

-

ngo\w

404

10

626

™

19

76
27

528

3

15

719

RO
33
495

811
903
3009
604
268
814
973

13
38
1513
135
9698

RW
53
857

108
945
2900
646
93
673
2983
3062

. 213

561
NA

NA

TOTEXP
6116
13498
1576
953
2525
8516
16714
4709
2595
4045
13546 |
3118
395
69
6040
NA

NA




TABLE 3
TRADE SHARE MATRIX FOR AUTO PARTS (108)
FOR THE YEAR 1990

CA us MX AU " BE FR GE IT SP UK JA CN SK ™ RO RW

CANADA 0.00 33.92 1.26 0.18 0.15 0.07 0.39 0.03 0.03 0.1 3.82 0.11 1.62 0.05 0.3 0.40
USA 85.69 0.00 66.46 1.07 2.87 3.45 2.74 1.67 1.19 3.54 29.92 2.36 16.76 2.59 5.11 6.48
MEX1CO 2.37 7.2 0.00 0.0" 0.06 0.6 0.77 0.01 0.11 0.04 0.08 0.00 0.04 0.00 0.01 0.05
AUSTRIA 0.76 0.06 0.00 0.00 0.39 0.8 7.03 2.10 0.24 0.33 0.89 0.26 0.14 0.04 0.8 0.50
BELGIUM 0.05 0.45 0.03 0.98 0.00 3.63 7.8 3.74 0.93 8.88 0.82 0.11 0.50 0.11 8.36 0.81
FRANCE 0.55 4.00 3.61 3.74 23.78 0.00 22.10 22.58 44.98 15.50 3.74 0.26 0.99 10.60 9.31 7.14
GERMANY 1.36 5.61 12.13 71.20 23.81 41.45 0.00 49.69 31.12 43.28 23.70 3.22 10.24 3.75 31.02 21.91
ITALY 0.47 2.41 0.18 7.75 3.47 16.49 17.14 0.06» 6.18 5.43 7.25 0.21 0.52 1.29 6.23 4.88
SPAIN 0.% 1.15 0.83 1.40 4.42 14.43 8.24 3.33 0.00 5.58 0.0 0.00 0.36 0.40 2.76 0.70
UK 0.38 2.66 0.79 2.29 4.35 6.56 15.59 5.37 3.8 0.00 4.2 0.23 1.60 0.73 8.39 5.09
JAPAN 5.59 35.05 12.16 3.29 4.11 1.9 4.97 0.92 5.42 5.95 0.00 9.66 64.57 73.42 10.03 22.55
CHINA 0.02 0.16 0.19 0.02 0.01 0.02 0.08 0.11 0.01 0.02 0.57 0.00 0.00 0.00 0.03 23.14
KOREA 0.97 0.75 0.01 0.00 0.07 0.01 0.03 0.08 0.08 0.09 4.05 0.21 BEOO 4.31 0.13 0.50
TAIWAN 0.8 1.8 0.35 0.08 0.05 0.14 0.07 0.21 0.04 0.12 6.52 0.00 0.67 0.00 0.39 1.61
ROECD 0.7 1.62 0.11 6.58 31.38 6.64 10.67 7.13 5.45 10.02 10.60 2.43 1.66 2.08 ‘15.60 4.2
ROW 0.69 3.07 1.88 1.42 1.15 4.13 3.05 3.03 0.37 1.09 3.8 80.94 0.33 0.63 1.39 0.00
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The trade-shares matrix is not a matrix of fixed coefficients; it is different for
each year. A glance at the historical trade-shares matrices quickly reveals that
‘with a very few exceptions, hardly any single trade share stayed constant. In fact,
many trade shares have experienced substantial ups and downs over time. Figures
1-12 show the course of a few selected shares in Trade Sector 108 ("Auto parts").
Figure 1 depicts the evolution of the Canadian and Japanese ‘market shares in the
U.S. auto-parts import market. While Canada’s share of the U.S. market shrank
from around 60% in the mid-1970s to just above 30% in the year 1991, Japan
nearly doubled its U.S. market share in the same period from 20% in 1974 to 38%
in 1991. In the Japanese auto-parts import market (Figures 3 and 4), the major
exporter of auto parts -- the United States -- saw its market share shrink in half
between 1974 and 1991, while Germany and Taiwan gained marked ground.
Changing trade shares over time were equally evident in European markets.
While auto-parts exporters from Germany and Italy have barely maintained their
market shares in France, Spain’s share has been rising steadily (Figures 5 and 6).
In the German auto-parts import market (Figures 7 and 8), France lost
considerable ground over time, while Italy, the United Kingdom and Japan have
each managed to strengthen its market presence. In the Italian auto-parts import
market (Figures 9 and 10), France gradually lost ground to Germany, Belgium, and
Spain. And in the Spanish auto-parts iﬁmn market (Figures 11 and 12), Italy’s
share shrank from a formidable 35% in 1975 to a paltry 5% in 1991, while market

share differentials between Germany and France have narrowed.
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Figures 1-2
Market Shares of Major Exporters in the U.S.
Auto-Parts Import Market: 1974-91

Figure 1 : Figure 2

01

0.050

0.000 1 L L PR PR PR | 1

+ Caneda o Japan + France 8 Germany z Traly

A Figures 34
Market Shares of Major Exporters in the Japanese
Auto Parts Import Market: 1974-91

Figure 3 Figure 4

0.600 0100
0.500
0.400
0.050

0.3

0.200

0.000 ! 1 A1 - 1
1975 1380 1985 1990

v Italy o WK « Tawan

0100

Figures 5-6
Market Shares of Major Exporters in the French
Auto Parts Import Market: 1974-91
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Figures 7-8
Market Shares of Major Exporters in the German
Auto Parts Import Market: 1974-91
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Figures 11-12

Market Shares of Major Exporters in the Spanish
Auto Parts Import Market: 1974-91

Figure 12

Figure 11

0.600

0.500

0.400

300
.20
o100
1 1 " 1 1
0.600 1875 1980 1985 1930
v France o Gerpany x [taly

Source: Inforum Bilateral Trade Data Bank, 1994.

13

0.0800

0.0300

0, 0000




These changing trade shares are indicative of the variety one would see in
similar graphs for other trade sectors and import markets. An accurate estimate
of these changes in the trade shares will have important ‘implications on the trade
forecasts of the trade-model-linked international system. By estimating and
projecting the changes in the trade shares, the trade model should help reduce the
errors in the &ade forecasts that would otherwise have resulted from using the
"naive" constant-share approach. From this point of view, this study attempts to
develop, cell by cell, econometrically estimated bilateral trade-share equations to
predict changes in the trade-shares matrix. Presumably, changes in trade shares
reflect to some extent changes in competitive relations influenced by relative prices
or other factors of international competitiveness. Thus, in a typical trade-share

equation in the present trade model, there are three independent variables:

1) an index of relative price;

2) an index of relative capital stock as a proxy for quality change of product
not reflected in the price indices;

3) a sector- and country-specific time-trend-like variable. The exact nature of

this variable will be explained in Chapter III.

It should be noted that the estimation methodology employed in the model
explores the parameter space and only retains those with correct signs. Therefore,

not all estimated share equations in this model will have the same number of
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explanatory variables. So, for instance, the estimated equation for the Japanese
share of auto parts in the U.S. import market has as its explanatory variables: i)
an index of Japanese auto-parts price relative to the cdmpeting prices in the U.S.
import market; il) a measure of capital stock in the Japanese auto-parts industry
relative to its compétitors; iii) a time-trend-like variable that is specific to the
Japanese auto-parts industry, whereas the estimated equation Canadian share of
auto parts in the U.S. import market uses only a time-trend-like variable specific

to the Canadian auto-parts industry.

The linkage scheme of the bilateral trade model may now be summarized as
follows. First, the trade model draws the forecasts of the import demand by
industry, export prices by industry, and capital investment by industry from the
national models in the national sectoring schemes and converts them into the trade
model classification. On the basis of the price and investment projections, the
trade model first forecasts some 120 commodity-specific trade-shares matrices for
the next year. It then allocates the import demand by industry through the
projected trade-shares matrix to their supplying countries. = Summing the
alloca;tions to each exporter across importers gives a forecast of exports by industry
for each country in the trade model nomenclature, which are then translated into
respective national classification schemes for use in the national models. The
process is repeated for each year in the forecast period until an equilibrium

solution is arrived.
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3. Plan of the Report

The rest of the report is organized as follows. Chapter II compares the
present study to related econometric work in the field of international trade
linkages. Chapter II describes the structure of the trade model and defends its
analytical ’methodology. Chapter IV reviews the data sources and illustrates the
considerable data organization efforts required for a trade model that is estimated
“at a level of disaggregation by commodities and countries that is not customarily
employed in the literature. The parameter estimates and equation fits of some
29,000 equations are summarized in Chapter V. The model’s performance in a
12-year historical simulation in comparison to a simpler assumption of constant
shares is discussed in Chapter VI. Finally, Chapter VII summarizes the main

contributions of this study and suggests possible directions for future work.
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CHAPTER II

RELATION TO OTHER WORK

In this chapter, we will briefly review other work in the field of international
trade model linking. We will first discuss the theoretical studies of Armington
(1969a, 1969b) and Rhomberg (1970) on the trade model approach to
international linking. Then, we will briefly survey a number of empirical linkage
studies, including those by Taplin (1972), Hickman and Lau (1973), Samuelson
(1973), Moriguchi (1973), Nyhus (1975), Marwah (1976), Samuelson and Kurihara

(1980) and Fair (1984).

1. Theoretical Framework for Trade Model Linking

The basic problem that the present study as well as other work to be reviewed
below attempt to address is the linking of a system of national forecasting models,
which, in most cases, are already in existence. The reasons for such undertaking
and several approaches for modeling the linkage can be found in Rhomberg
(1970). Rhomberg distinguishes direct from indirect linking. The "direct" linking
would explicitly relate bilateral imports and exports between each of the countries
in a system. But, he warns, direct linking would require "such a high degree of
detailed attention to‘ external economic relations in each of these models that it
would be difficult to preserve a reasonable balance between the domestic and

foreign sectors of these models." Furthermore, since the national models to be
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linked normally have already be built, "it is impracticable to require such far-
reaching reconstruction of each national model as would be necessary for direct

linkage. "

The alternative, in Rhomberg’s term, is the indirect linkage, which involves the
use of a world trade model to facilitate the central-processing of international
linking, while leaving the existing national models relatively intact. As will become
clearer shortly, many subsequent linkage studies -- including my study -- all fall

under the indirect linkage category.

Rhomberg then introduces several approaches to model linkage, including
"consistency”, "bilateral”, and "structural" approaches. The "consistency" approach
is basic procedure designed to ensure consistency of national forecasts of imports
and exports in a linked system. Since national forecasts of exports, if not
exogenously given, are often based on more or less ad hoc information such as
world exports or some weighted average of economic activity in the economies of
a country’s trading partners. Consequently, fofecasts of world exports will not
necessarily be consistent with world import forecasts. A simple way to implement
the "consistency" approach may be described as follows: national forecasters first
make national forecasts of exports, imports and economic activity on the basis of
a first guess as to world exports. The sum of national import forecasts, after a due

allowance for valuation change from a c.i.f.to an f.o.b. basis, is then imposed
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exogenously as world exports to re-run the national models. The procedure may
be iterated until a convergence solution is reached. A consistent pairing is then
found between a set of import demand and world trade. However, despite its
much intuitive appeal, the procedure is rather limited in that it yields, in general,
little improvement in the trade forecasts and that it leaves no room for policy
analysis. In summary, the "consistency" approach may be regarded as a starting

point for a world trade model.

The "bilateral" approach, to Rhomberg,/\ is a way to implement the direct
linkage of national models. A major probleI; in this type of linkage, Rhomberg
points out, is that it is difficult to represent the competitive relationships between
imports from alternative countries of origin in the bilateral import functions.
These competitive relationships manifest themselves, inter alia, in variations in
prices charged by different sﬁppliers. But any specification of bilateral import
functions that follows essentially the macroeconomic procedure of relating these
imports to economic activity variables and to one or two relative-price variables
would tend to igndre or obscure the competitive relationships. Furthermore, he
points out, the imports from a particular source may be significantly affected by
supply conditions in the source country. These supply conditions are a function
of exports of other goods of the source country as well as exports of the good in

question. Perhaps the prices could be made to reflect all of these factors, but the

work required to do so would be quite enormous.
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The third approach suggested by Rhomberg is the "structural" approach. It
interposes a trade structure into the problems associated with the "bilateral”
approach. As Rhomberg states, "the idea would be similar to that of using an
input-output matrix with fixed coefficients in the analysis of problems that would
actually require a | full microeconomic supply-and-demand model of many
producing and consuming sectors." Here, each national model willuse its import
functions to forecast total import demand by product and leave the task of
forecasting exports to the trade model. Taking the national import forecasts as
given, the trade model would then allocate them through a trade-shares matrix to
yield an estimate of each supplying country’s expoﬁs to each national market.
Total exports for each exporting country can then be obtained by summing over
its exports to each national market. In Rhomberg’s view,the "structural" approach

is the "most promising type of implementation of the idea of indirect linkage.

The theoretical framework of the indirect linkage approach is developed in
Armington (1969a). The fundamental assumption in the Armington model,
variants of which have become a standard feature of computational models of
trade, states that products of the same industry préduced in different countries are
viewed as imperfect substitutes by demanders. Thus American automobiles,

Japanese automobiles, American computers, and French computers are four

SAs Rhomberg further notes, however, the idea of fixed trade shares should be viewed only as
a starting point.
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different products (from the buyers’ viewpoint). He then shows that by modifying
the basic Hicksian model through further assumptions, a highly simplified product
demand function may be derived and market shares may be related to relative
prices of the products in the markets. Specifically, he assumes: (i) that buyer’s
pref;rences for products of a given industry (say, wearing apparels) are
independent of their purchases of products of any other industry (say, motor
vehicles); (ii) that market shares are unaffected by changes in the size of the
market, ceteris paribus, so that holding suppliers’ price constant, a 20% increase
in American imports of automobiles will not by itself change the proportions it
buys ﬁoﬁl each of its suppliers; (iii) that the elasticity of substitution between
products in a market is constant over all price ratios; and (iv) that this elasticity
of substitution between any two products competing in the same markét is the

same as for any other pair in that market.

All the above assumptions seem reasonable except for the last one. The last
assumption suggests that in the Canadian import market for communications
equipment, for example, the elasticity of substitution between American and
Japanese equipment is the same as that between American and German
equipment. One need not look beyond Japan’s success in maintaining its export
markets in the face of the rapidly appreciating Japanese yen to see how this
assumption could greatly reduce a trade model’s flexibility of response to various

price changes by different countries. As willbe discussed in the next chapter, this
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assumption will be relaxed in my presént study. Although without the last
assumption, estimation of the trade model becomes much more time consuming,
I feel it .will be rewarded with the variety of results obtained. It may be noted in
passing that in a later paper, Armington (1969b) also examines the relaxation of
this last assumption. He imposes two widely different sets of substitution
Aparameters while changing the price in one country for both cases. The results
show that the effect of the substitution parameters is substantial on the import
shares. Armington concludes that the trade model should employ substitution

parameters that are estimated from historical data.

2. Empirical Trade Models

The pioneering work of Rhomberg and Armington are closely accompanied by
successive empirical modeling of the international trade linkages in the United
States and abroad. Most notable among them are those conducted at the
University of Maryland (the Nyhus trade model), the University of Pennsylvania
(the LINK project), the Economic Planning Agency of Japan (the World
Econometric Model) and the OECD in Paris (the INTERLINK model system).
These studies contain different methodological schemes of measuring temporal
variations in each element of the trade-shares matrix. We will briefly outline their

mathematical models below.

Nyhus (1975). Douglas E. Nyhus of the University of Maryland estimated a
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trade model of 119 categories of commodities based on OECD data of
international trade by commodity of origin and destination for the 1962-72

period.li The basic linking equation is as follows:

b, 2.1
ij .
A Sijr = SijO Py,
where, the relative price term, P;je» Was defined as follows:
P, = Pes 2.2
P wjt

Note that Py, was the effective price of the good in question in country i,and was

defined as a weighted average of present and past domestic market prices:

5
Pcit = E w‘:Pit-t (2.3)
t=0

Here the weights, the w’s, were assumed to vary from commodity to commodity;
but, for a given commodity, they were assumed to be the same for each importing
country. Further, these weights were assumed to lie on a smooth curve, and a
polynomial of degree three was selected because it had enough ability to twist and
turn to produce a reasonably varied adjustment pattern. Pyt was the world price
as seen from country j, defined implicitly by the following "adding-up condition",
namely, for a given importing country, the import shares of all countries must add

up to 1.0:

1 Nyhus, Douglas E., The Trade Model of a Dynamic World Input-output Forecasting System,
Ph.D. Thesis, University of Maryland, 1975.
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b, P, b
7= X80 Pm) V=1

wjt

2.4
Ex‘ SuoP ijt @4

Next, the share Equation 2.1 was converted into a flow equation, and a linear time

trend was added to Equation 2.1 to account for trends in relevant non-price

factors:

Mijr = sijOM

b
Jt P. v +gijt 2.5)

ijt

Because of the "adding-up condition" (Equation (2.4)), the g’s had to be

constrained so that

¥.8,=0 2.6)

A complex non-linear estimation method was devised to simultaneously solve
for all substitution parameter b’s, world prices Py, time trend parameter g’s,and
distributed lags on prices w’s. The non-linearity arises because the b’s enter
Equation (2.1) both directly (in the exponents) and indireétly (through the implicit
definition of the world price). The b’s were determined by minimizing the sum of

squares ‘ L eSS

55,02, @

where

b,
= Mijr - Sijo M,P,"Y 2.8

r, Jt©ije

ije
To simplify the estimation of b’s, It Was approximated with the first term of the
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Taylor series expansion as a function of the b’s, thus,

<GSk
b,
= =M M Y Py A 2.9)
'u:"riﬁ“ e~ Sijo M, ( kaj by)

With given initial values of the b’s, each partial derivative on the right was first
evaluated. Then, by regression, the Ab]q- was determined by minimizing Equation
(2.9). These Abki’s were then added to the original b’s, giving new b’s about which
another iteration was carried out. This process. was continued until the new b’s
implied nearly the same world prices P,’sas did their immediately preceding b’s.

Next, each g was independently estimated from residuals, namely,

M. 2.10)

b,
e~ SyoM; Py, V=g,

JtLije

To meet condition in Equation (2.6),each g was then adjusted in proportion to its
standard errors until the zero sum was reached. As for the distributed lags w’s,

they were estimated from the following equation:

5
P, by 2.11)
MuﬁsxjoM.jz(‘E w, P“ )
t=0 wjt

To complete the story, with the newly estimated w’sand b’s,the entire process was

repeated until the change from one set of w’sto the next was small.

The trade model, as envisaged in the Nyhus study, would be joined by the
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national models to be built later on to form the Inforum international system, in
which the trade model would draw imports and domestic prices to itself and feed
exports‘ and world prices back to the national models. However, due to the rather
slow development of the national models and the failure to obtain the necessary
trade data to update the linking model, the Nyhus trade model was never fully
implemented as planned. It nonetheless remains after 20 years the only
comprehensive effort to estimate price elasticities at a detailed commodity level,

namely for 119 sectors, for a number of countries.

Taplin (1972): This is a model of world trade based on trade shares‘ approach.

His equations for forecasting the shares may be written as follows:
px, B Y

s,,,=au(-g‘) t Sit-1 (2.12)

Here, subscripts i,j = 1, 2, ...n,with n equal to the number of trading partners; t

is time period. P; is the weighted average of all export prices in j’s market. PX;

is the export price of country i. Sij represents share of country i in j’s market. o,

R, and y are the estimated structural coefficients. Note that the model is specified

in non-linear form. And it assumes that the elasticity of price substitution in the

import share equation is invariant with respect to alternative suppliers. As noted

earlier, this "constancy" assumption is extremely restrictive if the purpose is to

predict the price effect on the trade shares for different exporting countries. The
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same concern remains valid about the invariant size assumption made with regard

to other structural coefficients.

Hickman and Lau (1973): In this study, a complete model of world trade,
based on the trade-shares matrix approach, is specified and estimated for twenty-
seven countries and regions. This model attempts to explain the composition of
imports on the bases of relative prices and time trend, given the total quantity of
imports of each country. With a careful and thorough theoretical development,
the authors derive the linear approximation of the standard CES expoft ‘demand
function:

X0 = @ oM, - BX, o (PX, - PM),+v, X ot 2.13)
Here, subscripts i,j = 1, 2, ...n,with n equal to the number of trading partners; t
is time period and O denotes base period. PMj is the import price of j and PX; is
the export price of i. Mj and Xij represent respectively total imports of j and
export of country i in j’s market. o, , and y are the estimated structural

coefficients. This model assumes that the elasticity of price substitution in the

export equation is invariant with respect to market of destination.

Samuelson (1973): Developed at the OECD, this is a comprehensive model of
world trade that covers the trade flows of eighteen OECD countries and a residual

group of the remaining countries. The basic trade equation in this model is a first
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order (linear) approximation to the explicit CES demand-system functions:

PX, B 2.14
NS ) o
'k kj k

where, Xij and M; represent respectively export of country i in j’smarket and total
imports of j. Sij represents share of country i in j’s market. PX; is the export
price of country i. EkSijXk is a weighted average of all countries’ export prices,
where the weight for a given country k is the share of country k’s exports to
country jlin the total imports of country j. Samuelson adds three additional
variables in a linear fashion. The first is a measure of relative capacity utilization;
the second, a measure of relative tightness in the entire economy; the third, a
dummy seasonal variable. It may be noted that the use of capacity utilization and
total demand pressure seem appropriate for an aggregate model forecasting a
country’s total exports, but in the case of a highly disaggregated model, such as the
current study, such effects, by commodity, may be transmitted through the price
term. The price equations in each of the national models should incorporate such
possible pressures in their price forecasting equations. Nonetheless, Samuelson’s
model is an informative and helpful piece of work.2 It could not, of course, be

applied to the current study because of its aggregative nature.

2The basic Samuelson model has been applied in several world modeling system, including the
World Econometric Model of the Japanese Economic Planning Agency, the OECD INTERLINK
model system, and the World Model of Wharton Econometrics Forecasting Associates.
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Moriguchi (1973): This trade model, based on the trade-shares approach, is
developed to link the national models in the Project LINK system, which involves
thirteen national models of major industrial countries and several regional models
covering the rest of the world. The model is disaggregated by four commodity
classes of Standard International Trade Classification (SITC) (a) 0 and 1, (b) 2
and 4, (¢) 3, and (d) 5 through 9. The following has been estimated to modify
trade-shares matrices:

it S. it
PRy s t0p (Xu 2.15)
pom,) " Yilos )

ije Jjt

log,S,;, = , +B,log,(

where PCM;; refers to price of imported goods that are competitive with countr5;
i’s exports in j’s market, PX; is the export price of country i, and sij represents
share of exporter iin j’s market. R; is the elasticity of substitution of country i’s
exports in the world market (or in various import markets) and y the elasticity of
certain non-price competitive factors that contribute to changes in trade shares.
Both parameters are assumed to be invariant with respect to different exporters
in the same import market. The non-price factor (SXi/Mj) is the relative change
in country i’s total export capacity against country j’s level of total imports.
Moriguchi does not use the adding-up condition in the estimation but makes use

of the restriction by distributing the residuals of (X;S;; - 1).

Marwah (1976): In this study, the market share function for Sij is specified as

where PX; and PCMij refer respectively to export price of region i and prices with
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o p
PMyy "2ty " eny, @19
PX, "t X6t it

Sijt = Aij (

which region i competes for its exports in j’s market, e is the base of natural

system of logarithms and p is a stochastic error. A, o, 8, y, and u are the

ij
structural coefficients. The most important feature of the Marwah model is that
market share for each region is analyzed §vithout any a priori restrictions on the
size of price elasticityv of substitution or on any other structural coefficients. As
will become clear later on, this feature is shared by the present study. On the

other hand, the present study differs from the Marwah model in the selection of

non-price factors for the share equations and the estimation methodology.

Samuelson-Kurihara (1980): Rather than derive trade shares directly, this
approach makes adjustments to bilateral exports obtained from a base year trade
share matrix without explicitly predicting each element of the trade-shares matrix.

The export equation is as follows:

-

P
logX,, = by, +b;,log (X, 5,0 M,,) + by, log (-I;Ci't._ (2.17)

it

where P; refers to the export price of country i, PC; is the competitors’ export
price, X;, is the real value of export of country i, th is the real value of imports
of country j, Sijo is the trade share coefficient in the base period 1975. The model

then uses predicted exports, together with import projections, to revise the base
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