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Abstract

Both correlation coefficients and coefficients of variation are commonly cadculated using
regiona prices to see whether markets are integrated. Other things being equa, and as
markets become more closaly linked, correation coefficients are likely to rise, and coefficients
of varidion to fal. Over an extended period, however, other things rardly remain the samein
the red world, which often makes the two coefficients imperfect and mideading indices of
market integration.

| first show that price correlations tended to be lower during the pre-1914 belle epoque
than from 1914-38. Given the abundance of evidence indicating a disintegrating world
economy in the latter period, the increase in the degree of price pardleism after 1913 is most
likely to be a consequence of globa shocks (e.g. Smultaneous expansion of money supply to
finance war efforts) or international transmission of aggregate demand shocks (e.g. deflationary
policies to return to and stay on the gold standard) via trade and capita flows. These can
cause mogt pricesin different parts of the world to move in the same direction (generating high
correlation coefficients) in the absence of market integration. |1 dso show that coefficients of
variaion tended to be higher under a floating than under a fixed exchange rate regime. If a
shift to a floating regime alows exchange rates to respond sengtively to shocks, with prices
remaning sicky and adjuging duggishly to remove the resulting international price gaps, a
consequence of the regime shift will be arisein coefficients of variation.

| set up and estimate structural vector autoregresson modds to filter the impact of
globa shocks, internationally transmitted aggregate demand shocks, and exchange rate shocks
out of regiona rice and wheat price fluctuations. Correaion coefficients are then calculated
using thus "purified” price series to determine whether various pairs of mgor rice or whesat
markets are integrated in three different periods, 1877-1913, 1914-36, and 1961-94. "Pure"
corrdaion evidence demondrates more than anything else that "raw” price corrdations
subgtantially exaggerate the actua extent of market integration, particularly after the First
World War, when massive aggregate demand shocks were generated and spread around the
globe. Pre-1914 rice markets were not so wdl integrated internationdly either as raw price
correlations suggest or as pre-1914 wheat markets. If wheat markets seemed to become
somewhat dislocated in 1914-36 in the wake of hodilities and the Great Depresson, Asan
rice market became better integrated during this period, probably because they were less
closdly linked with industridized countries and therefore rdaively insulated from the politica
and economic didocations. Although peace returned and protectionism receded after 1945,
rice markets grew more fragmented, and wheat markets falled to return to pre-1914 levd of
integration. | interpret this as a consegquence of government interventions, as exemplified by
policies pursuing rice sdf-aufficiency, indudridization through import subgtitution, and
protection of domestic agriculture.



. Introduction

Corrdation coefficients are commonly calculated using regiona prices to determine
whether markets are integrated.  For instance, McCloskey and Zecher(1976) used high

correlation coefficients among wheet prices in Britain, Germany and the US as evidence for

the presence of a unified world wheat market during the classical gold standard period.1 High
price corrdation can obtain however in the absence of market integration: condder a sticky-
price world economy, where aggregate demand shocks raise prices and income in one country
and are then tranamitted to another via the foreign trade multiplier to increase prices and
income there too.

Cosfficients of variation provide an dternative measure of market integration. Both
Hurd(1975) and Williamson(1996) presented declining coefficients of varations to argue that
regiona goods and factor markets were becoming more closdy linked in the late nineteenth
and early twentieth centuries. However, over a longer period of time witnessing shifts in
internationd monetary regime, coefficients of variation may change dthough markets remain
integrated to the same extent. When prices are imperfectly flexible and therefore internationa
arbitrage is less than ingantaneous, coefficients of variation will tend to be lower under a fixed
than under a floating exchange rae regime, where exchange rates responds senditively to
shocks, with prices adjusting duggishly to remove the resulting internationa price gaps.

This paper firg presents evidence in the following section (I1) to suggest that a
subgtantial part of high price corrdation is attributable to globa shocks and internationa
transmisson of aggregate shocks, and that higher coefficents of variation did prevail during

floating rate periods, such as interwar and post-1971 years.  Section 1l introduces and

1 Other examples include Latham and Neal (1983) and Brandit(1993).



estimates a structural vector autoregresson mode, which dlows filtering the impact of macro
and exchange rate shocks out of rice and whesat price movements. Correlaion coefficients
caculated among thus filtered price series show not only that high (raw) price correlations are
often spurious, but dso that the past one hundred and twenty years witnessed a unitary
evolution towards greater integration neither in rice nor in wheat markets. Section 1V

summarizes and concludes.

1. Why Correlation Coefficient and Coefficient of Variation May Mislead

Both rice and wheat have a long higtory of internationd trade. Trade in the two mgor
food grains however began to expand rapidly in the late nineteenth century with a sharp
decline in transportation costs due to railway building and introduction of Seamships. A
consequence of the expansion of internationd grain trade is that wheat and rice price data
become available in many different parts of the world after around 1870. Table 1 compares
different values of corrdation coefficients caculated using such price datain pre-WWI period

and interwar period.

Table1l Price Corrdation

1878-1913 1914-1936
Burma-Japan (rice) 0.11 0.58**
Korea-China (rice) 0.18 0.78**
Burma-China (rice) 0.27 0.75**
Audrdia-UK (wheat) 0.27 0.57*
India- UK (wheat) 0.40* 0.51*
US-UK (wheat) 0.78** 0.58**

Notes: cdculated with log-differences, * and ** indicate that a podtive coefficient,
sgnificantly different from zero a 5% and 1% leve respecivey, obtainsin an OL S regresson
between apair of price series.



In amgority of the cases shown in the table price corrdation is higher in the war and
interwar period than in the pre-1914 belle epoque. Thisisintriguing, because we are told that
before the First World War internationa trade, capitd flows and migration flourished under
internationa peace and rdatively low levels of tariffs while international movement of goods
and factors suffered a setback during hodtilities and the Great Depresson giving rise to
protectionism. A familiar piece of evidence indicating disntegration of the world economy is
faling share of trade in national product after 1913 (Krugman(1989, p.7)).

How is the higher price corrdation after 1914 to be reconciled with an apparently
digntegrating international economy? Plotting available regiond rice and wheat prices
together, one sees that the rise in corrdation is chiefly due to a amultaneous sharp surge in
prices during the war years, steep fdl in postwar dump and the Great Depresson. Not only
rice and wheat prices observed in different places but dso prices of widdy different
commodities, including raw cotton and rubber, displayed swings of dmilar pattern and
amplitude (Kindleberger(1973)). This griking pardldism in commodity prices during this
turbulent period was probably attributable to global shocks, such as smultaneous expansion of
money supply to finance the war (Hardach(1977)), and internationd transmission of aggregate
shocks, such as deflationary policies to restore and stay on the gold standard, leading

eventualy to the Great Depression (Eichengreen(1992)).

Table2 Corrdation Coefficientsin Pre-1914 Period

UK -Russian whest price, 1878-1906 0.37
Japanese-Thai rice price, 1878-1913 0.46
UK - US construction costs, 1872-1913 0.37
Koreanrice - US brick prices, 1878-1913 0.38

Korean rice price - UK unemployment rate, 1878-1913 -0.41




Note Cdculated with first differences.

While the pre-1914 world economy was not exposed to shocks of a scale comparable
to WWI or the Great Depression, there are reasons to believe that a substantia part of pre-
1914 price correlation is aso due to macroeconomic shocks.  Table 2 shows that price
correlaion does not differ sgnificantly between tradables (such as rice and wheat) and
between congruction materids condgting to a substantial extent of non-tradable items.  One
dsofindsasmilar leve of correlation between annua change in Korean rice price one the one
hand and US brick prices and UK unemployment rate on the other in the dsence of direct
economic link between Korea and the other two countries.

If correlation coefficients overgtate the degree of market integration in the presence of
globa shocks or internationd transmission of aggregate shocks, are coefficients of variation a
better indicator of market integration? Indeed coefficient of variation calculated among
Burmese, Chinese, Indian, and Thai rice prices does rise from 0.40 (from 1878-1913) to 0.48
(from 1914-1936), and that between US and Australian wheat pricesfrom 0.13to 0.27. This
increase however is not to be attributed entirely to trade distruptions after 1913, but dso to
the demise of the fixed exchange rate regime, the classcd gold standard. For, with
commodity prices less flexible than exchange rates, the greeter the variability of exchange rate
shocks, the larger will be international commodity price differentias. In fact, coefficients of
variation rose substantialy after the breskdown of the Bretton Woods system: from 0.12 in
1961-7110 0.19 in 1972-94 among ten magor wheet trading countries and from 0.19 to 0.42
among ten mgor rice trading countries.

In sum, the evidence examined above suggests that grain prices were less than perfectly

flexible, and that under such circumstances neither corrdation coefficient nor coefficient of



vaidion is a satisfactory measure of market integration. When global shocks are generated or
aggregate demand shocks are spread internatioanlly, correlaion coefficients tend to overdate
actua extent of market integration, while exchange rate shocks make coefficients of variaion

understate it.

[11. Decomposition of Grain Prices

This section introduces and estimates structurd vector autoregresson (SVAR) modds
to filter the impact of globa aggregate demand and exchange rate shocks out of nationd rice
and wheat price fluctuations. | congder the resdua grain price variaions as due to locd rice
(or wheat) supply and demand shocks, such as harvests, agricultura innovation, and changes
intagte. If thisresdud price vaidaions in any two markets are postively corrdated, | clam
that the two markets are integrated.

Congder a vector autoregressve (VAR) system defined in terms of 1) the world price
levd, 2) exchange rate between a grain importing and exporting country, 3) grain price in the
gran exporting country (supply center), 4) grain price in the importing country (demand
center). The world price level and grain prices in both supply and demand center are
denominated in the world currency unit, i.e. acurrency unit other than those used in the two
gran trading countries. Estimating the VAR system yields reduced form disturbances, e = (e,
&, &, &y,), Which are assumed to be linked to orthogonal structurd shocks, e = (ey, €y, €,

€q), in the fallowing way:

(SIS ew (1)

&= a6 + e 2



6= X6yt a6 + €5 3)

1= a6yt 36 +a € + €y (4).

The identifying redrictions embodied in these four egquations express the following
asumptions. Firg, globd and internationally transmitted aggregate demand shocks(e,,) affect
the world price levd, which in turn influences grain prices in the supply and demand centers
(equations (1), (3), and (4)): a and a are therefore expected to be postive. Second,
exchange rate shocks (e,) affect not only exchange rate, but adso the two grain prices, if price
adjustment is duggish (equations (2), (3), and (4)): with exchange rate defined as number of
units of demand center currency per supply center currency, expected sgns of & and a are
positive and negative, respectiveley. Third, shocks arisng from supply center (locd supply
shocks, es) have impacts upon supply center price, demand center price, and exchange rate
(equetions (3), (4), and (2)): while internationd arbitrage implies a pogtive &, & may be
ether postive or negative, depending upon the price eadticity of demand for grains. Fndly,
shocks arisng from demand center (loca demand shocks, ey) are assumed to be sufficiently

wesk to have influence only upon demand center but not upon supply center price, an

assumption motivated by evidence showing stability of food demand.2

The variance-covariance mairix of resduas from the four variable VAR system contains
ten distinct moments, alowing estimation of up to ten parameters, which is equa to the number
of parameters the above system contains (Six coefficients and variances of the four structura
shocks). | begin by esimating the SVAR modd using an agorithm developed by Giannini

(1992). Where convergence in maximum likelihood estimation procedure is found difficult to



achieve, | try adightly amplified specification with & esterm in equation (2) left out. Findly,
when g and/or & turn out to be either inggnificantly different from zero or associated with
wrong Sgns, the modd is further amplified by diminating equation (2) and exchange rate terms
in equations (3) and (4).

Once coefficients are estimated, structurad shockg(e) are then obtained by multiplying
the inverse of estimated coefficient matrix with reduced form disturbances(e). Inverting the
initid VAR to derive vector moving average(VMA\) representation and replacing reduced form
disurbance with sructura shocks yields expressons relaing each of the four variables to
present and past structura shocks.  Now, the impact of, say, globd inflationary trend can be
filtered out from regiond grain price fluctuations by setting the present and past vdues of e,
equal to zero in VMA expressions for regiond price changes.

| estimate the SVAR system and filter prices for various country pairs formed by mgor
rice and whest trading countries in the three periods, i.e. 1877-1913, 1914-1936, and 1961-
1994. Since during the pre-WWI period exchange rates were ether fixed (as among gold
standard countries) or remained stable relatively to the subsequent two periods, the most
parsmonious specification (having only &, &, and & to be estimated) is applied to this era.
Before the Second World War Anglo-American nationd income deflator3 was used to
represent the world price level, while for 1961-1994 world wholesde price index is available
from International Financial Satistics, published by the Internationd Monetary Fund.

Before the Second World War dl price series are converted into the pound sterling, while they

2 For evidence of low income and cross elaticity of demand for food, see Goldberger &
Gamaletsos(1970), Parks & Barten(1973), and Blunden(1988).

3 This was obtained by dividing the sum of current price UK GDP and US GNP (both
converted into the pound sterling) with the sum of constant price UK GDP and US GNP.
These series are taken from Mitche1(1988) and Gordon(1986).



are denominated in terms of the US dallar in 1961-94. The pound sterling (US dollar) cannot
be used as a numeraire in preWWII (post-WWII) pairs including the UK (US), in which
cases dl prices are converted into the US dollar (SDR). Unit root test results indicates that all
price and post-1913 exchange rate series are integrated series of order one except the post-
WWII world wholesde price index, which is found to be an integrated series of order two.

Therefore, VAR's are specified in terms of log second difference of the post-WWII world

price leved and log-differences of dl other series.

Table3 Edimation Reaults, 1877-1913, Rice

= & 3 raw pure
corrdation  correlation
Burma-China 0.01(0.06) 0.92(5.15) 0.45(1259) 0.27 0.34
Burma-India -0.50(3.39) -0.68(4.13) 0.47(14.72) 0.32 0.24
Burma-Indonesa  -0.10(0.69) 0.57(5.79) 0.43(21.84) 0.57** 0.47**
Burma- Japan -0.22(1.50) 0.30(2.61) 0.07(2.03) 0.11 0.08
Korea-China 1.81(1.00) 048(255) -0.03(1.21) 0.18 0.02
Korea-India 2.27(12.68) -0.67(3.56) 0.03(1.11) 0.14 0.22
Korea-Indonesa  1.64(9.50) 0.15(1.29) 0.14(7.20) 0.26 0.31
K orea-Japan 1.92(10.66) -1.20(9.43) 0.84(43.31) 0.74** 0.51**
Thai-China 1.49(11.79) 0.10(0.55)  0.55(14.25) 0.29 0.31
Tha-India 1.40(10.84) -0.60(3.56) -0.06(1.61) -0.20 0.09
Tha-Indonesa 153(12.10) 0.26(2.47) 0.22(9.71) 0.17 0.23
Tha-Japan 1.29(10.07) 0.22(1.14) 0.28(6.64) 0.38 0.14

Notes. country pairs show a supply center, followed by a demand center;. tratios
shown in parentheses;, * and ** denote significance at 5% and 1% leve, respectively.

Table 3 shows estimation results for twelve pairs of rice economies (three exporters
times four importers). Among 36 estimated coefficients five have wrong (i.e. negative) sgns.
In one haf of the twelve pairs, filtering the impact of common shocks out of price movments

reduces corrdation coefficients, while in the other haf the opposite happens. In no casg,
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however, does the filtering worsen (improve) corrdation enough to turn a
dgnifcant(inggnificant) corrdaion into an inggnificant(dgnificant) one.  There are only two
integrated pairs. Burma-Indonesia and Korea-Jgpan. Burma and Korea represented the two
largest rice exporters in Southeast and East Asa, respectively (Owen(1971), Wickizer and
Bennett(1941)). And Indonesian rice trade with Burma expanded more rapidly than rice trade
with other regions in pre-1914 decades (Mansvelt(1978, pp. 67-69)), while virtudly al of

Korean rice trade was dready with Japan even before annexation in 1910. Except for these

two pairs, east and southeast Asian rice markets overal did not seem wdll integrated before

the First World War 4

Table4 Edimation Results, 1877-1913, Whesat

Fo% PN 3 raw pure
corrdla-  corrda-
tion tion

Argentina- France 0.73(1.41) 0.26(1.66) 0.08(7.49) 0.14 -0.21

Argentina-Germany ~ 0.73(1.45) 0.62(4.02) 0.16(15.07) 0.35 -0.29

Argentina- Sweden 0.39(0.78) 0.57(3.59) 0.18(16.15) 0.43* -0.19

Argentina- UK 1.15(2.20) 0.90(5.54) 0.14(13.18) 0.35 -0.16

Audrdia-France 0.11(0.33) 1.14(13.42) 0.13(16.70) 0.37* 0.42*

Audrdia-Germany -0.68(1.59)  0.90(6.45) 0.05(5.23) 0.14 -0.18

Audrdia-Sweden -1.41(4.41) 0.86(7.67) 0.09(8.57) 0.18 -0.01

Audrdia-UK -0.20(0.63) 1.07(11.62) 0.11(13.66) 0.27 -0.05

Canada--France 0.88(3.21) 1.21(11.96) 0.02(2.24) 0.05 0.04

Canada- Germany -1.95(5.40) 0.62(4.53) 0.06(4.84) 0.00 -0.09

Canada-Sweden 0.56(1.91) 0.74(6.83) 0.12(11.68) 0.23 0.10

Canada-UK 0.71(2.61) 1.08(11.30) 0.02(2.02) -0.07 -0.19

India-France 0.06(0.36) 1.10(12.42) 0.27(17.35) 0.42* 0.30

4 This claim contradicts both Latham & Neal (1983) and Coclanis(1993), who argued for a
well-integrated world market for rice. As supporting evidence they presented raw correlation
coefficients subgtantidly larger than those shown in Table 3. Their coefficients are larger
because price levels, rather than annual differences were used.
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India-Germany 058(2.86) 0.65(4.61) 009394 015  0.09
India- Sweden -0.32(1.88) 0.79(7.35)  0.24(13.41) 0.41*  0.39*
India-UK -0.03(0.20) 1.00(10.86) 0.24(14.33) 0.40*  0.29
Russia-France 0.01(0.38) 1.05(20.77) 0.26(10.75) 0.48*  0.43*
Russia-Germany 1.76(9.33)  -0.62(3.66) 059(17.12) 0.68**  0.67**
Russia- Sweden -0.09(0.60) 0.90(8.03) 0.70(27.44) 0.59**  0.64**
Russia- UK -001(0.15) 0.94(23.66) 0.25(13.14) 0.68**  0.69**
US-France 047(352) 0.77(8.78) 0.34(17.92) 058* 0.41*
US-Germany 1.53(8.90) -0.04(0.43) 061(33.92) 0.76** 0.76**
US-Sweden 0.27(1.97) 058(6.10) 050(25.02) 0.60**  0.60**
US-UK 048(3.61) 0.76(11.43) 0.61(42.34) 0.78** 0.77**

Notes; see Table 3.

Estimation results for twenty four pairs of whesat economies (Sx exporters times four
importers) are much better (Table 4): among 72 edtimated coefficients only three are
associated with wrong (i.e. negetive) sgns. When the influence of globa shocks are filtered
out correlation declines or remain the same in dl but three cases, in these three exceptiond
pars the improvement in price comovement is margind. There are thirteen pairs showing
ggnificant raw price corrdation, but corrdation loses sgnificance in Argentina- Sweden pair
and Indian pairs with two industridized countries (France and the UK) as a result of filtering.
Such shifts make sense, given that both Argentina and India were two of the developing
regions most closdly linked with the indudtridized parts of the world, Britain in particular, via
capita and trade flows: the closer a developing region is tied with a developed country, the
gregter is likely to be the portion in price paraldism between the two due to transmission of
macro shocks from the developed country. If we have seen in Table 3 that remova of the
effects of globa shocks does not affect correlation coefficients substantialy in rice economies,

this is probably because ther linkage with the indudtridized countries was not tight enough

before the First World War. Finally, Table 4 showsthat pre-1914 wheat markets were better



linked with each other than rice markets. not only European but dso US-European whest

markets remained well integrated before 1914.

Table5 Edimation Reaults, 1914-36, Rice

& & & 3 3 raw pure
corrdla-  corrda-
tion tion

Burma- 0.91 1.82 0.47 0.75** 0.05

China (8.00) (20.12) (13.81)

Burma- 1.02 0.99 0.64 0.79** 0.65**

India (10.06) (17.53) (27.60)

Burma- -0.54 1.25 0.86 -0.67 0.36 0.64** 0.57*

Indonesa (652 (19.31) (19.000 (17.47) (17.92

Burma- 0.90 1.45 0.01 0.58** -0.18

Japan (12.16) (16.07) (0.16)

Korea 2.17 0.32 0.95 0.78** 0.39

China (33.09) (2.58) (19.93)

Korea- 1.61 0.66 0.55 0.74** 0.24

India (22.48) (6.46) (12.22)

Korea 1.42 0.50 -0.08 0.50* 0.07

Indonesia (16.21) (6.59) (2.41)

Korea 1.79 -0.17 0.95 0.85** 0.63**

Japan (24.65) (1.96) (25.60)

Tawan 2.32 0.77 0.72 0.78** 0.49*

China (30.91) (5.52) (14.59)

Tawan 1.76 0.77 0.45 0.79** 0.22

India (21.88) (7.82) (11.29)

Tawan 1.59 0.35 0.02 0.53* 0.06

Indonesia (17.27) (4.56) (0.73)

Tawan 1.83 0.12 0.77 0.77** 0.40

Japan (24.43) (1.17) (18.41)

Thailand- 1.38 1.33 0.31 0.41 0.51*

China (6.36) (12.85) (14.87)

Thailand- 0.34 0.48 0.36 0.33 0.09

India (1.75) (6.75) (21.53)

Thailand- 0.75 0.45 0.45 -0.21 0.03 -0.24 -0.02

Indonesia (9.93) (9.87) (10.35) (7.85) (3.38)

Thailand- 1.74 1.04 0.23 0.44 -0.03

Japan (8.72) (8.24) (8.75)
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uSs- 2.23 2.25 0.17 0.40 0.22

China (12.55) (16.87) (5.86)
Us- 251 1.55 006 018 0.20
India (17.91) (11.42) (1.76)
US- 257 0.14 002 -023 030
Indonesia (15.69) (L.77) (1.04)
Us- 263 049 047 -004 022 003 0.06
Japan (17.47) (611) (382 (0.67) (7.37)

Notes; see Table 3.

In addition to the seven rice price series examined in Table 3, price data become
available for two more rice exporters, Tawan and the US, from 1914-36, and as a result
there are 20 pairs (five exporters times four importers) to consder. Out of 66 estimated
coefficients shown in Table 5, three have wrong signs. A key difference from pre WWI erais
that we have a proportionately larger number (twelve out of twenty vs. two out of twelve) of
sgnificant raw correlation, two thirds of which turn indgnificant after filtering. This probably
demonstrates the impact of huge macro shocks, which include the First World War and Great
Depresson. Comparing Tables 3 and 5, one finds new @nnections between Burma-India,
Tawan Chinag, and Thai-China are established after 1914. And pre-1914 integration between
Burma-Indonesia and Korea-Japan survive. Hence, a broad picture of three rice trading
regions emerges. one is Japanese imperid comnection between Japan with Korea, another
linking Taiwan, China, and Thailand, and the third tying India, Burma, and Indonesia together.
Asian rice economies thus gppeared better interrdated than in the pre-1914 period. Table 5
also shows that the US, a new supplier to the world rice market, was not fully integrated with

the Asan rice economies before the Second World War.

Table6 Edimation Reaults, 1914-36, Wheat
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2 & =" & 3 raw pure
corrdation correation

Argentina- 0.04 0.70 -0.06  -0.09 -0.20
France (0.14) (4.36) (211
Argentina- -0.04 0.55 0.25 0.60* 0.27
UK (0.14) (7.10) (16.90)
Audrdia- 0.38 0.84 1.50 -0.61 -0.05 0.00 0.08
France (1.78) (9.33) (14.16) (12.62) (2.37)
Audrdia- 1.40 5.59 0.60 -0.82 0.34 0.66** 0.42
UK (23.80) (22.11) (14.28) (4.74)  (15.68)
Canada- 0.55 1.19 0.33 -0.18 -0.02
France (3.89) (9.18) (8.05)
Canada- 0.47 0.55 0.11 0.41 -0.32
UK (3.12) (5.25) (3.62)
India- 0.65 0.15 1.56 -0.45 0.31 -0.14 0.33
France (5.700 (4000 (1273) (11.39) (6.65)
India- 0.76 0.79 0.79 -0.17 0.23 0.87** 0.55*
UK (35.75) (18.28) (44.16) (5.18) (18.21)
us- 2.63 0.02 1.42 -0.59 -0.08 0.05 -0.38
France (28.75) (0.74) (7.26) (14.05 (1.39)
Us- 2.59 -1.31 0.82 0.58** 0.68**
UK (31.42) (12.35) (24.50)

Notes; see Table 3.

Number of available regiona wheset price series unfortunately declines sharply with the
outbreak of the First World War, leaving only 10 cases (five exporters times two importers) to
examine. Three of the forty estimated coefficients shown in Table 6 have wrong Sgns. If in
four of the ten pairs are raw price correations sgnificant and pogtive, two of the four
correlations become inggnificant when the influence of common shocks are diminated.
Compared to the pre-WWI period, when three of thirteen sgnificant raw correlations turned
indgnificant after filtering, this is a proportionately larger number, again displaying the influence

of potent globa shocks. If French connections with Audrdia and the US end with the
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outbreek of the Firt World War, Britain forms a new tie with an imperid wheat supplier,
India These are shifts entirdly conagtent with risng protectioniam in the wake of the Greeat
Depression, as represented by the British Generd Tariff, and Hawley-Smoot Act. All in dl,
while the pre-1914 US-UK connection survives and Table 6 does not contain evidence on

intra- European wheat trade, internationa wheat markets would appear to have become less

integrated after 1914.

Table7 Edimation Reaults, 1961-94, Rice

& 3 & 3 3 raw pure
corrdlati  correldti
on on

China- 2.31 -0.57 0.01 0.16 0.05

Bangladesh  (10.04) (1.89) (0.25)

China- 2.21 -0.40 0.16 0.35 0.13

Indonesia (13.26) (3.12) (5.83)

China- 1.49 0.61 0.52 0.59** 0.11

Saudi (11.01) (5.02) (19.41)

Arabia

China- 1.20 0.44 2.09 -0.22 0.72 0.73**  -0.36*

Senega (9.56) (9.99) (17.64) (5.34) (24.71)

China- 1.76 1.66 0.25 0.47**  -0.09

UK (14.56) (15.34) (9.79)

Italy- 2.26 0.14 -0.37  -0.05 -0.21

Bangladesh  (14.67) (0.41) (4.36)

Italy- 1.10 -0.04 0.05 0.13 -0.18

Indonesa (7.10) (0.32) (1.70)

Italy- 1.28 0.17 0.26 -0.03 0.57 0.69**  0.54**

Saudi (10.06) (3.13) (286) (0.78) (26.25)

Arabia

Italy- 1.25 1.94 0.61 0.69**  -0.03

Senega (10.42) (18.34) (23.44)

Italy- 1.24 0.41 0.90 -0.15 0.54 0.73**  -0.12

UK (10.08) (4.57) (11.53) (2.70) (27.93)

Pakistan+ 0.03 -0.56 0.46 0.48** 0.11

Bangladesh  (0.10) (2.37) (11.26)

Pakistan+ -0.07 0.08 0.49 0.66** 0.19
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Indonesia
Pakistan+
Saudi
Arabia
Pakistan
Senegal
Pakistan
UK

Thailand-
Bangladesh
Thailand-
Indonesa
Thailand-
Saudi
Arabia
Thailand-
Senegal
Thailand-
UK

us
Banlgadesh
us
Indonesa
us
Saudi
Arabia
us
Senegal
us

UK

(0.46)
-0.63
(3.94)

-0.89
(6.58)
-0.39
(2.86)

241
(9.28)
274
(14.72)
2.29
(13.76)

2.35
(14.47)
2.76

(18.30)

1.09
(12.22)
0.97
(12.46)
1.02
(15.91)

0.77
(9.65)
1.00
(16.12)

0.16
(3.47)

0.21
(6.20)

(0.81)
121
(8.68)

2.76
(18.32)
1.84

(17.75)

-0.93
(2.94)
-0.08
(0.64)
-0.10
(1.15)

138  -0.24
(17.79) (11.74)
0.74

(9.47)

0.14
(2.58)
0.65

(8.96)
-0.06
(1.16)

091  -0.46
(13.80) (16.68)
0.36

(7.14)

(21.27)
-0.05
(1.96)

-0.12
(3.44)
-0.20
(8.43)

0.11
(2.12)
0.04
(1.69)
0.70
(47.05)

0.81
(58.39)
0.52

(36.90)

0.67
(28.22)
0.05
(1.60)
0.75
(30.85)

1.04
(40.67)
0.58

(25.02)

0.11

0.19

0.04

0.36

0.31

0.83**

0.89**

0.77%*

0.17

0.31

0.69**

0.83**

0.67**

-0.33

-0.33

-0.56**

-0.18

-0.08

-0.01

0.45**

0.31

0.32

-0.10

0.70**

0.47**

0.41*

Notes: see Table 3.

Table 7 shows estimation results for twenty-five pairs of countries, formed by five
largest rice exporters and importers, from 1961-94. With eight out of eighty-five coefficients
associated with wrong signs, the outcome is worse than 1914-1936, but comparable with the
pre-1914 period. Among the fourteen pairs showing significant raw price correlation, only five

turn out actudly to be integrated, indicating the presence of a strong common inflationary trend
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after the Second World War. Thus, if the proportion of integrated pairs rose from 20%(2 out
of 10) in pre-1914 years to 25% (5 out of 20) during 1914-36, it fell back to 20% (5 out of
25) dter WWII. The five linkages revolve largdy around two largest post-1945 rice
producers, Thailand and the US. In sum, the picture of world rice market in 1961-94 appears
both less integrated and more polarized than in 1914-36, which is probably attributable to a
large extent to digtortions due to government interventions, as represented by policies pursuing
sdf-auffidency in rice and indudridization via import-subdtitution, and government-to-
government contract handling around half only world rice trade, which accounts for only about

4 percent of world rice output (vs. 8-9% in 1936-8).5

Table8 Edimation Results, 1961-94, Wheat

a & a & 25 25 raw pure
corrdatio correlati
n on

Argentina- 3.15 0.65 0.83 0.92** -0.19

Brazil (28.05) (9.94) (60.60)

Argentina- 4,01 0.52 0.64 0.89** 0.52**

China (34.01) (5.49) (37.05)

Argentina- 3.63 0.23 0.78 0.86** 0.58**

Egypt (32.57) (2.97) (34.11)

Argentina- 3.06 0.15 0.22 0.55** -0.21

Italy (28.50) (1.38) (9.19)

Argentina- 2.95 0.22 0.72 0.85** -0.37

Japan (29.26) (2.40) (34.19)

Audrdia- 1.33 0.06 231 -0.07 0.72 0.75** -0.24

Brazil (11.23) (4.86) (25.15) (8.70) (30.76)

Audrdia- 2.66 0.96 0.63 0.86** -0.36

China (23.30) (13.11) (38.71)

S See Atkin(1992), Barker, Herdt, and Rose (1985, p.190), Falcon and Monke(1979/80),
Hayami and Ruttan(1985, chapter 12), Roche(1992, p.100), Wickizer and Bennett(1941,
p.28, footnote 33). It isrelevant to note here that Petzel and Monke(1979/80) present raw
correlation evidence to concluce that during 1961-77 "firm linkages exised" among ten rice
economies except for "the relatively unimportant jgponicaimport markets."
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Audrdia-
Egypt
Audrdia-
Italy
Audrdia-

Japan

Canada
Brazil
Canada
China
Canada
Egypt
Canada
Ity
Canada

Japan

France-
Brazil
France-
China
France-
Egypt
France-
Italy
France-

Japan

us-
Brazil
us-
China
us-
Egypt
us-
Ity
us-

Japan

-0.09
(2.51)
0.21

(3.59)

2.35
(21.48)
1.94
(16.33)
1.28
(15.64)

2.87
(23.84)
2.69
(20.45)
3.02
(22.24)
2.65
(24.90)
231
(16.10)

1.00
(12.80)
1.07
(12.39)
0.93
(11.29)
1.09
(13.22)
1.10
(12.76)

1.54
(27.69)
1.71
(27.42)
1.55
(27.41)
1.46
(25.45)
1.47
(22.04)

0.06
(1.79)
0.16
(3.71)
0.36
(6.54)

0.03
(1.99)
0.86
(4.08)
0.02
(0.22)

0.01
(0.16)

0.78
(7.13)
0.21
(2.13)
0.94
(9.50)

1.85
(19.34)
1.41
(15.94)
0.79
(9.00)
0.11
(1.43)
0.57
(8.16)

2.73
(26.33)
217
(22.28)
2.05
(19.46)
0.10
(1.54)
2.05
(19.70)

0.34
(9.69)
-0.08
(2.06)
0.67
(12.17)
-0.34
(7.31)
0.35
(11.32)

-0.33
(19.86)
-0.74
(30.58)
-0.37
(15.24)

-0.38
(18.70)
-0.45
(7.11)
-0.24
(5.07)

-0.23
(11.51)

0.77
(29.75)
0.13
(5.41)
0.81
(23.93)

0.51
(25.46)
0.45
(25.42)
0.74
(43.82)
0.38
(21.23)
0.72
(51.79)

0.45
(11.76)
0.50
(15.19)
0.62
(16.07)
0.79
(31.51)
0.59
(15.25)

0.97
(64.44)
0.81
(56.35)
0.83
(35.17)
0.46
(22.48)
0.91
(75.44)

0.82%*

0.50**

0.70**

0.78**

0.78**

0.85**

0.59**

0.89**

0.44*

0.47*

0.42*

0.64**

0.49**

0.93**

0.86**

0.85**

0.61**

0.95**

-0.25

-0.40*

-0.46*

0.56**

-0.10

-0.11

-0.12

0.77%*

0.27

0.17

0.30

0.62**

0.42*

0.53**

0.25

0.40*

0.11

-0.14

Notes; see Table 3.

Post-WWII estimation results for 25 whest pairs (Table 8) are substantialy better than

those for rice economies. only two of ninety-three estimated coefficients have wrong signs.
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Raw correlations are al pogtive and sgnificant, but only about one-third (eight pairs) maintains
sgnifcance after filtering. Eight out of total 25 observations is a proportion higher than that in
1914-36 (two out of ten), but lower than that in pre-1914 years (ten out of twenty-four). If
the world wheat market seemed to become better integrated after WWII, but failed to recover
the pre-1914 level of integration, again policy distortions appear be respongble, which include
price support to protect domestic agricuture in developed countries and price distortions in

developing countries to extract resources from the agriculturd sector to finance

industridlization.6

V. Summary and Conclusons

Evidence exigts to show that regiond rice and whest prices fluctuate in response not
only to loca supply and demand shocks, but also to global shocks, aggregate demand shocks
transmitted internationdly, and exchange rate shocks. The influence of these shocks was
filtered out of regiona prices usng a Structurd vector autoregresson modd. | caculated
correlation coefficients among thus "purified” price series to determine whether a pair of
markets are integrated. "Pure’ corrdation evidence demongtrates more than anything else that
"raw" correlation substantialy exaggerates the actud extent of market integration, particularly
after the Firs World War, when massive aggregate demand shocks were generated and
spread around the globe. Pre-1914 rice markets were not so well integrated internationaly
either as raw price corrdations suggest or as pre-1914 wheat markets. In contrast to whest
markets, which seemed to become somewhat didocated in 1914-36 as a consequence of

hostilities and the Depression, rice economies, being relatively insulated from these disruptions,

6 Hayami and Ruttan (1985. Chapter 12).



became more closaly linked. Although peace returned and protectionism receded after 1945,
rice markets grew more fragmented, while wheat markets failed to return to pre-1914 leve of
integration, probably because economies became politicized as exemplified by policies
pursuing rice sdf-sufficiency, indudridization through import substitution, and protection of

domestic agriculture.
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