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CHAPTER 1

INTRODUCTION

1.1. Aim

Since the end of World War II, an increasing number
of empirical studies on aggregate import and export functions has
been conducted to measure price and income elasticities 1in the
international trade. Estimates of these elasticities are
interesting and important to the researchers or policy makers who
may wish to know what effects of income and price changes may
have on the trade balance of different countries. Numerous
studies to estimate price elasticities of import demand in
straightforward ways have not proved successful.

In 1950, Orcutt expounded a number of reasons that
caused the statistically estimated price elasticities for traded
goods to be biased towards zero. This study is intended to be an
extended investigation by econometric approach to the conven-
tional aggregate import demand model to emphasize the importance
of precise assessment of elasticity estimates 1in trade policy
issues. Distinct aspects of the single-equation merchandise
import demand model are separately considered in five chapters.
My research has stressed the methodological aspects of estimating
a . single-equation model of import demand. 1 hope that this
research has created a stepping-stone for further contributions
in both theoretical and applied econometrics.

In the long course of foreign trade, the United
Kingdom was the pioneer of the nineteenth century trading world,

and free trade doctrine had originated from the United Kingdom.



During the period from 1873 to 1913, the United Kingdom had
higher ratios of exports and imports to its national product. In
1913, the United States became to show a leading position in
world trade and also, Japan headed the Asian trade. By this
historical experience, aggregate data of these three nations are

brought into empirical characterization of import demand.

1.2. Organization of the Research

In the classical econometric work of 1international
trade, Polak developed an international adjustment mechanism
through exports, imports and income. The process of adjustment
produced equations for exports, imports and income for each
nation; a causal relationship between exports and imports was
linked by the national income. However, Polak's empirical work
was based on prewar data and reflected a causal relation running
from national income to imports. This causal behaviour between
international trade and national income is retraced in Chapter 2
of my study, by the frequency domain approach. Annual data series
are analyzed for long historical period, dividing prewar (1885-
1939) and postwar(1947-1985) years. Causal patterns are explained
at both current and constant prices. Turning from the short data
series, the spectral analysis is continued to the long data
series observed at quarterly base for the postwar period. Having
analyzed by the application of spectral methods, causal models

are established.



Chapter 3 discusses some econometric issues emerged
from early empirical studies on single-equation aggregate import
demand model. Criticisms on the prewar empirical estimates of
price elasticities in international trade had been on the low-
elasticity side. In fact, conventional demand theory had not been
strictly employed in classical estimation of single-equation
aggregate import demand function. Nevertheless, postwar empirical
studies have justified the use of single-equation procedure with
the assumption of infinitely elastic supply of imports, to remedy
the bias arisen from simultaneous shifts in demand and supply
curves. The theoretical framework for the determination of
aggregate import demand is also mentioned in this chapter. Then,
price and income elasticity estimates of import demand for the
United Kingdom, the United States and Japan by the prewar and
postwar data are reported. Hints are made for certain works to
be treated in next chapters.

Chapter 4 deals with errors of measurement in the
traditional aggregate 1import demand model. It begins with a
discussion of previous studies on the bias in price and income
elasticity estimates of import demand. Particularly, Kemp (1962)
and Kakwani (1972) derived definite statements about the direction
and magnitude of the bias due to the errors of measurement 1in
the 1least-squares estimates of price elasticity of the import
demand equation. They applied the statistical procedures to the
specification that the quantity of imports was related to the

price measured with errors. The point is made that omission of




the income variable from the specification of 1import demand
model 1is not subject to the relevant economic theory, and the
correlation between the price and income variables affects the
statistical properties of the resulting bias. This motivated to
me to develop some propositions in Chapter 4, concerning with the
measurement errors in the variables of the import demand
relation. A case that true variable is correlated with its
measurement error is considered by Proposition 3. A Monte Carlo
experiment is also included in this chapter.

The functional form of the demand for imports is
important on both economic and statistical grounds, because the
assessment of accurate elasticity estimates plays a critical role
for policy implications, and misspecification of the functional
form violates the statistical properties of the estimates.
Applied eéonometricians have suggested that the choice between
linear and log-linear specifications of aggregate import demand
relationship 1is an empirical issue since there is rare a priori
economic rationale for the appropriate functional form. Testing
linear versus log-linear is therefore treated in Chapter 5. Among
many tests available in the literature, the Sargan's test, the
Box-Cox test developed by Savin and White (1978), the Lagrange
multiplier statistics and Andrews' test developed by Godfrey and
Wicken (1980) are applied to the static and dynamic models of the
United Kingdom, the United States and Japan by the quarterly data.

Dynamic elements are introduced in Chapter 6. There

are two reasons : (i) significant serial correlation is observed



in the residuals of estimated models in Chapter 5 and (ii) the
responsiveness of demand for imports to price or income changes
may be delayed by recognition lags, decision lags, delivery lags,
replacement lags and production lags. The dynamic model for each
country 1is explored by Almon lags, partial adjustment mechanism
and adaptive expectation hypothesis. Then parameter stability of
dynamic specifications is tested by the cusum of squares test.
Finally, some of the main statistical and

theoretical problems are discussed in Chapter 7.

1.3. Early Development of World Trade

The history of trade had been associated with the
history of human civilization. The early scenery of trade was
seen in the caravan trade or the caravel trade. The trade of the
Mediterranean was restrained by political disorder during the
period, so-called Dark Ages, between the sixth and the eighth
century, and after this period, the beginning of modern trade
arose in Western Europe. In the long course of trade, though the
expansion of world trade had first moved from Europe since the
twelfth century, Asia and Africa had a wealthier trade than
Europe at that time. The rise of nation states during the
fourteenth century, the discovery of new lands during the
fifteenth century, and colonization since the sixteenth century
were causes of early development of international trade.

As consequences of the development in human culture
and technology, expansion in socio-economic institutions and

colonization, a great increase in world population, production



and trade had been achieved during the nineteenth century. In
1800, world total population was 906 million énd it became
nearly double, estimated to be 1608 million in 1900. According
to Kuznets' estimation, the volume of foreign trade per capita
grew 25 times and world product per capita, 2.2 times, within 113
vears during the pefiod 1800-1913. The estimated annual average
growth rates in volume of world trade during this period are
presented in Table 1.1. During this period, the rate peaked 1in
the midcentury and sharply declined towards the end of the

century,but rose again in 1900-1913.

Table 1.1. Estimated Annual Average Growth Rates in Volume of

World Trade, 1800-1913 (per cent per year)

Period Growth Rate
1800 - 1820 1.5
1820 - 1840 2.8
1840 - 1860 4.8
1860 - 1880 3.9
1880 - 1900 3.3
1900 - 1913 4.4

Source : J. R. Hanson II, Trade In Transition : Exports from
the Third World, 1840-1900, Academlc Press, 1980,
p. 14.

A rapid expansion of international trade had
started during the nineteenth century and it was dominated by
Western FEurope, especially the United Kingdom. As we mentioned
above, the nineteenth century trade was characterized by a higher

rate than the rate of world output. The free trade doctrine,

first applied in the United Kingdom, was regarded as the



distinctive feature of the nineteenth century trade and the
United Kingdom had monopolized the world's trade by nearly about
25 per cent till 1900 and its position declined after 1900.

Table 1.2 represents the regional shares 1in world
+rade from 1820 to 1913. According to this table, nearly 60 per
cent of wofld trade was from Europe, and France, Germany and the

United Kingdom were seen as leading trade nations. Among them,

Table 1.2. Estimated Percentages of Reglonal Share in World Trade

1800 - 1913

Regions 1820 1840 1860 1880 1900' 1913
France 9 11 11 11 9 7
Germany 11 8 9 10 11 12
United Kingdom 27 25 25 23 22 16
Other Western Europe 14 16 13 15 16 15
Other Europe ’ 15 14 11 12 11 14
North America 6 7 9 10 9 14
Latin America 8 8 6 S 5 8
Asia 3 3 3 4 4 9
Others 7 8 6 3 4 5

¢« Figures in 1899

Source : W. W. Rostow, The World Economy : History & Prospect, The Macmlllan
Press, 1978, Table II1-8, pp. 70-73.

the United Kingdom was the greatest trading mnation for this
period. The role of colonial trade seemed predominant for the
United Kingdom since the economic life of British colonies was
built up on the production of exports. For instance, British
colonies' trade constituted 33 per cent of her exports and nearly

23 per cent of her imports in the years between 1892 and 1896.



However, colonial trade involved small portions in other empires

as shown in Table 1.3.

Table 1.3. Total Trade Compared with Colonial Trade for Selected

Countries, Annual Average, 1892-1896.

Imperial Power | Exports | Imports Colonial Area Colonial Population
(%) (%) {1000 sq. miles) (nillions)
Britain 33.20 22.50 11 09S 325.10
France 9.50 9.50 1 195 I 36.15
Holland 5.00 14.50 785 34.50
Portugal 9.20 15.80 834 7.90
Spain 24.00 9.70 323 8.50
Denmark 1.60 1.10 41 0.13
Germany 0.09 0.05 1 026 . 9.80

Source : J. Foreman-Peck, A History of the World Economy : International
Economic Relations Since 1850, Wheatsheaf Books Ltd., 1983,
Table 4.5, p. 115.

If a table for colonial trade per square mile
prepared, France and Spain accounted for a greater portion

other colonial empires in exports, and France and Holland,

was
than

in

imports as in Table 1.4. The share of Germany's colonial trade

value had been pitifully tiny compared with others between

and 18986.

Table 1.4. Colonial Exports and Imports Per Square Mile (Annual Average)

1892 - 1896

1892

Source : A. W. Flux, The Flag and Trade, Journal of the Royal Statlstical

Vol: 62 (1899).

Imperial Area of Imports from Imports Per Exports to Exports Per
Colonial Colonies Square Mile Colonles Square Mile
poner (s mites) (£) (&) (£) (£)
Britain 11 090 490 94 437 060 8.5151 74 804 000 6.7449
France 1 195 702 14 725 000 12.3149 12 607 000 10.5436
Holland 785 884 17 433 000 22.1827 4 945 000 6.2923
Portugal 834 541 ° 1 714 600 2.0538 517 000 0.6195
Spain 323 750 3 078 000 9.5073 7 166 000 22.1344
Denm;rk 41 079 221 000 S5.3799 232 000 5.6476
Germany 1 026 709 110 000 0.1071 146 000 0.1422
Soclety,




In the late nineteenth century, Japan became an
industrialized economy and its share of trade rose among Asian
nations. Basically, it seemed that the early development of world
trade was in harmony with the industrial revolution and world
trade grew 3.3 per cent during the period 1873 to 1913. The
nineteenth century trade leaders, the United Kingdom, France and
Germany, had higher ratios of exports and imports to their
national products than other nations during this period. For the
United Kingdom and Germany, the ratio of imports to national
product was bigger than that of exports to national product. In
the case of France, these ratios were equally high of ove 20
per cent between 1880 and 1913 for both exports and imports. The

figures for these countries are shown in Table 1.5.

Teble 1.5. Estimated Percentages of Trade In National Product for

France, Germany and the United Kingdom, 1820-1913

France Germany United Kingdom

Year
Exports Imports Exports Imports Exports Imports
1820 7.0 5.0 - = 10.0 13.0
1840 7.0 8.0 7.0 6.0 9.0 12.0
1860 16.0 14.0 = - 16.0 22.0
1880 24.0 28.0 16.0 22.0 16.0 25.0
1900 24.0 25.0 13.0 17.0 13.0 21.0
1913 26.0 28.0 18.0 20:0 19.0 25.0

.Source : S. Kuznets, The Level and Structure of Forelgn Trade : X. Long-
Term Trends, Economic Development and Cultural Change, Vol. 14
(1967), Appendix Table I.

56¢215



10

1.4. Patterns of Trade

As mentioned earlier, an accelerated expansion of
international trade had originated in the nineteenth century as
consequence of developments in transportation, communication, and
industrialization and it was fostered by the device of free trade
policies. However, it is hard to manifest the general structure
of world trade since it varies over time according to the stage
of industrialization of nations and also the political and socio-
economic process. If the expansion of world trade was traced
through the rate of growth, the trade grew more rapidly in post-
war years than prewar years. The rate of growth had lost through
wars and economic crisis during the period 1913-1948. Though the
postwar period, so-called the golden age of the international
trade, has been generally marked by a high growth rate, a series
of structural changes in world trade pattern took place
continuously.

If we traced back into the nineteenth century, the
Western Europe exhibited its most powerful position in world
trade. Among the Western Europe, the United Kingdom established
her welfare state by strenghtening colonial power, and her
colonial empire area was 91 times her own area till the end of
the nineteenth century. In fhe case of the United Kingdom, it
seemed to have a close correlation between trade and
colonization. Historically, most of the colonial governments had
adopted colonial economic policies, oriented towards the export

economies of their colonies. During the time of the British
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colonialism Myanmar (formerly Burma) had been well-known as the
world's rice bowl due to 1its laizzez-faire and free trade
policies. Actually, free trade doctrine had greatly favoured the
United Kingdom in trading with her colonies to enrich the mother
country.

World trade expanded to include a great variety of
commodities during the period 1870-1913, the golden age of
capitalism. The spice trade had dominated at the end of
seventeenth century; sugar and tobacco were key trading items in
the eighteenth century. When there involved several items of com-
modity in international trade during the nineteenth century, it
became very difficult to describe the pattern of world trade at
micro level. Generally, the export pattern was highly affected by
the progress of industrialization and the import pattern was
influenced by resource endowments and import demand of the
country. The most common structure of world trade was that in the
non-industrial or developing group, primary products constituted
a large share in their exports, and manufactures, a large share
in their imports. The contrary was obvious for the industrial or
developed group. If we selected 1913, the year before the
outbreak of the World War I, this pattern of world trade is
illustrated in Figure 1.1.

Figure 1.1 shows that in 1913, the industrial
nations provided 92 per cent of world manufactured exports of
which 45 per cent was traded among the same group, and the non-

industrial nations, 8 per cent only. World manufactured imports



12

‘pPUUTIOYION

‘usdof pPUT PUBTJIDZITMS

9PUAL PTIOM €IET JO UOTID9ITQ *T'T 0andTy

W

"86-4S "dd ‘0g puv §Z B5OTqUL

~

%8
. s3acdxd
$2IN]oRINURK

Z%6F
s3x0dxHT

sjonpold ATewTtig

N

a

SUOTJeN TeTI}SNPUI-UON

%0§

s3aodut
s9INJOoRINUEBK

a

- %91
. S3xodurr
sjonpoxd Arewtid

® ®

D

‘UopoMs

'(6S6T) UOPUOT ''P3T UTMUR B UDTTV 983009 ‘opval usT0a04 JO §IU9% £31Td '§938% ‘11 'd wolj peandwo) : 90Ino§

‘ATUaI

'£a3uny ‘'BTAISNY ‘LUBWILY ‘90UTVI ‘wnT3TOg ‘S9303S po3Tun 2Yy3 ‘wopduly po3Tup Lyl SPNTOUT SUOT3BU T®TIISNPUT 930N

S34k $0S
s3aoduT s3aodur
S3onpoId AIRWTI] SaanjoeINUEK
"N
SUOT3EN TRTI}STpUI
Ny
%lS %26
syaodxa s3IodxT
sjonpoxg ATewTtad saanjorInuUel

A

/T~



13

were equally shared between the two groups, industrial and non-
industrial, and also, equal share could be seen 1in exports of
primary products. Nevertheless, four-fifths of world imports of
primary products were demanded by the industrial group and half
of these came from the same group, mostly supplied by the United
States and Canada. It 1s <clear from the figure that the
industrial nations had been participating most significantly in
world trade and the percentage contribution among the industrial
nations was greater than that among the non-industrial nations.

If we looked at the regional trade pattern in terms
of wvalue in 1913, the developed countries except the United
States and Canada, mainly exported manufactures and imported
primary products. The reverse pattern was exhibited in the
developing countries. Regional composition of world trade in
primary products and manufactures is shown in Table A.1 of
Appendix A. Roughly, primary products included food, agricultural
raw materials, minerals, and metals. Also, manufactures consisted
of metal products, chemicals, textiles, and other manufactures.
In 1913, the United States and Canada concentrated on food and
metal product exports and mainly imported minerals and metals.
The main exports of the United Kingdom and Japan were textiles
while food was a top item in the United Kingdom's imports, and
agricultural raw materials for Japan. The United States and
Canada, in 1913, became to show their leading position in world
trade and also, Japan headed the Asia trade, accounting for her

share of over 17 per cent in exports and imports.
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The leading industrial nations' products shifted to
war materials during World War I, 1914-18. After the war, the
United States and Canada had occupied the dominant position in
world trade. Moreover, technological change in the industrial
nations and high rate of industrial growth in the newly indus-
trialized nations, Brazil, Finland, India, New Zealand in the
1920's prevailed. If we compare the trade pattern in 1928 with
the position in 1913, the export share of the United Kingdom
and Northwest Europe in world trade had declined and that of
other regions had risen 1in 1928. Moreover, a decline in import
share of world trade was seen in Northwest Europe and Ocenia
regions. An increase 1in the exports of manufactures at the
expense of the exports of primary products was evident in the
United States. The trade pattern in 1928 is presented in Table
A.2 of Appendix A. The depression in the 1930s reflected the
expansion of the U.S. trade and a slight decrease of its share
in regional pattern of world trade in primary products and
manufactures can be seen in 1937 figures.

In 1937, the United States' shares of exports and imports in
value had slightly fallen from 19.73 to 17.12 per cent and from
15.13 to 13.92 per cent, respectively.

In the postwar period, world trade was growing at
a rapidly higher rate than the prewar period. According to Arthur
Lewis (1981), the annual average growth rate of world trade for
the periods 1873-1913, 1913-1939, 1953-1973 were 3.3 per cent,

0.9 per cent, and 8.0 per cent, respectively. Various
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classifications of countries according to their economic
structure came to exist in the postwar trade studies. Generally,
developing countries are classified into oil-exporting countries
and non-oil developing countries. According to international
financial statistics prepared by the International Monetary Fund
(IMF), the international trade position for the period 1950-1980

is shown in Table 1.86.

Table 1.6. Annual Percentage Change in Value of World Trade
.

by Regions, 1950 - 1980

Reglon 1950-60 1960-70 1970-80 1950-80

World 7.1 9.4 20.7 12.3
Industrial Countries
Exports 8.7 10.1 18.9 12.5
Imports 8.0 10.3 19.7 12.5
0il-Exporting Countries
Exports 5.5 9.1 33.0 15.2
Imports 8.9 6.1 30.2 14.6
Non-01i1 Developing Countries
Exports 3.4 6.5 21.0 10.1
Imports 5.7 7.2 20.8 11.0
« : in U. S. current dollars

Source : International Financlal Statistics : Supplement on Trade
Statistics, International Monetary Fund, 1982.

As shown in Table 1.6, the growth rate of trade 1in
industrial countries was bigger than that in both oil-exporting
countries and non-oil developing countries during the 1950s and
1960s. But the reverse pattern and considerable difference in the
rate of growth of trade between industrial countries and oil-
exporting countries were visible during the 1970s. Unexpected

rising oil prices in late 1973 gave a dramatic increase in value
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of exports 1in oil-exporting countries and a rapid rise in
commodity prices during this decade, also, affected the trends
of foreign trade 1in all regions. The trends of exports and
imports in terms of value for three regions during the postwar
period, 1950-1980, are depicted in Figures 1.2 and 1.3. Rapidly
upward trends of trade after 1972 in world total and industrial

nations can be easily seen in these figures.
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Data Source : International Financilal Statistics : Supplement on
Trade Statistics, Internatlional Monetary Fund, 1882.

However, import demand conditions, inflationary pressures, and
oil-shocks have affected the price movements of the international

economy and then, the value og exports and imports. Overall
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prices in world trade were stable from 1953 to 1963; a slow
increase in prices happened during the period between 1963 and
1968; accelerated rising price level had been met after 1968, and
the level of prices began to decline after 1980.

Trade performance in 1953 can be seen in Table 1.7,
based on the Standard International Trade Classification (SITC).
A common character of large proportions of manufactured exports
and imports of primary products in the trade composition of
industrialized countries can also be viewed in this table. Major
exports of the United States and the United Kingdom were
machinery while food was their principal import. Textiles
accounted for a large share in Japan's exports and agricultural
raw materials, in her imports. Until 1953, Japan had concentrated
chiefly on exports of textiles; the main item of exports of the
United States and the United Kingdom shifted to machinery.

Again, as given in Table A.3 of Appendix A, during
1963-1984, three-fifths of world trade could be attributed to the
industrial countries, and the rest, by three other groups, oil-
exporting, non-oil developing and eastern countries,
approximately in equal share. The share of exports in the
industrial countries had been declining in value between 1973 and
1981; then rose again after 1981. On the contrary, rising trend
in export share of the oil-exporting and non-oil developing
countries was observed during the period from 1973 to 1981, this
trend continued in non-oil developing countries after 1981.

However, a conspicuous trend in trade share of eastern trading

-

o,

N
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countries has not been experienced all through the years. The
main cause of rising export share of oil-exporting countries was
the threefold rise in petroleum’'s price in late 1973.

For the case of non-oil developing countries,
the increase in volume of exports and also, as well as the rapid
rise in the commodity prices in the early years of 1970s, elevat-
ed their exports share in world trade. Moreover, the role of the
newly 1industrialized economies (NIEs) from Asia, Latin America
and Europe in the 1970s, has become more important ,showing their
rising shares of manufactured exports. The Mediterranean, Greece
Yugoslavia, Spain and Portugal achieved high growth rate in
industrial production in the 1960s and had started their swift
rates of exportation of manufatcured since 1970s. Also, the Latin
American countries, Argentina, Brazil, and Mexico, showed their
concentration on the manufactured exports. The east Asia group,
South Korea, Taiwan, Hong KXong and Singapore - Gang of Four,
also stimulated their strong achievement in exports of manufac-
tures in the 1970s. The so-called ASEAN Four (Association of
South East Asian Nations), Malaysia, the Phillippines, Thailand,
and Indonesia, obtained their NIEs' position in the 1late 1970s
and early 1980s. A general background on trade position of

these countries will not be included in my study.

1.5. Commodity Pattern of Trade in The United Kingdom, The United
States and Japan
A pioneer study on the structure of world trade in

manufactures and primary products was done by Hilgert in 1945. In
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this section, an attempt was made to provide a little inquiry on
the patterns of imports and exports in nominal value over the
period from 1955 to 1983 for the three mnations, the United
Kingdom, the United States and Japan. Commodity classification is
similar to that of the General Agreement on Tariffs and Trade
(GATT). A study on the commodity composition of trade for some
industrial nations between 1900 and 1954 can be seen in Baldwin
(1958). .

The shares of the United Kingdom, the United States
and Japan in the export and import trade by commodity group in
1913 and 1953 are shown in Table 1.8. 1In these countries,
machinery and other manufactured exports rose rapidly during the
forty years period; in the United Kingdom and the United States,
machinery exports were one-third of total exports in 1953. On the
export side, a large decline was seen in textiles for the United
Kingdom, food and agricultural materials for the United States,
agricultural materials and metals for Japan. Between 1913 and
1953, minerals exports of Jaﬁan dropped from 4.2 to 0.8 per cent.
On the import side, between 1913 and 1953, imports of textiles
fell significantly; that of minerals rose rapidly. In Japan,
imports of metals declined from 11.1 to 1.8 per cent during this
period.

As computed in Tables A.4(a) - A.9(b) of Appendix A,
for the period between 1955 and 1983, commodities were mainly
grouped into primary products and manufactures. Non-ferrous metal

was classified as manufactures in earlier issues of International
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Trade studied by GATT, and it has been reclassified as primary
product since 1973 data 1in later 1issues. Therefore, in my
computation, non-ferrous metal was put into the group of primary
products. Also, manufactures group has been reclassified since
1973 as in GAT%%) Though completely accurate figures could
not be available, commodities were grouped as unique as
possible in terms of the Standard International Trade Classifi-
cation (SITC) for the period studied.

First, if we looked at the percentage shares in
nominal value of primary products and manufactured imports
between 1955 and 1983, it 'seemed that Japan showed stable and
slightly c¢yclical nature of imports in both groups; the United
Kingdom and the United States, on the other hand reveal downward
trends in primary products and upward trends in manufactures. On
the export side, Japan exhibited a slightly decreasing trend in
percentage shares of primary products and a slightly increasing
trend in manufactures. The United Kingdom depicted a tendency for
rising percentages 1in exports of primary products and for
declining percentages in manufactured exports. The United States,
during the period 1955-1983, had maintained her position in terms
of nominal value of exports such that one-third were primary
products and two-thirds, manufactures. These patterns can be seen
in Figures 1.4 and 1.5. According to these patterns, Japan enjoys
a successful market share of manufactured exports while the

United Kingdom and the United States have been leading to unplea-

sant patterns of trade.
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It will be difficult to give definite conclusions
only from the point of view of nominal value since inflation,
foreign exchange rate and other political situations greatly
affect the foreign trade trends. Roughly, food was the most
important item 1in the imports of primary products of the United
Kingdom. It was also a major item in the U.S. imports of primary
products from 1955 to 1973; after 1973, the nominal value of food
imports dropped in importance and, it was replaced by fuel. Japan
had imported the largest proportion of raw materials in the 1955-
1967 period, but after 1967, fuel rose and nearly 45 per cent of
Japanese 1imports has been spent on fuel since 1974. 1In the
Japanese exports of manufactures, textiles and clothing had
predominated until 1963, and was displaced by engineering pro-

ducts and motor vehicles after 1963.

Notes

(1) Started from the figures for 1973, GATT has published by new
classifications in manufactures.
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CHAPTER 2

POLAK'S PIONEER HYPOTHESIS ON INTERRELATIONSHIP BETWEEN
IMPORTS, EXPORTS, AND INCOME

2.1 Introduction

In the context of world trade modelling, Polak, as
one of the implications in his international economic system,
provided a hypothetical causal inference on the interdependence
between three 'macro' variables, namely exports, imports and
income. His concern is that exports determines income and income
determines imports. Polak's hypothesis contributes the 'incéme'
channel between exports and imports, whereas imports are directly
reviewed from exports in input-output system of trade flows.
Polak looked into his framework by the prewar data of some
countries over the world, and noted, " Of all the relationships
used in this study, that between national income and imports is
the most widely known and accepted"Fl)

In this chapter, empirical efforts are, however,
made to verify such relationships by cross-spectral approach and
causality tests, covering both prewar and postwar periods for
three industrialized countries, the United Kingdom ( U.K.), the
United States ( U.S.), and Japan. Being concentratedlon require-
ment of stationarity in data series, we ignore the possibility of

structural changes during the periods analysed.

2.2 Polak's Model on International Economic System
In his international economic system, Polak
suggested a transimission model by four major relationships; (1)

variations in exports tend to fluctuate income : (ii)
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fluctuations in income affects imports with or without time lag;

country's exports is a portion of world trade; (iv)

the imports of all countries amounts to the total.

volume of world trade

Polak's international economic system can be

by a simple model consisting of the following four

Y = A X (2.2.1)
i 11
M = g Y . (2.2.2)
i i1
X =0 W (2.2.3)
il i
n
W o= 5 M (2.2.4)
i=1 1

\J \J

i' denotes for the i-th country and
real national income

volume of exports

volume of imports

total volume of world trade

foreign trade multiplier

marginal propensity to import

marginal propenslty of forelgn countries to import from

country 1 '

In this model, Polak derived the foreign trade
A, from national income identity, treated domestic
i

and exports as exogeneous varlables. According to his
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derivation, the foreign trade multiplier was obtained as
'l/(l—B_ + 9.)' ;B being the marginal propensity to consume.
Then im;ortslwere 1inked with exports by a fraction, called
"international reflection ratio’ which was resulted from
equations (2.2.1) and (2.2.2) as 'e./(l— B & e_ )' . Polak
suggested that this ratio should be le;s thanl unity for the
stability of an economy. Finally, world trade multiplier was
derived from equation (2.2.4).

In dealing with statistical evidence, behavioural
equations of this model were estimated on prewar annual data of
25 countries for 1924-38. Relative price variable was added in
some equations. Since the computed international reflection
ratios were observéd as below unity for a plurality of countries,
and additionally, world trade multiplier was computed as near to
0.5, it would seem to reveal a stable state of international

economic system during the prewar years in the sense of global

trade.

2.3 Empirical Evidence on Linkage of Exports, Imports, and Income:
Cross-Spectral Approach and Causality Testing
2.3.1 Cross-Spectral Approach

In the field of time series analysis, cross-spectra
are wusually used to investigate relationship between two series
by coherences and phases at different frequencies within the
framework of frequency domain approach. Coherence measures the
degree of relationship between the two series at each frequency

and phase is a measure of time lag. The estimation procedure can
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be described as follows :

Given the data of a bivariate discrete stationary

process, i. e. (x , ¥y , t=1,2,...,n), we compute the estimate of
t t
covarlances as
1 n-k _ B
c (k) = — 3 (x =-Xx)(x - X)
XX n t=1 t t+k '
1 n-k _ _
c (k) = — r (v -¥y)(y -y)
yy n t=1 t t+k
1 n-k _ 3 (2.3.1)
c (k) = — ¥ (x - X)(y -y)
yX n t=1 t t+k
1 n-k _
c (k) =— 5 (y -¥)(x - X)
Xy n t=1 t t+k
1 n 1 n
where X = — § X » Y =— I Y, and Kk is time-lag.
n t=1 ¢t n t=1 t

The estimated power spectrum 1s

c (0)

B N XX
: S (u)
XX 2

m
I w ¢ (k) cos(ku) (2.3.2)
k=1 k xx .

1
+
<] -

where w s are computed by the Parzen weights with truncation
k
point m as

2
6 k k
w =1 - (1 - —) ;7 0 < Kk <m/2
k 2 m
m
k 3 (2.3.3)
=2 (1L - —) i m/2 <k < m
m
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The smoothed co- and quadrature spectra are
A 1 1 m
¢(u) = — {c (0) +c (O)} + — 5 w{c (k) + ¢ (k)} cos(ku)
4 Xy yX 2 k=1 k xy X
(2.3.4)
A 1 m
q(u) = — ¥ w {c¢c (kK) -c (k) } sin(ku) (2.3.5)
2 k=1 k Xy yX
where u = 7j/m ; j=0,1,2,...,m.
The estimated cross-spectrum is
S (u) = c(u) + 1 q(u) (2.3.8)
Xy
The estimated coherence and phase are N
N 2
S (u)
A Xy
K (u) = (2.3.7)
Xy ~ ~
(u) . S (u)
XX Yy
and
a -1 q(u)
$ (u) = tan —_— (2.3.8)
c(u)

The phases are in degree between -180 and 180 .

(a) Prewar and Postwar

Since analysis of short series has been' supported
by the work of Granger and Huge (1968), spectral measures are
computed by the small number of observations, 53 observations for

prewar and 37 observations for postwar. Despite of criticisms,
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annual data of gross national product, merchandise imports énd
exports are used for the three countries, since prewar years are
included 1in this analysis. As all series seem to have trends, a
second-order filter called Sims' filter (1—0.75L)2 is computed on
logarithmic values "to eliminate trends and prewhiten the dat;%)
Graphs of the series for prewar and postwar at current and
constant prices are displayed in Appendix B. The number of lags
used is 15 for each data set.

Results at current and constant prices are
displayed 1in Tables 2.1(a)- 2.3(b§?) As shown in those tables,
there are many large coherences for the estimates at current
prices. However, some of the coherences are considerably reduced
by computing estimates at constant prices; some are still larég?
Particularly, the majority of high coherence values at constant
prices are observed in the relationships between imports and GNP
of the postwar U.K., between imports and exports of the prewar
U.K., and between the U.S. imports and GNP of both periods.

In Table 2.1(b), the highest coherence between the
prewar U.K. exports and imports appears as 0.783 at 3.75 years
with the phase 47. or about 6 months, exports leading. For the
United States, imports with a maximum coherence leads GNP at 3.3
wears with the phase 9. or one month during prewar, and this
direction has seemed to change 1in postwar period 1947-1985
revealing a peak coherence 0.858 with the phase 14. or 2.3 months
2t 86 years, GNP leading as shown in Table 2.2(b). However, imports

of the postwar U.K. leads its GNP at the highest coherence with

zhe phase 16 or about 3 months at 5 years.
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The results at constant prices cannot give a

complete information on the linkage of imports, exports and GNP
of each country because of statistically insignificant coherences
in some cases. Anyhow, if we consider the statistically signifi-
cant high coherences at current prices, we can summarize the

relationships as shown in Table 2.4.

Table 2.4. Patterns on the Linkage of Imports, Exports, and GNP at Current Prices

U.K., U.S., and Japan : 1885-1985

Prewar (1885-1939) Postwar (1947-1985)
U.K. GNP —> Exports ---> Imports GNP — Imports
U.S. Imports ——> GNP ---> Exports Exports ——» GNP —3 Imports
Japan GNP —> Imports ---> Exports Imports — Exports —> GNP

Based on these patterns, postwar data of the U.K.
2nd Japan verifies the Polak's emphasis that income determines

Imports, with the evidence that GNP is leading imports with about
one month each at 2.5 years and 8 years respectively. A complete
validation appears in the postwar U.S. data with less than one

¥ear of lead-lag periods.

(b) Postwar Quarterly Data

To investigate the relationships with longer data
series, spectral measures are computed by quarterly data for the
three variables over the postwar period, 1955 Q.1-1983 Q.4. As

the graphs of the original quarterly data are showing upward
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trends logarithmic values of the series are prewhitened by Sims'

filter. The resulting serles are observed as random series

without trend which will be allied to stochastic processes.

Graphs are shown in Appendix B.

The same procedure used for annual data is also

employed 1in postwar quarterly data. The estimated coherences

associated with statistical significance and phases at current
and constant prices are shown in Tables 2.5(a) - 2.5(c) covering
period from the first quarter of 1955 to the fourth quarter of
1983. Specfral measures are estimated with 30 lags, a sufficient
number at which the cross correlation functions damp out. Except
the relationship between imports and exports of Japan at constant

prices, we observe plausible coherency estimates at both current

and constant prices and a summary of relationships is given 1in
Table 2.6.
Table 2.6. Patterns on the Linkage of Imports, Exports, and GNP
U.K., U.S., and Japan : 1955 Q.1-1983 Q.4
At Current Prices At Constant Prices (1980= 100)

U.K. Exports ——s Imports ——> GNP Exports ——> Imports —s GNP

U.S. Exports ——> GNP ——> Imports Exports —>»> Imports ——> GNP

Japan Exports ——> Imports GNP —> Imports —— Exports
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From Table 2.6, the United Kingdom suggests a
similar pattern between nominal and real values, differing the
lengths of 1lead-lag period. At current prices, the U.S. data
series confirm Polak's hypothesis, in agreement with the pattern
of annual data. Japan fails to show a particular pattern on the
linkage of three variables significantly, but a causation from
income to exports is <clear at nominal and real values and that

from income to imports can be seen at real value.

2.3.2 Causality Tests

Next to cross-spectral measures, the causality test
is performed to explore the causal direction of the three
interrelated variables in Polak's hypothesis. The causal model is
established based on two considerations : (a) the Granger's Axiom
A (1980) that the past and the present may cause the future but
the future cannot cause the past; (b) priority in time in the
cause before the effect is at most two years as shown by the
frequency domain approach. By these considerations, the causal

models can be expressed as

(1) Unidirectional Causality

2 2
Y =a + I B Y + I d X + Y t +u (2.3.7a)
t i=1 1 t-1i j=1 j t-j t
2 2 )
X =b+ 5 o X + 3§ B°Y + Yt + v (2.3.7b)
t j=1 j t-j i=1 i t-1i t
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(2) Bidirectional Causality (Feedback)
2 2
Y =c+a X + IB'Y + I a X + Yyt +u (2.3.8a)
t 0 t i=1 1 t-1 j=1 J t-J t
2 2 ,
X =d+B Y + y» o X + 5 'BTY + Yt + v (2.3.8b)
t 0 ¢t j=1 J t-j 1i=1 i t-1i t

where X and Y are transformed variables, t, time trend, u and
t t t

% are mutually uncorrelated white noise series. X and Y are
t t t

transformed by Sim's filter in order to remove serial correlation

in the two-sided regression residuals. To test for causality we

performed F-tests under the null hypothesis

Model (1)
H : ¢ =0 ( X causes Y : X —> Y )
0 J
H g’ =0 (Y causes X :-X «<— Y )
0 i
Model (2)
H : g =0 ( X causes Y : X «<—> Y )
0 0
H : g =0 (Y causes X : Y «<— X )
0 0

Models are tested in linear and log-linear forms
and the results are given in Tables 2.7(a) - 2.8(b). At current
prices, 1t 1s <clear from those tables that there exists a
bidirectional causal relationship in all cases of three countries
for the prewar period; also shown by high coherences in cross-

spectral methods. When we compute for real values, simple causal
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relations become weaker and feedback, too, as shown in Tables
2.7(a) and 2.8(b). At constant prices, there. exists g
Didirectional causal relation between imports and exports for the
J.K., between importg and GNP for the U.S., and between exports
and GNP for Japan, in the prewar data; those between imports and
GNP, also, between exports and GNP, for the U.K. and U.S. in the
postwar period. Particularly, if we look' at the results in
constant prices, the most pronounced evidence isg the causal
relation from GNP to imports which can be seen in linear form

for all countries studied in the postwar pPeriod.

2.4 Conclusion
Polak had postulated a causal 'model of

international trade and national income on the basis of

25 countries. He recognized that the most significant fit had
Seen in the causal relation between imports and income.

In the present study, as an attempt to verify
Polak's pioneer hypothesis, causal variables are analysed by
Sross-spectral methods and the Granger framework by dividing the
data into two periods, prewar (1885-1939) and postwar (1947-1985)
for phe United Kingdom, the United States and Japan. In addition,
cross;spectral ln€asures are computed for quarterly data by the
2vailability of information in postwar period. The present

empirical study provides the following findings
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(1) Both cross-spectral and causality measures support
significant linkage between imports and exports at current and
constant prices for the United Kingdom during prewar and postwar
years and spectral procedure gives certain causality from exports
to imports with lags ranging between 20 days and 6.5 months. The
very association 1is apparent in postwar period for the United
States with a small length of lag between 12 and 18 days. This
observation seems to be supported by the fact that the United
States aggregate imports are not a linear function of aggregate
exports.

(1i) Prewar cross-spectral results at current prices for the
United. Kingdom and Japan show a causal relation from income to
imports, but results for quarterly data demonstrate differently.
However, if we view on the results of causality results, this
causality 1is observed for the prewar United Kingdom results at
current price and the most obvious verification of this pattern
is discerned at constant prices for all three countries.

(1ii) Although the spectral results of prewar years at current
prices appear to be inconsistent with the wunderlying causation
process, those of the postwar U.K. and U.S. at current and
constant prices significantly support that expérts lead income.
(iv) In the case of the United States, spectral measures at
current prices for the postwar period agree with the Polak's
pioneer hypothesis while causality tests perform a perfect linkage
of three variables for prewar and postwar periods.

These methods of analysis will be of interest at
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the conceptual level, especially, by statistical reasoning, that
the power spectrum examines how the variance of the stochastic
process 1is distributed with frequency, providing the property
that the spectrum gstimates at mneilghbouring frequencles are
approximately independent. Nevertheless, there would be due to
some critisms in this method. Though we need a more pronounced
Information in tracing Polak's causal pattern of imports, exports
and GNP, the above-mentioned empirical implications, entirely,
perform the causal relation from exports to importé. given by
input-output system and partially, reinforces our theoretical

foundation that 'income variable' should not be neglected in

determination of imports.

Notes
(1) Polak(1954) p.1s61.

(2) According to Sim, this filter approximately flattens the
spectral density of most economic time-series.

(3) A test for non-zero coherency is employed for coherences by
computing the F ratios as

(d-2) K
Xy
F

(2,d—2) A
2 (1 -K )

Xy
where d 1is degree of freedom and d for Parzen lag window 1is
assessed as 3.71(m/n).

(4) 'In econometric applications of regression analysis, deflation
may increase or decrease the resulting correlations. [See in G. S.
Maddala(1977) ]




{1)

2)

13)

4)

15)

(6)

(7

(8)

Cargill, T. F. (1969), An Empirical Investigation 6f the Wage-
Lag Hypothesis, American Economic Review, 59(Decem-
ber), 806-816.

Granger, C. W. J. (1969), Investigation Causal Relations by
Econometric Relations by Econometric Models and Cross-
Spectral Methods, Econometrica, 37(No.3, July), 424-
438.

Granger, C. W. J. (1980), Testing for Causallty : A Personal
Viewpoint, Journal of LEconomic Dynamics and Control,
2(No.4, November), 329-352.

Granger, C. W. J. and Hatanaka, M. (1964), Spectral Analysis
of Ecopomic Time Series, Prinéeton University Press.

Granger, C. W. J. and Huges, A. 0. (1968), Spectral Analysis
of Short Series - A Simulation Study, Journal of the
Royal Statistical Society, A, 131(Part 1), 83-99.

Gudmudsson, G. (1971), Time-Series Analysis of Imports,
Exports, and Other Economic Variables, Jourmnal of the
Royal Statistical Society, A,, 134(Part 3), 385-412.

Jenkins, G. M. and Watts, D. G. (1968), Spectral Analysis and
Its Applications, Holden-Day, Inc., California.

Kirchgassner, G. and Wolters, J. (1987), U. S. - European
Interest Rate Linkage : A Time Series Analysis for
West Germany, Switzerland, and the United States,
Review of LEconomics and Statistics, 69(No.4, November)

675-685.



54

9) Maddala, G. S.(1977), Econometrics, McGraw-Hill Inc., New York.
'10) Pindyck, R. S. (1981), Econometric < Models and Economic
Forecasts, International Student Edition, McGraw-Hill.
{11) Polak, J. J. (1954), An International Economic System, Georage
Allen & Unwin Ltd., London. |

(12) Sargent, T. J. (1973), Interest Rates and Prices in the Long
Run : A Study of the Gibson Paradox, Journal of Money,
Credit and Banking, 5(No.l, Part 2, February), 385-449.
ﬁ&s)' Singh, B. and Sahni, B. S. (1984), Causality between Public
Expenditure and National Income, Review of Economics

and Statistics, 66(No.4, November), 630-644,



CHAPTER 3

TRADITIONAL AGGREGATE IMPORT DEMAND FUNCTION AND

ITS ECONOMETRIC APPLICATIONS

3.1. Introduction

The role of imports in econometric studies of
international trade had been highlighted by pioneering works of
Metzler (1950) and Polak (1954). In the Metzler model, the whole
pattern of world trade was expressed by import functions,
treating total exports of a country as the sum of imports of its
trade partners. Polak adopted a system that the sum of the
volume of imports of all countries equal total volume of world
trade. Estimation of aggregate import demand function is one of
the major interests for adjustment of trade balances and exchange
rate stability.

A significant number of empirical studies has been
made to estimate price and income elasticities of aggregate
import demand model since the end of World War II. Econometric
issues on aggregate import demand model have been reviewed by
Cheng (1959), Prais (1962), Magee (1975), Stern et al.(1976) and

Goldstein and Khan (1985).

3.2. Earlier Arguments on Statistical Estimates of Aggregate
Import Demand Function

There has been a number of empirical econometric

studies of aggregate import demand function analyzed with prewar

data, using ordinary least-squares technique; especially multi-



country estimates were seen 1n Chang (1945), Neisser and
Modigliani (1953) and Polak (1854).

The investigations of the problems in estimating
zggregate import demand function by prewar data were framed by
Sreutt (1950) and Hafberger (1957, 1958). To his argument that
=stimated price elasticity of demand had been lower than the true
price elasticity in international trade studies based ‘on time-
series data, Orcutt provided five sources of 'error and bias’

(i) omission of some other factors that might affect demand and
simul taneous shifts in demand and supply schedules; (ii) errors
of obsérvations(%)(iii) aggregation; (iv ) neglect of lagged terms
or short-run and long-run effects; and (v) quantum effect. Machlup
{1950), ‘'supporting Orcutt's argument, also mentioned that
nistorical circumstances had led the elasticlities of demand for
imports and exports underestimated.

Neisser and Modigliani (1953) and‘ Harberger
(1957, 1958) were on the same criticism of 1inapplicability of
classical 'regression method in measuring inter-war quantitative
estimates of trade elasticitiles. Harberger gave a rule-of-thumb
judgment for short-run elasticlity of import demand to lie in or
above the range -0.5 to -1.0.

Prais, in his review paper, noted that " Orcutt's
arguments seem to be over-stated in my opinion; . . . it is not
clear that they would always necessarily arise in a
gquantitatively important way ", He pointed out that the bias due

to simultaneous shifts 1in demand and supply schedules would
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vanish when supply was infinitely elastic and the shifts were
independent. Liu (1954) also substantiated this hypothesis and
defended for the 1least-squares method in estimating the import
demand function. Also, the assumption of the well-known Marshall-
Learner condition that the supply elasticities of imports and
exports are perfectly elastic, supports their suggestion.

Statistical properties of the bias due to errors of
observations in import demand formulation were re-examined by
Hemp (1962) and Kakwani (1972§?)
3.3. A Simple Model for Aggregate Import Demand

Systematic empirical studies on import demand model
have been elaborated for various countries or commodity groups in
the postwar period. Many research workers discussed the issues on
specification of functional form, choice of variables, and data
selection from both theoretical and empirical backgrounds. On the
theoretical 1level, 1imports can be modelled by perfect- and
imperfect-substitutability approaches. Under the perfect-
substitutes model, imports of a country are considered as the
difference between domestic demand and domestic supply. By this

approach, price and income elasticities of demand for imports,
d d

§ and § , can be considered as
mp my

d D S

o) = — N - — e (3.3.1)
mp M dp M Sp
d D S

§ = — h - — e (3.8.2)
my M dy M sy



¢here D, S, and M are demand, supply, and imports respectively;
!

and e represent the domestic demand and supply-price

] sp

lasticities; n and e are the elasticities of domestic
dy Sy

and and supply{with respect to lncome.

Tﬁe price elasticity of demand for imports, dd ;

{11 be negative since the domestlc demand elasticity, n Tpis

segative and the domestic supply elasticity, e , is pos?iive.

lowever, the income elasticity of %ggorts,'éd , iguld be eilther
mp

positive or negative as Magee (1975) asserted.

In accordance with the imperfect-substitutability
approach, demand function for imports can be derived from
maximizing utility subject to a budget constraint when imports
are considered as consumer goods, oOr by minimizing cost subject
to the production function when imports are intermediate goods.
If an aggregate import demand Tunction is approximately derived
from constrained utility maximization, then this function will be

homogeneous of degree zero in prices and income and be of the

form
d d
M =M(P /P ,Y P )
m d d
or (3.3.3)
d d
M =M (P ,y):; P=P/P ,y=Y//P
' m d m
d
where M is the quantity of imports demanded, P 1is the price of
m

imports, P 1is the domestic price variable, and Y is the domestic
gross output or other domestic activity variable. Within this

framework, it 1s expected that
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d d
— < 0 and — < 0 (3.3.4)
9P 3y

If 1imports are treated as intermediate goods, a
ple model for import demand can be derived by minimizing cost
given a non-negative, monotonically increasing, and strictly

concave aggregate production function

q =f (q , M) (3.3.5)
Y d

®ith the assumption of cost minimization, the cost function can

‘be expressed as

S(P,P,q)=min{M.P+q.P:f(q, M)>q ; M, q > 0}

M d Y M, q M d d d Y Y
d
for P, P > 0,q > 0.
M d Y
(3.3.8)
Here, q , q and M are the domestic gross output, domestic
Y d

ecomposite factor and imports, P and P , the price of imports and
M d (4)

the rental price of the domestic composite factor, respectively.
Given the assumptions that f(q , M) is linear homogeneous with

d
at least twice continuously differentiable and it exhibits

decreasing marginal returns, Clp , P, @) 1is non-decreasing,
M d Y
linearly homogeneous and concave 1in prices and it is

‘monotonically increasing in the quantity of gross output.

3.4. FEmpirical Issues
3.4.1 Some Implications

Most of the researchers agreed the fact that the

theory could provide 1little guidence on the specification of
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fmport demand, for it would be difficult to assume that the
mport demand function is strictly a demand relation.
Soldstein and Khan (1976), Khan and Ross (1977), J. Thursby and
. Thursby (1984) believed that an appropriate specification
import demand function would greatly rely upon the empiri-
work. Nevertheless, we should make a way to have some
solutions by regarding earlier works on aggregate import demand

] (5)

odels of multi-country data.

In the postwar empirical econometric studies of
ti-country trade models, Houthakker and Magee (1969) focused
on the relationship between 1income elasticities of demand for
sxports and those for imports for 15 industrial countries. The
zgregate import demand model in their study was of the logarith-
@mic form and was estimated by annual data from 1951 to 1966, using
ordinary least-squares method. Many of the estimated relative
znexpected price coefficients were observed as insignificant or
#%ith positive signs. Houthakker and Magee reestimated the
=quations in two aspects : (i) omitting the price variable which
showed insignificance or wrong sign; (ii) adjusting serially
correlated residuals. As Leamer (1975) pointed out there had been
20 changes in signs of the revised income elasticity estimates
wnen insignificant price variables were dropped from the
2gquations. After correcting the presence of serial correlation in
the errors by the Cochrane-Orcutt technique, some of the positive
signs in price elasticity estimates changed to be negative or

Secame significant. This evidence seems to reveal that applica-
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tion of the appropriate procedures may narrow the gap between the
theoretical and empirical concepts. Nevertheless, we should take
into account of a certain degree of inaccuracy in the elasticity

estimates associated with errors of observations in data

manipulating process, also as Goldstein (1973) remarked.

Murray and Ginman (1976) gave some interesting
cutlines in the formulation of the traditional aggregate import
Zemand model, based on the quarterly data of Canada and the
Tnited States. They mentioned the need of infinite supply elasti-
2ity assumption, consistent with the Prais argument, and that of
Somogeneity of degree =zero in money income and prices. With U.S.
Zata, Murray and Ginman also, considering the separability
Setween traded and non-traded items, had observed that the traded
Ztems showed larger impact on price elasticity of demand for
imports than the non-traded items. Also later, the deficiency of
the price of nontradable goods as a determinant of import demand
Tunction can be found in the empirical work of Goldstein et al.
11980) with multi-country data, covering the period from 1951 to
2973.

Khan and Ross (1975) introduced trend or potential
fmport and income variables into the traditional aggregate import
Zemand model of log-linear form,for the determination of separate
=ffects of the secular and cyclical factors. Most of the secular
—ncome elasticity estimates were observed as negative values;
some of these were not statistically significant. This empirical

=vidence supported the Magee's (1975) assertion of duality of
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signs in secular income elasticity of demand for imports.
Statistical examination of quantum effect on
2ggregate demand for imports, one of the Orcutt's arguments,
#as made by Liu (1954), wusing U.S. data and by Goldstein and
¥han (1976), using multi-country data. Liu's implication with a
very limited information was that the price elasticity of demand
for imports was changing in direct proportion with the size of
the change in relative prices. However, the multi-country study
of Goldstein and Khan did not give any empirical support for this

guantum hypothesis.

3.4.2 Static and Dynamic Framework
In empirical econometric problems, the aggregate
import demand can be evaluated within the static and dynamic
framework. The static model, which is assumed to be in a state of
equilibrium and has no lags in the system, is simply specified in
Ilinear or log-linear form as
d
M =b +b P +Db y+ e ; €t=1,2,...,n (3.4.1)
t 0 1 t 2 t t
or
d
InM =a+alnP +alny+e'" ; t=1,2,...,n (3.4.2)
t 0 1 t 2 t t
Dynamic system which expects time lags in the variables and is
supposed to be in disequilibrium state, can be also expressed in

linear or Jlog-linear form, by imposing a partial-adjustment

‘mechanism to (3.4.1) and (3.4.2), as



wa +walnP+walny + (1-w) In M + w e';
0 1 t 2 t t-1 t
t=1,2,...,n (3.4.4)
where 0 < @, w < 1 are the coefficients of adjustment for 1linear
2nd non-linear forms respectively.

Long-run and short-run elasticities can be distin-
guished by these static and dynamic models. Empirical studies of
such models by multi-country data can be specifically seen in
Goldstein and Khan (1976), Khan and Ross ( 1977), and J. Thursby
and M. Thursby (1984). Goldstein and Khan observed the average
time lag to be in the range of one to three quarters 1in their
quarterly dynamic model. In addition to their observation, they
claimed a possible evidence that adjustment rate of aggregate
imports to real income changes was faster than that to relative
price changes for industrial countries. Within static and dynamic
framework, the choice between the linear or log-linear specifica-
tions was made by Khan and Ross, using the Box-Cox procedure.
This empirical investigation showed that the log-linear
specification was suggested as an appropriate functional form for
aggregate import demand of the three sample countries, the United
States, Canada and Japan, covering the sample period 1960 to 1972.
The work of J. Thursby and M. Thursby was an informative one,
concerning problems with model selection, variable choice and

structural shift. A variety of single-equation models was tested
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by the regression specification error test (RESET), as also

suggested by Goldstein and Khan (1985).

3.4.3 Some Comparative Empirical Results

In, this subsection, I shall try to concentrate on
some emplirical studies made for the United Kingdom, Japan, and
the Unites Statesfe)
Prewar Data

Most of the prewar statistical estimates of demand
for total 1mports were rarely found together with their
corresponding significance statistics (t-statistics) in available
published studles. Nevertheless, some of the estimates will be
presented here for historical interest.

Chang (1945, 1946, 1950) stated a connection between
the marginal propensity to import and the concept of the marginal
propensity to consume of a soclety by the reason that, in open
economies, imports would be affected by any change in consumer
expenditure which varied with national income. In his statis-
tical formulation of import demand, he used 'export' variable
together with relative price and income variables as inde-
pendent variables since imported materials were used to produce
exports.

Available estimates of import demand function for
the United Kingdom are summarized in Table 3.1, based on the
findings of Chang (1945) and Thackeray (1950). As shown in Table

3.1, Thackery's estimates showed a poor performance, when he
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substituted 'real income' variable in place of 'home employment'’
variable that Chang had used. This poor performance can be argued
Oy Chang's observation and then, statistical reason. Chang (1945,
1951), in his 'The British Demand for Imports in the Inter-War
Period', believed that the total British demand for imports would
Se fluctuated by changes in national income. However, the data
did not show a high correlation between fluctuations of domestic
Dational income and of total imports. His reasoning for this low
correlation coefficient was that home employment conditions
during the period 1924-38 did reflect short-term waves of imports
2nd the index of home employment had been a stable function of
the national income. Apart from Chang's observation, on the other
fand, we can also consider the rarely availability of accurate
data for prewar period, since Levi (1977) mentioned that measure-
Zment errors in one variable would cause all the coefficients of
the regression to be biased.

Hinshaw (1945) suggested to relate volume of U.S.
imports to its real national income and relative price level of
imports to domestic price level by demonstrating the correlations
between variables based on the data for the period 1922-40.
ﬂowever, 'a primitive problem' in estimating aggregate import
demand equation can easily be seen in Table 3.2, compared to the
srewar estimates of Adler (1945) and Chang (1946, 1951) for the
Tnited States. Adler's 'linear' form yielded varying elasticity
estimates while Chang's 'log-linear' specification gave constant

elasticity estimates. These two different investigations provided
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slightly distinct income elasticity estimates, but relative price
elasticity estimates were in large gap. Since sample periods were
nearly similar, we might throw our attention upon 'linear' or
or 'log-linear' specification and choice of variables, apart from
‘errors-in-variables' problem. Variability of relative price
elasticity estimates over different samples seemed to rely
largely upon statistical grounds such as estimation methods and
structural parameter stability.

Some studies on prewar data of Japan are shown in
Table 3.3. If we had to choose the statistically significant
estimates, Shinohara and Fujino's (1967) estimates for the period
1897-1913 would be favorable. My conjecture on the statistically
insignificant price elasticity estimate for the period 1873-1896
in their estimation is concerned with the correlation among ratio
variables or stability of structural parameters. Kinoshita's

11969) estimates were also statistically significant.

Nevertheless, his study had mainly emphasized on trade and

Industrialization and mostly analyzed disaggregated data.

Postwar Data

Since the World War II, the broader statistical
Sramework for the determination of import demand has been
gradually pursued 1in a precise or an efficient way with the
rising tide of contributions in advanced statistical methodology.

21so, later developments in import demand function have been in
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the establishment of models, derived from production function, in
which imports are viewed as intermediate goods. Though there
has been a number of empirical investigations concentrated on
disaggregated imports, especially for the United Kingdom, I shall
mention some important econometric work, mostly from multi-country
studies at aggregate level. Models of postwar data will be mainly
divided into static and dynamic models.

Three empirical studies of aggregate import demand
function by postwar U.K. data are shown in Tables 3.4 and 3.7.
Meaningful judgement cannot be made from those tables because of
the different types of data used. Houthakkar and Magee gave an
insignificant negative sign for the relative price coefficient.
Nevertheless, several researchers observed a noteworthy empirical
evidence that price responsiveness in U.K. imports showed to be
opposed to economic theory. J. Thursby and M. Thursby (1984)
suggested that this positive price elasticity estimate should be
2ssumed as an attenuated estimate of the supply function, for
_eamer (1981) demonstrated the possibility of a positive estimate
for price elasticity when the demand was more variable than the
supply. However, if the premise that the appropriate specifica-
Tion of aggregate import demand function is an empirical issue,
2ad to be accepted, I have a serious doubt in this prominent
feature of relative price elasticity estimate for total VU.K.
fmports, by the consideration of influence of simple or partial
correlations among those specified ratio variables in the formula-

(7)
Tion.
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Tables 3.5 and 3.7 display some empirical
investigations on aggregate import demand model for the United
States. Most are in log-linear specification and signs in coeffi-
cients of relative price and income variables are consistent
®ith conventional demand theory. Quarterly models signify the
importance of appropriate economic measure for total imports,
but we have to notice the method of estimation used and the
significance of the statistic. J. Thursby and M. Thursby (1984)
suggested to use quantity index for the U.S. models, provided by
their empirical work.

Some of the estimates for Japan are included in
Tables 3.6 and 3.7. Khan and Ross' (1975) study on cyclical and
secular behaviour in import-income elasticity observed a negative
estimate of potential real income elasticity which seemed to
support Magee's (1975) hypothesis. There, however, seemed to be
a methodological problem, for relative price elasticity estimate

was statistically insignificant and had a positive sign.

Imports as Intermediate Goods

We had observed that in the earlier econometric
studies, 'exports' variable was put into the formulation of
import demand, assuming that some of the imports were used to
produce exports. This consideration had appeared in the approach
which assumed imports as intermediate goods in later development
of postwar studies.

Kohli (1982) derived import demand price and

quantity elasticities for various specifications under constant



returns to scale and variable returns to scale technologies.
nder constant returns to scale technology, the aggregate
production function is assumed to be given by equation (3.3.5)
2ssociated with a cost function represented by equation (3.3.8).
#ohli gave seven possible specifications of the aggregate import
cemand and derived the import price and quantity elasticities.
These elasticities are also considered by the variable profit

function under variable returns to scale technology.

3.5. Conclusion

It becomes visible that empirical evidence on
elasticity estimate of traditional aggregate import demand model
fas been a long-existing problem and challenging for necessary
and sufficient approach to researchers and policy makers. In fact,
we adopted the economic theory of consumer behaviour into our
aggregate import demand specification. We assumed that the appro-
priate functional form should be provided by empirical work,
since we have been in hunger of quantitative elasticity estimates
for our international economy. Also, the famous Marshall-lLearner
condition formulates that the absolute sum of demand elasticities
for imports and exports must be greater than unity to improve the
trade balance caused by devaluation of the foreign exchange rate.

Yet, among the critisms made by the researchers , T
shall handle two problems of estimation of traditional aggregate
import demand function in the following chapters. As a primary

step,I do accept that there exist biases in elasticity estimates

and the choice of appropriate functional form should be
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investigated empirically. Due to the avallability of the most
2ccurate data, the three industrialized countries, the United
fingdom, the United States and Japan are selected as sample
egions for my empirical work.

My research work would be mostly influenced by
statistical sense within the framework of economic reasoning. In
any way, there still has been remaining enormous future
researches to determine aggregate import demand from both stand-

Points of eminent Economics and Statistics sciences.

{1) Because of the errors of observations, we can have a biascd
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11982, 1983).
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CHAPTER 4

On The Bias in Estimates of The Traditional Aggregate Import
Demand Model in The Presence of Errors of Measurement

- A Reexamination -

4.1. Introduction

An important aspect of Dbias in statistical
estimates of price and income elasticities of demand for imports
#as widely discussed by Orcutt (1950). A source of bias 1is the
presence of errors of measurement in the variables. Orcutt
demonstrated that "any combination of errors of the type assumed
in the price and income series will bias the estimated price and
income elasticities towards zero, whether or not such errors are
present in the quantities seriess})

Kemp (1962) and Kakwani (1972) had later tried to
verify by the relationship between quantity and price variables,
in the presence of errors of measurement in the variables,
omitting the income variable, that the price elasticity estimate
would be biased towards minus one. Also, Liu (1954) expounded on
Orcutt's view that errors of observations involved in price and
income series will be in greater degree than those in quantity
series of import demand formulation. We would expect a spurious
or biased estimates of elasticity from such a'relationship with
the absence of an income term if the price variable is correlated
with the income variable. On the other hand, the specification
given by Kemp and Kakwani was not in an exact form of the import

(2)

demand relationship.
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Visco (1978, 1988) and Oksanen (1987) demonstrated
that there may be changes in signs of the least-square coefficient
estimates under certain conditions, when one of the intercorre-
lated regressors is dropped. Therefore, this chapter reexamines
the bias in estimates of the traditional aggregate import demand

model, connected with the errors of measurement.

4.2. Previous Studies on the Bias in Price and Income Elasticity
Estimates of Import Demand
Three previous studies will be reviewed on the bias

in the elasticity estimates 1in the errors-in-variable model.

(i) Orcutt (1950)

One of the Orcutt's (1950) arguments on statistical
estimates of price elasticities of imports and exports which
seemed to have been underestimated in pre-war studies, was errors
and bias due to errors of measurement. Orcutt provided a
mathematical treatment, and showed a bias towards zero in the
egstimated price and income elasticities, assuming errors in the
measurement of quantities, prices and income be uncorrelated with
each other and with the true values of these variables. In his
mathematical treatment, he considered three cases, all of which

assumed no errors of measurement in the quantity wvariable.

(ii) Kemp (1962)
Kemp (1962) made a number of arguments on Orcutt's
(1950) demonstration, that (i) the quantity variable could have

errors, (ii) the error in the quantity variable might have a
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correlation with the error in the price varlable, and (iii) not
only linear but also non-linear relations should be considered.
Kemp's reason for the existence of the error 1n the quantity
variable was that thg quantity variable is of ratio type, and the
deflator, which 1s an index variable, is likely to have errors.

Hls study was, therefore, based upon the formulation of the type

Nominal Value (V)
= f(p) (4.2.1)

Price Index (p)

where the measurement error was considered only to be in the
price variable, p, and there was no other error term 1n the
equation. With this model, he considered non-linear and linear
relations 'and showed that the price elasticity estimate was
asymptotically blased towards minus one. However, his formulation
ignored thé inclusion of income variable; also, he did not glve

any evaluation for the argument (1i) mentioned above. -

(1ii) Kakwani (1972)
Kakwanl (1972), adding a disturbance term to Kemp's

(1960) formulation in non-linear form, derived the bias and the
exact distribution of the price elasticity estimate. In the case
where the true price was independent of the measurement error and
the disturbance term of the equation, the bias of the price
elasticity estimate was the same as Kemp's result. When the true
price varlable was considered as a non-stochastic variable, a

unitary price elasticity removed the estimation bias: otherwise

the bilas tended towards minus one.
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Though Kakwani's results are interesting by
statistical implications, there still left a question of the

Zack of income variable in import demand function.

4.3. The Traditional Aggregate Import Demand Model

A typical functional form of aggregate import
demand relationship which has been considerably used in the trade
literature, is a linear or log-linear single equation form under
the assumption that the supply elasticity of imports is infinite-

1y elastic, as

M =b +b P +b y +e t=1,2,...,n (4.3.1)
t 0 1 t 2 t t

or

InM =a +alnP +alny+e ; t=1, 2, ... , n
t 0 1 t 2 t t (4.3.2)

where M 1is the quantity of imports demanded, P is the relative

t t
price of imports to domestic price, y is the real income or other
t
activity variable, e is the stochastic variable with =zero mean
t 2
and constant variance g . Log-linear equation, with constant-

elasticity property, produces the price and income elasticities

of demand, a and a , respectively. The parameters in (4.3.1) and
1 2
14.3.2) are expected to be

In most empirical works, the quantity variable, M ,
t

enters into this formulation as a ratio variable, the money value

of total imports deflated by an appropriate price index. The




84

price and income variables, P and y , are also of ratio types
t t
since P 1itself is by definition and the y 1s measured in real
t &
Terms.

4.4. Errors of Measureﬁent

'"Errors of measurement' is one of the challenging
problems to the applied econometricians. A well-known feature of
economic data is that the errors in data serles cannot be framed
#ithin the classical errors-in-variable model in which error
variables are assumed to be independenp of each other.

In errors—in—variable_ models, it is well known
that the presence of measurement errors in one variable will bias
211 the parameters of the equation. Levi (1973, 19%7) studied
this problem and gave bounds on the estimated coefficlients of the
variables. This section 1nvolves a particular problem for the
traditional aggregate import demand model, compared with Levi's
solutions. Also, we will obtain some bounds on the bias of the
estimates. A consideration in which errors are correlated with

true values of the variables is also included in this study.

4.4.1 Statement of Problem

Let M, P, and y be the true values of observed

t t t
wvariables Q , R , and S respectively. Suppose that
t t t

Q =M + ¢ (4.4.1)
t t t

R =P + g (4.4.2)
t t t '

S =y +h (4.4.3)

t t t
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® where f , g ,and h are the corresponding errors of measurement
t t t
o the true values M , P , and y
t t t

Assumption 1

The measurement errors, f » & , and h (t=1,2,...,n)
t t t
2re treated as the random variables with zero means and finite

wvariances, each having no serial correlation, i.e.

1) E(f)=E(g)=E(h) =o0, Vt
t t t
{ii) cov (f £ ) =0 V t#t’
t t'
2
= (o) < @ Vt:t'
f
fiii)cov (g g ) =0 vV t2t'
t t
2
= o < o V t=t'
g
{iv) cov (h h ) = 0 V t+t’
' t t'
2
= 7 < V t=t'
h
Assumption 2
The measurement errors f , g and h (t=1,2,...,n)

t t t
are uncorrelated with the true values of the corresponding

observed varilables, i.e.,

i) cov (M f ) =0 vV t,t'
t t

{iil) cov (P g ) =0 vV t,t'
t t°

{iii)cov (y h ) =0 Vot t

t t'
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Measurement error of the three variables 1is

ancorrelated with each other, i.e.,

i) cov (£ g ) =20
t t '

1ii) cov (f h) =0
t t

1iii) cov (g h ) =0 Y t
t t

sumption 4
Measurement errors and disturbance term of the

equation are independently distributed.

Assumption 5
The true values M , P , and g (t=1,2,...,n) are
t t t :
contemporeneously correlated with the associated measurement errors

as

(i) cov (M f ) =20 V t+t'
t t'
= C Y t=t'
Mf
(ii) cov (P g ) =0 V t+t’
t t'
= C V t=t'
Pg
(ili)cov (¥ h ) =0 YV t#t’
t t'
= C V t=t'
yh
Cases
Case I : It is assumed that the dependent varlable and the price

variable in the import demand equation are measured with

errors.
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Case II : It is assumed that the dependent variable and the

income variable in the import demand equation are
measured with errors.

Case III : It i1s assumed that the dependent variable and all the

independent ' variables (price and income) are measured

with errors.

4.4.2 Propositions
Proposition 1
Let the assumptions 1 to 4 hold for cases I and II.

Then, for large sample,

(i) the coefficient of the error-containing independent variable
is attenuated.

(ii1)the coefficient of the error-free independent variable is
also bilased and the bias is a 1linear function of the
coefficient of the error-containing 1ndependent_variable if
the true values of the underlying independent variables

(price and income) are correlated.

Proof

(i) Under the assumptions 1 to 4

2
b V(y ) o
A 1 t g
Case I : plim b =0b - (4.4.4) .
1 1 2 2
Vy )JI V(P) + 01 - [ cov(P ,y )]
t t g t t
2
ViP ) (1 -1 )
t Py
=b . (4.4.5)
1 2 2 .

VIP).(1 -r ) + 0
t Py g
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2
b V(P )o
a 2 t h
plimb =b - =~ :
2 2 2 2
VIP)IV(y ) + 0] - [ cov(P ,y )]
t t h t t
(4.4.8)
2
Viy ) (1 -1 )
t Py
=b . (4.4.7)
2 2 2
Viy )(1 -r )+ o
t Py h
(ii) Under the assumptions 1 to 4
2
b cov(P ,¥y ) o
a 1 t t g
Case I : plimb =Db +
2 2 2 2
Viy )L V(P ) + g 1 - [ cov(P ,y )]
t t g t t
(4.4.8)
2
b cov(P ,y ) ©
1 t t g
=b + (4.4.9)
2 2 2
Viy )L v(ip)(1 -r ) + g ]
t t Py g
2
b cov(P ,y ) o
_ - 2 t t h
Case II : plim b = b +
1 1 2 2
V(P )[ V(y ) +0 ] -~ [ cov(P ,y )]
t t h t t
(4.4.10)
2
b cov(P ,y ) o
2 t t h
= b +
1 2 2
V(P ) V(y )(1 -r )+ g
t t Py h

(4.4.11)
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Results (4.4.4), (4.4.6), (4.4.8) and (4.4.10) are
(3)
obtained as the same as Levi's result (8)[Levi(1977), p.167].

Propositon 2" _

Let the assumptions 1 to 4 hold for case III. Then,
for large sample, the bias in each least-squares estimator is the
linear function of both estimators and the bias moves towards the

opposite direction of its own parameter.

Proof

tnder the assumptions 1 to 4, for Case III,

{i) 2 2 2
b [ V(P )V(y ) + V(P )o - {cov(P , ¥y )} 1 + b cov(P , ¥y )o
A 1 t t t h t t 2 t t h
plim b =
1 2 2 2
[LV(P) + cll V(y) +g 1 -1 cov(P, y)]
t g t h t t
2 2 2
b [(1-r )V(P)V(y ) +'V(P )g.] + b cov(P , ¥y ) C.
1 Py t t ; t h 2 t t h
2 - 2 2 2 2
(1 -r J)V(P)V(y ) +V(y )g + V(P )g +0 o
Py t t t g t h g h

2 2 2 2 2

Let D=(1L-1r )VWP)V(y ) + V(y )o + V(P )g +0 o
Py t t t g t h g h

2 2 2 2

b [ V(y)o + o o ] b cov(P , v )o
" 1 t g g h 2 t t h
plim b =D - +
1 1 D D

(4.4.12)
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2 2 2
b cov(P , ¥y )o + b [V(y )J{V(P ) + g } - {cov(P v Y )} ]
a 1 t t g 2 t t g t t
plim b =
' 2 ) 2 2 2'
V(P ) + 0 J[V(y ) + 61 - [cov(P , v )]
t g t h t t
2 2 2
bcov(P , y )o +b V(y )I[(1 - r V(P ) + 0 ]
A 1 t t g 2 t Py t g
plim b =
2 D
2 2 2 2
b [V(P)o + o o] b cov(P , ¥y )o
2 t h g h 1 t t g
= b - +
2 D D

(4.4.13)
The possible directions of biases are shown 1in

tables 4.1, 4.2 and 4.3 for the above-mentioned propositions.

Proposition 3

Let the assumptions 1 to 3 and 5 hold for cases I
and II. Then, for large sample, the least-squares coefficient
of each indeperident variable with measurement error reduces in its
coefficient in absolute term 1f and only if each trué variable

is positively correlated with its measurement error.

Proof

2
b (1-r )V(P )V(y ) +b C V(y )
A 1 Py t t 1l Pg t
(i) plim b = '
1 2 2
(I-r V(P )V(y )+ (o +2C )HV(y )
Py t t g Pg t
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1
= b -Db .
1 1 2 2
1+ [{(1-1 V(P )+ C }(g+C )]
Py t Pg g Pg
(4.4.14)
2 p
b (1-r )V(P )V(y ) +b C V(P
a 2 Py t t 2 yh t
(ii) plim b =
2 2 ’ 2
(I-r V(P )V(y ) + V(P )(g + 2.C )
Py t t t h yh
A 1
plimb =Db - —
2 2 2 2
1+ [{(-r )Wy )+C }¥(o +2¢C )]
Py t yh h yh
(4.4.15)

4.4.3 Transformed Variables

We can also apply our proposed results to cases 1in
which variables are 1in ratio or logarithmic forms. Those

results, however, will concern with the cases when we define the

variables such that

Q"= (M/ P ) +f° =M + f

t t Mt t t t

R"=(P/P )+g =P +g
t t Pt t t t
S'"=(y /P ) +h =y' +h

t




Table 4.1. Possible Results with Measurement Errors in
Import and Price Variables

.Yy ) <o
t t

cov(P

cov(P , ¥y ) >0

~

(I) b will be biased away
1
from zero

-~
(II) b will be biased away
2
from zero

A
(I) b
1
from zero
~

(II) b
2
zero

will be biased away

will be biased towards

A
(I) b will be biased towards
1
zero
A
(II) b will be biased towards
2

zero

~
(I) b will be biased towards

1
zZero

A
(II) b will be biased away

2
from zero

Table 4.2. Possible Results with Measurement Errors in
Import and Income Variables

cov(P , ¥y ) <O coviP , ¥y ) >0
t t t t
A A
(I) b will be biased towards (I) b will be biased towards
1 1
zero zero
A A
(II) b will be biased away (II) b will be biased away
2 2
from zero from zero
A A
(I) b will be biased towards (I) b will be biased away
1 1
zero from zero
A ~
(II) b will be biased towards (II) b will be biased towards
2 2
zero zero
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Table 4.3. Possible Results with Measurement Errors in Import,
Price and Income Variables
cév(P , Y ) <0 coviP , ¥y ) >0
t t t t
A A
b <0 (I) b will be blased away (I) b will be biased away
1 1 1
b <0 from zero from zero
2 A A
(II) b will be biased away (II) b will be biased towards
2 2
from zero zero
A A
b >0 (I) b will be blased towards (I) b will be biased towards
1 1 1
b >0 zero zero
2 A P
(II) b will be blased towards (II) b will be biased away
2 2
zero from zero
4.5. Monte Carlo Experiments
Monte Carlo experiments are conducted to

investigate the probable bias for each case in small samples. We
consider the sampling model
y=XB + e
=B + BX +B X + e

0 11 2 2

Jur errors-in-variable model is as follows :

yv = B + B Xv
0 11 2 2
w®nere
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y' =y + f

X' =X +g
1 1

X' =x+h
2 2

and assume that each Vector of measurement errors, f, g, h, is
independent with e, the vector of error in equation. A
multiplicative congruential number generator with modulus 231— 1
is wused to produce four sets of error values, each with 1500
random numbers.

Since the vectors, f, g, and h are uncorrelated
with each other, the 1500 random numbers for each vector are

generated from bivariate normal distributions with mean zero and

the covariance matrices

and

The e are random numbers generated from the standard normal
distri%ution. The variables x and x take the values of ratio
variables, i.e., relative pricé and 1§come respectively, obtained
from actual data series as shown in Appendix I. Constant term and
coefficient values are derived from estimation of linear import
demand models for annual data of the United Kingdom, Japan, and

the United States.



The models considered are :

Model I. B <0, B >0, cov(x , x ) < O.

1 2 1 2

y = 231.547 - 0.9513 x +
1
e ~N(O, 1)

0.2468 x +
2

Model II. B8 <0, B >0, cov(x , X ) > O.

e ~ N(0, 1)

1 2 1 2
y = - 187.8489 - 0.5014 x + 0.1857 x
1 2
e ~ N(0, 1)
Model III. B > 0, B > 0, cov(x , X ) < O.
1 2 1 2
y = - 136.4301 + 0.4933 x + 0.1798 x
. 1
e ~ N(0, 1)
Model IV. g >0, g >0, cov(x , x ) > 0.
i 2 1 2
y = - 187.8489 + 0.5014 x + 0.1857 x
1
e ~ N(0, 1)
Model' V. B >0, B8 <0, cov(x , x ) < 0.
1 2 1 2
y = - 136.4301 + 0.4933 x - 0.1798 x
1
e — N(0, 1)
Model VI. g >0, B <0, cov(x , x ) > 0.
1 2 1 2
y = - 187.8489 + 0.5014 x - 0.1857 x
1

Model VII. B < 0, B <0, cov(x , x ) < O.
1 2 1 2

2

2

2

2

e

+

+

+

+

e

95
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y = - 136.4301 - 0.4933 X - 0.1798 x + e
1 2

e ~ N(0, 1)
Model VIIT. B <0, B <0, cov(x , X ) > 0.
1 2 1 2
y = - 187.8489 - 0.5014 x - 0.1857 X + e
1 2
e ~ N(0, 1)

In each model, the Monte Carlo sample mean values
are calculated for the least-squares coefficients, the standard
errors of the estimated coefficients, the adjusted R-squared
values, and the standard error of the regression, over the 75
samples of size 20. The results are shown in Appendix I.

We observe that most of the results agree with the
possible results in large sample case as presented in tables 1 to
3. When there exists measurement errors in imports and income

variables, some models give inconsistent results with those in

large sample case. (See in models I - V)

4.6. Conclusion

This chapter +tries to examine the effects of
measurement errors on the ordinary least squares estimates of the
traditional aggregate import demand model, recognizing the
correlation between the price and income variables. The main
findings of this study can be summarized as follows
(1) The correlation between dependent variables and the signs of
the coefficients of true variables give major effects to the

direction of the asymptotic biases of the least-squares
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cdefficient estimates in an errors-in-variable model. This
indicates that deletion of a variable from a linear regression
~th measurement errors would mislead the direction of bias.
{2) The usual case in an aggregate import demand model is b < 0
and b > 0. In this case, when the price variable is meaéured
®ith efrors, OLS yields smaller price coefficient estimate. Also,
when the income variable is measured with errors, smaller income
coefficient estimate is obtained.

However, this study 1leaves several interesting
future researches. Some of them are as follows:
(a) Theoretical attempts should be made on the transformation of
variables, for instance, ratio and logarithmic transformations,
since theoretical derivations yield exact expressions in the
parameters.
(b) Exact sample distribution is important for sample moments of
the parameter estimates for the theoretial statistical measures
which would be helpful for obtaining more complete inference on
statistical estimates of price and income elasticities of demand
for imports.
(c) We should investigate the effects of €rror variables in Monte

Carlo study, departured from the normal distribution assumption

in order to study distributional effects.

Appendix I

The Monte Carlo results for each model are

presented in this appendix. The figures in parentheses below the




(1.542)

Model T
y' = 230.0140 - 0.
(5.785) (0.
y' = 231.6106 - 0.
(4.930) (0.
Model II
y' = - 187.6727
(1.804)
y' = - 187.8526
(1.542)
y' = - 187.6534
(1.619)
Model IIT
y' = - 135.7413
(4.343)
y' = - 138.5755
(4.108)
y' = - 135.7071
(4.378)
Model IV
y' = - 187.6692
(1.847)
y' = - 187.6525

corresponding coefficients.

9402 x' + 0.2470 x
035) 1 (0.001) 2
9504 x + 0.24867 x'
030) 1 (0.001) 2
0.4986 x' + 0.1855 x
(0.041) 1 (0.002) 2
0.5046 x + 0.1857 x'
(0.039) 1 (0.001) 2
0.4983 x' + 0.1855 x'
(0.041) 1 (0.002) 2
0.4876 + 0.,1797 x
(0.038) (0.0004) 2
0.4951 + 0.1798 x'
(0.036) (0.0004) 2
0.4874 + 0.1797 x'
{(0.038) (0.0004) 2
0.4902 + 0.1860 x
(0.042) (0.002) 2
0.4982 + 0.1857 x'
(0.001) 2

1 =i

0 =i

T » =i

»n = w0 =i ”n =i wn o1 0 =i

wn =i

nn
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estimated coefficients are mean values of the standard errors of

.9998
.3668

. 9999

.1588

.99986
2010

. 9997
.1549

. 9996
.2127
. 99996

.2214

.99997
.1464

.99996
L2311
.9997

.2337

.9998
.1549



(1.534)

y' = - 135.7401
(4.343)
y' = - 136.6403
(4.082)
Model VI
y' = - 187.6694
(1.647)
y' = - 187.6915
(1.534)
y' = - 187.6886
(1.655)
‘Model VII
y' = - 137.3733
(4.238)
y' = - 136.6415
(4.082)
y' = - 137.4068
(4.248)
Model VIII
y' = - 187.8731
(1.604)
y' = - 187.6918

.4876
.038)

.4956

.036)

.4902

.042)

.4976
.039)

.4898

.042)

.4845

.037)

.4910
.036)

.4842

.037)

.4986

.041)

.5052

- 0.1799 x

(0.0004) 2
- 0.1798 x'
(0.0004) 2
- 0.1854 x

(0.002) 2

- 0.1856 x'
(0.001) 2

- 0.1854 x'
(0.002) 2
- 0.1798 x

(0.0004) 2

- 0.1798 x'
(0.0004) 2

- 0.1798 x'
(0.0004) 2
- 0.1859 x

(0.002) 2

- 0.1856 x'
2

n =

0 =i

w0 =i 0 =Tl 0 =l 1 =g »n =i =l n =l

w0 i

o

o

nu

non

99

. 99996
2214

.99997

.1390

.9996

.0015

. 9997
.1492

.9996

.2396

. 99996

.1919

. 99997
.139

.9996

.1946

.9998

.2010

. 9998
.1492
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Appendix II
The variables y, X and x are calculated as
1 2
value of 1mports
y = - 1
unit value index 1

unit value index
X = - g
1 wholesale price index 1

gross national (or) domestic product

2 deflator 1

where £ = the first 20 random numbers generated from N(0, 0.0625)

1

g = the first 20 random numbers generated from N(O, 0.25)
1

h = the first 20 random numbers generated from N(0, 0.5625)
1

Usling the data from the yearbooks of International
Financial Statistics, aggregate import demand models 1in linear

form are estimated as

UK (1951-1970)
y = - 68.3734 - 0.9513 x + 0.2468 x ; cov(x ,x )= - 0.7083
(-0.619) (-1.414) 1 (12.816) 2 1 2
Japan (1952-1971)

y = - 136.4301 + 0.4933 x + 0.1798 x ; cov(x , X )= - 0.7451
(-3.078) (1.263) 1 (47.418) 2 1 2

US (1962-81)
y = - 187.8489 - 0.5014 x + 0.1857 x ; cov(x , x )= 0.8790

(-11.548) (-1.211) 1 (12.1386) 2 1 2

The figures below the coefficlents are t-values.



Notes
(1) See Orcutt (1950) p. 125 and p.129.

(2) In recent works of Kemp (1962) and Kakwani (1972), the import
demand equation was of the form

M =Db +b P + e
t 0 1 t T
and '

lJog M

a + alogP + e
t 0 1 t t

where P was expressed as the price index while M was a ratio
t t

variable. Leamer (1975) showed that there would be no change in

sign of any other variables if we dropped a variable which would

be less significant. In most empirical econometric studies of

import demand function, the 1ncome variable has been more

significant than the price wvariable.

(3) Levi(1977) @gave a result for a multiple 1linear regression

model as
2
o z
~ By Teq 1j
plim B = B -
S EA PO
Y|+ © )
1 11
where 8 1is the coefficient of the mismeasured variable, g , the
1
coefficient of the correctly measured variable, } = plim(x' x/T),
z and I are co-factors of L.
1] 11
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CHAPTER 5

TESTS FOR DISCRIMINATION BETWEEN LINEAR AND LOG-LINEAR
SPECIFICATIONS OF AGGREGATE IMPORT DEMAND

5.1. Introduction

| The discrimination between a linear and log-linear
specification should be made by using the theories of statisti-
cal decisions, in the case where economic theory cannot provide
significant information for the choice of an appropriate
functional form of economic relationship. In empirical studies
the demand for imports 1is principally specified by either linear
or log-linear formulation.. An appropriate functional form is
important for both economic and statistical implications; especi-
ally, a linear specification suggests a variable price elasticity
of import demand, while a log-linear formulation implies constant
elasticities with respect to price and income. This chapter is
primarily concerned with the choice of the optimal functional
form of quarterly aggregate import demand equations for the three
industrial countries - the United Kingdom, the United States, and

Japan.

5.2. Alternative Tests of Functional Form : Aggregate Import
Demand Model
The models considered are as follows:
Static Model

H : The model is linear, that is,
0

M =b +b P +b ¥y +e ; t=1,2,...,0n. (5.2.1)
t 0 1 ¢t 2 t t
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H The model is log-linear, that is,
1
InM =a+alnP+alny + e' : t=1,2,...,n. (5.2.2)
t 0 1 t 2 t t
Dynamic Model
H : The model is linear, that is,
0
M =ab + ab P +qg b y + (1-¢q ) M +q €
t 0 1 ¢t 2 t t-1 t
O<ax<l, t=1,2,...,n.
or (5.2.3)
M = b'+ bD'"P +b'y +Db'M + Vv
t 0 1 t 2 t 3 t-1 t
where b' =gqb , b' =¢qb , b'" =ab , b"' =(l-a ), and v = ge .
0 0 1 1 2 2 3 t t
H : The model is log-linear, that is,
1
InM =wa +walnP +walny + (1-w)ln M + we';
t 0] 1 t 2 t t-1 t
O<wgl, t=1,2,...,n.
or (5.2.4)
log M = a' +a'" logP + a' logy + a' log M + v'
t 0 1 t 2 t 3 t-1 t
where a' =wa ,a'" =wa , a'" =wa, a' =(1l-w), and v' = w e'
0 0 1 1 2 2 3 t t

(i) Sargan's Likelihood Ratio Test

Sargan (1964) suggested a likelihood ratio
criterion for the choice between linear and log-linear forms 1in
his econometric study of wages and prices in the United Kingdom.

Under the assumption that random variables for the linear and log-
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linear models are independently distributed normal variables with
2 2

Zzero means and constant variances O and ©O respectively, the
L LL

maximum likelihood functions for linear and log-linear models

Aypothesized, will be obtained respectively as,

~ 2 -n/2 -n/2

Q = (2 o ) e (5.2.5)
0 L
and
~2 -n/2 -n/2 n 1
Q = ( 2 o ) e H m—— (5.2-6)
1 LL t=1 M
t
Then the Sargan's test criterion is
e,
1
SG = (5.2.7)
0
0
A n
o}
L
= | —— (5.2.8)
€ o
M LL
where SG = Sargen's test statistic
2
o = sum of squared residuals of linear form
L
2
o = sum of squared residuals of log-linear form
LL
g = geometric mean of dependent variable, M
M t

n = number of observations
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If SG < 1, then the linear form is to be preferred, and if SG > 1,

the log-linear form is to be chosen.

{ii) Box-Cox Extended Procedure
The well-known Box-Cox transfTormation can be
employed not only on dependent variable but also on independent

variables as

Y = X B + u (5.2.10)
(A) (x)

where Y is the nxl1 vector of transformed y values, X , the
(nxk) matrix of transformed x values , and u, a (nxl) vector of
independent and normally distributed disturbance terms with zero
mean and constant variance 02. The transformed values of y and X

u
are defined by Box and Cox (1964) as

(\)
(A) Y -1
Y = —_— for A £ 0
A
= log Y for A =0
and
(A)
(A) X -1
X = — for A + 0
A
= log X for A =0

The concentrated 1log-likelihood function is

computed as
n A2 n
L(Xx;X,¥Y) == — [ In (27)+ Ing (M)+ 1 1 + (x-1)z 1nY
2 i=1 t

(6.2.11)
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where

L2 1 (A) (A) A . () (A) A

g A\ =— (Y -X g )(Y -X B ) (5.2.12)

n

and

A () - (D -1 ()~ (A

B (A)=[{X Y X 1 {X } Y. (5.2.13)

Then the maximum likelihood estimates are searched over a grid of
different values of A . Approximate o per cent confidence region
for ) can be obtained by the likelihood ratio method. This region

is computed from

2
2L (N -L (0 1<y (1)
max max o (5.2.14)
1 2
or, [ L (A) - L (A) 1 < —x (1)
max max 2 o

Savin and White(1978) generalized the Box-Cox
extended model for the first-order autoregressive disturbances.
Under the Box-Cox autoregressive procedure, an assumption that
the disturbances, u's, follow a stationary first-order auto-
regressive process ag

u =p u + e p < 1, (5.2.15)
where the e's are independently and normally distributed random
variables wgth zero means and constant variances, is added to the
model expressed by Equation (5.2.7). It can be shown that mean
and variance of the disturbance vector u is

E(u) = 0

2 (56.2.18)
g Vv

E ( uu')

where
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obtained as

L(A, p;X,Y)

be

computed by

108
3 2 n-1 |
1 P p p
n-2
p 1 P o
2 n-3 (6.2.17)
P P 1 P
)
n-1 'n—z n-3
P p p 1
B _
Then the concentrated log-likelihood function is
n N/ n
- — [ In(2m) + In 0 XA,p) + 1 1 + (A-1)y 1nyY
2 i=1 t
1 2
+ — In( 1 -p ) (5.2.18)
2
1 ()\) A , —l ()\) A
—I[Y -Xf (Ap) ]l V [ Y - XB (A,p)]
n
(5.2.19)
(M) . =1 (XN -1 (), -1 (N
{X } v X ) {X }»v Y
1 -p 0 ... 0 0
2
o (1+p ) ..., 0 0
2
0 -p (1+p ) ... 0 0
....... (5.2.20)
....... 5
4] 0 0 %45 St (l+p) -p
0 0 0O ....... -p 1
The maximum likelihood estimates of g (A,p)
applying the Beach-MacKinnon maximum
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likelihood estimation to the transformation of the variables
and the maximum value of the concentrated log-1likelihood
functions can be searched over a grid of different wvalues of )

and p. Then we test a group of hypotheses as

(a) H : A =1
0
H : A £ 1
1
(b) H : p =0 given A =1
0
H : P % 0 given A= 1
1
(c) H : p =0
0
H p 0
1
(d) H : A =1and P =0
0
H : XA #£1and o % 0
1

The corresponding test statistics are

2

BC(A) = 2[ L(Ap - L(A=1,p)] o oy (1)
A 2
BC(p|A) = 2[ L(A=1,0) - L(A=1,P=0)] ~ x (1)
A A A 2 (5.2.21)
PPN 2
BC(Xx,p) = 2[ L(A, p - L{A=1, p= 0)] ~ X (2)
respectively.

(1ii) Lagrange Multiplier Test
In connection with the Box-Cox extended procedure,

the Lagrange multiplier tests developed by Godfrey and Wicken
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{1981), can be considered for the <choice of an appropriate
functional form. Their approach provides an asymptotic test
statistic which is distributed as Xz(l). for our case of the
aggregate import demapd formulation.
Godfrey and Wicken(1981) formed the Lagrange
multiplier test statistic as
/ 2 -1
o L(6 ) aL(e) 3 Lo )
R R R

- —_— (5.2.22)
20 - 0836 pYe)

LM

where L(0) is the restricted log-likelihood function and 6, k-

R
dimensional parameter vector. If 1 (8) is the log-likelihood
t
function for the t-th observation, we shall have
n
L) = ¢ 1 (8) (5.2.23)
i=1 t

Therefore, Godfrey and Wicken gave an alternative formulation

which is asymptotically equivalent with (5.2.22) as

’ 7 -1
n 31l (o) n ;91 (g) o 1 (8) n 21 (p)
* t t t t
LM = EE_ —_— ‘E; _ Z; _—
t=1 t=1 t=1
26 26 26 20
(5.2.24)
* 2

LM has a 1limiting x (k ) distribution under the null
hypothesis, where k 1is the number of restricted parameters.

In the case of Box-Cox extended model Tfor the
aggregate import demand, the log-likelihood function for a single

observation, t, will be observed as
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1 1 2 1 2
1 (g) = - — In2m - — 1n g + {()2-1) InM - — ¢
it 2 2 t 2 t
2 0
(5.2.25)
At A= 1, the relevant restricted max imum

likelihood estimate of the linear specification for static model

under H , is
0
- 2
9 =[b,b,b,0 , 1]
Rsl 0 1 2 s
and
21 (8) e
t t
9b a2
0 o]
S
ol (8) e
t t
= (P -1)
ab 2 t
1 o}
S
ol (8) e
t t
= sa = = (y -1)
ob A2 t
2 o]
S
(5.2.286)
13 2
o1l (o) (e - g )
t t S
2 ~4
90 2 0
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A
31 (9) e
t ~
=InM - — [(MInM -M+ 1)-b (P1InP - P + 1)
t 2 t t t 1 t t t
o
S A
-b(y1lny -y + 1)]
2 t t t
At A = 0, the relevant restricted max imum

likelihood estimate of the log-linear specification for static

model under H , is

1
A A.z
8 =[a,a,a,o , 0]
RsO 0 1 2 s
and
ol (8) e’
t
9 a 2
O A
Og
o1 (o) e’
t t
= In P
Jd a 2 t
1 ot
S
o1 (g) e’
t t
= 1n y
9 a W2 t
2 5 (5.2.27)
s
A2 A2
a1 (6) (e - ¢ )
t t S
2 ~4
90 20
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1 - 2 N 2
— [ (InM) -a (lnP ) - a (In y ) ]
2 t 1 t 2 t

In similar manner, we can compute the corresponding

estimates Tor dynamic model. At A= 1,

A A A jad A2
9 = [b'v b't b'l g’r O [ ] l]'
Rd1 0 1 2 3 d
and
o1 (6) \%
t t
b’ A2
0 o
31 (8 v
t t
= (P -1)
3 b’ 2 t
1 o
d
31 (9) v
t t
= (y - 1)
ab’ A2 t
) o}
d (5.2.28)
a1l (8) v
t it
= (M - 1)
2 b' A2 t-1
3 o]
d
A2 A2
3 1 (98) (v -0 )
t t d
2 ~ 4
0 O 20



s
v
t N
InM - — [(MInM -M+ 1)-b'(PInP -P + 1)
t ~2 t t t 1 t t t
o
’\' d A
-b'(y Iny -y + 1) - b'(M 1n M - M + 1)].
2 t t t 3 t-1 t-1 t-1
A > h 2 ~ A 2
e = [a'- a'! a‘v a')o" » O]'
RdO 0 1 2 3 d
3 1 (o) v'
t
A Az
0 g
d
J 1 (@) v’
t t
= 1n P
A2 t
%
o 1 (8) v'
t
= In y
A2 t
‘% (5.2.29)
o> 1 (8) '
t .
= in M
A2 t-1
Ol
d
AZ "2
e 1 (6) (v' - ¢ )
t d
2 a4
2g '
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a1l (9) v'
t t 1 2 . 2 A 2
=InM - — . — [ (InM) -a'(lnP ) - a'(ln y )
3 A Tt A2 2 t 1 t 2 t
ol
d A 2
' - a'(In M ) 1.

3 t-1

Then the Lagrange multiplier test statistics for

the linear and 1log-linear specifications can be computed
accordingly as (5.2.24).The test statistic will be asymptotically
distributed with gi(l) since we are testing only one restriction,

A. If neither linear nor log-linear specification is rejected at
the o per cent significance level, then the underlying procedure
cannot provide any guideline for the optimal functional form. If

both 1linear and log-linear specifications are rejected, neither

model should be used.

(iv) Andrews' Test

Andrews(1971) derived an exact test statistic by
taking advantage of independence between residuals and fitted
values of a regression computed for transformed data. His
modified model 1is constructed by a first-order Taylor series

expansion as

(A,) (A
Y =X B+ Z(X - X)) +u (5.2.30)
. 0
where
()
o {y 1}
i
Z. =
= o yj A= A



117

Then an exact test statistic which has a standard F distribution

is obtained for the null hypothesis A =‘X . The acquistion of

, 0 .
test statistic resulted from the regression of the least squares
(}\) A -1 A 'S
residuals (y - X B)on [I-X(X'X) X']Z where Z is calculated
by fitted values as
(A)
oy
A i
Z = | — (5.2.31)
1j d A A
J A=X Ly =y

By applying Andrews' procedure, we add one
additional variable to each of our models as
Static models

M' b +b P +b vy +k zZ + e (5.2.32)
t 0 1 t 2 t 1 t1 t

a +alnP +alny + k' z' + ¢ (5.2.383)

ln M' =
t 0 1 t 2 it 1 ti t
Dynamic models
M' =b'" +b"P + Dby + Db' M + k' z' + v (5.2.34)
t 0 1 t 2 t 3 t-1 2 t2 t
A
InM' =a' + a'lnP + a'lny + a' In M + k' 2" + v' (5.2.35)
t 0 1 t 2 t 3 t-1 2 t2 t
where =z and z' (j=1,2) are derived from Taylor series
tJ t]
approximations of the Box-Cox extended model and
A A~ A A A A
z =(MInM - M +1) =-b (P1InP -P +1) -b (y lny
t1 t t t 1 it t t 2 t t
-y + 1)
t
~ 1 2 ~ 2 A 2
z'=— [ (INM) -a (InP) -a(lny ) ]

t1 2 t 1 t 2 t



z =(MInM -M +1) =b'(P1InP -P + 1)

t2 t t t 1 t t t
-b'(ylIny -y +1) -b'(M 1InM - M + 1)
2 t t t 3 t-1 t-1 t-1
~ il 2 A 2 = 2 - 2
z' =--—-[ (InM) -a'(InP) -a'(lny ) - a'(ln M ) 1]
t2 2 t 1 t 2 t 3 t-1

Then we draw conclusions from the significance of

the estimated coefficients of z and ;' (j=1,2).
tJi tj

5.3. Results

Quarterly series of domestic prices, import prices,
real income and aggregate imports are taken from the available
sources for the period 1955 I-1983 IV. Data sources are given in
Appendix C. Wholesale price index is wused for the measure of
domestic prices and unit value index of imports, for that of
import prices. Real value of imports are computed by deflating
nominal values by the unit value index of imports. Quantity index
of imports 1is wused as an alternative measure of dependent
variable for the United States, based on the finding by J.Thursby
and M. Thursby (1984) that the quantity index is engaged in 91%
of the accepted models for the United States. All the data are
valued at 1980 prices. Both linear and log-linear specifications
are tested by the Sargan's 1likelihood ratio criterion, the
extended Box-Cox procedure, the Lagrange multiplier test and

Andrews' test mentioned in the previous section.
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(i) Sargan's Criterion

The results of the Sargan's 1likelihood ratio
criterion are summarized in Tables 5.1 and 5.2 by country and
specification. The ordinary least-squares estimates for the
static model of the United Kingdom reveal the presence of
positively serially correlated errors and therefore, both
equations are reestimated by the maximum likelihood method.(l)The
dynamic models are estimated by using the Hildreth-Lu
transformation since the Durbin-h statistic of linear
specification of the estimated model suggests a serial
correlated errors. For the United States, as solving for auto-
correlation of the disturbances, static models are estimated by
Durbin two-step method for both cases of dependent variables
total import value and quantity index of imports. For the case of
total import value as the dependent variable, the equations are
estimated by the ordinary least-squares procedure while the
Cochrane-Orcutt procedure is used for the case of quantity index
of imports in the first step ; but the maximum likelihood method

is wused in the second step for both cases. Also, the Cochrane-

Orcutt procedure is used for dynamic models of the United States.

Estimates of the wunderlying aggregate import demand models of
Japan are also provided by the same process as the United Statég?

Interestingly, the Sargan's likelihood ratio
criterion indicates that the log-linear specification of

aggregate import demand equation is acceptable in favour of the

linear form 1in all cases for the United Kingdom, the United



120

€31Jodw| jo xepu) A}|juend Aq pejnduwod oW 3I6e :(2)
én|BA 1400w Aq pe3INdWOO Eo038W) 156 ()
juEdJIUuBls jou : g
JUeO0ted B2 I¥ JUUDNJIUBIE : ..
€3Ue191J}900 nojeq seseyjueJed U} SoNn|vA-}

\ (ris gl (6is-g1) (299 °2~-) (lgg°¢g-)
L9LL 8BS LSreca 8€80°¢ 9Lye"9 yoev @ 8réQ°1 ssLeE*@ - ps2E"9 - de3s~omM]l uiqing Jeeu-007
[ 11 < —_— -
BSEY 961 (sae"€n (9€9° L) (92s°¢) (Lse2t2 )
_ St S69¢°9 grsi-e 6re°661l gErig-s geci e 62y "959¢2-~ €559°281 ge3s-on} ujqJing Jeou
m : (829°¢g-) (981°8) (orr-1-) (869°S-)
_ ESRR"E £g2E’0 - 6S5L6°1 £E€SO "R eSlE e sere-ze ¢g62 @ - BELY "B - de3s-onl uiqung (2)Jwsuq-807
1 < — ..
| 2991°¢ (62S°E-) (g1e-atl) (6ar-1-) {Ss@°r-)
Sit 9sig’g - reee -2 £8@c "¢ aLev e 9gLZ" 8 o218 12~ L2rs8'e - deis-om) uiqing (2) Jdweu T
_ = - (SE8"2-) (98L°12) (SEl"@-) (8yr-et-)
_ tgeL-1 1852°Q - 6916°1 8280 8res-e 89Ll "% @sie s - S9SL°2 - de3s-ony uiqing (l)Jeeu)j-009
1 < — B
ms@n.ug (E15°2=) (EE9°81) (66¥ " 1) (66v°2i=-) $03831S
st - 18€2°9 - §Sr6°1 ligg-2 gles e srri-e £569°81 1stg 2t~ de3is-omt uiqung (1) Jeeurn pejlun eyl
B S (S82°9) (921°29) (rai1-2) (2L8°ve-)
2262 R irer-a 1896°1 99¢@°0 0996°0 9898 °1 SSEi‘a 612y - Pooyiiex!q *xwey Jesut-807
1 < —_—
wmmm.oL (ELS°8) (erl-1¢) (1LE"2) (g8S°"8-) wopou1)y
gL 28290 8698°1 epse -0 L168°0 1662°@ 6868°1 8981°L - pPooyti|ex1] °xey JEou it pellun eyy
dlisiieys 0314d Poyjey
d n-a . *3°s Y owoou| jueicuol UoI31801JID0ds AJjunogy
ic0) = ealju]oy Uolisurisy
_ yY°D €861 - ['D $S61 : e3eq AlJejseny - lepoy St13e35 JO 213613938 36@] &, ,uvBJeg “1's e(qey




121

s31Joduw) Jo xepul A3|jUENd AQ POININOD SEIBW[IEe : (2)
en[EA 3J0dm! AQ peIncEOD SeIRWIIEe I (])
? U |uBIE jo0u : g
\ JueoJ4ed BZ 39 JUESIJIUBIE I e
juedJed @] 3¢ JUNDIJIVBIE : .
SIUID) JJO0D NO|Oq SOSSYIUGINd Ul SONL A=)}

_
| r - (569°SL) ) (Ler-ri) (2L8°¢€) (565°¢8-) (syg°e-) nl
| - E168"ESI eege "9 €set e esye-e BEEE D rsiee EAY T gesl@ - a118°'9 - ~Yy3oJpi!H sout)-807
1< ——
BLEZLLI (RsL"2h) (se1°L2) (6€8°E) (998°r-) (118°€ ) n3
| rir- - geel 9 slee‘2 26r"@st Sre6°@ 2806 °8 6L10°0@ LBE"1L21- eeig-Lrs -43eJpPI!H Iou ]
1
| _ - (rge°t-) yeg-ee) (€8Q°E) (1gL°9-) (2eR°E-) 33In3J0 .
_ Lale’e rarig - 1g66°1 98s@°@ §886°0 Evss-@ 582z°@ 2z2e8te - rere-e - -0UBJYD0] |(2) JEeu)l]-B07
1< —_— 5
_ L8rS°¢E (68y°B-) (EVB EL) (192°¢) (865 °9-) (eyg°1-) 13In340
| A% 2t - isyega - asee e 9219°¢ 7S86°0 89€8°Q 86ee°"w 2659°2 - ispe*L - -sustyo0)y (2) Jweu)
1]
_ = = (188°2~) (1LL-eL) (858°8) (6I1L°1=) (aLg"t-) 130340
| yseL-t . iriz-ge - 1296°1 Lese°e ares-e 698L°8 sLer-e rege‘e - gtge e - -0uUBJYI0Y (L) Jweull-007]
[ .
_ 9ggr-e (1s9°1-) (119°11) (87€°¢€) {sir°e-) (§82°2-) 33n040 so3ye3s
_ rig - - 68L1"8 -~ 9si6°1 98085 °¢ £886°0 €86L°0 veee o 9s91°l - 889¥r°L - -eueJysoy (1) Jeeuyq peltun eyy
g "
- .1 (98r°6 ) (L29°"%) (at9°L) (8rg° 1} (ESE°L-) g
graz'e 289l Q glie"1 ssce°9 €L86°@ sezr-e l5.6°0 lise‘e Lyes-z - -Yy3eJpiH Jueur 007
1 < —— B
rrreg (1L0°52) (881°5) (8@9°L) (8se° ) (28L°¥-) ny wopou 1y
[ A% = ggec e 8QL6° | 1p8¢°8 eeL6°8 91ir-9 2081°8 8L9lL°® 6800°Y - =y39JpI!H Jeeuiy pejjun ey
213813838 . oiquiaEn o144 pouiel ’
[} ‘n°q *3°$ ¥ juepuede(q swoou| juelIsuol o891 190ds fJ3uno)
k31 3% s peoORT oAlIR|OY uoljeu13el

¥q A[Je3Jeng - |epoy OlweuAq JOJ D13193S 3I68| S,UBBJNS "2 G e(qE]

y°0 €861 - 2°0 §561 *




122

zates and Japan as shown in Tables 5.1 and 5.2. Because of
timation problems and parameter estimates, further exploration

in the log-linear form will be considered in next chapter.

{ii) Box-Cox Procedure

The Box-Cox transformation is performed on the data
of each country for values of ) over a range from -2.0 to +1.9,
at 1intervals of 0.1. And the estimates of B and p are computed
for each A, estimating the equations by the maximum 1likelihood
methodf3) The maximized concentrated 1log 1likelihood function
according to Equation(5.2.15) and the optimal values of X and o
are selected over a grid of different values of } and p . The
maximum likelihood estimates of XA, p and the associated
likelihood values for each model of three countries are presented
in Tables 5.3 and 5.4. These tables demonstrate that all the
hypotheses adopted are strongly rejected for all models by the
likelihood ratio tests. Thus, the log-linear specification for
the conventional aggregate import demand model is preferable to

linear one. The evidence of autocorrelation indicated by the

tests, however, exist.

(iii) Lagrange Multiplier Test

All models are estimated by ordinary least squares
method for the United Kingdom, the United States and Japan. The
sample values of the asymptotic Lagrange multiplier test
statistics are calculated for linear and log-1linear

specifications of both static and dynamic models according to
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Table 5.3, Box - Cox Auloregressive Procedure for Statioc Hodel - Ouerterly Date 1 1955 0.1 - 1983 Q.4

- - = - PO Test
Country Hypotlheslis by [ L{Ael,p=0)| L{A=,p) L{)x,p=0) L{A,p) Statistle
The United (LRI A W | - 8.4 B.4470 - 19.8109
Kingdom (] $8.4524
H ot XA 41 1.0 9.6202 - 44.83T1
1
b} H : P = @ glven A = | 1.0 0.6282 - 44.837)
° 57.2256
H : p {8 oglven A =1 1.8 8.0008 - 73.4499
1
(¢l H ¢ p =8 - 8.4 B. 4470 - 19.8199
] 24,4974
H 1 p §8 - 9.8 0.0000 - 31,8598
1
tdl H 1 X =1 and peo - 8.4 8.4478 - 19,8109
) 187.6709
H 1 A /1 and pro 1.0 9.0000 -~ 73.4499
1
The United LR T B T W' - e.d 9.7418 -225.3856
States a : 61.8019
Ho ot A ) 1.0 8.7160 -266.20681
1
bl H ¢t D =« @ glven A = 1| 1.8 e.7168 -266,2961
8 96.9978
H ¢t p 49 olven A -1 1.0 8.0000 -389,7350
1
) H 1 P -8 - 9.4 B.7416 -225.3950
] 93.5452
H : p {9 - a.8 a.eo008 -272.1582
1 .
4) H t A =1t and p=0 - e.4 B.7416 -225.3858
L] . 168.69980
H t XA f 1 and pso 1.8 8.0000 -309,7359
\ .
@K o, Ly 8.3 0.8864 -295.2742
[ 15,8642
Hot a g 1.0 0.8860 -303.2060)
1
() H t p =g glven A = 1 1.9 2.8660 -303.2883
[] 140.4654
H ot 5 18 olven A = 1.8 9.00800 -376.43080
1
(ed H t p . g 9.3 8.8064 -295.2742
[ 159, 1592
H i 5 g 8.7 8.ae00 -374,6539
1
(d) H t A 21 and p-0 8.3 8.8864 -295.2742
]
H ot X" f 1 and peo 1.0 8.0000 -376.4399
1 e
Jepan s) H & A =1 0.2 8.9213 -754.2183
" - 62.0988
o A 1.0 0.9470 -705.5878
1
(b) H 1t P =8 given A = | 1.8 8.9478 -785.5876
8 236,.5448
M t p # @ olven A = | 1.0 9.0000 -993,8400
'
p =8 8.2 9.02313 -754.218)
el ”a ! 218, 2080
H « P 10 0.0 0.0000 -859.1523
|
A =1 and p=0 9.2 9.9213 -754.2183
td} FIB { N . 299.2434
w + A f 1 andpro 1.8 0.0000 -903.8400
1 i
.




S
— it
Table 5.4, Box-Cox Rulogressive Procedure for Dynamlo Model - Qumrterly Dats r 1955 0.2 - 198 1983 Q.4
- - - N - a Test
Country Hypothesis A ] L{A=1,p=0) L{A=1,p) L(A,p=0) L(X,p) Statistie
The United ) K5y ey 8.4 0.1477 - 15.3276
Kingdom 2 - 48,3998
H ot x g 1.0 8.2618 - 39.5274
1
(D) H t p =B glven A = | 1.8 ©.2618 - 39.5274
L 4.7134
H : p § @ glven A = | 1.9 0.0000 - 41,8841
1
() H 1 p =8 8.4 @.1477 - 15,3276
L4 29,0744
H o +@ 8.8 8.0020 - 39,1648
1 .
(d) H + X =1 and p«0 8.4 8.1477 - 15,3278
° 63.1130
H + A J 1 and p~o 1.0 8.0000 - 41,8841
1
The Uniled (1) (alH A oe L 8.7445 -227.28903
States (] « T4.2914
Hotoa gy 1.8 -8.1398 -264.3558
1
) M 5 5 g glven A = 1 1.0 -8.1398 -264,3558
e 8. 4600
H ot 5 g0 olven A =1 1.0 9.00082 -267.5980
1
(0 H 1t p . g 8.4 8.7445 -227.2093
a 17,4544
H ot p 48 2.8 9.80@8 -265.9365
1
() H & A = | and p=0 a. 4 8.7445 -227.2093
8 . 80,7574
H 1 A f | and pxo 1.8 8.8000 -267.58880
1 ¥
[F2N T L L 9.8977 -291.6433
[] N 28.2119
Mot A 1.8 -0.0089 -385.7488
1
tbl H 1 p =@ glven A = | 1.8 -9.0069 -306,7488
[} 5.8084
H ot p {0 glvea A =1 1.0 9.8000 -300.6530
1
e} H t p . g 0.4 9.0977 -291,0433
a 65,0322
H ot 5 49 0.9 9.0000 -324.1894
1 -
[T TN I SR, . 9.4 °.9977 -291.6433
1) nd p-o 34,8104
H ot X' ) ang e 1.0 9.0000 -329.6530
1 .
Japan () H 3 = 0.4 Q.0266 -732.2895%
s & 39.3390
H PO 1.e 0.1188 -761,9580
1
by H ¢ “ - 1.9 e.11@86 -761.0500
2 9 elven A -if 13,0860
H ot 5 8 olven & =1 1.9 8.0000 -758.8530
|
te) H t” P =@ 8.4 9.0268 -732. 2008
" 61,2018
H t o {8 2.9 9.0000 -762.8014
1
4) H A <1 and p-0 8.4 09,0266 -732.26085
a $3.1458
2.0008 -758.0530
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15.2.28) & (5.2.24) and (5.2.25) & (5.2.26) respectively. The.
results in Tables 5.5 and 5.6 reveal that (1i)the linear
specifications of static and dynamic models are rejected and the
log-linear ones are accepted for the United Kingdom; (ii) the
sample statistics for the United States also give the same
guidelines as for the United Kingdom, except the case that
gquantity index of imports is used as the dependent variable in
static models; (iii) both specifications, linear and log-linear,
are accepted by the Lagrange multiplier test statistics in the
case of Japan. Therefore, the underlying Lagrange multiplier
procedure cannot provide any direction to the choice of log or

log-linear formulation for aggregate import demand of Japan.

Also, for the static model of the United States in which
gquantity index of imports is employed, the test 1indicates that

both models, linear and log-linear, are rejected.

(1v) Andrews' Test

Andrews variables are added to the static and
dynamic equations for aggregate import demand of the United
Kingdom, the United States and Japan. The ordinary least squares
estimates of these equations are displayed in Tables 5.7 and 5.8.
In both cases, static and dynamic, the F statistics Tfor the
Andrews variables indicate that the linear forms are rejected at
the 5 per cent level, except the case for dynamic model of the

United States employed by the quantity index of imports.
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5.4. Conclusion

This chapter suggests by some test procedures that
the log-linear model is the more appropriate specification of
demand behaviour for total imports. While the data might have
something to be improved, some tentative conclusions for possible
extensions are:
(i) It appears that autocorrelation of the ordinary least squares
residuals seems to be a main problem in estimating the equations.
To overcome this obstacle, the maximum likelihood method, the
Hildreth-Lu and Cochrane-Orcutt methods are used in running the
regressions for the Sargan's test. A disturbing implication is
that the estimators may lead to inconsistent estimators when the
iterated Cochrane-Orcutt procedure is employed for the equation
in which there are lagged dependent varaiables[See Betancourt
and Kelejan(1981)]. Therefore, further exploration for estimation
of dynamic models is required.
(ii) A satisfactory result(in terms of t-statistics, the Durbin-
Watson statistics and éz ) for the United Kingdom has been
assessed by the maximum likelihood estimation in which long-run
price and income elasticities are 0.1355 and 1.6666 respectivelé%)
Most researchers reported the positive price elasticity for the
United Kingdom import demand equation as an attenuated estimate
of the supply function. Nevertheless, we need more information on
such a 'penumbra'FS)

(iii) Simultaneous test for autocorrelation and functional form

also indicates autocorrelation in residuals for all cases.
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iv)
nflicting choice for the models of the United States. However,
drews' exact test provides more certain judgments for the
dels of Japan and the United Kingdom.

v) Intuitively, there seems to be another defect for the non-
rmality of estimated residuals resulted from estimating actual
eonomic data. I want to repeat my suggestion that when the
ecessary underlying assumptions are true or can be given correct

measures, the existing procedures do produce superior
(6)

justifications.

Notes

(1) Since, according to the Cochrane-Orcutt technique, the values
of were greater than 0.3, the maximum likelihood method was
used. [See in Kmenta(1986)]

(2) There had been a serious problem with autocorrelation in the
residuals of the estimated equatilions for all cases of three
countries. To overcome this problem, Cochrane-Orcutt, Durbln two-
step, Hildreath-Lu and maximum likelihood estimation procedures
are utilized. The asympototic properties of estimators will be
discussed in later sections.

(3) Version 4.0 of TSP was used for computations. On this
version, software for the maximum likelihood estimation is due to
the Beach-MacKinnon method.

(4) The accepted models of J. Thursby and M. Thursby(1984) gave
long-run price and income elasticities as 0.14 and 1.12
respectively. Their study covered the period from first quarter
of 1959 to third quarter of 1977, and the models were assoclated
with dummy variables to allow structural shifts.

(5) F. W. Taussig introduced this phrase for which the
uncertainty about the working of demand and supply <can be
observed.

(6) I suggested this point in my recent published paper titled as
' Stability of Aggregate Import Demand Function : A Comparative
Econometrics', -‘in The Economic Science, Vol. 36, No.. 2, Dec.
1988, Faculty of Economics, Nagoya University, Japan.

The Lagrange multiplier test and Andrews' test reach.
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CHAPTER 6
DYNAMIC SPECIFICATION OF THE QUARTERLY AGGREGATE IMPORT

DEMAND MODEL

6.1. Introduction

The objective of this chapter is twofold. First,
the quarterly aggregate import equations are developed for the
United Kingdom, the United States, and Japan, by introducing
dynamic elements. Second, stability of the equations is investi-
gated over time. The dynamic formulations are made in two steps.
When, in the first step, the Almon polynomial lags are
incorporated into models, the estimated residuals are highly
sensitive to autocorrelation. Then, in the second step, distri-
buted 1lags are adjusted to remove the autocorrelated residuals
and appropriate models are selected.

In making reliable forecasts by an econometric
model for the evaluation of policy measures, it is important to
investigate the stability of the model over time. In order to
detect structural change by the well-known Chow test (1960), we
need a priori information to identify points of structural
change. Since we are lack of this information, stability of the
estimated coefficients of the observed dynamic model of the
quarterly total imports are tested over the sample period, wusing
the cusum of squares tests which can identify the points of
structural change. Finally, the Chow test and the 1likelihood
ratio test are used to reexamine the cases of the United Kingdom

and Japan respectively.
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§.2. Estimation

Having proposed in the previous chapter that the

simple log-linear model is preferred to the linear one, dynamic
formulations of aggregate import demand equation are specified in
log-linear form. Since the frequency domain analysis for
quarterly data performed in Chapter 2 has provided a maximum lag
length of seven quarters between GNP and total imports in 1980
prices, the Almon distributed lags are tried for all possible
combinations of a length of lag, n, from 1 to 7, a degree of
polynomials, p, up to third order, in aggregate 1import demand
model of the underlying sample period 1955 Q.1 to 18983 Q.4.
Imposing no endpoint constraints, the polynomial distributed lags
are computed on each explanatory variable alternately, and also
on both. It is observed that the residuals from all estimated
equations, that 1is, 252 regressions, are characterized by
autocorrelation. In the first step, ignoring the autocorrelated
residuals, a polynomial of degree one with one period 1lag 1is
chosen on the basis of §2 and significance of coefficients in the
equation.

In the second step, a partial adjustment mechanism
in total imports is combined to the distributed-lag structure of
the first step, with one period lag in one or both of the
exaplanatory variables. Among the three countries, an appropriate
model for the United Kingdom leads to the following estimated

result
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inM = - 2.2637 + 0.2473 In P - 0.2116 1n P + 0.8822 1n y
t (-7.315) (1.588) t (-1.380) t-1 (7.425) t
+ 0.4761 1n M (6.2.1)

(6.803) t-1

= 0.9900, S.E. = 0.0354, D.W. = 1.9406, Durbin-h = 0.1841.

Both coefficients of the price variables are significant at the
20 per cent 1level and other estimated coefficients are
significant in statistical sense. Only the estimated coefficient
of the current price variable shows positive sign and all other
parameter estimates have the signs expected from theory. Auto-
correlation in the estimated residuals has been removed, as shown
by both the Durbin-Watson and Durbin-h statistics. Goldstein and
Khan (1976) could not obtain significant coefficients of the
price variable for the United Kingdom, in their dynamic model.

This process gives insignificant coefficients of
the price variables for the United States and Japan. Therefore,
the adaptive expectation hypothesis is used to explain the
relative price and level of income and it 1s combined with
partial adjustment mechanism of total imports for these two
countries. The estimated models resulted for the United States
and Japan are:

The United States

(a) InM = -2.7619 - 0.0728 1n P + 0.5892 1ln y + 0.5539 In M
t (-4.284) (-1.691) t (4.2786) t (5.888) t-1
+ 0.1855 1In M (6.2.2)
(2.137) t-2
-2

R = 0.9912, S.E.= 0.0538, D.W.= 1.9400, Durbin-h= 1.37183.
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b)) InQ = -1.0901 - 0.4307 In P + 0.3843 1n P + 0.2555 1n ¥
t (3.233) (-1.371) t (1.262) t-1 (3.1486) t
+ 0.7264 1n Q + 0.1507 1n Q (6.2.3)
(7.689) t-1 (1.626) t-2
=2
R = 0.9851, S.E.= 0.0586, D.W.= 1.9734, Durbin-h= 0.9539.
Japan
InM = -0.5780 - 0.1333 In P + 0.1598 Iny + 1.0782 1n M
t (-3.383) (-3.458) t (3.774) t (11.828) t-1
- 0.2122 In M (6.2.4)

(-2.396) t-2
R = 0.9966, S.E.= 0.0463, D.W.= 2.0629, Durbin-h= -1.3948.

In model (b) of the United States, the adaptive
expectation hypothesis is formed only on the level of income and
then we specify a partial adjustment mechanism Tor quantity index
of imports. The results for the United States and Japan show that
(i) the estimated coefficient of the current price in the
aggregate import demand model of the United States is significant
at the 20 per cent level; (ii) the estimated coefficient of
In P in the model (b) of the United States turns out to be
insigﬁg%icant; (iii) all other estimated coefficients are
statistically significant; (iv) the Durbin-Watson and Durbin-h
statistics prevail that the estimated residuals are not

autocorrelated.

6.3. Stability Tests
Firstly, two procedures are used to investigate

the stability of estimated coefficients of the underlying model
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over the sample period. The first one is developed by McCabe and
Harrison (1980) and it 1s simple to compute by using the
standardized cumulative sum of squares (cusum) of the ordlnary
least squares residqals. The second pfocedure 1s contributed by
Brown, Durbin and Evans (1975) and it is based on recursive
residuals.

The general linear model can be expressed as

y =x'g + u (6.3.1)

where y 1s the observation on the dependent varlable, x 1is the

column Eector of observation on k nonstochastic regressoﬁs, B 1s
the column vector of parameters and u is a stocha;tic
disturbance. u's are assumed to be distribu%ed with means zero
and constant vaEiances.
Then, the null hypothesis is adopted as
H : B =8 t=1,2,...,n. (6.3.2)

0 t

(i) Test of McCabe and llarrison (1980)

The primary concern here is to 1investigate the
stability of estimated coefficlents of the underlying model over
the sample period. The test procedure is suggested by McCabe and
Harrison (1980) to use the standardized cumulative sum of squares
(cusum) of the ordinary least squares residuals. According to

this procedure, the standardized cusum of squares are computed as

3 - (6.3.3)
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where e is the (nxl) vector of ordinary least squares residuals

and

where 1 1is the unit matrix. Then, the standardized cusum of

squares diagram can be drawn by computing the critical lines as

+S =+c¢ + (j-k)/(n-k) j=k+1,...,n-1

L

5 (6.3.4)
+8S =+ ¢+ j/(n-k) j=1,,,,,n-k-1

U

where ¢ is a constant. The values of ¢ are taken from the table

of critical values contributed by Durbin (1969). In the case of a

1
one-sided test , ¢ 1s read at the significance level for — (n-k)
2
-1 when (n-k) is an even number, and linear interpolation is made
1 3 il 1
between the o values for — (n-k) - — and — (n-k) - — when
2 2 2 2 x
(n-k) 1is an odd number. If sample path of S's crosses (- S ),

: L

then the null hypothesis that the estimated coefficients are
*

stable over time, is rejected; if it does not cross (- S ), then
U

the null hypothesis 1is accepted; otherwise the test is

inconclusive. In practice, a two-sided approximate test based on
*

+ S is used in order to avoid the inconclusiveness of the test.
I

Therefore, the cumulative residual sum of squares

series 1is computed from estimation of each dynamic model by
* *

ordinary least squares method. The critical lines + S and S
L U
for a two-sided test at the 0.05 significance 1level are

constructed for each model. Since in Figure 6.1, the sample path
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Standardized Qusum of Squares

Hobsalu bolidodsnlidintod woledeabibsboateal oot

63.1  67.1 71.1 75.1 79

Figure 6.1. Cusum Diagram for the United Kingdom

of the standardized cusum of squares for the United Kingdom does
¥*

not cross - S , the underlying model 1s stable over time.
L

Figures 6.2(a) and (b) are for the United States;
the former is for the model formulated in terms of real imports

and the latter, by quantity index of imports. In Figure 6.2(a),

Standardized Cusum of Squares

Figure 6.2(a). Cusum Diagram for the United States
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*

the sample path crosses - S at around j = 47, 53, 105 and‘108,

i.e. the first quarters of 1567 and 1969, the second quarters of
1981 and 1982 respectively. The evidence of structural change for
real 1imports of the United States during the period between the
first quarter of 1967 and that of 1969 agrees with the finding
of Stern, Baum and Greene (1979). They observed the structual
change in the mid-to late 1960s and the first quarter of 1972 and
guessed that it would be due to the incfeased supply capabilities
and behaviour of foreign producers. However, they admitted that
there had been lack of detailled information. Again, it seems that
instability of parameter estimates occurred during the period

from the second quarter of 1981 to that of 1982 due to the

effect of the second oil shock.

Standardized Cusum of Squares
(4]

wadiarbessbinst sl alie i Lisabaal bl s B boal bt st

-2 83.3 67.3 71.3 75.3 7

Figure 6.2(b). Cusum Dlagram for the United Stakes

For the model employed the quantity index of

imports, structural changes had frequently occurred in Figure
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6.2(b) during the period from the third quarter of 1958 to the

*

first quarter of 1972, for the plotted line of S's crosses + §
L
six times. For Japan, Figure 6.3 reveals plausible structural

Standardized Cusum of Squares
«

walunbuns bl b bbb enalas sl b s bl b e Lol seas st sl

56. 3 .3 83,3 67.3 71.3 76.3 7

Figure 6.3. Cusum Diagram for Japan

changes in import demand at around j= 12 and 86, which indicates

the second quarter of 1958 and the fourth quarter of 1976.

(ii) Test of Brown, Durbin and Evans (1975)
Brown, Durbin, and Evans (1975) developed the cusum

test based on recursive residuals. The residuals are deflined as
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here k 1s the number of parameters estimated; y and x are the
i i
vectors of the first 1 observations on the dependent and

independent variables respectively, X , the matrix in which its
i
rows are xXx , X ,..., X , and b , the least squares estimates
1 2 ' i i
based on the first i observations. Under the null hypothesis that

the parameters are constant over time, the w's are independent

i
normal variates with means zero and constant variances. This test
2
is to compute the squared recursive residuals w , and to plot
i
‘the standardized cumulative sum of squares
J 2
w
X i=i+l i
S' = (6.3.8)
J n 2
> w
i=k+1 1

Then a pair of the critical lines is drawn at the significance
level o . The critical lines are calculated as
+ S = + ¢ + (i-k)/(n-k) ; i=k+1,...,n. (6.3.7)
LU

where c¢ is the same value In the previous test.

The cusum of squares graph for the United Kingdom
drawn by the recursive residulas 1s shown in Figure 6.4.
Instability of the estimated coefficlients is indicated by the
crossing-points between the first quarter of 1974 and the second
quarter of 1975. The evidence of instabllity is seemed to be
explained by the first oil crisis which broke out at the fourth
quarter of 1973. A recent study by Italianer (1989) observed a

structural break within the period 1979 Q.1-1979 Q.2 in dynamic
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Flgure 6.4. Cusun Diagram for tha Unlted Kingdom

import equation for the United Kingdom. It was explained by the
increase 1n domestic oil production in the post-1973 era which
makes possible to substitute oil imports and verified by a
drastic cut in oil import volume over 1970-84 period. Also, an
observation that energy consumption of 'British manufacturing
industries decreased in the years between 1972 and 1981 could have
affected import demand. However, my result is likely to occur
during the first 0il crisis, for the United Kingdom started its
0il exploration since the post-1973 era. J. Thursby and M. Thursby
(1984) also pointed out the importance of a structural shift in
the early seventies for aggregate import demand function of the

United Kingdom.

As shown in Figure 6.5(a), the sample path for real
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rorward Recurslions
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Figura 6.5(a). Cusum Dlagram for the United States °

1.1 Forward Recursions
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Figura 6.5(b). Cusum Dlagram for the Unlted States

ports of the United States gives a similar picture with Figure
5.2(a) of the previous test. However, 6.5(b) displays a
ompletely different evidence with Figure 6.2(b). It seems that

he degree of inclusiveness of the test of McCabe and Ilarrison
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might be so high in the case of underlying dynamic model of the
tUnited States. If we compare the stability of two models for the
United States, we observe that the model employed by the quantity
index of 1imports 1is more appropriate to wuse for forecasting

purpose.

12

Forvard Recursions
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- 018

Q-
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Flgura 6.5_. Cusum Dlagram for ,Japa'n_."

Figure 6.6 shows that the coefficients of dynamic
import demand model for Japan vary at around i= 20 and 48, that
is, the first quarter of 1960 and the third quarter of 1967, The
closeness of the cusum of squares plot and 5 per cent
significance line can be seen in the third quarter of 1976 which
will be consistent with the previous test. It may therefore be

concluded from Figures 6.3 and 6.6 that strong evidence of
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nstability took place between the second quarter of 1958 and the
first quarter of 1960 and other possilble instability points
curred 1in the third quarter of 1967 and the fourth quarter of

1976 .

(iii) Chow Test (1960)

The Chow (1960) test is used to determine whether
there is a significant structural change at the first quarter of
1974 for the coefficients of the aggregate import demand function
of the United Kingdom. The Chow test is based on residual
analysis and is a kind of standard anélysais of covariance test.

The general linear model expressed by (6.3.1) can

be written as

y = x g +0 g +e
1 1 1 2 1
(6.3.8)
y = 0 g +x 3 + e
2 1 2 2 2
where 1 refers to first sample of n observations and 2, second
1
sample of n observations. The hypothesis to be tested is
2
H B = B8
0 1 2

Under the assumption of homogenelty of the variances, Chow showed
that null hypothesis can be tested by the F ratio
2

2
”x b - xb ” + “x b -Xxb " / Kk
11 2 0 2 2 20

. 2 2
1 2 y - Xb + y - XDb / (n + n -2k)
“ 1 1 1” ” 2 2 2” 1 2

for n > k; (6.3.9)
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where b , b , b are the least squares estimates of g, g and g
0 1 2 1 2
respectively.

The results of the Chow test for the Unlited Kingdom

are reported in Table 6.1. As shown by this table, the Durbin-h

statistics assure the wvalidity of ordinary Jleast squares
(1)
estimation and the pre-test for homoscedasticity supports for
(2)

applicability of the Chow test. The observed F-statistic leads to
rejection of the hypothesis of stability at the 5 per cent

significance level. However, the critical value at the 1 per cent

significance level is I = 3.188 and the null hypothesis
(0.01,5,110)
is accepted at the one per cent significance 1level. Therefore,

when we apply the cusum procedure of Brown et al. to the U. K.
model with one per cent significance lines, the graph indicates

no change 1n the coefficients of the equation over time as in

Figure 6.7.

Forward Recursions

Cusum of Squares of Recursive Reslduals
o

T T T T T T T T T
o 19 20 30 0 s0 60 70 80 90 100 110 120

Figure 6§.7. Cusum Diagram for the United Kingdom
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Table 6.1. Results of the Chow Test for the United Kingdom
2 Residual
Period Constant In P In P In y InH R S.E. D.W. Sum of Durbin-h Test Statistics
t t-1 t t-1 Squares
1855 Q.2 - 1983 Q.4 - 2.2637 8.2473 - B.21186 0.8822 8.4761 B.9900 0.8354 1.94086 8.13782 8.1841 | Pre-Test
(=7.315) (1.588) (-1.388) (7.425) (6.803)
F = 2.5972
f ft (76,39)
1955 Q.2 - 1974 q.1 -~ 3.3875 - 8.1215 8.3147 1.2938 @.2695 B.9879 0.8302 1.9683 0.B6459 - 08.8454
(-7.789) (-0.647) (1.518) (7.862) (2.886) Chow Test
.e F = 3.1803
1874 Q.2 - 1983 0.4 - 3.1148 B8.6235 - B.5233 1.02086 8.5925 2.8819 2.0404 1.8638 8.85558@ 8.5926 (5,118)
(~2.939) (2.886) (-1.7388) (3.465) (5.374)
= ! significant at 2@ per cent level )
B : not significant
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(iv) Likelihood Ratio Test

This test was introduced by J.-M. Dufour (1982) and
applicable to a set of regressions more than two. According to
this procedure, the data are split into p subperiods which are

mutually exclusive as

X = [x X = [x o ... o]
1 1
X 0 X e 0
2 2
X 0 0 X
p p
- - = " =i (6.3.10)
y = [y u = u
1 1
y u
2 2
y u
p P
* p
and r = rank(X). Then, the rank of X is r = r r . If the
t=1 ¢t
matrices X have full column rank, r = k for t=1,2,...,p. Under
t t
the null hypothesis
H B = B ; t=1,2,...,p ,
0 t
the linear model will be
*
y = XB+u
Then, the likelihood ratio test statistic is
S -8
i 0 Q2
F = (6.3.11)
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where S =min (y - X8)'(y - XB )
4]
P
S = T S
Q2 t=1 t
S =min(y_XB)'(y_XB):t=112’~°°)p
t t tt t tt
P
f = 7 r-r
0 t=1 t
b
f = y (n-r1r)
t=1 t t
n = number of observations in the t-th period.
t
Under H , F follows a F(f ,f) distribution. A necessary and
0 0
sufficient condition for H to be testable by the statistic
0
(6.3.11) is
P P
¥ n > § r > r
t=1 t t=1 ¢t

Then, the stability of dynamic equation for the
Japanese 1mports is tested at the suspected structural breaks,
that 1is, the second quarter of 1958, the third quarter of 1967
and the fourth quarter of 1976. The dynamic specification for
Japan expressed by equation (6.2.4) is estimated by ordinary
least squares at each subperiod and also, for the entire period.
The results are given in Table 6.2. The test statistic indicates
to reject the null hypothesis at the five and one per cent levels
of significance.

Possible explanations for being eXhibiteq
instability 1in dynamic import demand model of Japan may be

provided as follows
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(i) The 1957-58 and 1961-62 monetary restraints could have
affected import demand through internal demand;

(ii) In 1967, Japan experienced a slight balance of payment
deficit;

(iii) Due to the first o0il crisis, the yen exchange rate
reflected the import prices and subsequently the foreign trade
trends were changed. In Tables A.8(a) and A.8(b) of Appendix A,
percentage share of imports of fuel jumped from 21.77% in 1973 to
40.14% 1in 1974 and imports of fuel has been accounted for

approximately 50% of total imports since 1974.

6.4. Conclusion

Dynamic specification of import demand equation is
in essence on both economic and statistical grounds as mentioned
in the earlier parts of my study. Dynamic equations for the United
Kingdom, the United States and Japan are set up and estimated by
the quarterly data covering the period from 1955 to 1983. Since
the stability of the model over time is very important in
econometric model-building process, cusum procedures are used to
examine parameter constancy. It is evident that the present work
cannot be viewed as a finished product. Though it might need
many further 1investigations, some conclusions may be drawn from
the results
(i) For the dynamic model of the United Kingdom, the evidence
that structural change had occurred during the period between
the first quarter of 1974 and the second quarter of 1975 seems to

be acceptable. Nevertheless, the approximate two-sided test and
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the choice of 1 per cent significance level for the Chow and
cusum tests would perhaps be advisiable to represent dynamic
behaviour of demand for imports of the United Kingdom by the
observed model.

(ii) It 1is observed in the case of the United States that the
model employing the quantity index of imports is preferred to
the one employed by the real imports because of the assesment of
parameter stability over time. Volker (1982) illustrated the
stability of the U.S. import demand function specified by the
real imports over the period 1953 Q.3 - 1976 Q.2.

(iii) Since the Japanese economy is sensitive to the world
business cycle, specifcation of stable trade functions will be

the primary intention of econometric model builders.

Notes

(1) Corsi et al. (1982) pointed out that the presence of serial
correlation 1in the residuals might introduce biases in the Chow
test.

(2) The test statistic for homogeneity of variances is given by
2
y - XDb ” // (n -k)
2 2 2 2

2
1 2 y—xb” (n -k)
1 11 / 1
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CHAPTER 7

CONCLUSION

This chapter attempts to make an evaluation of the
usefulness of this study and discuss some problems from the
theoretical and empirical justifications.

My study begins with a brief account of the
historical development of world trade focusing on the United
Kingdom, the United States and Japan. The historical experience
explains the 1leading roles of the United Kingdom, the United
States and Japan in world trade. The trade data are compiled bn
the Dbasis of commodity groups. Shifts in the commodity patterns
of trade will be helpful in explaining the effect of structural
change.

At the theoretical level, changes in exports affect
national income and the effect of changes 1in mnational income
takes place on imports with a time lag. In Chapter 2 of this
study, I emphasize the Polak's causal model of exports, imports
and national income. An effort 1is made to 1investigate the
patterns of interrelationships between these economic variables
by two empirical analyses, conventional cross spectral analysis
and causality analysis based on Granger's concept, using
historical data of the United Kingdom, the United States and
Japan. Exploration of the causal patterns is made both at current
and constant price levels. In both analyses, Sims' filter is used
for the wvalidity of assumptions of the statistical theory of

spectral estimates and causality tests. A well-known property of
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Sims' filter 1is that it approximately flattens the spectral
density function and yields white noise processes. Also, this
filter 1is advantageous in carrying out cross spectral analysis,
for the literature of spectral analysis points out that violently
fluctuating spectrum gives unreliable estimator of the
theoretical spectrum.

Detection of leads or lags and lead-lag length in
economic relationships might be crucial in formulation of the
distributed lag model and wuseful in considering the time
relationships between certain aggregate economic variables for
policy makers. Cross spectral analysis provides quantitative
estimates of leads or lags and degree of these relationships by
phases and coherences at different frequencies. THe information
of lead-lag 1lengths generated by cross spectral analysis is
utilized in the formulation of causal models and tests of
causality are performed by the F-statistics.

Attempts to measure the import and export
elasticities which reflect stability in the balance of payments
have started since earlier 1945. A number of statistical
investigations to discover the magnitudes of relative price and
income elasticities of import demand for the United Kingdom, the
United States and Japan 1is presented in Chapter 3. In the
détermination of a simple model of import demand, income and
relative prices are the two main determinants of imports. It is
explained by the perfect-substitutability and imperfect-

substitutability approaches in economic theory. In the former,
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price and income elasticities of import demand are derived from
the excess home demand over home supply. In the latter, imports
are viewed as any commodity whose demand can be derived from
utility theory or production theory. Empirical issues on the
estimation of single equation model for aggregate import demand
for the three countries under study are divided into prewar and
postwar studies and some implications are presented in this
chapter. Orcuttization of empirical trade studies stems from the
results employing the prewar data. My intuition is made that
underestimation of the magnitudes of the relative price
elasticities may arise by spurious correlation which can often
occurs from using ratio-type variables. Also, I point out that
choice between linear and log-linear specifications affects the
magnitude of elasticity estimates.

Chapter 4 investigates the effects of measurement
error on the price and income elasticity estimates in an
aggregate import demand function. In this respect, Orcutt, Kemp
and Kakwani had considered the direction and magnitude of the
bjas in the least squares estimate of the price elasticity when
the price variable was measured with errors in the 1import demand
function. However, Kemp and Kakwani specified the import demand
equation by relating the dependent quantity variable with only
the price variable. The income variable had been lacking in their
specification. On the one hand, this is not the exact theoreti-
cal formulation of import demand. On the another hand, there had

been contributed papers by Leamer, Visco and Oksanen that showed
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the changes 1in signs of ordinary least squares coefficients by
deletion of a regressor having a higher t-ratio than other
regressors in a 1linear regression. Based on these two main
reasons, I provide some statistical propositions in Chapter 4 by
making assumptions in the errors-in-variable model of aggregate
import demand under large sample scheme. It has been pointed out
that degree of collinearity between the price and income
variables and the signs of the coefficients of true variables
mainly decide the magnitudes and direction of biases of price and
income elasticity estimates.

Chapter 5 and Chapter 6 are related. The
specification of the functional form for the aggregate import
demand model is treated in Chapter 5. Linear and log-linear
variants for static and dynamic models are tested by the Sargan's
criterion, the Box-Cox extended procedure, the lagrange
multiplier statistic and andrews' method, using the quarterly
data of the United Kingdom, the United States and Japan. One of
the difficulties in estimating static and dynamic models in both
linear and log-linear forms for the sargan's criterion is the
appearence of the autocorrelated residuals. 1In econometric
literature, autocorrelated residuals are encountered in the
estimation process when the disturbances follow an autoregressive
process or we specify an incorrect functional form. Therefore,
both the separate and simultaneous tests for autocorrelation and

functional forms are conducted in the Box-Cox extended procedure.



The results demonstrate an autocorrelation problem in estimated
residuals. Both the Sargan's criterion and Box-Cox extended
procedure consistently select the log-linear form for all three
countries.

The Lagrange multiplier test which is asymptoticall
distributed as chi-squares is manipulated by evaluating the log-
likelihood function of the models. The Andrews method is
advantageous for its applicability of the exact t-distribution.
However, the Lagrange multiplier test is inconclusive for the
case of Japan. And both the Lagrange multiplier and Andrews
procedures cannot provide proper inference for the case of the
United States in which the quantity index of imports is employed
as dependent variable.

Dynamic specifications are considered by
introducing Almon lags, partial adjustment mechanism and adaptive
expectation hypothesis 1in Chapter 6. Autocorrelation 1in the
residuals can be removed in the observed specifications for the
United Kingdom, the United States and Japan. Stability of
parameters is tested for the reliability of the observed models.

Finally, we may briefly review the salient points
of this dissertation as follows:

(1) This study has been mainly confined to the formulation of
traditional aggregate import demand relationship by the
methodological and empirical aspects.

(2) Spurious correlation of ratio-type variables has been

demanding the theoretical development in econometric issues.
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(3) The second chapter of this dissertation throws a new light on
Polak's pioneer contribution by the historical data. Changes in
the coherency estimates between the current and constant price
levels assert a plausible effect on patterns of the linkage
between imports, exports and income.

(4) Study on errors-in-variable model for the aggregate import
demand shows that the ordinary least squares estimate of the
coefficient whose variable is measured with errors becomes small
when the coefficient of the price variable is negative and that
of the income variable is positive.

(5) Most of the statistical tests stemmed from decision theory
can verify that the log-linear form is preferred to the 1linear
one in the single equation model of the aggregate import demand
for the three countries under study.

(6) In the light of spectral analysis, the resulting lead-lag
relationships are very informative in the formulation of the
distributed-lag models.

(7) 1t seems to be optimistic to say that the stable dynamic
model of the aggregate import demand for the United Kingdom has
been constructed.

(8) This study can support the finding of J. Thursby and M.
Thursby (1984) that quantity index of imports should be used as
an dependent variable in the specification of aggregate import
demand function for the United States from the viewpoint of
parameter constancy.

And this dissertation has suggested a number of
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possible future researches as follows

(1) In econometric applications, we use the deflated variables in
order to get more efficient estimates or to remove the price
effect. It is well known that "spurious correlation" between the
deflated variables alters the functional and stochastic
specification of a 1linear model. Therefore, I do hope that
theoretical contribution on statistical properties of the ratio
between two variables will solve the long-existing problem of
elasticity estimates in international trade and also, many other
econometric applications. H
(2) In most econometric analysis of international <trade, the
estimated price elasticity of import demand for the United
Kingdom has been observed with the wrong sign and large sampling
error. Most researchers proposed this estimate as an attentuated
estimate of the supply curve based on the reason that the demand
function seems to fluctuate more than the supply function for the
United Kingdom. We should put this reason into practice under the
assumption of infinite supply elasticity in a single equation
model of aggregate import demand.

(3) Exact sampling distribution of elasticity estimates of import
demand under errors-in-variable model should be worked out in the
future. Also, measurement error should be considered under =
variety of statistical distributions.

(4) With regard to the issue of the functional form, the log-
linear relationship for the aggregate import demand is ecmpirica

1lly accepted by this study or by most empirical rescarches.
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However, it will be inconsistent with the demand theory when
imports 1is assumed as a consumer good whose demand is derived
from utility maximizing behaviour. We need to explore some
restraints to conform with our empirical performance.

(5) Stability tests conducted in this study point out that
detection of certain "optimal significance level"” will make a

great service to econometric and statistical world.
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APPENDIX C

DATA SOURCES




DATA SOURCES

United Kingdom

1885 - 1939

Nominal Values of Imports and Exports : Overseas Trade Table 3
from B; R. Mitchell and Phyllis Deane, Abstractlof British
Historical Statistics, Cambridge University Press, 1971,
234-284.

Price Deflators for Imports and Exports : Table 64 from ©. H.
Feinstein, Statistical Tables of National Income,
Expenditure, and Output of the U.K. , 1855-1965, Cambridge
University Press, 1976, T139.

Nominal and Real GNP : Table K1 from B. Mitchell, European
Historical Statistics 1750-1975, 2nd Revised ed., The

Macmillan Press Ltd., 1981, 818-8286.

1947 - 1985
Nominal Values of Imports and Exports : Central Statistical
Office, Annual Abstract of Statistics, wvarious issues,
London.
Unit Value Indexes of Imports and Exports
1947 - 48 United Nations, Yearbook of International Trade
Statistics, 1969.
1949 - 54 International Monetary Fund, International
Financial Statistics, Yearbook 1979.
1955 - 85 International Monetary Fund, Internations
Financial Statistics, Supplement on Price

Statistics, 1988.



Nominal GNP
1947 - 75 Central Statistical Office, Economic Trends,
Annqal Supplement 1985 Edition, London.
1976 - 85 Central Statistical Office, Annual Abstract of
Statistics, London, 1988.
GNP Deflators : GDP deflators are used as proxies for GNP
deflators.

1955 Q.1 - 1983 Q.4

Nominal Values of Imports and Exports : United Nations, Monthly

Bulletin of Statistics, various issues.

Unit Value Indexes of Imports and Exports

1955 Q.1 - 1969 Q.4 United Nations, Monthly Bulletin of
Statistics, various issues.

1970 Q.1 - 1971 Q.4 International Monetary Fund,
International Financial Statistics, Supplement
on Price Statistics, Supplement Series, No. 2,
1981.

1972 Q.2 - 1983 Q.4 International Monetary Fund, ibid,

Supplement Series, No. 10, 198s8.

Nominal and Real GDP : Central Statistical Office, Economic

Trends, Annual Supplement 1985 Edition, London, 1985.

Wholesale Price Index
1955 Q.1 - 1957 Q.4 International Monetary Fund,

International Financial Statistics, 1956-1958.




1957 Q.1 - 1971 Q.4 Central Statistical Office, Economic
Trends, Annual Supplement 1980 Edition, London,
Col. 2, pp. 113-115.

1972 Q.1 - 1983 Q.4 International Monetary Fund,
International Financial Statistics, Supplement
on Price Statistics, Supplement Series No. 10,
1986, p. 88.

United States

1885 - 1939

Nominal Values of Imports and Exports : Series U187-200 from U.S.
Department of Commerce, Historical Statistics of the
United States : Colonlial Times to 1871 Part 2, Bureau of
the Census, Washington, D.C., 1975, 884-885.

Real Values of Imports and Exports : 1913 nominal values
multiplied by quantity indexes at 1913=100 as in Robert E.
Lipsey, Price and Quantity trends in the Foreign Trade of
the United States, Princeton University Press, 1963.

Nominal GNP : Appendix B. Table 1 from Robert J. Gordon (ed.),
The American Business Cycle : Continuity and Change, The
University of Chicago Press, 1986, 781-783.

GNP Deflators : Appendix A from Robert J. Gordon, Macroeconomics,

4th ed.. Little, Brown and Company, Boston, 1987, 581-583.

1947 - 1985

Nominal Values of Imports and Exports : United Nationa, Yearbook

of International Trade Statistics, various issues.




Ul

Unit Value Indexes of Imports and Exports : The same source as
the United Kingdom.

Nominal GNP : Table 3 from U.S. Department of Commerce, Survey
of Current Business, Bureau of the Census, Washington,
D.C. , 1986 February.

GNP Deflators : The same source as in 1885-1939.

1955 Q.1 - 1983 Q.4
Nominal Value of Imports and Exports & Unit Value Indexes of
Imports and Exports : The same source as the United Kingdom.
Nominal GNP
1955 Q.1 - 1982 Q.4 U.S. Department of Commerce, The
National Income and Product Accounts of the United
States, 1929-1982,
1983 Q.1 - 1983 Q.4 U.S. Department of Commerce, Survey
of Current Business, Bureau of the Census,
Washington D.C., 1986 March.
GNP Deflators : The same source as for annual data.
Import Quantity Index : United Nations, Monthly Bulletin of

Statistics, various issues.

Wholesale Price Index
1955 Q.1 - 1958 Q.4 United Nations, Monthly Bulletin of
Statistics, various issues.
1959 Q.1 - 1969 Q.4 International Monetary Fund,

International Financial Statistics, 1973

Supplement.




o

[®h]

1970 Q.1 - 1971 Q.4 International Monetary Fund,
International Financial Statistics, Supplement on

Price Statistics, Series No. 2, 1981, p.117.
1972 Q.1 - 1983 Q.4 International Monetary Fund,
International Financial Statistics, Supplement on

Price Statistics, Series No. 10, 1986, p.134.

Japan

1885 ~ 1939

Nominal and Real Values of Imports and Exports : Table 1-3 from
I. Yamazawa and Y. Yamamoto, Estimates of Long-term
Economic Statistics of Japan since 1888, Vol. 14 : Foreign
Trade and Balance of Payments, Toyo Keizai Shinposha,
Tokyo, 1974, 176-191.

Nominal and Real GNP : Tables 1 and 18 from K. Ohkawa, N.
Takamatsu and Y. Yamamoto, Estimates of Long-term Economic
Statistics of Japan since 1868, Vol. 1 : National Income,

Toyo Keizai Shinposha, Tokyo, 1974, 178-179,218.

1947 - 1985
Nominal Values of Imports and Exports : Japan Tariff Association,

The Summary Report of Trade of Japan, various issues.

Unit Value Indexes of Imports : International Monetary Fund,
International Financial Statistics, Yearbook 1986.

(Indexes for 1947-1949 are extrapolated from the data

series)




[
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Unit Value Indexes of Exports : International Monetary Fund,
International Financial Statistics, Supplement on Price
Statistics, 1986.(Indexes for 1947-1949 are extrapolated
from the data series.)

Nominal and Real GNP : 1947 - 1950 K. Ohkawa et al., op. cit.

1951 - 1964 Economic Planning Agency,
Annual Report of National
Accounts, various issues.

1965 - 1985 Ibid.

1955 Q.1 - 1983 Q.4
Nominal Values of Imports and Exports : Bank of Japan, Economic
Statistics of Japan, various issues.
Unit Value Indexes of Imports and Exports
1955 Q.1 - 1955 Q.4 International Monetary Fund,
International Financial Statistics,1956.
1956 Q.1 - 1965 Q.4 Bank of Japan, Economic Statistics of
Japan, various issues.
1966 Q.1 - 1972 Q.4 Japan Tariff Association, The Summary
Report of Trade of Japan, various issues.
1973 Q.1 - 1983 Q.4 Economic Planning Agency, Annual
Report on Business Cycle Indicators, Japan, various

issues.

Nominal GNP and GNP Deflators
1955 Q.1 - 1964 Q.1 Economic Planning Agency, Annual Report on

National Income Statistics, 1977, Japan.



1964 Q.2 - 1983 Q.4 Economic Planning Agency, Report on Revised

National Accounts on the Basis of 1980, Vol. 1, Japan,iS87.

Wholesale Price Index
1955 Q.1 - 1958 Q.4 Economic Planning Agency, Annual

Report on Business Cycle Indicatorsa, Japan, Aug.

1975.

1959 Q.1 -~ 1969 Q.4 International Monetary Fund,
International Financial Statistics, 1973
Supplement.

1970 Q.1 - 1971 Q.4 International Monetary Fund,

International Flnancial Statistics, Supplement on
Price Statistics, Series No. 2, 1981, p. 75.

1972 Q.1 - 1983 Q.4 International Monetary Fund,
International Financial Statistics, Supplement on
Price Statistics, Series No. 10, 19886, p. 81.

Supplement.
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