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The Uruguay Round Agreement on Agriculture in 1994 initiated multilateral

reform of the agricultural sector to better integrate global markets. The implementation of

the agreement has occurred at a time when agricultural commodity prices have

significantly declined. These two events reveal that many countries maintained different

thresholds in terms of domestic or trade policies, which supported their agricultural

sectors.

This study analyzed spatial price linkages and adjustments between developed

and developing countries during the post-Uruguay Round period (1996/1997-2002).

Prices of two key commodities market long grain rice and hard wheat - are assembled

fpr major exporters and producers. Unlike prior studies, this investigation focused on

market integration between developed and developing countries at a time of significant

fhll in commodity prices. For each commodity, in addition to identifying the long-run

pice relationship, this study focused also on the adjustment of prices to stay in the long-

n relationship.

Results from the multivariate cointegration analysis indicate that only partial

arket integration existed between the two groups of countries. In most instances, the

anges in the prices of the developed countries impact those of developing countries.
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The latter, especially the new entrants into the world rice and wheat markets (e.g.

Vietnam and Argentina) have faced considerably rapid price adjustment during the

post-Uruguay Round period, which affects price stability, income, and welfare of their

agricultural households.
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SPATIAL PRICE LINKAGES BETWEEN DEVELOPED AND
DEVELOPING COUNTRIES: THE CASE OF RICE AND WHEAT

MARKETS

CHAPTER 1: INTRODUCTION

The Uruguay Round Agreement on Agriculture (URAA) in 1994 initiated

multilateral reform of the agricultural sector. Countries agreed to the long-term

objective of establishing a more market-oriented agricultural trading system with

emphasis on "the three pillars" - the areas of market access, export subsidies and

domestic supports. The current Doha Development Agenda of the World Trade

Organization (WTO) calls for substantial improvement in the three areas to deepen

the reforms of the URAA. However, significant differences between the views of

developed countries as a group and developing countries persist on each of the

three issues (IFPRJ Forum, 2003; New York Times, 2003; WTO News,

September, 13th-i 9th, 2003). For instance, the reform of the domestic support

policies of developed countries, especially the increasing use of income support

and its effects on global commodity prices, has been at the forefront of developing

countries' proposals to WTO. The failure of the WTO conference in Cancun,

Mexico also highlights the significant gap between developed and developing

countries' standpoints.

Simultaneously, commodity prices have fallen considerably after a peak

during 1995-1997. In the case of long grain rice for example, FOB prices at U.S.

gulf ports fell from a high of 300 US dollars in early 1997 to about 120 US dollars
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per ton by 2001 [Economic Research Service (ERS), U.S. Department of

Agriculture (USDA)]. Similar, but less stark trends have been observed for wheat,

soybean, cotton and corn. Despite the trade reform under the provision of URAA,

many countries maintain domestic or trade policies, which protect or safeguard

their farmers from declining world market prices. The United States continued to

use price floors or loan rates for major commodities, which are supported by

deficiency payments. Several developing countries have bound tariffs on

agricultural commodities, which have allowed them to raise applied tariffs to

counter the decline in world prices.

One of the major objectives of the URAA is to better integrate agricultural

markets and therefore, one would expect strong price linkages among the

participating countries. However, when countries engage in certain degree of price

control, the presence of such linkages is ambiguous. The key question addressed in

this study is whether price linkages exist between developed and developing

countries in the post-URAA era. Two commodity markets - long-grain rice and

hard wheat - are selected. If such linkages are absent, i.e. rice and wheat prices

move independently, one would doubt the benefit of further multilateral

agricultural trade reform. On the other hand, if the linkages exist, it will be

informative to understand their patterns and observe how they adjusted to the

significant decline in commodity prices during the post-URAA era. More

specifically, have developed or developing countries borne the burden of

adjustment? Answers to these questions have important implications for the

current round of trade negotiations. The partial or full integration of commodity
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markets between developed and developing countries in an era of significant price

decline can confirm chaimels for the transmission of policies from one group into

another. If the adjustment burden of declining prices were to fall

disproportionately on one set of countries, it would affect price stability, income,

and welfare of their agricultural households.

The international rice and wheat markets are chosen for two main reasons.

First, these markets have significant participants from developed and developing

countries. The countries chosen for the rice market analysis are the United States,

Thailand, Vietnam, and India, while those for the wheat market include the United

States, Canada, Australia, Argentina, and India. Secondly, the choice on countries

depended on data availability and comparability. Monthly price data from mid-

1996 to 2002 have been assembled for this purpose. An error correction model

(ECM), which allows for the identification of cointegration and long-run

relationships, is estimated for each of the two commodity markets. Test on

whether markets exhibit partial or full integration and on the nature and speed of

adjustment of individual country prices to the long-run relationships are carried

out.

The questions posed here also distinguish this study from prior studies on

market integration. Few studies have focused on market integration between

developed and developing countries, but none at a time of significant fall in

nominal prices of key commodities (Goodwin: 1992a; Mohanty et al, 1996;

Taylor et al., 1996; Yang et al, 2000). Moreover, many studies emphasize on the

existence of price linkages or long-run relationships, leaving out causality among
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prices or the adjustment by individual country prices to stay in these relationships.

In particular, this study does not aim exclusively to verify the presence of law of

one price, spatial competitive equilibrium, or market efficiency. Instead, it will

focus on an examination of price linkages, to understand how commodity prices

interact with each other.

The thesis is organized as follows. Chapter 2 reviews the literature on

spatial price linkages with emphasis on methods used to identifj those linkages.

The methodology used in this study is described in chapter 3. Data description in

chapter 4 is followed by the discussion of results in chapter 5. Summary and

conclusions are presented in chapter 6.
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CHAPTER 2: LITERATURE REVIEW AND MODEL SELECTION

Since wheat and rice are two major staple foods, the literature on cross-country

wheat and rice price analysis using cointegration and other techniques is fairly

large. Formal definitions of market integration as well as other closely related

concepts, such as spatial price linkage are provided in this section. The

importance of studying market integration is also emphasized. Secondly, a

literature review of various methods or techniques used in the study of market

integration is included. Finally, an extended overview of associated studies of rice

and wheat market integration is provided, with emphasis on how they differ from

the current study.

2.1 Market Integration and Law of one price

The term market integration was formally defined by Stigler (1969). He defined

spatially integrated markets as "the area within which the price of a good tends to

uniformity, allowances being made for transportation cost," whereas Marshall

(1947) and Cournot (1971) also gave similar interpretations. That is, prices are

allowed to deviate from each other in the short run, but in the long run, arbitrage

and substitutability insure that they are closely related. Based on this description,

the relationship can be written as

P F, +1, (2.1)

where 1, and 1, are prices of two spatially separated markets and 7 is cost of
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incentive to trade. When the difference of prices P - P2, exceeds the cost i;,

arbitrage occurs. The markets are spatially integrated if

(2.2)

i.e. a situation where trade occurs when arbitrage is profitable or no trade occurs

when arbitrage profits have been exhausted. Note that markets are still integrated

even when there is no trade between them indicating exhausted arbitrage. Thus, it

is possible that trade flows can be discontinuous for some period of time.

If the condition (2.2) holds, it obviously follows that price changes in one

market will be transmitted on a one-to-one basis to the other market

instantaneously. The integrated market is based on the condition that traders will

eventually drive down arbitrage profit to zero in the long run. Thus, only in the

short run the one-to-one relationship is ambiguous due to the inequality in

condition (2.2). However, zero profit from arbitrage in the long run ensures that a

one-to-one relationship holds, while any deviation is only temporary.

Market integration condition is generally consistent with the weak version

for law of one price (LOP), which states that a linear and proportional relationship

exists between prices of two markets. For the more restricted case, when prices

exhibit perfectly unit-proportional movement, the strong version of LOP holds for

these markets.1 Most of the studies often related the condition of market

integration to LOP, despite the fact that the former is somewhat more general than

'The law of one price states that once prices are converted to a common currency, the same good
should sell for the same price in different countries after being adjusted for transport cost. LOP and
market integration are closely related concepts, but should not necessarily be interchanged.
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the latter (strong LOP).2 Consider the most common expression for spatial market

integration as follows

ln],=p+lnI,. (2.3)

If = 0, the prices have a unit-proportional relationship implying the strong LOP.

Non-zero ,u implies weak LOP as the level differs due to transport costs or quality

differences, whereas spatial integration holds in both cases.

LOP is a basic assumption in international trade theory. International

economists pay considerable attention to the LOP validation, since a violation of

LOP may lead to invalid inferences from most international trade studies.

Furthermore, market integration is necessary for trade liberalization, especially in

agriculture sector, to ensure that price signal will transmit down the market chain,

and producer will specialize according to comparative advantage. Baulch (1997)

states that "if 'getting price right' is seen as the crucial prescription for agricultural

development, the presence of market integration is a vital precondition for it to be

effective".

The emergence of LOP and market integration studies can be traced back

to Lele's (1967) work on spatial markets in western India. The common

methodologies for testing market integration can be summarized into five

categories: (i) correlation method, (ii) Ravallion approach, (iii) Engle and Granger

bivariate cointegration approach, (iv) Johansen multivariate cointegration method,

and (v) Parity Bound Model. The first four approaches as well as their limitations
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are briefly discussed in section 2.2. The Parity Bound Model is extensively

described in section 2.3, since it is the most recent methodology in this area.

2.2 Literature Review on Market Integration and LOP: The First Four

Approaches

In general, the use of a theoretical model for testing market integration is based on

the characteristics or time series properties of price series. The conventional

approach is based on correlation measures and simple regression of equation (2.3).

Examples include, Blyn (1973), Harriss (1979), Petzel and Monke (1980), and

Latham and Neal (1996). By introducing a parameter for ],, equation (2.3) is

rewritten in simple regression form as:

nJ=p+filn]+e. (2.4)

Most often, weak correlation between a pair of prices suggests an absence of

market integration. Market integration is confirmed if à = 0 and fl = 1. In latter

works, first differences of prices were employed instead of their levels due to non-

stationarity of level data (Richardson, 1979).

Ravallion (1986) and Ardeni (1989) argued that conventional regression

tests of the LOP might have misrepresented or ignored the time-series properties

of individual price series. In particular, ignoring serial correlation in an empirical

test of the LOP leads to inferential biases and inconsistent parameter estimates.

Furthermore, empirical tests that used price differentials from differencing

transformations and filters were ad hoc and might be inappropriate for a given
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price series. As an alternative, Ravallion (1986) proposed an autoregressive

structure of prices, i.e., a dynamic price relationship within a trading region. His

study focused on the regional market integration within a country by assuming a

radial market where a group of local markets were linked individually to a single

central market. Short-run market integration, long-run market integration, and

market segmentation concepts were tested, based on parameter restrictions in a

vector of autoregressive (VAR) model. Assuming long-run market integration

exists, one can write price formation regression (VAR model) as an error

correction model (ECM). Ravallion (1986) argued that this procedure outperforms

the correlation method, which was subject to inferential errors. His model has

been widely used in numerous empirical studies (Ravallion, 1986, 1987; Baulch,

1997; Raghbendra et al., 1997).

Alexander and Wyeth (1994) noted that the Ravallion procedure was valid

only under certain conditions of exogeneity. That is, the procedure depends

crucially on the exogeneity assumption of central market prices. If there is one

main central market with the characteristics postulated in the radial model, it ought

to be discovered from the data rather than assumed. For this purpose, Alexander

and Wyeth (1994) suggested the use of the bivariate cointegration approach (Engle

and Granger, 1987). Here, a test of exogeneity using the concept of Granger

causality was carried out. Moreover, regardless of whether the structural form or

the reduced form of the model was estimated, Ravallion's model could produce a

"spurious result" of long-run relationship. If prices were not cointegrated,
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variables that were integrated but not cointegrated can drift apart without bound

and thus, long-run relationship may not exist.

The cointegration concept is consistent with the definition of market

integration by Stigler (1969), Marshall (1947), and Cournot (1971). Cointegration

insures a linear combination of prices that exhibits stability overtime. Prices in a

cointegrated system vary according to the stable relationship and any deviation is

temporary since it will taper off to zero in the long run. Market integration is

recognized by an existence of one-to-one relationship between prices or the long-

run steady state equilibrium.4 Thus, cointegration implies market integration or

weak version of LOP. If unit proportionality condition exists in the stable

relationship, cointegration implies a strong version of LOP.

Ardeni (1989) employed a bivariate cointegration test to validate LOP as

an alternative for correlation method without pointing out the limitation of

Ravallion model. At that time, the tests for cointegration found immediate

applications as an alternative for the market integration studies. It was also

extensively used in LOP studies by Baffes (1991), Zanias (1993), Campbell and

Shiller (1987), and Goodwin and Schroeder (1991). For this bivariate case, an

evidence of LOP was based on the condition that an error term of equation (2.4)

was stationary given prices were non-stationary at the same order of integration.5

The Engle and Granger test does not allow for hypothesis testing on the parameters

and, therefore, the strong version of LOP caimot be tested using this framework.

4The terminology "steady-state equilibrium" or "long-run equilibrium" should not be mistaken for
spatial equilibrium.

5See discussion on order of integrated variable in methodology and model section; see also, a
discussion in detail on a bivariate version of cointegration in the same section.
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Many researchers were in favor of the weaker notion that the relationship between

prices implied by cointegration is sufficient (Asche, Bremnes, and Wessells

1999). Goodwin (1992 a) recognized the limitations of the Engle and Granger

method by the fact that bivariate cointegration test is confined to pair-wise

comparison. The estimation method is still subject to endogeneity problems when

prices are simultaneously determined. Note that, tests for exogeneity of one

variable of a pair are not applicable based on the Engle-Granger cointegration test

procedure. Furthermore, Banerjee et al., (1986) were concerned about the

potential for small-sample biases, whereas Hall (1989) argued that the testing

procedures do not have well-defined limiting distributions and, therefore, did not

offer straightforward testing procedures.

Most recent studies applied multivariate cointegration tests suggested by

Johansen (1988) and Johansen and Juselius (1990). This procedure offered

significant advantages over Engle and Granger's method, since it utilized a test

statistic that has an exact limiting distribution. There is no need for an exogeneity

assumption and one can actually test for it using the original data. Furthermore,

Johansen' s (1988) procedure allowed hypothesis testing on parameter estimates

and, therefore, the testing of strong LOP. Multivariate cointegration analysis has

superseded the Engle and Granger method in the study of market integration and

LOP, since Goodwin (1992a, 1992b). Numerous market integration studies have

used Johansen's approach (Brester and Goodwin, 1993; Silvapulle and Jayasuriya,

1994; Mohanty, Peterson, and Smith, 1996; Taylor, Bessler, Wailer, and Rister,
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1996; Ismet, Barkley, and Llewelyn, 1998; Bierlen, Wailes, and Cramer, 1998,

Zhou, Wan, and Chen, 2000; Dawson and Key, 2001).

2.3 Parity Bound Model: Market Integration and Equilibrium Concept

The parity bound model (PBM) is the latest attempt to redefine and distinguish

concepts of market integration, spatial equilibrium, and spatial competitive

equilibrium. The intent here was to capture the nature of discontinuity of trade,

non-stationarity of transportation cost, and price formation in multimarket systems.

It has long been recognized that inferences on market integration require

three components. Consider inequality (2.2) for instance, where the three elements

which determine market integration are movement of prices, trade flows, and

transport cost.6 However, the cointegration and other studies of market integration

have chosen a price-based explanation instead of a flow-based notion. Thus, only

the co-movement of spatial prices is of interest in cointegration, while

transportation costs and trade flows are ofien ignored. This reflects the limitation

in the measurement of transfer cost and the discontinuity of the trade flow (see,

Dahlgran and Blank, 1992; Barrett, 1996; Baulch, 1997a, b; McNew and Fackler,

1997; Barrett 2001).

Barrett (1996) argued that considering only co-movement of prices for

market integration condition is insufficient. Cointegration between prices does not

necessarily imply market integration, if the transportation costs are non-stationary.

A failure to find cointegration can be consistent with market integration due to

6The arbitrage cost is oflen presumed to be identical or proportional to transport cost, which is more
likely when the transaction costs are constant over short period of time.
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non-stationarity of transport cost data. With respect to this notion, Baulch (1 997a)

proposed the PBM as an alternative methodology, which accounts for transport

cost using switching regression technique. Baulch's (1997a) Monte Carlo

experiments indicated that the PBM is statistically reliable.

Barrett (2001) further argued that the study of market integration tells us

nothing about welfare and it is more interesting to study spatial market efficiency.

He also noted that "...so what remains unclear, and where economists can most

usefully inform the decisions of policy makers and business executives is whether

prevailing patterns of trade are efficient-privately, socially, or both- and if they are

inefficient, what policies are best able to improve resource allocation across

markets."

Building on the above PBM studies, Barrett and Li (2002) formally defined

four distinct market conditions based on prices, trade flows, and transaction costs.

Let P1. and F,, be prices in two spatially separated market and b be transactions

costs from market I to 2. Then, R, = [Ii, + l - ],], indicates rents from arbitrage.

Also, let 1 be observed trade flows. In this context, the four market conditions

are:

Perfect integration. R1 =0 and 1

Segmented equilibrium: R, <0 and 7 =0

Imperfect integration: R1 and 7 >0

Segmented disequilibriurn. R, > Oand 1 =0, (2.5)
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According to Enke-Samuelson-Takayama-Judge (ESTJ) spatial equilibrium

concept, the dispersion of prices in two locations for an identical good is bounded

from above by the cost of arbitrage between the two markets when trade volumes

are unfettered, and bounded from below when trade volumes reach some ceiling

value (Barrett, 2001). Two markets are in spatial equilibrium when the marginal

arbitrage profit (rents) is driven to zero and possibly less than zero. Thus spatial

equilibrium is defined by markets satisfying conditions (a) and (b).7 However,

conditions (a) and (c) implies market integration. Although the two concepts are

related, one is neither necessary nor sufficient for the other. Spatial market

equilibrium allows us to make inferences regarding welfare. If markets are

competitive, spatial equilibrium also implies Pareto efficiency; i.e. spatial market

efficiency or spatial competitive market integration.

Barrett and Li (2002) extended the PBM to include trade flow data and

used a switching-regime technique to identify which a pair of markets fall into one

of the four conditions described above. Unlike cointegration, the analysis allowed

for market conditions to vary over time. Their work reflected an attempt to

connect price-based and quantity-based approaches along with non-stationary

transfer cost to the study of spatial market integration and equilibrium.

The PBM and its implementation through switching regime techniques

have allowed for a more precise definition and distinction between integration and

equilibrium. However, it is not clear that this procedure has distinct advantages

over multivariate cointegration techniques.

7Spatial competitive equilibrium condition requires markets be perfectly competitive.
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First, while the concepts of competitive equilibrium and efficiency are

employed in PBM, there is no clear testing of whether prices are set by

competitive conditions in any of the markets. This is also an issue with

multivariate cointegration, but the latter does not claim to identify competitive

equilibrium (and efficiency). Second, PBM does not allow for lagged price

adjustment and cannot explain transition from one market condition to another.

Implicit here is the model's inability to test for weak exogeneity of price series.

Third, PBM and its implementation are in their early developmental stages since

these analyses are confined to pair-wise price movements. Incorporating three or

more markets makes the model and technique less tractable, and they immediately

lose empirical applicability. Finally, the idea that transaction cost data are non-

stationary and the measurement of such costs are important to PBM studies. The

empirical validity of these measures remains unclear at this time.

The above review suggests that there are essentially two ways to look at

long-run relationship among prices - the cointegration and the parity bound model.

Given that the PBM model is in its very early stage of development and

constrained by pair-wise market analysis, this study chose to use the multivariate

cointegration. As Ravallion (1987, page 102) noted "... one can be interested in

testing empirically for spatial market integration, without wishing to rest the case

for or against Pareto optimality on the outcome. Measurement of market

integration can be viewed as basic data for an understanding of how specific

markets work."
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2.4 Literature review on rice and wheat market integration and LOP

Since wheat is a highly traded commodity in the western countries and rice is the

major food and income source in the developing world, both commodities have

attracted considerable price analyses. Some of past studies on market integration

of wheat and rice mostly focused on regional linkage within a specific country or a

trading bloc. For rice, most studies concentrated on developing countries, such as,

Indonesia (Alexander and Wyeth, 1994; Ismet, Barkley, and Liewelyn, 1998),

Philippines (Silvapulle and Jayasuriya, 1994; Baulch, 1997), China (Zhou, Wan,

and Chen, 2000), Brazil (Gloria and Helfand, 2001) and Bangladesh (Ravallion,

1986; Dawson and Dey, 2002). For wheat, much attention has been paid to

analyze market integration of a specific country with a trading bloc, especially

among developed countries such as the European Community (Zanias, 1993, 1999;

Stanley, Gohout, and Hermann, 2002), United Kingdom (Olsen, 1996), Poland

(Figiel, 2000), and France (Ejrnaes and Persson, 2001). Wheat market integration

within developing countries such as India and Pakistan has also been analyzed (Jha

et. al., 1997; Kurosaki, 1996). This section reviews the studies on international

wheat and rice market integration. It will be apparent at the end of this section that

relatively little research has examined rice and wheat international market linkages

between developed and developing world.

2.4.1 Rice Market Integration

Petzel and Monke (1979) noted that modeling the international rice market was

often an exercise in frustration, due to the lack of a competitive market setting.



17

Rice trade is small and dominated by institutional arrangements and market

interventions. In their study, Petzel and Monke (1979) employed simple

regression techniques to investigate market integration among maj or importers -
Saudi Arabia, Bangladesh, Indonesia, Sri Lanka, Senegal, Singapore, and South

Korea during 1961 to 1977. For major exporters - United States, Egypt, Burma,

China, Pakistan, Thailand, Italy, Australia, Japan, and Taiwan - , price correlation

was calculated. The correlation matrix exhibited strong positive relationship

among closely substitutable product types but relatively weak across other types.

They concluded that the rice markets were well integrated geographically, except

in the case ofjaponica-type rice.

Petzel and Monke (1979) further investigated price linkage between the

two biggest exporters, U.S., and Thailand for three grades of Thai rice and two

grades of U.S. rice during 1967-1978. The procedure involved regressing a

monthly current value of the first series on past, current, and future values of the

second. In nine out of ten cases U.S. price movements consistently lagged one

month behind Thai movement. They concluded that Thai traders played leader role

in the process of price formation.

Herrmarm (1993) hypothesized that the U.S. rice market was integrated

with the international market. His analysis compared price co-movement between

Louisiana and Arkansas markets and the world price announced by United State

Department of Agriculture (USDA). Heiiinann (1993) used simple regression

techniques on the differenced weekly cash price during 1986, 1987, and 1988 crop

years separately. The results showed that these three markets have become
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increasingly integrated except in the case of Arkansas during the 1988 crop year.

However, both Petzel and Monke (1979) and Heiiinann (1993) have ignored the

time-series properties of the price data.

The recent studies use more advanced econometric tools, i.e. cointegration

method. Bierlen, Wailes, and Cramer (1998) investigated LOP for the rice market

within Mercado Comun del Sur or MERCOSUR and between MERCOSUR and

other major exporters. Their interest was on how market integration in a light of

recent Argentinean and Brazilian unilateral reforms and regional integration. The

procedure involved multivariate cointegration tests using twelve price series in six

groups of market reflecting the above scenarios. They found that a linear

combination of U.S. No. 2 [Free on Board (FOB)] Houston, Thailand 5% broken

(FOB) Bangkok, and Argentina (FOB) Sao Paulo tipo 1 produced a stable

relationship (cointegrating vector). The results suggested no cointegration during

pre-MERCOSUR (8/1981-12/1989), but one cointegrating vector during Post-

MERCOSUR (1/1990-11/1995), while the result for the full period of study also

suggested one cointegrating vector. They concluded that the MERCOSUR policy

regime favored a more integrated market between bloc and non-bloc members.

However, they did not test the parameters of the cointegrating vectors. It could

very well be the case that one of the price series, say, the Argentinean rice price,

does not enter the long-run relationship, if parameters corresponding to that price

are insignificant. Since U.S. and Thai price were already well integrated, it may

not be surprising that one more price series did not provide new information to the
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system. The conclusions were based on the condition that cointegration implies

market integration and therefore, the weak notion of LOP.

Taylor, Bessler, and Rister (1996) studied the dynamic relationship

between U.S. and Thailand rice prices during 1987-1991. They applied

multivariate cointegration tests on four weekly price series, Chicago Rice and

Cotton Exchange (CRCE) rough rice futures market price, the Texas transportation

adjusted cash rough rice price, Thai milled rice price, and the USDA World

Market Price (WMP). The likelihood ratio test suggested two cointegrating vectors

and only the world market price did not enter a long-run equilibrium relationship.

The absence of WMP in cointegrating relationship suggested informational

inefficiency of USDA-announced world price. Since the world market price was

not cointegrated with the other U.S. and Thai prices, it followed that the world

price did not contain long-run information of both the U.S. and Thai markets.

Thus, the result implicitly invalidated the prior market integration study employing

this world market price as a proxy for international price. They argued that using

the world price data, which was subject to informational inefficiency, could

mislead inferences on long-run relationships between U.S. and international prices.

2.4.2 Wheat Market Integration

Ardeni (1989) tested the LOP for a number of agricultural commodities: wheat,

wool, beef, sugar, tea, tin, and zinc. The analysis was conducted involved four

quarterly prices of developed countries, US, UK, Australia, and Canada during

1965-1985. He employed Engle-Granger cointegration approach, considering only
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pair-wise integration by regressing one price on the other and vice versa. His

results suggested that only three out of fifteen pair-wise regression results were

consistent with LOP. Hence, he concluded that the empirical support for LOP was

weak for several agricultural commodities. However, for the case of wheat, he

found evidence of integration between U.S. export price and Australian import

price, and between U.S. export price and Canadian export price.

In contrast, Baffes (1991) provided some evidence supporting LOP. He

used the same database as that of Ardeni (1989). The same bivariate cointegration

approach was employed, but he restricted the parameter corresponding to the

independent price variable to be one. Baffes (1991) found that twelve out of

sixteen cases showed evidence of LOP. For the case of wheat, LOP is found for

(i) Australian-U.S. export prices, (ii) Australian-Canadian export prices, (iii)

Australian export price at the U.S. border and U.S. export price, and (iv)

Australian export price at the U.S. border and Canadian export price. Baffes

(1991) concluded that the rejection of LOP was a specification problem rather than

a general failure. He also suggested that a possible reason for the LOP failure was

lack of information on transportation cost.

Goodwin (1 992a, 1 992b) used multivariate cointegration to evaluate the

LOP for prices in five international wheat markets consisting three major

exporters: U.S., Canada, and Australia, and two major importers: EU and Japan.

Specifically, the data included wheat export prices (FOB) at the U.S. Gulf,

Canadian Pacific ports, and Australian and U.S. wheat import prices [Cost

Insurance and Freight (CIF)] in EU and Japanese ports. His results suggested lack
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of cointegration when transportation costs were ignored. However, when the

import prices in Japan and Rotterdam (EU) were adjusted for freight rates to be

comparable to the FOB price of the other three markets, one cointegrating vector

was found. Goodwin (1992a, 1992b) concluded that when transportation costs

were explicitly recognized, the LOP received strong support.

Note also that all of the above studies hinged on the condition that

cointegration implies market integration. That is, the weak notion of LOP is of

interest rather the strong one. However, the analyses did not focus on how

international wheat markets adjust to perturbation in the long-run price linkages.

Nor, did they test the parameters of the cointe grating vectors.

Numerous studies examined market structure, price leadership, and the

efficiency of government interventions, within the context of price behavior in the

international wheat market (Goodwin and Schroeder, 1991). Much attention was

paid to study a linkage between the U.S. and Canadian price due to their close

economic and political relationship. Spriggs et al., (1982) examined the price

leadership roles of the U.S. and Canada using standard Granger-causality tests.

Their results suggested that the U.S. is a price leader. Mohanty et al., (1993) also

applied Granger-causality tests to determine the exogeneity of U.S. prices in the

export price formation of competing exporters. Their results showed

unidirectional causality ran from the U.S. to other competing players, including

Canada, i.e., the U.S. was a price leader.

The shortcoming in the price-leadership literature was that if prices were

actually cointegrated, standard Granger-causality tests could provide misleading
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results (Miller and Russek, 1990). That is, Granger-causality explains short-run

dynamics rather than long-run relationships. Mohanty, Peterson, and Smith

(1996) recognized this problem. They avoided the procedure that would only

reflect a short-run dynamic movement and applied another type of causality test in

the context of multivariate cointegration, i.e., a weak exogeneity test. Their study

covered used price data from January 1978 to June 1993 for of U.S. no.2 dark

northern spring 14% protein (FOB at Gulf) and U.S. no. 3 hard amber durum

(FOB at Lakes). The corresponding to Canadian prices respectively were western

red spring 13.5% protein (FOB at Pacific) and no.1 amber durum (FOB at

Vancouver). The multivariate cointegration procedure applied to two pairs of

price data from the U.S. and Canada found one cointegrating vector. Their results

showed Canadian wheat prices were weakly exogenous to the system in both

spring and durum wheat and suggested Canada as a price leader. However, it was

not inconsistent with the previous studies, since they also showed that in the short-

run, U.S. prices were unaffected by any past movements of the Canadian prices.

This thesis is different from prior studies on both rice and wheat market in

a number of ways. First, it focuses on the linkage between developed and

developing countries. For instance, this study included price series of major

exporters in developing world (Vietnamese and Indian rice prices; Argentinean,

and Indian wheat prices). Second, the time period of the analysis i.e., the post-

Uruguay Round era, is different. The main purpose of the 1994 Uruguay Round

Agreement on Agriculture (URAA) is to better integrate developed and developing

country markets. In addition, the significant price declines of the late 1990s
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provide an excellent setting for integration analysis. More specifically, integration

during periods of high-price (early to mid 1 990s) hardly brings to light the various

country-specific impediments to integration with international markets. When

commodity prices declined over 30 percent, as it happened during late 1990s,

different countries probably have varying thresholds and policies to safeguard

farmers. So, it will be instructive to understand whether market integration has

been stronger in the post-URAA period with declining world market prices.

Finally, many of the cointegration analysis have ignored the adjustment process in

the long-run price relationship. This study attempts to identify which countries

prices highly adjust or remain steady to changes in the spatial price linkages.



CHAPTER 3: METHODOLOGY AND MODEL

This chapter describes a dynamic vector autoregressive model (VAR), from which

the cointegrating vectors are identified. The procedures to specify and test the

VAR model, the cointegrating vectors, and the adjustment coefficients are also

outlined in the following sections.

3.1 Non-Stationary Process, Cointegration, and Long-Run Equilibrium

Time-series data are tested for stationarity prior to their inclusion in most

econometric analysis. Stationarity means each observation of the data

independently takes on a single random event. These data are well behaved and,

therefore, yield a stable and observable mean and variance, which are prerequisites

for the application of most econometric procedures. Unfortunately, not all time

series data are stationary. Most macroeconomic time series such as commodity

prices, gross domestic product, or consumption expenditures are not stationary

(Melson and Plosser, 1982). Non-stationary data are those that show a strong

upward or downward trend. Thus, in contrast to stationary data, the mean and

variance of non-stationary data can shift overtime reflecting changes in the data

generation process.

Formally, a stochastic process, )' is stationary if it satisfies the following

requirements (Greene, 2003):

E[}] is independent oft

Var[)] is afinite, positive constant, independent oft

24
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3. Cov[1, Y } is a finite function of (t - s(, but not oft or s.

8

A scatter plot of stationary data will often show almost an equal distribution of

data on both sides of the (constant) mean. Thus, if a shock forces the stationary

series to deviate from its mean, the deviation will quickly taper off to zero.

However, if one of the three requirements above is violated, the process is said to

be non-stationary, where the mean and variance are not constant. Thus, any

deviation persists and will not disappear.

Non-stationarity creates problems for both econometric estimation and

inference. If a non-stationary variable is regressed on another, the resulting

coefficient is not meaningful since both variables move together due to strong

trending and do not necessarily explain each other. This is often called a "spurious

regression", the parameters of which do not satisfy distributional assumptions

underlying several econometric procedures (Granger and Newbold, 1974). More

specifically, spurious regression usually produces high R2 and low Durbin-Watson

statistics, which indicate strongly correlated disturbance terms. The usual t and F-

test can be very misleading, since the the error term will also exhibit non-

stationarity.

Most non-stationary processes can be expressed in the form of a pure

random walk, random walk with trend, or random walk with drift. A pure random

walk for a time series ] is specified as

Slhis is the case of weak stationarity or covariance stationary. Strong stationarity requires that the
joint distribution be invariant overtime. Weak stationarity is sufficient for the empirical
applications in this study.
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= 1-1 + (3.1)

where P1 is a one-period lag of 1, and s is a (stationary) white-noise disturbance

term. Note that the pure random walk is quite similar to the autoregressive form of

order one [AR( 1)] except that the parameter of the lag variable is one, whereas that

of AR(1) is a fraction in absolute value. Random walk with trend and random

walk with drifi are modifications of a pure random walk with a trend and constant

term, respectively.

For the above three processes, stationarity can be achieved by simple

differencing or other transformations such as detrending. For instance, consider a

random walk process in equation (3.1), where e niid(O, a). The disturbance

term, S1., is clearly stationary but the whole process, 1, is not. By simple

substitution, the current variable is a sum of identical white noise

disturbance, 1 . Obviously, the mean depends on time and the variance

can become infinite. However the first difference, 1 - - =

is clearly stationary.

A non-stationary process is said to be integrated of order d, referred to as

1(d), if first differencing for d times produces a stationary process. The earlier

example of a pure random walk is integrated of order 1, or 1(1). Stationary

processes are simply denoted as 1(0) since they need not be differenced. Most

economic variables can be made stationary by one or two first differencing.
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Seldom are economic variables integrated of order greater than two, say, 1(d)

where d> 2.

As mentioned earlier, regressing one price {an 1(1) variable] on other prices

[1(1) variables] potentially produces a spurious regression with 1(1) residuals.

However, this is not always true. There is an exception, where the regression

result is not spurious and the least square estimator converges to the true parameter

even faster than usual.9 Consistent estimates of the parameters can be obtained

from a regression that produces stationary residuals, 1(0), which is a linear

combination of the 1(1) variables in the system. In fact, this is a definition of

cointegration, "non-stationary series of a common order are said to be

cointegrated, if there exists one or more linear combinations that can transform the

series to a stationary system." The linear combination used to obtain this

transformation is called the "cointegrating vector." This study is interested in

coefficients from regressions of levels (commodity price linkages) rather than their

first differences. Price levels contain valuable information on the long-run steady-

state equilibrium properties of the data.'°

In the bivariate case, cointegration implies that the two series are drifting

together at roughly the same rate (Engle and Granger, 1981). Thus, for a linear

This is a situation where the variables are cointegrated and an estimator is said to be "super
consistent." The term was originally coined by Granger (1987).

101n order the understand an importance of level variable, consider a regression,

= aP, + bP + s, steady-state equilibrium is defined by P = P = = ... = P and e would

vanish to zero. Thus the regression can be solved such

that P = a1 + = = (a + b)1 = OP, given an expression of long-run steady-state equilibrium.

Clearly, the equilibrium relationship will not be observed, if a regression involves only different

data; i.e. = azXP2 + bAP2 = 0, there is no way to express J, in terms of I,, as = O] , using

parameters obtain from regression with differenced data.
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combination to be 1(0), cointegrating vector actually removes "common trends" of

variables involved. More specifically, if P11 and P21 are 1(1) and s =P flP is

1(0), then process P11 and P21 are cointegrated, while (1, -fi) is said to be a

cointegrating vector which removes any common trends in P11 and P21. The

cointegration concept directly relates to the idea of a long-run equilibrium, since it

describes a situation where variables in the system are moving together through a

stable relationship represented by cointegrating vector." In the case above, e,

represents how far P11 and P21 are away from equilibrium which is often referred to

as an "equilibrium error." Therefore, cointegration analysis provides us with the

linear combination of prices (an equilibrium, F1, - flP), which is stable and

stationary in the long run. Temporary disequilibrium may produce nonzero errors

in this stable relationship, but the system variables will adjust and converge to

restore the long-run relationship, i.e., deviations from the stable relationship will

taper off. This behavior of the error terms is consistent with a stationary process

[1(0)]. On the other hand, if P11 and P21 are not cointegrated, the error can have a

wide range and zero (mean)-crossings in a scatter plot would be rare.

Consequently, P,. - fl], does not imply a long-run equilibrium.

Identifying cointegration in a bivariate case is simpler than that in a

multivariate context. In the bivariate case, the analysis of cointegration begins

with a least square (LS) regression of the two series which are non-stationary and

integrated at the same order. Then, the LS residuals are tested for non-stationarity.

11The term long-run equilibrium which will be used throughout the thesis refers to steady-state
relationship as defined in footnote 2. One needs to distinguish it from the term "spatial
equilibrium" as defined in literature review section. The term long-run or steady-state equilibrium
and relationship will be used interchangeably throughout the description.
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If LS residuals are stationary, then a cointegrating vector exists, confirming a long-

run relationship between the two series. While this procedure can be applied to the

case with more than two variables, it is restrictive in the sense that it can identify

only one cointegrating vector regardless of the number of variables in the model.

In fact, if there are more than one cointegrating vectors, the bivariate method or

the cointegrating regression technique will not produce the same estimates as from

the multivariate method (Kennedy, 1998). Furthermore, the cointegrating

regression has little flexibility in the testing of structural hypotheses on

cointegrating vectors and the adjustment process whenever the variables are in

disequilibrium. Multivariate version of cointegration provides more flexibility in

identifying multiple cointegrating vectors and their adjustment processes.

In order to establish long-run equilibrium relationship among prices in a

multivariate context, the procedure applied here involves 3 main steps:

Test for unit roots in the prices of rice and wheat for each country

and detect f they are integrated at a common order.

Use the multivariate cointegration technique to test for the

existence of a long-run equilibrium relationship in rice and wheat

markets.

Perform structural hypothesis tests on the realized long-run

relationships. The structural tests involve linear restrictions on

long-run coefficients, the proportionality test, and the weak

exogeneity test.
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3.2 Test for Unit Roots

Non-stationarity and unit roots are closely related concepts. A non-stationary

process can be depicted by a process that has a "unit root". The term unit root

refers to a solution of a characteristic equation. Consider the random walk process,

= IF + (3.2)

where y is an unrestricted parameter and e1 is a stationary, white noise disturbance,

i.e., t niid(O,o). Rearranging the equation using the lag operator, L, yields

= - yLI = (1 yL)1 = (3.3)

where the lag operator is defined as 1, = L11. The characteristic equation of the

random walk process in equation (3.2) is given by C(z) = (1- 2z) = 0, where z =

1/2 is its root and a solution to the equation C(z).12 Stationarity of a process

requires this root to be larger than unity implying that 121 and consequently fyI is

less than one. Thus, with jyf < 1, the process is stationary by construction. On the

other hand, if the root of the characteristic equation equals one, which is the case

of unit root, the left hand side of C(z) becomes zero regardless of the value of jyf.

It follows that this process is non-stationary, i.e., a random walk. Note that unit

root implies also that y =1. Therefore, non-stationarity can also be observed by a

solution to characteristic equation of the underlying data generating process. The

process is non-stationary if its characteristic equation has at least one root that is

equal to one. More specifically, the characteristic equation of an 1(1) [1(d)] process

contains one unit root and the process requires first (d-time) differencing to

become stationary.
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There are various testing procedures to verify unit roots. Procedures

commonly used to observe 1(1) processes are mainly based on three models: pure

random walk, random walk with drift and trend stationary. The Dickey-Fuller

(DF) test is one of the most widely used procedures (Dickey and Fuller, 1979). It is

based on conventional t statistics under null hypothesis that y = 1, i.e., null

hypothesis of unit root. However, since the least square estimator of y is biased

downward and a distribution of the test statistic is skewed to the right under the

non-stationarity condition, using normal t distribution rejects the null of unit root

too often (Dickey and Fuller, 1979). Thus, a new set of critical values are required,

which are often referred to as Dickey-Fuller t -statistics.

The thesis applies the DF test and its extension, the augmented Dickey-

Fuller (ADF) test. Formally, the one sided test is given by:

H0: y = 1 (a unit root); Ha: I < I (stationarity)

DF (P 1)
se()

where H0 and Ha are null and alternative hypothesis, i2 is the least squares

coefficient on the lag variable in equation (3.2), and se() is the standard error of

P. An alternative test is based on the statistic

DF = T( - 1), (3.5)

where T is a number of observations. This test statistics, DF , accommodates

smaller sample size. Since its distribution is different from that in equation(3. 4), a

separate set of critical values is used. In practice, a convenient regression form is
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often applied. Here, the model is transformed by subtracting P,1 from both sides of

equation (3.2):

AP, = (y - 1)P,1 + e,. (3.2*)

A test (y - 1)=O is similar to that in equation 3.4.

While random walk of this form suggests that the process can be made

stationary by differencing, two extensions are possible. A trend variable t can be

introduced to test for a trend stationarity process. To account for a nonzero mean,

it is appropriate to include a constant term in the Dickey-Fuller regression. Thus,

the more general model, random walk with drifts and trend stationarity, is

specified as:

zIP, = p + (y - 1)P,1 + 5t + e,. (3.6)

The null hypothesis to be tested is H0: p = (y -1) = = 0 and H0: otherwise. It is

common to use the t-ratio corresponding to 2 1 instead of jointly testing JL, (y - 1),

and c. The distribution of the test statistic here is, again, different from what is

described for equation (3.2). Thus, failing to reject the null hypothesis suggests

that the series is non-stationary and the process follows a random walk pattern

while trend stationarity is ruled out (b = 0). In this case, the series is said to be

difference-stationary.

The normal DF test assumes that the disturbance term is white noise. An

extension to deal with some forms of serial correlation is the ADF test. An ADF

test is based on models with a higher order of the AR process, and on additional

lagged differences, P,2 , ..., P,. Thus, the ADF regression is a modification of

equation (3.2) with intercept and trend stationary term:



and

ADF = T( /1 - (3. 5A)

where ADFI and ADFV statistics correspond to the same critical values as DF1 and

DF ((3.4) and (3.5)), respectively. The determination of lag length is crucial to

these tests. While the lags are introduced to obtain white noise errors, too many

lags will reduce the power of the test. Given this trade off, one can determine the

appropriate lag length by using an information criterion or statistically verifying

that an error term follows a white noise process. The ADF model selection in this

study is based on the Akaike and Schwartz (Bayesian) Information Criteria (AIC

and BIC, respectively) with the decision on the maximum lag length from

Schwartz (1989).

P1=p +öt+y1P1j +y2Pt2+...+ykPtk+61, (3.7)

or in a slightly more convenient form.

4P1 = + t + - 1)Pj + .

(37*)

Parameter k denotes an appropriate lag length such that error terms become white

noise. As y
=

- 1 = 0 implies unit root, a one-sided t-ratio is used with the

null hypothesis of unit root and the alternative of stationarity. The two test

statistics are

ADF = ' (3.4A)
se(y)
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To summarize, the appropriate lag length for ADF model is determined

first using AIC and BIC. Secondly, DF and ADF

(DP, DF., ADI, and ADF) tests are applied to the price (level) data. They

provide statistical evidence about the stationarity property of the time series data.

If the test suggests non-stationarity, the third step is to examine if each of the

process is indeed 1(1). Here, the same DF and ADF tests are applied to the first

differenced price data. If all series are found to be integrated at the same order,

then a cointegration analysis is appropriate.

3.3 Multivariate Cointegration Analysis

Analogous to the procedure of unit roots test and single-equation cointegration,

which correspond to the autoregressive model, Johansen and Juselius' (1988 and

1990) multivariate cointegration corresponds to a VAR model. The general VAR

model at the t" observation can be written as:

PH1P,1 +H2P12 +...+TIkPt.k+,u + D+e, (3.8)

where t = 1, ..., T, denotes the number of observations in a time-series setting. In

this case P is a vector of p dimension corresponding to the number of price series

used in this study. The matrix 11q (q = 1, ...,k) has a px p dimension

corresponding to a direct relationship with its own past values and cross

relationship with the other (lagged) variables in the system. Parameter u is a

constant term and variable D denotes centered seasonal dummies which sum to
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zero over particular period.'3 Since all (p) variables are 1(1) processes VAR

representation is valid but can produce spurious results.

Consider a simple transformation of (3.8) by subtracting a vector of P,j

from both sides:

4P = Fi AP1 + [2 AP2 +... + Fk-i APtk+J + HP,k + + + ,
(3.8*)

whereFJ=-(I-HJ-]T[2-...-11)forj=1,...,k-1,andTI=-(I-TII-H2-...-Hk)

arep xp matrices of parameters.'4 This model of first differences is often referred

to as an error correction model (ECM). Note that the ECM representation will not

be valid unless the first difference of all 1(1) variables is stationary or 1(0). Thus,

the left hand side of equation (3.8*) is 1(0) as well as the difference on the right

hand side. It follows that the level variables term or the error correction term HPtk

cannot be 1(1), since both sides of equation (3.8*) should satisfy stationarity. The

model breaks down if there is no cointegration among 1(1) variables. Again, the

ECM representation is valid only if there exists linear combinations in matrix H

that can transform non-stationary level data to be stationary, i.e. the system is

cointegrated. As previously stated, all cointegration systems have ECM

representations.

A presence of such linear combinations inside matrix H implies that it has a

short rank. Hence, one can observe the system of cointegration by the rank of H,

which is the number of nonzero eigenvalues of the matrix. If H is full rank, this

indicates that the process P1 is stationary, thus the first difference, 4P1, is obviously

'3Since the analysis here uses monthly data, the length of a period is 12, or a year.

'4ltematively, the model (3.7*) can be written as 4?, = r1 ziPj +... + Tk1 4P,k+j + TIP ,j + /4 +
D, +Ei. The change in lag length for the level terms affects nothing, but slightly the interpretation

of the 13 matrix.
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stationary. If H has rank zero and all level variables are 1(1), there is no

cointegration. Therefore, the level terms in the ECM representation drop out,

leading to a VAR model of differenced vectors. Besides the above two extreme

cases, if the rank of H is r, where O<r<p, where p is the dimension of square

matrix H, the system is said to have cointegrating rank r. In this case, matrix H

with rank r can be expressed as a product of two p x r matrices a and fi, (or

fl = afi'), both of which can be estimated.

The following 3 subsections describe the maximum likelihood procedure to

estimate the ECM and identify the cointegrating vectors. These subsections also

describe the procedures used in the selection of deterministic components and the

lag length of the ECM.

3.3.1 Maximum Likelihood Procedure

The rank of H is tested by estimating an unrestricted (section 3.3.1.1) and

restricted (section 3.3.1.2) version of the ECM. The unrestricted and restricted

estimation correspond respectively to the full and less than full rank of the H

matrix.

3.3.1.1 Unrestricted Estimation:

By not making any assumption on the existence of cointegration, the matrix H is

not constrained to be of short rank. The parameters in the H matrix can simply be

estimated using the LS procedure. Partial regression techniques are used to obtain

H directly without estimating the entire ECM. Thus, two residuals from equation

(3.8*) are derived as:



(T YT
R01 =A1- L\IZ,' Z,Z' Z

\t=1 )t=1 )

Rkf = - Z, (3.9)
)\1=1 I

where R0 and Rk, are p-dimensional vector of residuals from the regression of AP

on Z, and Pt..k on Z,, respectively, corresponding to tth observation; AP is a p-

dimensional vector of differenced variables (AI ,..., ,..., AP)' where the first

digit of subscripts denotes variable (i = 1, ...,

and Z1 is a vector of

is a vector

)' 1 whichhasat-k+l' , '

dimension ofp(k -1) + 1 +v, where v is a number of seasonal dummy variables.

Thus regression of residual Rk, on residual Ro produces coefficient on Ptk,

the estimated H matrix. Hence

T 1T
OLS = Rçj1R >Ro1R = SOkS, (3.1Q)

where S,1 = T1 R1R for ('ij= 0,/c,) and S is a p x p matrix of residual product.
1=1

The estimate of H described above is said to be unrestricted, since LS estimation

did not impose any restrictions on the rank of H, i.e. cointegration.

3.3.1.2 Restricted Estimation:

For the restricted model, the rank of H can be restricted to a value between zero

and p (sequentially). This method is often referred to as the reduced rank

procedure, which is a benchmark for the cointegration test. The decomposition of

H (Fl = a/i') yields estimates of /3, the cointegrating vectors, and of a, the speed-

37
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of-adjustment parameters. These estimates determine the nature and magnitude of

the long-run relationship among prices.

In the case of cointegration or the restricted case, the reduced rank

procedure starts with imposing a restriction of the form (cointegration):

fi =

in which 17 is a matrix of short rank (r) and a product of two (p x r) -matrices of

rank r. A maximum likelihood estimator of j9 can be derived by solving the

eigenvalue equation:

I2S - '" =0, (3.11)
k/c okOLOOLOk

which yields ordered eigenvalues A2 > > and eigenvectors j2
= (i , ...,

where i is a normalized p-dimensional vector such that 2.tSJ2. =1. Note that

the superscripts in eigenvalues, eigenvectors, and estimated parameters indicate the

hypothesis we are working with; in this case, H-, denotes the hypothesis of r

cointegrating rank. Since the cointegrating rank r is known, the first r columns of

are the cointegrating vectors. The estimated fi and a are

2. (ç,22);
a2. =S0/3. (3.12)

Note that the number of cointegrating vectors cannot exceed the number Of series

in the system, r<p and that the estimated fi = â2fi2' also has a short rank (r <p).

The results from the restricted and unrestricted are used to test for

cointegration. The Johansen's cointegration test compares the maximum likelihood

values of the unrestricted and restricted model. The implication is that the

imposition of the short-rank restriction on Ii (the restricted model) should not
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induce a loss of fit. The procedure allows testing the cointegration rank

sequentially from zero to r (=p-l) by comparing the unrestricted and restricted

maximum likelihood values. The likelihood ratio test statistic (LR) for the null

hypothesis of cointegration is

2irace = -21n(LR "LU) _=-21n(Q;H2 J
H1) T ln(1-A2), (313)

i=i)+1

where LR and 4 are the likelihood functions evaluated at restricted and

unrestricted estimates, respectively. The hypothesis 1-12 denotes the null of ro or

less cointegrating vectors, r r0, where r0=O, . . . ,p1, and H1 denotes an alternative

hypothesis of no cointegrating vectors, ie. r=p. Thus, according to this test

statistic, one can test from r0=O, the most restricted case, until ro=p-1, the case of

highest number of cointegrating vectors.

The advantage of multivariate cointegration analysis is that it identifies not

only cointegration but also the number of cointegrating vectors, if the LR test

statistic is fairly small indicating insignificant loss of fit, the procedure statistically

supports evidence of r ro cointegrating vectors. This LR test is also called the

trace test, whose distribution is a modified chi-square with p-ro degree of freedom.

The critical value table is provided by Johansen and Juselius (1990). Similar to the

trace test, we can test null hypothesis of H2(r ro) against the alternative

hypothesis H2(r = ro+1) using the maximum eigenvalue test given by:

2ax = 2 In [Q; H2 (r H (r = r0 ± 1)] T ln(1 - 2), (3.14)

which has a different distribution than the trace test statistic.
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The solution to the eigenvalue equation (3.11) provides estimates of H, a,

and fi. The estimates of /3 are used to identify the long-run equilibrium which holds

all the variables in the system together. Once the system is in disequilibrium, i.e.

an error deviates from its zero mean, the adjustment parameters, a, is interpreted as

an indicator of the speed of adjustment toward long-run equilibrium.

3.3.2 The Choice on the Deterministic Components

This section outlines how to test for and include deterministic components in the

ECM. This is a crucial part of the cointegration analysis, since the asymptotic

distribution of the (trace) test statistics depends on the deterministic components of

the model.

The two components of interest are the constant term and dummy

variables. Often, ECMs include centered seasonal dummies, which sum to zero

over time by construction, instead of typical dummy variables that take values one

and zero. The use of centered seasonal dummies does not alter the distribution of

the (trace) test statistics. (see Johansen and Nielsen, 1993, for formal prove).

However, the constant term can be included in the model in a number of ways.

For instance, in the model (3.8) replace H by a/I' and introduce an additional

term, trend, St. The model is rewritten as follows:

AP1 = + + F lAPk+I + a/3P + p + St + + (3.15)

Since the model uses differenced data (P), the deterministic components except

centered seasonal dummies, u and &, can be interpreted as a linear and quadratic

trend in the level data, respectively. The more general case is one where in
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addition to the linear and quadratic trend in the level data, the cointegrating

relation fi also moves in a drifting and trending manner towards equilibrium. Note

that the movement in the cointegrating relation must not to be the same as that in

the level data alone. Hence, ,u and (5 are decomposed as p = ap1 + a1p2 and

c5 = a5, + a182, where a1 is chosen to be orthogonal to a. The model with a

linear and quadratic trend in both in the data and cointegration space (11 matrix) is

written as:

Jk+aIp2+Dl+sI, (3.15a)

where '-k is (''k , 1, t). This general specification can be reduced to other cases

with trends in either the levels or the cointegration by imposing restrictions on a

and (5 (Johansen 1988, 1991, 1994b). Based on Harris's (1995) suggestion, some

of the cases are ruled out. The most restricted case of no intercept and no

quadratic trend can be ruled out due to the fact that they account for measurement

errors and quality differences in economic data. The price data are seldom found

to have strongly quadratic trend (Harris, 1995). The plot of level data in Figures

5.1 and 5.2 also suggests linear trend in the level. Hence, this study does not

investigate the case of quadratic trends in data and the cointegration space. With

these assumptions, the model becomes:

I R"
+...+Fk_lA/_k+l +a

1-'
(3. 15b)

Pi)
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where P,k is (1'k , 1). The following two cases of (3. 15b) are of interest. Each

case corresponds to a different critical value of the trace statistic and one case is

nested in the other.

Case I: p and pj are unrestricted.

In this case, the cointegrating relation has a non-zero intercept and there is a linear

trend in level data. It is appropriate to consider case I when the level data indicate

an obvious linear trend. This model is estimated with the same procedure

illustrated in section 3.3.1. Thus, the estimated model becomes:

A =FJ +...+Fk lA +a(fl)' -k +ap, +D, ± (3. ]5c)

It is important to emphasize that there is no stacked variable of 1 in the vector of

the last lag, 'k = (I f-k'' ,-k) 'k even though the model does not restrict

uj to be zero. The reason is that an intercept in cointegrating relation will also be

captured by the linear trend in level data. Thus by estimating L12 jn this case, it is

interpreted as a drift parameter not only in the data but also in the cointegration

space.

Case II: P2 = 0 and ,uj is unrestricted.

Here, the model allows for intercept in cointegrating relation, while there is no

linear trend in level data. This model suits the data which does not exhibit a strong

trend. The estimation procedure is very similar to that of case I but with a simple

modification of the two residuals from (3.9).

(T
=A1 - AIz:' z:I
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I

where Z,* is now p(k-1)+v dimensional vector of (AF',...,AF'k+I,D,). Note that

the vector of one is dropped due to the fact that we are restricting P2 0. The

dimension of the vector1*k is (p+l), indicating the number of variable in the

system plus an additional column of one. Since p' is unrestricted, by stacking 1 to

the vector of the last lag jk' an intercept term is allowed to enter the Co integrating

relation. Based on modified residuals, the matrices of residual product (3.10),

eigenvalue equation (3.11), maximun likelihood estimators (3.12), trace test

statistic (3.13), and maximun eigenvalue (3.14) are derived. Note also that R, and

are vectors of p and +1) dimension, respectively, and S0, S and Sk are

matrices of (p xp), (p x (p+])), and ((p+l) x (p+l)) dimension, respectively. With

this modification,the estimated model becomes:

"8"
AI =F1 +a '-k +D, +, (3.15d)

\Pl)

Johansen and Juselius (1990) proposed a simple test to check the presence

of linear trend in the ECM and the cointegrating space. The test statistic is given

by:

(39*)
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Z(p) =-2h(1R/4)-2 ln[H(r )JH2(r=)]T
i=+1 (1A )

(3.16)

which is distributed as 2 with degree of freedom (p - ) ; P denotes the chosen

number of cointegrating rank based on the trace test; and A2 and £2* are solutions
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to the eigenvalues equation (10) corresponding to the unrestricted model in case I

and restricted model in case II, respectively. The null hypothesis, H, claims the

absence of a linear trend in the data (cased II), while the alternative

hypothesis, H2 , indicates model I.

Note that a distribution of the test statistic is only valid when the number of

cointegrating vectors is known [The need to specify '0 to calculate the test

statistics (3.16)]. It could very well be the case that cointegrating rank statistically

indicated by the trace test and maximum eigenvalue test based on model of case I

is not the same as that of case II. This is possible when the true distribution of the

data deviates form expected theoretical distribution as a consequence of violations

on prior assumptions underlying the specification of the model. In many cases, an

assumption of white noise disturbance is potentially violated. Hence, in this thesis,

having disturbances of white noise process is given considerable attention.

3.3.3 Determination of Lag Length

The only piece of puzzle left to be determined is the term k, the lag length in the

ECM. As previously noted, information criteria (AIC or BIC) are often used in

choosing a lag length as in the case of ADF tests. However, the information

criteria may sometimes be inconclusive. In addition to using the information

criteria, two complementary tests for misspecification are used in this study:

residual analysis with an objective to select a model which generates white noise

residuals, and likelihood ratio test for goodness of fit.
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3.3.3.1 Residual Analysis:

Johansen (1995) suggests using residuals from the model that sets r p. i.e. free

from reduced rank restriction, in which case the residuals are the OLS estimates

(residual from unrestricted estimation, section 3.3.1.1), since the choice of r should

be made in a correctly specified model.'5 The residual analysis involves both

multivariate and univariate statistics. The multivariate OLS residuals are of the

fonn, eOLS OLS where ®OLS is an estimate

of(F1 /i' while the univariate OLS residuals, residuals from each

equation, are given by e51 = - OoLs,,ZIf c°oLS,11f Recall that i denotes the i"

variable and 6OLSI are the estimates from the equation, 7k-1' 1u ç )oLs

These residuals are tested for autocorrelation, auto regressive conditional

heteroskedasticity (ARCH) effect, and normality.

For the multivariate case, the analysis applies the Lagrange Multiplier

(LM) test for first and fourth order autocorrelation is used (see inter alia Godfrey,

1988), where the test statistics follows a2 distribution with p2 degrees of

freedom. The test for normality is given by the multivariate version of Shenton-

Bowman test (Shenton and Bowman, 1977; Doornik and Hansen 1994), where the

multivariate test statistic is a sum of p univariate tests and is asymptotically

distributed as 2 with 2p degrees of freedom.

For univariate statistics, the first four moments of the residualsmean,

variance, skewness, and kurtosis are observed. For normal distribution the

' This OLS residual is not the same as residual obtained from partial regression techniques,
equation (3.9).
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expected values of skewness and kurtosis are zero and three, respectively. Finally,

a univariate LM test for ARCH effect of order k is carried out where the test

statistics is asymptotically distributed as 2 at k degrees of freedom (Bollerslev,

1986).

3.3.3.2 Likelihood Ratio Test Statistic:

One can also apply the likelihood ratio test for the multivariate residual analysis as

suggested by Johansen. According to the model (3.8*), A model of sufficiently

large lag length (the unrestricted model in this context) is estimated first. The

restricted model is the one with fewer lags. The LR test is used to compare models

with successively smaller lag length. For the null hypothesis of excluding the

additional lag on the ECM model (3.8*), the likelihood ratio test is distributed

as 2 with p2 degrees of freedom.'6

The residual analysis and likelihood ratio test play a crucial role in

determining the appropriate lag length. However, it is also useful to consider

eigenvalues of a companion matrix. This matrix is given by:

in which 4 is the p-dimensional identity matrix. The matrices fl1 for i = 1,..., k

contain parameters from the model (3.8). The reciprocals of eigenvalues of

16 This null hypothesis on the ECM is equivalent to the null hypothesis of = 0 for VAR model,

equation (3.8).

C=

FT

Ip

0

0

fl2 ...
0

J

0 ..

kl
0

0

rr'
1k

0

0

0
I(pkxpk)

(3.17)
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companion matrix C are the roots of the system of polynomial characteristic

equations. For the VAR model, there are pk roots and since the matrix is

asymmetric, it follows that eigenvalues take on a space including complex number.

All of these eigenvalues lie inside a unit circle if both the VAR and ECM model

exhibited a stable, non-explosive stationary process (non-spurious).'7"8 Although

this is not a misspecification test, these roots provide insights into the stability of

the ECM. The argument is that the ECM should be stationary due to the fact that

all series in the system are 1(1), which is confirmed by (univariate) unit root tests.

Thus, if the model is well specified, the eigenvalues of companion matrix should

not lie outside the unit circle.'9

Before moving on to the structural hypothesis test, a summary of this

section is appropriate. In order to apply multivariate cointegration tests, the

deterministic components and lag length should first be specified. Together, the

information criteria, residual analysis, likelihood ratio test, and eigenvalues of

companion matrix, allow the determination of the lag length. Given the correctly

specified lag length, the VAR model is specified (deterministic components) based

on LR tests for the presence of intercepts and linear trends. The LR test, however,

requires prior knowledge of the cointegrating rank. So, multivariate cointegration

17The unit circle is a plot of the roots in which the x-axis is real number and the y-axis is complex
number.

'8IfECM is unstable, the roots of the system of polynomial characteristic equations lie outside the
unit circle.

191f an eigenvalue is inside a unit circle, the distance from (r, i) to the center of the circle is less than
one, where r and i indicates real and complex number. This distance is called modulus. Given Gas
an angle taken by real and complex value of eigenvalue, modulus = (cos 0)- real = (siif' 9)- complex.
Thus, when all modulus of eigenvalues of companion matrix less than one, VAR and ECM is
stable.
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analysis is repeatedly applied on the final well-specified model. This gives us the

estimated parameters of interest and the long-run steady state relationship among

prices. The next step here is to proceed with outlining structural hypothesis tests

of the estimated long-run relationship and adjustment parameters.

3.4 Structural Hypothesis Test of Long-Run Equilibrium

In multivariate cointegration tests, the cointegrating vectors are not individually

defined, whenever the system contains more than one cointegration vector. Only

the space spanned by these vectors is uniquely identified. Imposing restrictions

that can pin down the actual long-run relationship embodied in the cointegration

vector is therefore crucial in the modeling of cointegrated variables. The thesis

tests for exclusion restrictions, i.e. zero-restrictions, on the cointegrating

parameters fi and a as well as a proportionality restrictions on ,8. The following

subsections describe procedures to test linear restrictions on fi, the cointegrating

vector, and a, the adjustment parameters.

3.4.1 Hypothesis Testing on /1

Johansen and Juselius (1990) have developed a likelihood ratio test for linear

restrictions on fi. As before, the procedure involves comparing the maximized

likelihood values of the model constrained by linear restrictions on fi with the

unrestricted model. The restricted model is derived by a slight modification of the

maximum likelihood estimator in equation (3.12). Linear restrictions on /3 are

denoted by the hypothesis, H3:



I 2H'SH - i-i":' ''SOkH 0,11

which yields ordered eigenvalues > ...> ; eigenvectors J

(3.19)

where is a p-dimensional vector normalized by V3'(H'SH)V3 I. The

superscript in eigenvalues and eigenvectors indicates the hypothesis we are

working with, the hypothesis on/i 20 Note that the number of floating parameters

cannot exceed the number of series in the system and cannot be less than the

number of cointegrating rank (r p). The estimated /3, a and ç' are

= = H, and a3 = S01/33 (3.20)21

20Recall that H1 and H2 indicate unrestricted estimation of/I, and restricted estimation of /3 with

the cointegrating rank set as r, respectively.
211f the model selected is that in case II (no linear trend), the estimates carry an asterisk and the
distribution of the test statistic remains the same.
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113 : fl = a/I', where/i = Hço, (3.18)

where H is a p x s -dimensional matrix of restrictions, and q is a s x r -matrix of

parameters to be estimated. The symbol s denotes the number of parameters in

cointegration vector that are unrestricted. For instance, to test whether one of the

price series actually enters the long-run relationship, the restriction that a particular

row of /3k, equals zero, where 1 1,..., r, is imposed. This is a single restriction

and therefore, the number of floating parameters s is equal to p-i. In the general

case, the number of restrictions is equal to p-s. The matrix H varies depending on

the linear restrictions. Once H is specified, the maximum likelihood estimator of

/3 Hç is obtained by solving the eigenvalue equation:
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Given these estimates, the maximized likelihood value is derived for the restricted

model. The LR test of the hypothesis H3 against H2 is given by:

2ln(LR/LU)-2ln(Q;H3 lH2)=Tlnj 2.
(3.21)

=i (1-2,)

which is asymptotically distributed as 2 with r(p-s) degrees of freedom. Failing

to reject the null hypothesis suggests that the linear restrictions in H3 are

statistically significant.

In order to correctly specify the H matrix, it is quite convenient to construct

a matrix H1, a (p x (p - s)) -dimensional matrix, orthogonal to H such

that HH = 0. This allows the rewriting of the restriction on fi as Hfi2 = q. For

instance, let there be 4 price series, 2 cointegrating vectors, and an exclusion

restriction on the second series. That is, H3 : /122, = 0, (i = 1,2); i.e. second price

series does not enter the long-run relationship of the system. The restriction

matrix H, its orthogonal counterpart H1, and the maximum likelihood estimator

are given by:

Note that non-zero elements in/1 are unrestricted parameters in ç, which

contains 3 x 2=6 parameters. This exclusion restriction imposes the condition of

zero-long-run coefficient on the second price series on both cointegrating vectors.

H=

i 0 O

000
010

\0 0 1

H1
1

0

0

0
and/33 =

I& I200
,83j /132

\fi41 !42j

(3.22)



H=

"1 0 0'
010
0 1 0

\0 0 l,

H1 =
0

0

0J

and ,53

('
fin i12

fl21 j22

fi21 fi22

\. fl41 P42

(3.23)
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Failing to reject the null hypothesis is evidence that the second series in the system

does not enter into a long-run relationship (cointegration) with the other series.

Following on the same example, a proportionality restriction that the

coefficient on a series (second) equals the negative of that on another (third) series,

H3 : fl; + fl; = 0, (i = 1,2), can be specified in terms of H and H1 as:

The testing of this proportionality restriction is often referred to as the test for

theoretical validity of the LOP commonly employed in numerous studies. Failing

to reject the null hypothesis implies that, for the second and third price series, there

is an equalization of prices in the long-run and any differences between these

prices are temporary (stronger version of LOP). By using these structural

hypotheses, exclusion and proportionality test, this thesis attempts to determine

which variable can be dropped out of the cointegration analysis and whether some

prices are (proportionately) moving together.

3.4.2 Hypothesis Testing on a

The idea for the hypothesis testing on coefficient a is, again, to impose restrictions

on a and compare the maximized likelihood value of the restricted model with that

of the unrestricted model. The adjustment parameter is restricted by

H4 :fl=afl',wherea=Ayi. (3.24)



yielding the ordered eigenvalues >...> > 2,, ... = = 0; eigenvectors

(, i ,..., i3i) where is an p-dimensional vector normalized such that

kk.alV The product moment matrices are defined by

Sa = T111J,, where (i,j = a,k) and is of d1x-dimensional in which
t=1

da and dk are rn and p, respectively. The modified d1 dimensional vector of

residuals, R1, are given by:

Rat = A'R0, A'S00A±(A1S00A1)1R01,

R =RSkAl(AlSooAI)'AlRo,. (3.26)

The ML estimates of/3, a and çi are

i' =(A'A)' Sakal/34, and a4 =A (3.27)

2SkkQS S'kaa aa.a1k5'ak.aj 1= 0 (3.25)

As before, the likelihood ratio test of the hypothesis H4 against H2 is given by:

52

where H4 denotes a null hypothesis on a imposed through apx rn -dimensional

restriction matrix A, which is orthogonal to p x (p - m) -dimensional matrix A1.

Thus, AlA =0 and the hypothesis H4 can be rewritten as Ala2 = q. The term rn

denotes the number of unrestricted parameters in the tj matrix (m x r) and p-rn is

the number of restrictions imposed on a2. Note that the number of unrestricted

parameters in a2 cannot exceed the number of series in the system and cannot be

less than the cointegrating rank (r rn p). The maximum likelihood estimator of

a4 is derived by solving the eigenvalue equation:



which is asymptotically distributed as 2 with r(p-rn) degrees of freedom and the

same results applies for the choice of model of case II (section 3.3.2). Having

failed to reject the null hypothesis suggests that a satisfies restrictions embodied in

the matrix A.

Continuing on the example on the previous section, restriction on j9 (4

price series, 2 cointegrating vectors), let the adjustment parameter of the fourth

21n(LR ILK) 21n(Q;H4
I
H1) =Tln (3.28,)
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and the unrestricted parameter matrix, ii, is of dimension (3 x 2). The exclusion

restriction for a is equivalent to the test of weak exogeneity of the corresponding

variable (fourth series in the example), according to Johansen (1992a) and Engle,

Hendry and Richard (1983). A variable P4 is defined to be weakly exogenous for

estimating a set of fi (cointegrating vectors), if any inference on /9 conditional on

F4, involves no loss of information compared to that on /9 in a full, unconditional

model.

Consider the following models, for compactness, the system is

decomposed as = (], P) where I, and P, are vectors of the first 3 endogenous

variable be

A1 are specified

A=

set to zero,

as:

i 0 0"

010
001

\0 0

i.e.

A1 =

H4 :

0

0

l)

= 0, (1

0

0

0)

=1,2). The

and a4 =

restriction

a11 a12

a21 a22

a31 a32

0 0)

matrix A and

(3.29)
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variables and weakly exogenous variable, respectively22. Similarly we

definea = (a,a), and ® = (,®) (see residual analysis, section 3.3.3.1, for

notation). The model for the choice of k=2 can be 'written as

=aj3'P,,,1 +81Z (3.30A)

ct2/3I1 + + e2i, (3.30B)

U niid[O,
"ll

12

] which is Gaussian white noise. Then prernultiplying
\21 22)

equation (3.30B) by = R222 and subtracting equation (3.30A) by the

premulitplication give

- -'21 = a1J3'1 - wa2/J'P + O1Z1 - ®2Z2, +

or,

= wtu], +(a1 ('°a2)flh-1 +(®i co®2)Z, (3.31)

The model (3.27) is called the conditional model of A1, given the past and A?2,.

Weak exogeneity of z\,f, forfl implies any inference on the error correction

term/3'11 in conditional model (3.31) contains the same information as that of the

full model (3.30A) and (3.30B). This cannot occur if a is non-zero. It follows that

the exclusion restriction on a implies weak exogeneity for /3. As seen in the

conditional model, the long-run relationship is unaffected by weak exogeneity

condition, a2=O, only adjustment parameter a1 that becomes ii. Estimation of the

partial or conditional system, equation (3.27), is likely to be "better behaved"

22 Note: ? in this case is a scalar. For the sake of generality we leave the transpose as it includes

the case of having vector of weakly exogenous variables, similarly to the rest.



by:

2ln(LR/LU)-2ln(Q;HS H3)=TIn (3.34)

which is distributed as 2 with w (additional restriction in H5) degrees of freedom.
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statistically (Johansen, 1 992a). Thus, if the system contains some weakly

exogenous variables, the long-run and short-run parameters will be derived from

the partial system or conditional model.

3.4.3 Joint Restrictions on /1 and a

Finally, the natural step is to test the hypotheses of a restriction on a given

restricted cointegrating vectors, or vice versa. The combination of restriction on

and a will derive a more specific case of the adjustment parameter and the long-

run relationship. The hypothesis is specified as:

H5 :fl = a/3',wherea = Ayi, and /3= H'ço, (3.32)

where H5 = H3 n H4 indicating restriction is imposed on ,8 as well as a. A linear

restriction on fi implies a transformation of the process and a linear restriction on a

implies conditioning. Thus, the procedure is to condition on the product moment

matrices S as and then solving the eigenvalue equation containing a

transformation of the process,

2H'Skk aH - H'Sa Sc7Sak ajH = 0, (3.33)

which gives the maximized likelihood values for a LR test. One can test the

hypothesis H5 against any of the hypothesis with fewer restrictions either on/I or a.

The LR test of the null hypothesis of restricted /1 and a against restricted/I is given
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In summary, to achieve the final long-run equilibrium relationship, adjustment

parameters, and conclusion, after obtaining the initial parameters /3 and a, we

apply the exclusion test on cointegrating vectors as well as proportionality test.

Then the adjustment parameter is restricted or tested on weak exogeneity

condition. Finally, a combine test for restrictions on both /3 and a is carried out.



CHAPTER 4: DATA DESCRIPTION

To study agricultural price linkage between developed and developing countries,

two key commodity markets, rice and wheat, are chosen. The production and

export of rice and wheat are concentrated in a few developed and developing

countries. In this chapter, the major producers and exporters in these two markets

are described. A description of prices used in the cointegration analysis is also

presented in this section.

4.1 Rice Markets

International rice market is often described as thin, volatile, risky, and

concentrated with a few major exporters (Child, 2001).23 The six major rice

exporters are Thailand, Vietnam, U.S., India, China, and Pakistan, respectively

accounting for 27.5, 16.1, 11.8, 10.9, 9.0, and 8.3 percent of world export (1996-

2002 average, Table 4.1). However, the three major exporting nations - Thailand,

Vietnam, and U.S. - are not among the largest world rice producers. In fact, the

major world rice producers are China and India accounting for 33.1 and 22.1

percent of share of world production (1996-2002 average, Table 4.2), while the

combined share of Thailand, Vietnam and the U.S. is only 10.7 percent.

The production and trade data reveal that Thai, Vietnamese, and U.S. rice

producers are export-oriented, while Indian and Chinese rice productions mostly

serve the domestic demand. Since the international prices are determined by

230n1y 6 percent of the world rice production is annually traded, compared with approximately 25
percent for soybean, and 13 percent for corn.
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world's supply and stock, the major producers should be taken into consideration

in price analyses. A shortfall in the supplies of major producers could lead to a

significant change in the world market rice price.

Table 4.1: World Rice Export and Export Share from Selected Countries

Source: World Grain Situation and Outlook, Foreign Agricultural Service, USDA.

Table 4.2: World Rice Production and Production Share from Selected Countries

Source: World Grain Situation and Outlook and World Agncultural Production,

Foreign Agricultural Service, USDA.

Country

or region

Calendar year Average

1996-2002

Average

export share1996 1997 1998 1999 2000 2001 2002

Exports: thousand tons

Thailand 5,281 5,216 6,367 6,679 6,549 7,000 7,000 6,299 27.56%

Vietnam 3,040 3,327 3,776 4,555 3,370 3,600 4,000 3,667 16.04%

United States 2,625 2,304 3,156 2,648 2,756 2,650 2,700 2,691 11.77%

India 3,549 1,954 4,666 2,752 1,449 1,600 1,500 2,496 10.92%

China 265 938 3,734 2,708 2,951 1,800 2,000 2,057 9.00%

Pakistan 1,677 1,982 1,994 1,838 2,026 1,900 1,900 1,902 8.32%

Uruguay 597 640 628 681 642 700 650 646 2.84%

Australia 562 641 547 662 617 600 700 618 2.71%

Argentina 365 530 599 654 473 275 250 449 1.97%

Egypt 328 201 426 320 500 550 650 425 1.86%

European Union 318 372 346 348 308 350 350 342 1.49%

Guyana 262 286 249 252 167 175 150 220 0.96%

Burma 265 15 94 57 159 500 500 227 0.99%

Taiwan 92 71 55 113 120 90 90 90 0.39%

Other 474 341 1,033 658 809 1,240 524 726 3.17%

World total 19,700 18,818 27,670 24,925 22,896 23,030 22,964 22,858 100.00%

Country Harvested years Average Average

or region 1996 1997 1998 1999 2000 2001 1996-2001 production

Production: Million tons share

China 195.1 200.7 198.7 198.5 187.9 181.0 193.6 33.14%

India 122.0 123.8 129.0 134.2 129.5 133.5 128.7 22.02%

Indonesia 49.4 49.2 50.4 52.9 50.6 51.4 50.7 8.67%

Bangladesh 28.3 28.3 29.8 34.6 36.5 34.5 32.0 5.48%

Vietnam 27.3 28.9 30.5 31.7 31.0 31.2 30.1 5.15%

Thailand 20.7 23.5 23.6 25.0 25.5 25.5 24.0 4.10%

Burma 15.5 15.3 16.0 17.0 17.0 17.0 16.3 2.79%

Japan 12.9 12.5 11.2 11.5 11.9 11.3 11.9 2.03%

Philippines 11.2 10.0 10.3 12.0 12.5 13.7 11.6 1.99%

Brazil 9.5 8.6 11.6 11.4 10.4 10.9 10.4 1.78%

United States 7.8 8.3 8.4 9.3 8.7 9.5 8.7 1.48%

Other 63.7 65.0 66.2 69.2 67.7 66.2 66.4 11.36%

World total 563.4 574.2 585.6 607.3 589.2 585.8 584.3 100.00%
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To study rice market integration, ideally the six exporters should used in

the cointegration. However, two countries, Pakistan and China, could not be

included in the cointegration analysis for separate reasons. Given the interest on

the post-Uruguay

Round era (since 1995), sufficient observations are required for establishing the

asymptotic properties of parameter estimates of the VAR model. Hence, price

data on a monthly basis are used. However, using monthly data will rule out the

possibility of including Pakistan in the analysis. Due to severe drought, Pakistani

rice export has dropped significantly from the record of more than 2.4 million tons

in 2001 to approximately 1.5 million tons in 2002 (USDA, yearbook, 2002).

There were some classes of rice which were not exported at all. Thus, during the

period of the first month of 2001 harvested year (August) through the July of 2002,

the Pakistani monthly price data contains considerable amounts of missing

observations with the label "no quote." Filling in for a long period of missing

observations is not appropriate, since it would distort the data generating process

and may fail to satisfy distributional assumptions required for the statistical

analysis.

International trade of rice is subject to high degree of product

differentiation. There are two important attributes of rice characteristic needed to

be emphasized percent broken and type of grain. The percent broken indicates the

quality of the milling process and, therefore, the lower percent of broken can be

sold at a higher price. There are broadly four types of rice traded worldwide,

indica, japonica, aromatic, and glutinous. The four types of rice typically have the
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same "end use" except the glutinous rice, which is usually used in ceremonial

dishes. However, consumption of a specific type of rice differs heavily depending

on a country's preference and culture. For instance, japonica rice - the short or

medium grain - is much consumed in Japan, Korea, and Turkey, while indica rice

- long or medium grain - is preferred by other countries. The indica rice accounts

for 75 to 80 percent of global rice trade annually, compared to 10 to 12 percent for

japonica type. Thai jasmine rice and Indian basmati rice are often categorized as

aromatic type, usually sold at premium to high-income countries. The aromatic

rice accounts for another 10 percent of global market. Finally, glutinous rice has a

share of about 3 percent. Rice exports of the same type and percent broken imply

that they are more substitutable than those with different attributes.

In this study, indica rice is chosen for the price analysis since it widely

traded in the global rice market, China is excluded due to the focus on indica rice

market. Moreover, the sparsely available monthly price data appear unreliable,

and China's trade structure is different from those of the four major exporters.

Vietnam produces and exports almost exclusively indica rice, whereas Thailand

and India mainly produce and export indica rice but also serve international

markets for aromatic rice - jasmine and basmati rice. The U.S. usually produces

both indica and japonica type, accounting for about 70 and 25 percent of its annual

production, respectively. Its export share for indica and japonica rice accounts for

approximately 80 and 18 percent, repectively (Childs, 2002). Thus, the four

countries play significant roles in indica rice markets as major exporters (Thailand,

Vietnam, U.S., and India) and the major producer (India).
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Thailand traditionally competes with the U.S. in certain high-quality long

grain indica in the European Union (EU), the Middle East, and South Africa, while

competing with Vietnam and India for intermediate and low-quality long grain rice

in the same exporting markets (Child, 2002). India exports both premium-priced

basmati rice to high income countries, such as, EU, the Middle East, and the U.S.

and non-basmati (indica) long grain milled rice to the Middle East, Russia, and

South Africa. Thus, the four major exporters provide good selections for

international indica rice market analysis, due to their competition in the same

major import markets.

China, on the other hand, plays a considerable role in japonica rice markets

as a major exporter and producer, compared to the indica rice markets. China

produces both indica and japonica rice, respectively accounting for 60 percent and

29 percent of total rice production in 2000 (Crook, 1996). Accounting for indica

rice alone, it produces about 108 million tons in 2001, ranked second in the world.

Due to large domestic consumption China normally imports indica rice. In recent

years, China has become competitive in japonica rice market, competing with

U.S., Australia, Egypt, and Italy (Huang, Rozelle, Hu, and Le, 2002), and

exporting mainly to Japan, Korea, Taiwan, and Turkey. For japonica rice, China is

the largest major producer; it produced 72 million tons, compared to only 2.2

million tons for the U.S. in 2001.

Hence the price series from four major rice exporters are selected

consisting of a developed country and three developing countries, U.S., Thailand,

Vietnam, and India, where India is the smallest major exporting among the group,



24Due to non-availability of the Vietnamese data for 1996, the period of 1997 to 2002 is chosen.

25Source: Thai rice: weekly price reports, U.S. Embassy, Bangkok; U.S. rice: Rice Market News,
Agricultural Marketing Service, USDA; Vietnamese rice: Vietnam Industry source, Saigon; India:
the Creed Rice Market Report, Creed Rice Co., Inc., Houston, Texas.

62

yet the largest indica rice producer. The long grain indica milled rice price for

comparable quality - percent broken - is used for the four major exporters. The

sample contains 65 observations during the period of August, 1997 to December,

2002.24

The U.S. price series is long grain No. 2 broken (not to exceed 4 percent),

FOB Gulf milled at Houston, Texas. The data calculation is based on monthly

average of the midpoint for reported weekly low and high quotes. Thailand rice

price is 100% Grade B, Thai white milled rice, calculated by simple average of

weekly price quote, including cost of bags. There is evidence that long-grain

indica rice from these regions are close substitutes. Brorsen et al. (1984) studied

the dynamic relationships of rice import prices in Europe and concluded that U.S.

and Thai rice of this type are close substitutes. The 5% broken milled rice for both

Vietnamese and Indian price series are often chosen to compare with the two prior

series. Thus, selected Vietnamese and Indian price are 5% broken FOB vessel at

Ho Chi Minh City and Bombay port, respectively. Both prices are calculated by

simple average of weekly price quotes.25 Figure 2.1 illustrates that rice price data

exhibits strong downward trend during the period of study and upward trend

during 1994 to the end of 1997.



Figure 4.1: Time Series of International Rice Prices.
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4.2 Wheat Markets

In contrast to rice, wheat exports account for a substantial volume of trade in

agricultural commodities. The world export of wheat is approximately 105 million

tons each year, much larger than the 22 million tons of rice exports. Eighteen

percent of the world production of wheat is annually traded, ranked second among

agricultural commodities (ERS/LJSDA, yearbook, 2002). There are a large number

of wheat suppliers competing for a share of world markets. However, almost 80

percent of exports come from five major exporting countries - the U.S., EU,

Canada, Australia, and Argentina. On average over 1996 to 2002, Argentina

accounted for 10.1 percent of world exports, whereas EU and Australia accounted

for 13.9 and 14.8 percent, respectively. Canada's export share is 15.7 percent,

while the largest exporter, U.S., accounted for 26.1 percent of world wheat exports

(Table 2.3).

Price leveling period Price declining period

1994.07 1995.05 1996.03 1997.01 1997.08 1998.11 2000.02 2001.05 2002.08
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Similar to the case of rice, some of the major wheat producers mostly serve

domestic demand. China, EU, and India, account for 18.1, 16.9, and 11.9 of the

world production, respectively (Table 2.4). If countries of the former Soviet Union

are grouped into one, they moves up to second or third place in production.

Table 4.3: World Wheat Export and Export Share from Selected Countries

Source: World Grain Situation and Outlook, Foreign Agricultural Service, USDA.

During 1996 to 2002 China's wheat imports exceeded that of export each year,

ranging from 0.1 to 2.8 million tons. Although India is the third largest wheat

producer, it exported a very small amount of wheat, 2.9 million tons, which

accounts for only 4 percent of its production in 2001. On the other hand,

Australia, Canada, and Argentina are export-oriented, with the export shares of

production at 75.2, 69.0, and 67.0 percent, respectively. The U.S. export share of

production is 45.9 percent.

Country

or region

Harvested year Average Average

Share1996 1997 1998 1999 2000 2001 2002 1996-200

Exports: million tons

U.S. 27.3 28.2 29.1 29.6 28.0 26.2 24.0 27.5 26.07%

Canada 18.1 21.3 14.4 19.4 17.4 16.8 8.5 16.5 15.69%

Australia 18.2 15.4 16.1 17.1 16.7 16.5 9.0 15.6 14.76%

EU 14.2 14.2 14.6 17.4 15.2 11.5 15.5 14.7 13.91%

Argentina 10.1 9.8 9.2 11.1 11.4 11.7 7.5 10.1 9.59%

Former USSR 4.6 6.4 8.8 9.4 4.8 14.2 24.3 10.4 9.83%

Others 8.0 9.0 9.8 8.9 10.2 13.5 15.5 10.7 10.14%

Total 100.4 104.4 102.1 112.9 103.6 110.4 104.4 105.4 100.00%
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Table 4.4: World Wheat Production and Production Share from Selected
Countries

Source: World Grain Situation and Outlook, Foreign Agricultural Service, USDA.

Wheat is more complex than rice in terms of defining quality, because of

the vast array of products produced (high degree of product differentiation) and

processing technologies involved. Various types of wheat are produced around the

world, based on climate conduciveness, such as the mix of rainfall, temperatures,

soils, and available nutrients.

In the U.S. and Canada, wheat varieties are classified as "winter wheat" or

"spring wheat" referring to the planting season. Spring wheat matures faster and

can be harvested after the winter varieties with lower yield but it normally contains

higher protein content after milling. The main criterion used for classifying wheat

is "hardness," which is a milling characteristic determined by the protein content.

Hard wheat has high protein content, while soft wheat varieties have low protein

content. The hardest varieties produce elastic dough appropriate for blending with

lower protein wheat to produce bread flour. It is also widely used in Asia to

produce Chinese style yellow alkaline noodles, Japanese ramen, and wonton

Country

or region

Harvested year Average Average

Share1996 1997 1998 1999 2000 2001 2002 1996-2002

Production: million tons

China 110.6 123.3 109.7 113.9 99.6 93.9 91.0 106.0 18.12%

EU 96.5 94.2 103.1 96.4 104.7 91.2 103.3 98.8 16.89%

Former USSR 64.5 82.3 57.6 66.1 64.8 93.0 98.3 75.2 12.86%

India 62.1 69.4 66.4 70.8 76.4 68.8 71.8 69.4 11.86%

U.S. 62.0 67.5 69.3 62.6 60.8 53.3 440 59.9 10.24%

Canada 29.8 24.3 24.1 26.9 26.5 20.6 15.7 24.0 4.10%

Australia 22.9 19.2 21.5 24.8 22.1 24.9 9.5 20.7 3.54%

Argentina 15.9 15.7 13.3 16.4 16.2 15.5 12.5 15.1 2.58%

Others 115.7 114.3 124.8 108.3 110.9 119.0 118.2 115.9 19.81%

World total 581.9 610.1 589.7 586.1 582.1 580.0 564.3 584.9 100.00%



26 The order is sorted by the highest share of total production to the lowes
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dumping wrapper. Some medium-hard varieties are used to make unleavened

bread, such as the Indian-style flat breads, Chinese streamed breads and typical

instant noodles. Soft wheat with lowest protein content is milled into flour used

for cakes, pastries, cookies and crackers. Durum wheat, a highly specialized

wheat type, is generally not included with others and used to produce coarse flour

with the highest protein content and water absorption. The coarse flour is

transformed into semolina for processing into pasta (Ghoshray, Lloyd, and Rayner,

2000).

Wheat varieties with the same "end-use" of the product ensure

substitutability. Veeman (1987), Wilison (1989), and Aiston et a! (1994) pointed

out that product characteristics and end uses vary significantly by wheat type.

Moreover, the high degree of product differentiation suggests that analyses treating

wheat as a homogeneous commodity could provide misleading results (Larue,

1991). Hence the wheat price analysis must consider or account for heterogeneity.

The U.S. significantly exports all types of wheat: US Hard Red Winter

wheat (HRW), US Hard Red Spring wheat (HRS or Dark Northern Spring), US

Soft Red Winter wheat (SRW), US White wheat (UW or Western White wheat),

and US Durum wheat (UD).26 In contrast, other major exporters dominantly

export only one or two types of wheat. The HRS has the highest protein content at

14 percent, and is usually exported to Central America, Japan, Philippines, and

Russia. The HRW with 12.5 percent protein is often shipped to Former Soviet

Union countries (FSU), China, Japan, Morocco, and Poland. China, Egypt and

Morocco import also SRW (10 percent protein content), while the UW with the
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lowest protein level at 9 percent is exported to China, Taiwan, Hong Kong, Korea,

and Japan (ERS/USDA, yearbook, 2002).

Argentina produces mainly two type of wheat, Argentinean Trigo Pan

wheat (ATP), and Argentinean Taganrock (Durum) wheat (ATD). Nevertheless,

Argentina mostly exports ATP, while much of ATD is consumed domestically.

The ATP is quite similar to the HRW type; characterized by hard kernel, red bran

color, and a habit of winter wheat, but has lower protein content at 10 to 11

percent, comparing to 12.5 percent for HRW.27 ATP is normally exported FSU,

China, Peru, Bolivia, and Iran.

Canada has a reputation for high quality bread-making wheat. It produces

Canadian Western Read Spring (CWRS), Canadian Prairie Spring, Canadian

Western Red Winter, Canadian Eastern, and Western Amber Durum. The CWRS

is a dominant type in its wheat export (Agriculture and Agri-Food Canada

(AAFC), Bi-weekly Bulletin, Wheat Situation and Outlook, 1996). The CWRS is

also categorized into three types, indexed by number one to three, based on the

level of protein content. The main destinations for CWRS are Latin America and

China.

Australia produces various types of wheat: Australian Prime Hard (APH),

Australian Hard (AH), Australian Premium White (APW), Australian Standard

White (ASW), and Australian Durum (ADW). Much of Australian wheat has

white bran color and, therefore, preferred in Asian market for noodles. Over 70

percent of Australia's wheat crop is ASW (Agricultural Outlook, USDA, 1997),

whereas 85 percent of its production is exported mostly to Iran, Egypt, Indonesia,

27 Source: http://www. inta.gov.ar
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Iraq, South Korea, Japan, Pakistan, and Malaysia in recent years (AAFC, Bi-

weekly Bulletin, Wheat Situation and Outlook, 2001).

Although India produces both durum and common (soft or hard) spring

wheat, it exclusively exports non-durum wheat - almost 100 percent accounted for

common spring bread wheat (CIS) (USDA, yearbook, 2002). This type of wheat

is comparable to the HRW and HRS. The major export markets for Indian wheat

are Bangladesh, South Korea, Philippines, and Malaysia.

Finally, EU normally exports soft winter wheat with moderate protein and

durum wheat particularly to FSU and Sub-Saharan Africa. French soft wheat,

which is comparable to U.S. SRW, accounted for almost 50 percent of total EU

export (AAFC, Bi-weekly Bulletin, Wheat Situation and Outlook, 2001).

As noted in chapter 2, numerous studies analyzed market integration of two

or three major wheat exporters, such as, U.S., Canada, and Australia (Goodwin

and Schroeder, 1991; Goodwin, 1992a, 1992b; Mohanty, Perterson, and Smith,

1996; Mainardi, 2001). These studies, however, ignore the importance of

significant non-exporting national producers around the world. Sumner and

Boltuck (2001) argued that general trends in wheat pricing throughout the world

are driven overwhelmingly by changes in the global supply and demand balance.

Price differences arise among countries because of factors that deviate spatially

related markets from perfect price arbitrage condition. These factors include

transportation cost differentials and other home-market policies aimed to protect

domestic producers. The magnitude of price differences is generally bounded by

these factors and an interaction of global demand and supply. Thus, focusing only



28Mohanty, Peterson, and Smith (1996) point out that the CWRS is more comparable to the HRS.
This study still uses HRW with CWRS, because, first, their protein contents are still comparable
(12.5% and 12.5 to 13.5%, respectively), while the HRS contains 14%. Second, CWRS is used to
mix with lower protein wheat for making bread, but the HRS is for pasta products. Third, both
HRW and CWRS provide some degree of substitution to ATP and ASW, regarding the end use of
making bread.
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on a small subset of wheat exporting countries ignores other key determinants of

pricing trends in the world. Hence, in this study, ideally seven countries consisting

of both major exporters (U.S., Argentina, Canada, Australia, and EU) and

producers (China and India) should be included in the model. However, two

participants, China and EU, need to be excluded from this analysis due to some

limitations.

In this study, hard and medium hard wheat prices from U.S., Argentina

Canada, Australia, and India are selected for the analysis. Thus, only wheat

varieties for making bread are considered. The need to group comparable types of

wheat ensuring certain degree of substitution eliminates EU which mostly

produces and exports soft wheat. China's wheat price series are not available for

the type of wheat investigated here and on a monthly basis. Note that the common

third markets for the five countries chosen for the analysis are FSU, China, Latin

America, Japan, Iran, South Korea, and Philippines.

Monthly data used in this thesis cover the period April, 1996 to February,

2002, with 71 observations. The price series are for of U.S. No.2 Hard Red winter,

12.5 % protein (FOB from Gulf port); high protein No.1 Western Red Spring

wheat, 13.5% protein (FOB from St. Lawrence port); Argentinean Trigo Pan (FOB

from Buenos Aires); Australian Standard White wheat, which contains lower

protein content.28 The price data for India are Common Spring bread wheat at



Note: all prices are expressed in terms of natural logarithms
Source: Complied by author

29Due to lack of FOB data.
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wholesale level.29 As noted in the chapter 3, a formal test of whether any of the

series should be excluded from the analysis is carried out. Moreover, an intercept

term in the VAR model captures any remaining quality differences. Figure 2.2

illustrates that wheat price data exhibits strong downward trend during the period

of study and upward trend during 1990 to 1996.

Figure 4.2: Time Series of International Wheat Prices

us
Argentina
Canada
Australia
India

Price leveling period Price declining period

1992.04 1993.07 1994.10 1997.07 1998.10 2000.01 2001.04I 990.01 1996.04



CHAPTER 5: EMPIRICAL RESULTS

This chapter describes the empirical results from the multivariate cointegration

analysis. As noted in chapter 3, the analysis consists of three main steps - tests

for unit roots, the multivariate cointegration test, and structural hypothesis test.

Tests for unit roots involve the determination of the appropriate lag length

for the Augmented Dickey-Fuller model, unit root test for the level and the first

differenced data. Common order of integrated variables is a prerequisite for the

multivariate cointegration test.

In order to apply multivariate cointegration test, the lag length of the ECM

must be determined. Various procedures, including residual analysis, a likelihood

ratio test for misspecification, and the examination of the eigenvalue of a

companion matrix, are used to identify the ECM's lag length. The cointegration

rank is determined from a trace test. Given the cointegration rank, one can test the

ECM specification for different deterministic components. Finally, the maximum

likelihood estimation of cointegrating vectors and adjustment parameters is based

on the restricted model of reduced rank.

The structure of cointegrating vectors (/3) and adjustment parameters (a)

are tested. For cointegrating vectors, exclusion and proportionality restrictions are

tested. For adjustment parameters, weak exogeneity tests are performed on all

price series. Final maximum likelihood estimates of/3 and a are obtained by

imposing restrictions based on above tests. A simulation of price co-movements

based on estimated /3 and a is carried out for the rice and wheat model.
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5.1 Test for Unit Roots

Non-stationary process can be observed in strongly trending data, whose mean and

variance change overtime. Since commodity price data often follow an 1(1)

process, rice and wheat prices should exhibit stationarity in level and non-

stationarity in the first difference.

Figure 5.1 presents the level and first differenced rice price for the U.S.,

Thailand, Vietnam, and India. The U.S. rice price started declining in mid-1997, in

contrast to Thai and Vietnamese prices, where the price decline began in 1998.

The U.S. and Indian price show several flat segments suggesting price stability

(eg. U.S. price between November, 1997; Indian price between June, 1999 and

Junde 2000). Thai and Vietnamese prices exhibit wider range of variation

throughout the period of study. Proportional co-movement is quite explicit in the

plots of Thai and Vietnamese prices, implying that these two markets could be

integrated, possibly with unit proportional movement.

Consider Figure 5.2 for wheat markets during the period of 1996 to 2002,

where the downward trend in prices is not as strong as that of rice prices. The signs

of price decline can be seen in mid-1996 for U.S., Argentinean, Canadian, and

Australian price, while it took 10 more months for Indian wheat price to respond.

Unlike the case of rice prices, periods of constant price are uncommon in the

wheat data. The U.S., Canadian, and Australian prices exhibit a similar pattern,

suggesting some degree of market integration.
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Dickey-Fuller test for unit roots is conducted based on the regression (3.6).

The DP and DF1 test statistics are those presented equation (3.4) and (3.5),

respectively. The Augmented Dickey-Fuller test statistics (ADF and ADF7) are

based on the equation (37*,),
where the ADP and ADF, test statistics are from

equations (3. 4A) and (3. 5A), respectively. Note that the DF test requires the first

period lag only. On the other hand, the lag length, /c, for ADF model can be

determined by AIC and BIG information criteria. Schwert's (1989) suggestion on

maximum lag length for rice and wheat price, corresponding to 65 and 71 numbers

of observations, are 10 and 11 respectively.30 The two information criteria are

reported in Appendix A. 1.

For rice and wheat data, the AIC and BIG decrease monotically with the lag

length. The minimum AJG and BiG corresponds to the model of largest lag length

as suggested on the basis of a large number of simulations by Schwert (1989).

Moreover, the variation of the information criteria is insignificant across models.

The models are very indifferent regarding a trade-off between measure of fit and

the number of parameter used to obtain that fit.3' Although information criteria

yield inconclusive result, Verbeek (2001) suggests a range of ADF tests for

identifying the lag length. Despite the fact that test statistics (ADF, and ADFr)

vary somewhat with the number of lags, the conclusion that the price series are

°
Maximum lag length is an integer part of [12 x (T / 1O0)] , where T is 65 for the case of rice, and

71 for wheat (Schwert,. 1989).

31
Which model generates white noise residuals is the question investigated in residual analysis (see

section 3.3.3.1) for univariate misspecification test, when selecting the lag length for the ECM.
Note also that the decision of the lag length of ECM can be made independently from the selection
on the lag length of ADF model.
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non-stationary does not change for model with lag length two to eleven. For

illustrative purpose, the model with two and six lags for rice and wheat data

respectively are selected for ADF test statistics [k in equation (3. 7) is 2 and 6 for

the case of rice and wheat, respectively]. The four test statistics, DP, DF,,,, ADP,

and ADF7 are presented in Table 5.1.

Table 5.1: Dickey-Fuller Unit-Root Testing Result

For rice data at sample size, T =50, critical values for OF, and ADF, are -3.50 and for DF and
ADF are -19.7 at o=0.5.
2For wheat data at sample size, T100, critical values for DF, and ADF, are -3.45 and for DF
and ADF are -20.6 at a=0.5. (Fuller, 1976, p.373; 1996, Table 1 0.A.2)
3Conclusions based on critical value of OF, and ADF, for T=50 at a=0.025, which is -3.69.

The unit root tests suggest that the U.S., Thai, Vietnamese, and India rice

prices are non-stationary in level (top panel, Table 5.1). For wheat, the tests

indicate that the U.S., Argentinean, Canadian, and Australian prices have unit

roots in level. The result of the tests for Indian wheat price is inconclusive.

Test Statistics DF, DFy ADF, ADFY
Level

Rice prices:/1

U.S. -1.60 (F) -6.62 (F) -1.47 (F) -6.67 (F)

Thailand -1.54 (F) -5.09 (F) -1.82 (F) -6.17 (F)

Vietnam -1.40 (F) -4.31 (F) -1.87 (F) -6.07 (F)

India -1.47 (F) -4.10 (F) -1.92 (F) -5.46 (F)
Wheat price:/2

U.S. -1.69 (F) -5.64 (F) -1.76 (F) -6.09 (F)

Argentina -1.96 (F) -7.71 (F) -1.97 (F) -8.54 (F)

Canada -1.92 (F) -7.37 (F) -1.86 (F) -7.71 (F)

Australia -1.67 (F) -5.50 (F) -1.82 (F) -6.21 (F)

lndial3 -3.56 (F)/3 -17.58 (F) -3.59 (F)/3 -30.74 (R)

First difference
Rice prices:/1

U.S. -7.82 (R) -61.91 (R) -3.61 (R) -54.69 (R)
Thailand -5.67 (R) -44.69 (R) -5.25 (R) -61.32 (R)

Vietnam -5.92 (R) -46.52 (R) -3,89 (R) -45.64 (R)

India -5.37 (R) -41.21 (R) -4.42 (R) -48.75 (R)
Wheat price:/2

U.S. -8.97 (R) -104.33 (R) -5.29 (R) -138.79 (R)

Argentina -9.02 (R) -105.26 (R) -5.91 (R) -161.30 (R)

Canada -10.73 (R) -129.37 (R) -5.52 (R) -161.59 (R)
Australia -8.92 (R) -103.32 (R) -4.76 (R) -125.66 (R)

India -8.73 (R) -73.83 (R) -5,04 (R) -104.99 (R)



77

The ADF1 indicates that one can reject the hypothesis of non-stationarity in Indian

wheat price level at the 5% significance level, while the DI, DP,,, and ADF

statistics suggest the opposite. Since the ADF test is considered a more restrictive

test (Granger and Newbold, 1986), the conclusion here is that the Indian price is

non-stationary in level as well.

Since commodity prices are non-stationary in levels, the first differences

are then tested for unit roots (bottom panel, Table 5.1). The results based on the

four test statistics indicate that the first differenced data of rice and wheat prices

are stationary; i.e. all prices are 1(1). Note that the case of trend stationary in level

data is ruled out, according to the null hypothesis of H0 p = (y-1) = 0. The

conclusion here is that the price data can be made stationary by first differencing.

Thus, time-series properties of the data conform to the assumptions underlying the

cointegration analysis in the next section.32

5.2 Multivariate Cointegration Analysis

The estimation of ECM hinges crucially on its lag length. In this section, the test

results for identifying lag length are presented first. They are followed by the

results of the maximum likelihood estimation of ECM, which provides insights on

the cointegration rank, vectors and adjustment parameters.

32
In fact, not all individual variables need to be 1(1) as is often incorrectly assumed; instead, only

two of the variables in the system should be 1(1). However, the individual properties often play an
important role in the hypothetical cointegration relation (Hansen and Juselius, 2002). Cointegration
between series of different order will never happens according the underlying assumptions. If a
series other than 1(1) is included in the analysis, the test procedure will indicate its insignificance.



The Johansen's (1990) VAR model does not allow including only one lag. Thus, the lag length
for the model specification is at least two (see model (3.8) and (3.8*)).
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5.2.1 Determination of Lag Length

The inclusion of an additional lag variable should be made such that the

appropriate model selected satisfies the assumption of the trace test. Based on the

maximum lag length suggested by Schwert (1989), companion matrices (3.17) for

rice and wheat data are derived based on the estimated coefficients fl1, fl

model (3.8). Note that k 2,...,1O for rice, and k = 2,...,1 1 for wheat.

Appendix A.2 includes the calculated eigenvalues of the companion matrices with

various lag lengths for rice and wheat model.

For the case of rice, the models containing more than six lags are unstable,

since some of the eigenvalues lie outside the unit circle. Figure 5.3 plots the unit

circles and the eigenvalues of the rice model of sixth and seventh lag, where the x-

axis denotes real numbers and the y-axis indicates complex numbers. Note that the

dimension of the companion matrices is pk x pk. Thus for the choice of six lags in

the case of rice, there are 4 x 6 eigenvalues, where p ( 4) is the number of

countries. All 24 eigenvalues are located inside the unit circle for the model with

six lags, while the largest eigenvalue for the model of lag seven is 1.032 (Table

A.2.l), exceeding unit value. For lag lengths greater than six, more eigenvalues are

found to be outside of the unit circle (Figure A.2.1).



Figure 5.3: Eigenvalue of Companion Matrices for Rice Data

The ECM in the case of wheat exhibits an explosive process when more

than seven lags are added to the system. Figure 5.4 shows the eigenvalues of

companion matrices for the model with seven and eight lags, with 35 and 40

eigenvalues, respectively. The above analysis suggests that a stable and non-

explosive model for rice and wheat data should include two to six and two to seven

lags, respectively.

Figure 5.4: Eigenvalue of Companion Matrices For Wheat Data
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Among these models of two to six and seven lag lengths, the other

important criterion is to ensure that additional lag variables are statistically

significant. Based on the ECM model (3.8*), the logarithms of maximum

likelihood values are estimated for rice and wheat models. Likelihood ratios of the

type ln(L(k1) IL(k)) is derived corresponding to the null hypothesis of including the

k" lag in the ECM. This hypothesis is equivalent to the zero restriction on the

matrix '1k in VAR model (3.8).

For rice model, the likelihood ratio, ln(L(5) I L6), suggests that the sixth

lag is significant when compared with the model of five lags. In addition, the

likelihood ratios, ln(L(,5 2) /L(6)), also indicate that the parameters of model with

six lags are significant in comparison to all the lower lag models. That is, omitting

the range of three to six lags leads to considerable reduction in the log-likelihood

function. For wheat, matrices 117 , fl6 , , and 113 are statistically significant,

while imposing 114=0 does not cause a large reduction in the log-likelihood value.

This implies that the wheat model should include up to seven lags.

Table 5.2: Log likelihood Ratio for MisspecilIcation Test

For rice models,
%2

at a = 0,05 is 26.3 and for wheat models, 2225 at a = 0.05 is 37.65

Log likehood values Likelihood ratio
In(L R'1- u)

Restriction on
Respective VAR

Test
Statistics

rice mod&s InL(k)

k6 596.96 ln[L(5)/L(6)] Ho:ir6 =0 28.62 (R)
k5 582.65 ln[L(4)/L(5)) Ho:rr5 =0 17.56 (F)
k4 573.57 ln[L(3)/L(4)] Ho:ii4 =0 0,59 (F)
k3 573.57 ln(L(2)/L(3)] Ho:i3 =0 1.89 (F)
k=2 572.63

wheat model InL(k)

k7 875.48 ln[L(6)/L(7)J Ho:Tr7 =0 67.76 (R)
k6 841.60 ln[L(5)/L(6)] Ho:rr6 =0 76.15 (R)
k=5 803.53 ln[L(4)/L(5)] Ho:rr5 =0 51.58 (R)
k4 777.74 ln[L(3)IL(4)] Ho:,i4 =0 15.72 (F)
k3 769.88 InEL(2)IL(3)3 Ho:rr3 =0 46.20 (R)
k=2 746.78
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A final decision on lag length is based on testing of the normality of

disturbances from ECM with various lags. The normality tests can be carried out

on individual series (errors) from ECM or in a multivariate setting.

Based on the residuals obtained from the error correction system (3.8D,

Table 5.3 describes the multivariate test statistics for autocorrelation and normality

in rice models. First and fourth order autocorrelation are tested based on LM test

statistics, which is distributed as 2 with p2 = 16 degree of freedom with the null

hypothesis of no autocorrelation in the residuals of the system of ECM. LM(1) and

LM(4) test statistics fail to reject the null hypothesis across the models of different

lag length at 0.05 significance level and therefore, do not give any hints of

autocorrelation.

Table 5.3: Rice Multivariate Test Statistics for Residual Analysis

P-values are written in parentheses.

In contrast, the Shenton-Bowman multivariate tests for normality,

distributed as 2 with 2p =8 degree of freedom, suggest that the residuals from

the ECM do not follow a normal distribution. The test statistics of all the models

reject the null hypothesis of normality at the 0.05 level of significance. The p-

values of all the models are the same and very close to zero, except the model of

six lags; p-value is .008, indicating that the model of six lags is closer to normal

Lag Test for Autocorrelation Test for Normality
Length LM(1) LM(4) Shenton-Bowman Stat

k=2 12.016 (0.74) 14.804 (0.54) 64.73 (0.00)

k=3 11.105 (0.80) 18.316 (0.31) 66.36 (0.00)

k=4 12.289 (0.72) 20.065 (0.22) 57.57 (0.00)

k=5 16.278 (0.43) 14.363 (0.57) 62.80 (0.00)
k=6 12.166 (0.73) 18.821 (0.28) 21.31 (0.008)
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relative to other models. If the probability of rejecting the true hypothesis (type I

error) is reduced as the significance level is 0.005, where the critical value

is = 21.95, the test statistics indicate failure to reject normality for the model of

six lags.

The univariate test statistics in Table 5.4, derived from the residuals of

individual price series (equations) in the ECM, also show the test for conditional

hetoroskedasticity. In addition, the skewness and kurtosis of the residuals are

calculated to identify which variable exhibits the most deviation from normal

distribution (as their values should be 0 and 3, respectively). The US, Thai, and

Vietnamese price skewness are close to zero, while their kurtosis are relatively

close to three. India prices show a sign of non-normality; the skewness and

kurtosis are up to 2.78 and 18.43, respectively, in the model with two lags.

However, these deviations decline as the number of lags increases, consistent with

the previous multivariate test for normality. The test for ARCH effect of the

corresponding lag order is derived, based on the R2 of auxiliary regressions of

square-residuals at k lag order. The null hypothesis of no ARCH effect is tested.

The results suggest no ARCH effect across all the models.

Table 5.4: Rice Univariate Test Statistics for Residual Analysis
Lag

length US

Skewness
Thailand Vietnam India US

Kurtosis
Thailand Vietnam India

k=2 -0.47 0.19 0.89 -2.78 4.93 4.77 3.74 18.43

k=3 -0.40 0.22 0.74 -2.69 4.84 5.26 3.46 17.92

k=4 -0.37 0.16 0.43 -2.49 4.80 5.19 3.11 1538
k=5 -0.07 0.33 0.61 -2.07 4.31 6.21 3.52 12.53

k=6 -0.21 0.65 0.66 -1.64 4.27 5.55 3.35 9.84



Table 5.4: Rice Univariate Test Statistics for Residual Analysis (continued)

India

0.09 (F) 5.99

0.12 (F) 7.81

0.10 (F) 9.49

0.19 (F) 11.07_.tr

P-values are written in parentheses.

Similar to the rice model, the wheat model with six lags has normally

distributed residuals. Shenton-Bowman test statistics show that only model with

six and seven lags are not subject to violation of normality assumption (at 5%

significance level). The skewness and kurtosis from individual (equation)

residuals with different lag lengths are close to zero and three, respectively,
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Table 5.5 and 5.6, describes the multivariate and univariate test statistic,

respectively, for the wheat models. The LM(1) test statistics, which is distributed

as x fails to reject the null hypothesis of no autocorrelation in the model of three

to seven lags length at 5% significance level. At the 10% significance level, the

test statistics show autocorrelatjon of the first order in the model of two, three, and

seven lags. The fourth order autocorrelation [LM(4)] does not appear in the model

of two to six lag lengths. However, it is detected in the seven-lag model at the 10%

significance level.

Table 5.5: Wheat Multivariate Test Statistics for Residual Analysis
Lag

length
Test for Autocorrelation

LM(1) LM(4)

Test for Normality
Shenton-Bowman Stat

k=2 41.73 (0.02) 18.50 (0.82) 35.59 (0.00)
k=3 17.94 (0.84) 18.41 (0.82) 50.14 (0.00)
k=4 21.58 (0.66) 23.39 (0.55) 39.90 (0.00)
k=5 34.89 (0.09) 20.71 (0.71) 19.31 (0.04)
k=6 20.73 (0.71) 28.73 (0.28) 11.66 (0.31)
k=7 33.33 (0.09) 32.89 (0.09) 10.30 (0.41)

Lag ARCH(k)
riength US Thailand Vietnam

k=2 365 (F) 0.30(F) 0.68(F)
k=3 512 (F)T 0.231(Ffl 3.78(F)

524 (F) 1.01 (T 6.04 (F)
k=5 3.92 (F) 1.05 (F) 353 (F)
k=6 6.52RF)E1.64 (F) . 2.02J?i



The critical value is at 0.25 level of significance.
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suggesting that they conform to normal distribution (Table 5.6). Consistent with

the multivariate case, the last two models show least deviation from the

assumption underlying the cointegration analysis in terms of skewness and excess

kurtosis, although autocorrelation is not rejected in the model with seven lags.

Strong ARCH effect appears only in Canadian wheat price in the model of three

lags. There is also ARCH effect of order six. However, the effect is relatively

small, comparing to the model of three lags. The 2 test fails to reject the null

hypothesis of no ARCH effect in Canada at the 25% significance level.

Altogether, there are only two models which give normality of the

residuals, the model of six and seven lags. The model of seven lags is clearly

subject to autocorrelation, while there is no autocorrelation in model of six lags

with a minimal sign of heteroskedasticity and, therefore, six lags should be

selected for the wheat data.

Table 5.6: Wheat Univariate Test Statistics for Residual Analysis
Lag Skewness Kurtosis

length US Arg Can Aus md US Arg Can Aus lnd
k=2 -0.16 -0.19 -0.43 -0.71 0.09 4.87 3.73 3.89 4.07 4.97
k=3 0.03 -0.10 -0.58 -0.28 -0.18 3.38 2.71 4.32 3.30 5.14

k-4 0.11 -0.25 -0.59 -0.19 0.00 3.56 2.59 2.99 2.83 4.55
k=5 0.24 -0.26 -0.13 0.07 0.05 4.48 2.54 2.68 2.68 3.18
k=6 0.61 -0.07 -0.09 0.17 0.04 3.72 3.13 2.34 2.50 2.31

k=7 0.66 -0.41 0.31 0.28 -0.39 3.21 3.28 2.78 2.71 2.83

Lag ARCH(k)
length US Argentina Canada Australia India

k=2 5.39 (F) 0.14 (F) 0.17 (F) 1.48 (F) 0.86 (F) 5.99
k=3 0.83 (F) 1.45 (F) 28.24 (R) 0.04 (F) 2.201 (F) 7.81

k=4 0.23 (F) 0.47 (F) 0.68 (F) 0.46 (F) 2.472 (F) 9.49
k=5 2.52 (F) 0.27 (F) 0.62 (F) 1.78 (F) 5.172 (F) 11.07

k-6 2.98 (F) 6.46 (F) 12.61 (F)* 1.54 (F) 3.872 (F) 14.45*

k=7 3.73 (F) 1.08 (F) 4.24 (F) 4.33 (F) 5.245 (F) 14.07
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To conclude, statistical evidence reveals that the model with six lags

should be used for the cointegration analysis of rice and wheat price, since (i) the

ECM does not exhibit explosive process, (ii) additional lag variables are

significant, and (iii) six lags are required to obtain normally distributed residuals

with no autocorrelation and heteroskedasticity.

5.2.2 Determination of Cointegration Ranks

The identified lag lengths allow two specifications of ECM for determining the

cointegrating rank. For the model of case I (with a linear trend), regression (3.15c)

is estimated. The trace tests (Atrnce) and maximum eigenvalue tests (2) from

equation (3.13) and (3.14), respectively, are carried out based on the solutions to

the eigenvalue equation (3.11). The eigenvalue equation consists of matrices of

residual products (3.10) which are calculated using equation (3.9) for the ECM in

(3.8*). The same procedures are applied for the model of case II (without a linear

trend), except that the regression (3.15d) is now estimated and the matrices of

residual products are based on two modified residuals
(39*)

The four test

statistics ( race' 2max ' 2tace and 2), have different asymptotic distributions and,

therefore, they correspond to different sets of critical values. Table 5.7 describes

the results for the rice and wheat model.
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Table 5.7: Trace tests and Maximum Eigenvalue Tests for Alternative
Cointegration Specifications, with and without Linear Trend in Level Data
(Case I and II)

The trace test and maximum eigenvalue test show consistency in terms of

identifying cointegrating ranks in both case I and II. In the rice model, both

2irace and 2m statistics reject the null hypothesis of zero cointegrating rank at 95%

level of confidence. However, these two test statistics have different implications.

The former implies that the hypothesis of zero cointegrating rank is insignificant

relative to the alternative of four (full) cointegrating ranks, while the later implies

insignificance of the null hypothesis against the alternative of one cointegrating

rank. In most studies, the first failure to reject the null hypothesis by the trace test,

given described testing order, is sufficient for the conclusion of that hypothesis

(Goodwin, 1992a, 1992b; Brester and Goodwin, 1993; Mohanty, Peterson, and

Smith, 1996; Taylor, Bessler, Wailer, and Rister, 1996; Ismet, Barkely, and

Lleweiyn, 1998; Bierlen, Wailes, and Cramer, 1998; Dawson and Key, 2001).

Hence the conclusion on rice model is that prices are cointegrated at one

cointegrating rank. Similarly for the wheat model, the first failure to reject the null

Case I (linear trend in level) H2/1 Case II (no linear trend in level) H*212
A trace Atrace Amax Amax A*trace A*trace A*max A*max

tto test (0.95) test (0.95) test (0.95) test (0.95)

The rice data (T- k = 59 observation)
r=O 58.66 47.18 (R) 44.01 27.17 (R) 76.34 53.35 (R) 48.26 28.17 (R)
r1 14.66 29.51 (F) 10.49 20.78 (F) 28.08 35.07 (F) 18.70 21.89 (F)
r2 4.17 15.20 (F) 3.88 14.04 (F) 9.38 20.17 (F) 8.39 1575 (F)
r<_3 0.29 3,96 (F) 0.29 3.96 (F) 1.00 9,09 (F) 1.00 9.09 (F)

The wheat data (T - k 65 observation)

n-O 106.05 68.91 (R) 52.20 33.18 (R) 124.35 75.33 (R) 54.89 34.40 (R)
r1 53.85 47.18 (R) 36.04 27.17 (R) 69.46 53.35 (R) 36.46 28.17 (R)
r2 17.80 29.51 (F) 10.61 20,78 (F) 32.99 35.07 (F) 22.97 21.89 (R)

7.19 15.20 (F) 4.85 14.04 (F) 10.03 20,17 (F) 7,61 15.75 (F)
r4 2.34 3.96 (F) 2,34 3.96 (F) 2,41 9.09 (F) 2.41 9.09 (F)

'The critical values of Ax and A are taken from Johansen (1995, Table 15.3)

2The critical values of and A are taken from Johansen (1995, Table 15.2)
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hypothesis is at r0 = 2. Thus, the conclusion is that wheat prices are cointegrated at

two cointegrating ranks. (p -

Cointegrating rank (r0) is the number of cointegrating vectors which are

the stationary linear combinations of the level data. Coefficients of cointegrating

vectors define errors. Since these errors are verified to be stationary, they can be

interpreted, in economic sense, as equilibrium error and cointegrating vectors are

referred to as long-run relationships. The p-dimensional matrix U can be

described by two types of linear combination, stationary and non-stationary type.

The cointegrating rank indicates the number of stationary combinations (i). Since

non-stationary combinations are trending, they are called common trends (p - it).

The common trends can be interpreted as a force underlying co-movement of

prices which brings data back to the equilibrium.

Studies of market integration commonly agree that a perfect market

integration (strong LOP) system should contain only one common trend and p 1

long-run relationship for all possible pairs of prices.34 However, this might not be

the case for partially integrated markets. Taylor et al., (1996) found two

cointegrating vectors among U.S. cash and future rough rice prices, and Thai

milled rice price. Goodwin (1992a) found only one cointegrating vector in

international wheat markets which included the U.S., Canada, Australia, EU, and

Japan.

The reason is that p-i cointegrating vectors provide stronger support for the concept of a single
price. "A single cointegrating vector implies that any single price can be solved for, in terms of the
other p-I prices. Thus, if only single price is a fully representative of the set of p prices, then one
would expect to find p-i cointegrating vectors" (Goodwins, 1992b).



21n[Q;H(r = 1) H2(r = 1)] Tln

21n[Q;H(r = 2) H2(r 2)] Tln (1

[(1-2,)
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5.2.3 Presence/Absence of a Linear Trend

Whether the model specification in case I or case II is valid remains to be verified.

The LR test statistics (3.16), distributed as 2 with three degree of freedom for

both rice and wheat model, are computed. For rice data, the test statistic,

corresponding to the hypothesis of H; (r 1) against II2 (r 1), is given by:

= 28.08-14.66 = 13.42

which rejects the null hypothesis (case II) at 5% significance level

(%(23,Ø95) = 7.81). For wheat data, the test hypothesis for H(r 2) against

ff (r 2) is calculated as:

= 33-17.8 = 15.19,

which, again, reject the null hypothesis of case II specification at 5% significance

level.

Case I is selected for rice and wheat model, since there is an evidence of a

linear trend in level data. The linear trend in level is an intercept term in the ECM.

This intercept is often included to account for transfer costs and quality differences

(Dawson, 2002).
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5.2.4 Cointegrating Vectors and Adjustment Parameters

The unrestricted (OLS) estimation of the ECM for the rice data, section (3.3.1.1),

yields:

The estimated coefficients of centered seasonal dummies are reported in Appendix

3, Table A.3.1. Equation (5.1) corresponds to the ECM model (3.8*) at the th

observation.

The choice on lag length and the presence of intercept term is based on test

results in section 5.2.1 and 5.2.3. Note that the H matrix is calculated from the

unrestricted estimation of the ECM, using equation (3.9) and (3.10). The estimated

system of ECM (5.1) can be interpreted as a dynamic movement of the current

changes explained by drift parameters, their own past changes, and the error

correction terms. However, the association of level variables in the fl01 can be

spurious since the unit root tests identified them as 1(1).
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Notice that the OLS' the matrix of full rank, now can be written as a

multiplication of '2MLE and WMLE.

-0.155 -0.155 0.189 0.127

0.069 0.121 -0.131 -0.078

0.468 1.245 -1.355 -0.425

-0.27 0.457 -0.249 0.02

11OLS

The eigenvectors and weights ( = S i2) leads to the ft and a matrix, respectively.
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In the case of cointegration or the restricted case (short rank H), the H

matrix is estimated as a product of two matrices (H = a1lY). For this, the

eigenvalue problem in (3.11) is solved. The resulting eigenvalues and eigenvectors

are presented along with the weights in Table 5.8 for the rice model. The

cointegration rank and the information in table 5.8 permit the calculation of the

maximum likelihood estimation of fi and a.

Table 5.8: Eigenvalues, Eigenvectors, and Weights for Rice Model

Eigenvalues, A
(0.526 0.163 0.064

Eigenvectors,

o.00s) (1, = 1)

Weights, W'
'-31.92" -12.87 3.42 14.87 " 0.005" 0.000 0.003 -0.001

-49.56 80.49 8.54 -44.14 -0.003 -0.003 -0.002 -0.001

60.35 -64.93 -16.93 36.81 -0.017 -0.004 0.000 -0.001

\23.161) -7.336 6.141 2.725 0.005,, 0.009 -0.002 0.000

"0.005" 0.000 0.003 -o.001(-31.92 -49.56 60.35 23.16)

-0.003 -0.001 -0.002 -0.001 -12.87 80.49 -64.93 -7.34
= WEVE.

-0.017 0.004 0.000 -0.001 3.42 8.54 -16.93 6.14

0.005,, 0.009 -0.002 0.000 14.87 -44.14 36.81 2.73
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Since the trace and maximum eigenvalue test identifies only one

cointegrating vector, the maximum likelihood estimator of fi and a are those in

the likelihood of theparentheses (where = 1). Hence, the maximum H,

where the t-statistics are listed in parenthesis under the respective elements in

MLE matrix. The significance of the parameters in is indicated by an

asterisk. Note that the parameters corresponding to the first and second equation

are insignificant at 95% level of confidence with T -[1 + p(k -1) + p + v} = 59 -

[1+ 4(5) + 4 + 11] = 23 degrees of freedom.

For the wheat data, the system of ECM at the tth observation, estimated by

MLE =

of short rank, is given by:

0.005

-0.003

-0.017

0.005

[-31.92 -49.56 60.35 23.16]=

-0.24 0.29 0.11

(-1.47) (1.47) (1.47)
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0.84
(4.91)

*
-0.23
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(-1.01)

*
-1.02
(-4.91)
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(2.26)
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0.39*

(-4.91)

0.11*
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0.15*

(-2.26)
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OLS is given by:

4.49

4.49

2.13

3.81

4.99

-1.39 0.30 -0.24 0.94 -0.03 AP,

-1.25 0.57 -0.36 0.85 -0.32 AP

-0.74 0.25 -0.03 0.23 -0.01 AP

-1.03 0.29 -0.22 0.71 -0.19 AP

-1.50 -0.09 0.46 1.55 0.06 AR
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Again, the estimated coefficients of centered seasonal dummies are reported in

Appendix 3, Table A.3.2. According to the trace test, the number of

cointegrating vectors is identified to be , = 2. The decomposition of QLS

described in the Table 5.9.

Table 5.9: Eigenvalues, Eigenvectors, and Weights for Wheat Model

-1.67 0.44 0.36 0.47 0.02 - -0.15 0.11 -0.10 -0.08 -0.01

-2.05 0.62 -0.35 1.09 -0.13 -0.28 0.10 0.36 -0.31 -0.13 L\Jr

+ -0.63 0.22 0.14 0.09 0.05 + 0.01 0.03 0.23 -0.22 -0.05

-1.08 0.22 0.42 0.39 0.09 -0.14 0.09 0.10 -0.15 -0.02

-1.95 -0.32 0.32 1.49 0.08 -1.19 0.01 0.31 0.71 0.09 AP3

-0.11 0.03 0.15 -0.16 -0.19 0.37 0.43 -0.86 -0.21 -0.37 AP

-0.26 0.43 0.05 -0.46 -0.42 0.26 0.43 -0.86 -0.38 -0.54

+ 0.10 0.13 -0.25 -0.12 -0.28 + 0.15 0.14 -0.27 -0.08 -0.27

-0.02 0.03 -0.10 -0.02 -0.23 AF4 0.06 0.31 -0.50 -0.15 -0.12

-1.34 0.37 0.48 0.37 0.42 -0.13 -0.37 -0.03 0.04

1.55 0.12 -0.88 -1.61 0.04 P2j-1

2.00 -0.45 -1.01 -1.50 0.18

+ 0.97

1.50

-0.07

0.06

-0.64

-0.68

-0.77

-1.57

0.14

0.02

P211

i-i

+e, (5.3)

0.94 0.56 -0.53 -1.53 -0.35 _2.t-I -

Eigenvalues, A2
(0.552 0.426 0.151 0.072

Eigen vectors, v.2.

0.035) (i =2)

Weights, WL

''-55.05 -100.18" 71.35 42.87 9.91 '-O.Oil -0.010" 0.000 -0.001 0.002

20.48 -29.71 33.79 -17.53 5.17 -0.024 -0.010 -0.007 0.003 0.000

35.54 52.20 -52.61 18.14 25.48 -0.010 -0.002 0.003 0.000 0.000

26.32 130.70 -90.29 -39.07 -37.55 -0.009 -0.008 0.001 0.002 0.003

\45.08 13.43 4.03 -7.00 2.97 \0.008 -0.016)-0.003 -0.001 -0.003
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The maximum likelihood estimators of fi and a are the first two columns

of VMLE and WE matrix, denoted as parentheses in Table 5.9. Thus MLE - a/3 is

given by:

The t-statistics indicate that the parameters of Argentina and India are

insignificant at 5% level of confidence with T-[l+p(k--1)+p+v}= 65 - [1 +

5(5) + 5 + 11] = 23 degrees of freedom, corresponding to the US and Australia

equation (the first and forth row). In Argentina equation, its own past level is

insignificant.

The insignificant parameters in matrices for both rice and wheat

model [equation (5.2) and (5.4)] imply that some of the coefficients in fi and a

vectors might be statistically indifferent from zero. The structural hypothesis test

on fi and a serves to identify these insignificant parameters. Moreover, fi and a

0.08
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are subject to proportionality and other restrictions to refine the estimation of the

final ECM.

5.3 Structural Hypothesis Tests

Further evidence of the spatial market linkage requires exact identification of the

cointegrating vectors, /3, and the adjustment parameters, a. This identification

can be expressed in terms of linear restrictions on both parameters. Each parameter

of the cointegrating vectors for rice and wheat model is subject to exclusion

restrictions, which test the relevance of a price series in the spatial price linkage.

All possible pairs of rice and wheat prices are tested for proportionality (the long-

run equalization of prices). The test for weak exogeneity is carried out on each

adjustment parameter (a).

5.3.1 The Rice Model

For convenience, the cointegrating vector and adjustment parameters are

normalized by the coefficient of one of the variables. The coefficient on U.S. price

is arbitrarily chosen for normalization. The /32 and a2 are normalized such that

/3normalized
2. / and rmal,zed /a2. Thus the estimated remains fixed

and is rewritten as:

2.
1134LE

f3a
1è121 a22,

1â2.

/ a421

2. 2. ,2.
P21 P31 P41

2. 2. 2.
Pu Pu Pu

-0.15

0.09

0.54

-0.15

{l.00 1.55 -1.89 -0.73]
p2.

PH
p2.



Critical value of at 5% level of significance is 3.84

The LR test statistics, distributed as 2with r(p -s) 1(4 -3) degree of

freedom, is from equation (3.21). Since i = 1, the test statistics depends only on

the first eigenvalue which corresponds to the first cointegrating vector. Thus,

LR = T1n((1_A1)/(1_,2))= (-Tln(1-Al2))-(-Tli(1-A131)). All the null

hypothesis of zero coefficient for all /3 's in the cointegrating vector are rejected,

indicating that each of the rice prices (U.S., Thailand, Vietnam, and India) is

relevant in the long-run relationship. These major exporters and producers
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The exclusion restriction on fl2 correspond to the null hypothesis of

H31 U31 = a31fl31, where fl = H. The restriction matrix, H, is constructed

similar to the example (3.22), based on the test restriction H31 : = 0,(i = 1,..., 4).

The eigenvalue 2, where i 1,..., s 3, are the solutions to the eigenvalue

equation (3.19). Results are presented in Table 5.10.

Table 5.10: the Eigenvalues and Test Statistics for Exclusion
Restriction on /1 in the Rice Model

Eigenvalues -TIn(1 A") LR

053 0.16 0.06 0.005 44.01 10.49 3.88 0.29
H :f30 0.23 0.08 0.05 15.53 4.61 3.16 28.48 (R)
H : /3 =0 0.44 0.07 0.04 34.06 3.99 2.26 9.95 (R)

H /3 = 0 0.38 0.07 0.03 27.83 4.41 1.95 16.18 (R)
H,, /3,, =0 0.20 0.08 001 13.36 5.21 0.50 30.64 (R)



Note that the steady-state equilibrium implies neither spatial equilibrium nor market efficiency.
The implication is that the steady-state equilibrium is a stable relationship and prices are forced to
conform to the steady-state equilibrium in the long run.
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simultaneously determine whether the international rice markets are in the steady-

state equilibrium.36

Non-excludability ensures co-movement of prices among these countries,

which is consistent with the weak LOP, since the price changes in one market will

be transmitted to the other market through the relationship depicted by j9.

However, strong LOP remains to be tested. Previous studies by Taylor, Bessler,

and Rister (1996) and Bierlen, Wailes, and Cramer (1998), identified that during

1987 to 1995, U.s and Thai rice price part of a long-run relationship. In addition,

Taylor, Bessler, and Rister (1996) also found unit proportionality between the U.S.

and Thai prices. During the post-URAA period when international rice prices

have declined, the current study indicates that such co-movement still exists in

international rice markets. The co-movements apply not only to U.S. and Thai

prices, but also to those of Vietnam and India, the new major exporters in the last

decade.

Geographical proximity between Thailand and Vietnam leads to the

question regarding whether there is full price transmission between the two

regions. Figure 5.1 may also suggest possibility of unit proportionality between

this pair during the post-URAA era. Pair-wise proportionality restriction is also

hypothesized for the Vietnam-Thailand and the U.S.-Thailand pair. Similar to the

example (3.23), the test is conducted based on the null hypothesis of

H32 :--fl = 0 and /J + fl32 0 against the alternative hypothesis H2.



Eigenvalues -T!n(1 - LR

H 0.53 0.16 0.06 0.005 44.01 10.49 3.88 0.29

I-I : f3 + 13 = 0 0.32 0.07 0.02 22.78 4.07 133 21.23 (R)

H : f3 + f3 = 0 0.43 0.09 0.02 33.21 5.45 1.19 10.79 (R)

Critical value of at 0.05 level of confidence is 3.84

The two test statistics reject the null hypothesis of proportionality at 5%

significance level. Although perfect arbitrage condition seems to be likely between

Thailand and Vietnam, it is not valid statistically. There was evidence of Thailand-

U.S. unit proportional movement during the pre-URAA. Such movement does not

appear to be the case during post-URAA. Hence, there exists only partial price

transmissions among the four markets and, strong LOP does not hold.37

Note that the adjustment parameter of Thai price is 0.09. Thus, it is

expected to be indifferent from zero. Those of the U.S. and India are the same at

0.15 and might be weakly exogeneous as well. To further investigate the rice price

formation, a zero restriction on a2 or the weak exogeneity test is performed. The

adjustment parameters are restricted by H41 : U = a31/331', where a3' = Aig. The

restriction matrix, A, is specified similar to the example (3.29), corresponding to

the null hypothesis of H41 a12 = 0, where i = 1,..., 4. Eigenvalues,

A141,A.241,A',and 2' = 0, in Table 5.12 are based on the eigenvalue equation

(3.22).

possible pairs of prices are also tested for proportionality. None of the pairs exhibits
proportionality. The results are reported in Appendix A.4.
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Table 5.11: the Eigenvalues and Test Statistics for Proportionality
Restrictions



41.Elgenvalues -TIn(1 - A, ) LR

H 0.53 0.16 0.06 0.005 44.01 10.49 3.88 0.29

H,, : a,, = 0 0.49 0.16 0.02 0.00 39.36 10.47 1.35 4.65 (F)*

H a = 0 0.52 0.16 0.05 0.00 43.02 10.44 3.12 0.99 (F)

H, a,, = 0 0.35 0.12 0.06 0.00 25.35 7.57 3.84 18.66 (R)
H : a = 0 0.51 0.08 0.01 0.00 42.24 5.01 0.30 1.77 (F)

Critical values of ', at 0.05 and 0.01 level of confidence are 3.84, 6.63

The LR test statistics, calculated from equation (3.28), is distributed as

with r(p - m) = 1(4 -3) = 1 degree of freedom. The statistics strongly suggest

failing to reject the null hypothesis of weak exogeneity of Thai price at 5%

significance level. Indian adjustment coefficient is also found to be insignificant at

5% significance level. However, P-value of the test statistic for U.S. price is 0.03.

As type I error is reduced to 0.01, the weak exogeneity hypothesis for the U.S.

price is also failed to reject. Thus, joint hypothesis testing is performed to clarify

this ambiguity. The test statistics of the joint hypotheses of H42 a,21 = a = 0,

where i, J = 1,..., 4, is 2 distributed with 1(4 - 2) = 2 degrees of freedom. The

eigenvalues, A41,224,and 2341 = 2 = 0, and the results are listed in Table 5.13.

Table 5.13: Tests for joint restrictions on a
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Table 5.12: the Eigenvalues and Test Statistics for Weak exogeneity in the
Rice Model

Critical values of at 0.05 and 0.01 level of confidence are 5.99, 9.21.

Elgenvalues -TIn(1 - A?2) LR

H 0.53 0.16 0.06 0.005 44.01 10.49 3.88 0.29

H,, :a,, =a,,0 0.50 0.07 0.00 0.00 41.16 4.14 2.84 (F)

H,, : a,, = a, 0 0.27 0.11 0.00 0.00 18.70 6.71 25.30 (R)

H,, :a,,=a,, =0 0.46 0.03 0.00 0.00 36.31 1.66 7.70 (R)

H,, :a,, =a,, =0 0.32 0.10 0.00 0.00 23.08 5.90 20.93 (R)
H,,:a,,=a,,0 0.47 0.16 0.00 0.00 37.99 10.42 6.02 (R)

H,, a,, = a,, = 0 0.29 0.07 0.00 0.00 19.95 4.51 24.06 (R)
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Only the joint restriction on Thai and U.S. price is not rejected at 0.05

significance level (p-value = 0.24). On the other hand, Thai and Indian prices'

joint weak exogeneity at the same significance level (p-value 0.046) is rejected.

In fact, weak exogeneity of Thai and U.S. price is consistent with the t-statistics of

the maximum likelihood estimator of (5.2), where all coefficients of level

variables are insignificant in the U.S. and Thailand equation. Moreover, by

conditioning Thai price to be weakly exogeneous, the test statistics, corresponding

to the null hypothesis of H43 :a,1 =0, givena21 =0, where i=1,...,4and i2,

against the alternative of H41 : a21 = 0, are derived as:

2In[Q;H43(a11=0a21=0)lH41]=43.O2-4l.16=l.85

21n{Q;H43(a31 =01a21 =0)H41J_-43.02-23.08=l9.94

21n{Q;H43(a41 = 0 a21 = 0) H41] = 43.02-37.99 = 5.04,

where = 3.84. The weak exogeneity test on an additional variable, given that

Thai price is weakly exogeneous, clearly suggests that U.S. adjustment coefficient

is also indifferent from zero. Thus, both U.S. and Thai prices are concluded to be

jointly weakly exogeneous.

Finally, the last step is to repeat the exclusion and proportionality tests on

the coefficients of cointe grating vector, given the restricted adjustment parameters.

None of the results reported before have changed from retesting those hypotheses.

The test results are reported in Appendix A.5, Table A.5. 1.
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5.3.2 The Wheat Model

Similar test procedures are applied to the cointegrating vectors and adjustment

parameters of wheat price. Again, the coefficients of U.S. wheat, fl and /3122 are

For zero restrictions on cointegrating vectors, the null hypotheses test of

H31 : = / = 0, for i = 1,..., 5, against H2, are performed. Note also that the LR

test statistics are distributed as 2 with 2(5-4) degrees of freedom and depend on

the first two eigenvalues.

According to the Table 5.14, all hypotheses of exclusion restrictions are

rejected at 5% significance level. Thus, wheat prices of the major exporters and

producers in this study enter the long-run relationship. Although, Indian price's

unit root test was inconclusive, i.e., whether it is an 1(1) process or not, it has been

statistically verified that its price is cointegrated with the other wheat prices (see

chosen for normalization.

ja2
a2

2. and a2 are rewritten as:

2. / 2. 2. / 2. 2. / 2.

2. p2. 2.
8/I fl21//1 11 /341//311

'1IVILE - j1 P12 a32
2. I 2. 2. I 2. 2. / 2. fl/fl

Ja421 jâ422 /12/P12 /322//312 /3321/312

=

0.58

1.31

0.57

0.49

-0.44

1.00

1.04

0.21

0.80

1.64

1.00

1.00

-0.37

0.30

-0.66

-0.52

-0.48

-1.30

0.27

-0.13



Critical values of at 0.05 and 0.01 level of confidence are 5.99, 9.21.

Based on Figure 5.2, U.S., Canadian, and Australian prices are

hypothesized to be proportionate to one another. The proportionality tests for the

three major exporters are applied with the null hypothesis of 1132 /3 + = 0,

H3-, :fl,+fl. =0, and 113, :fl32+/. =0, where j=1,2. The test statistics,

distributed as 2 with 2 degrees of freedom, are shown in Table 5.15.

Thus, it follows that Indian price is 1(1).
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section 5.1).38 The conclusion is that a co-movement of prices in the wheat

markets exists similar to that in the case of rice. This conclusion is consistent with

the study of Goodwin (1992a, 1992b) and Mohanty, Peterson, and Smith (1996).

However, both previous studies found only one cointegrating vector, whereas there

are two in this wheat model. In particular, the number of cointegrating vector does

not necessarily imply that markets are better integrated. Nevertheless,

incorporating additional developing countries such as Argentina and India clearly

introduce further information to the analysis.

Table 5.14: the Eigenvalues and Test Statistics for Exclusion
Restriction on fi in the Wheat Model

Eigenvalues -T!n(1 LR

H 0.55 0.43 0.15 0.07 0.04 52.20 36.04 10.61 4.85 2.34

H: = 0 0.53 0.24 0.09 0.04 48.56 18.23 5.97 2.39 21.45 (R)

H: = 0 0.52 0.30 0.09 0.04 47.74 23.50 5.89 2.42 17.01 (R)

H: = 0 0.52 0.29 0.08 0.05 47.43 21.91 5.49 3.21 18.90 (R)

H:J3 =0 0.55 0.25 0.08 0.04 51.60 18.56 5.61 2.89 18.08 (R)

H :/3 =0 0.48 0.17 0.11 0.04 42.93 12.28 7.45 2.58 33.04 (R)



Eigenvalues -T!n(1 - A'2') LR

H 0.55 0.43 0.15 0.07 0.04 52.20 36.04 10.61 4.85 2.34

H : /3 + /3 = 0 0.54 0.31 0.14 0.04 50.63 24.48 10.12 2.93 13.13 (R)

H : /3 + /3 = 0 0.50 0.24 0.10 0.07 44.88 17.99 6.97 4.77 25.37 (R)
H /3 + /3 = 0 0.54 0.25 0.07 0.04 50.56 18.84 4.93 2.38 18.85 (R)

Critical values of ," at 0.05 and 0.01 level of confidence are 5.99, 9.21

Again, proportionality restrictions of the three pairs are rejected at 0.05

significance level. Although co-movement of wheat prices is confirmed, none of

the pairs show unit proportional movement.39

To statistically verify whether adjustment parameters for wheat prices are

different from zero, the zero restriction matrices, A, are constructed with the null

hypothesis of H41 = = 0 for i = 1,..., 5. The test statistics is distributed as

2 with 2 degree of freedom.

Table 5.16: The Eigenvalues and Test Statistics for Weak exogeneity in
the Wheat Model

H 0.55 0.43 0.15 0.07 0.04 52.20 36.04 10.61 4.85 2.34

H : a = 0 0.50 0.21 0.14 0.07 0.00 45.16 15.63 9,84 4.37

H : a = 0 0.46 0.27 0.09 0.04 0.00 40.25 20.51 6.08 2.38

H : a = 0 0.44 0.27 0.07 0.05 0.00 37.19 20.13 4.85 3.02
H,, : a,, = 0 0.51 0.32 0,15 0.06 0.00 46.74 25.14 10.46 4.14
H, : a,, = 0 0.54 0.23 0.13 0.07 0.00 50.34 17.41 9.21 4.71

Critical values of
2

at 0.05 and 0.01 level of confidence are 5.99, 9,21

The test statistics indicate rejection of the null hypothesis of weak

exogeneity restriction on every wheat price at 5% significance level. Thus, wheat

prices are found to be simultaneously determined by their relative levels; that is,

none of the wheat prices in this study is exogeneously determined.

Every possible pair is also tested for proportionality. The results are reported in Appendix A.4.
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Table 5.15: The Eigenvalues and Test Statistics for Proportionality
Restriction of U.S., Canadian, and Australian Wheat price

27.45 (R)
27.48 (R)
30.93 (R)
16.37 (R)
20.49 (R)

Eigenvalues -TIn(1 - LR
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Unlike the case of rice, the international linkage in wheat markets is

described by two cointegrating vectors, which span the cointegration space. The

tests above are, in fact, joint tests for coefficients in both cointegrating vectors.

Thus, failing to reject a null hypothesis would have implied that the two vectors

contain the same information. Since all the null hypotheses are rejected, it might

be the case when each of these two cointegrating vectors represents a distinct

relation in cointegration space. To identify these relations, one needs to formulate

restrictions for each of the cointegrating vectors. Consider the two matrices:

where H1 and H2 are restriction matrices for the first and second cointegrating

vector, respectively. The first cointegrating relation is restricted by (i) U.S.-Canada

proportionality and (ii) zero restriction on Australian price. The second

cointegrating relation is restricted by (iii) exclusion of Argentinean price, (iv)

exclusion of Indian price, and (v) proportionality of the U.S. and Australia,

whereas Canadian price is unrestricted. These linear restrictions are expressed in

terms of H6 : = a6fl6, where fl6 = (H1ço1, H22) and q and 2 are floating

parameters corresponding to each cointegrating vector. The test procedure is

described extensively in Appendix A.6. The null hypothesis can be written as

IJ=

1

1
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(5.4)



j6 .,u; +fl3 =0, =0, fll +1842 =0, andfi22 =1842=0. The LR test statistic,

distributed as ,%2 with 3 degree of freedom, is given as;

21n(Q;H6 1H2)=86.24-81.62=4.62,

suggesting a failure to reject the null hypothesis at 5% significance level.

Finally, the weak exogeneity test is repeated given the restrictions on each

cointegrating vector. The results are reported in Appendix A.5, Table A.5.2. None

of the previous results has changed, after imposing these restrictions.

5.4 Final long-run equilibrium relationship and its implication

Since some of the adjustment parameters are restricted to be indifferent from zero,

the rice model is re-estimated. By imposing weak exogeneity condition on U.S.

and Thai rice price, the estimated coefficient of error correction term, MLE for rice

ECM model becomes:
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Comparing to the estimated coefficients (5.2), all insignificant parameters

have been removed. The short-run parameters are reported in Appendix A.7, based

on the conditional model (3.27). Overall estimation of the rest of the system seem

to be better behaved statistically with regard the t-statistics of parameter estimates

(Johansen, I 992a).
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On the other hand, cointegrating coefficients of wheat model are

constrained by restrictions on each cointegrating vector. The final long-run

equilibrium relationship for wheat prices can be written as:

Given this long-run equilibrium relationship, past level of Argentinean

wheat price is no longer insignificant to its current change. Unlike the estimated

coefficients (5.4), each of cointegrating vectors now contains its own interpretation

and implication.

5.4.1 The Rice Model

The cointegrating vector JI3 defines the equilibrium error in rice market for time I

in terms of past values of individual price level as:

'us.t-1 '611huI -1.961 -0.71J, = (5.7)

This linear combination exhibits stationary property.. The system is temporarily in

disequilibrium whenever > 0 , meaning arbitrage profits exist. In the long run,

common trends will force ê. to be zero, exhausting arbitrage profits, while the

system will be restored back to equilibrium. The coefficients can be interpreted as
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influences on the steady-state equilibrium in the integrated market, while the signs

of the coefficients indicate direction of disequilibrium.

According to this notion, price in India, the smallest exporter, appears to

have relatively minimal influence (-0.71) over equilibrium error in international

rice markets. If Indian price increases by 1 unit, given that markets are in

equilibrium condition and other prices remain fixed, negative disequilibrium in the

next period will occur by 0.71 units. Interestingly, although Thailand is the biggest

rice exporter, changes in its price do not generate large deviation from equilibrium

as much as Vietnam, which has the most negative influence. The U.S. price effect

on equilibrium is the third largest.

Now, consider the parameters of the a vector. The adjustment parameter

can be interpreted as speed of adjustment toward equilibrium condition (5.7). For

example, Indian adjustment coefficient means that Indian price will decrease 21

percent of the disequilibrium value, in response to any exogeneous changes in

prices of all four countries. In contrast, U.S. and Thai prices are weakly

exogeneous. That is, they do not respond to an equilibrium error and, therefore,

can be interpreted as price-leaders. Hellwinckel and Ugarte (2003) claimed that the

U.S. plays price-leadership role in international rice, cotton, and corn markets.

With oligopolistic market structure, the U.S. was determined to be "residual

supplier," making up import demand not met by smaller exporters, i.e., world

import demand was found to be a significant variable in explaining U.S. export

volume (McCalla, 1966; Alaouze et. al, 1987; Bredahl and Green, 1983; Mitchell

and Duncan, 1987).
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Besides the market integration study by Petzel and Monke (1979), which

identified Thailand's price leadership, Barker and Herdt (1985) also found that "...

Thai government has controlled, either indirectly or directly, the volume of rice to

be traded on the basis of adequacy of domestic production and supplies, and has

tended to be unresponsive to changes in world price. As a consequence a major

portion of price instability has been shifted to the world market." Moreover, a long

run elasticity of demand for Thai rice was identified to be well below -2.0 (Wan

and Wollmer, 1997). This indicates that Thailand has a certain degree of market

power and the assumption that Thailand is a "small country" with infinitely elastic

export demand may be incorrect.

The highest adjustment coefficient is identified for Vietnamese price

(â = 0.53) implying that Vietnam heavily bears the burden of the adjustment

process in the partially integrated markets. Vietnamese price is subject to

instability due to the fact that it will respond the most to any shock to the system.

Vietnam has engaged in economic transition since 1986-1987. The process

is aimed at restructuring to a market-oriented economy. As marketing systems are

reformed, its internal prices are expected to be less volatile. The reform has been

successful in transforming the country from a rice net importer to a major exporter.

However, the result from this study suggests that the Vietnamese rice price can

still be very unstable due to external factors, especially when international prices

are moving together. Higher rice price would hurt some Vietnamese households,

while 'ower price would have adverse effect on rice producers.
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Furthermore, different degrees of influence over disequilibrium magnitude

(fly) also imply that the level of rice prices will be different even when the long

run relationship holds. The coefficients do not show unit proportionality between

any pair of prices, indicating that, although their co-movements play considerable

role in determination of a country's rice price, the prices will not necessarily be

forced to equalize in the long run. Thus, market integration may exist regarding the

fact that international prices move together. However, any change in one price will

be only partially transmitted to another. The key finding here is that the strong

LOP does not hold in the markets of the U.S.. Thailand, Vietnam, and India.

Although, the purpose of URAA round is to better integrate international markets,

full price transmission has not occurred among these countries.

If unit proportionality, say, between the U.S. and Vietnam exists, domestic

policy aiming to support U.S. rice producers by fixing price at higher level

relatively to the others will be only temporary, since in the long run, Vietnamese

price will rise and equalize to U.S. price, due to the perfect arbitrage condition.

However, in partial integrated markets, Vietnamese price adjustment in response

to the U.S. might not be favorable; the adjustment could widen the gap between

prices in developed and developing countries (this circumstance is depicted by the

following example).

To better understand the process and direction of adjustments regarding

previous notion, simulations of the co-movements are illustrated in Table 5.17.

The data in logarithmic terms in the period of Dec, 2002 are selected for initial

point of time at T-2, since the cointe grating vector, fl, indicates that linear
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combination of prices yields zero equilibrium error. The magnitude of

disequilibrium at T- 1 can be derived based on the relationship (5.7) with the level

of prices at T-2 and onward. It seems appropriate to introduce exogeneous change

in price of the U.S. or Thailand, since they are exogeneously determined.

Thus, assume that U.S. domestic policy aims to increase its price by 20

percent. With its full control over price, 20 percent increase at period T forces

markets to be in disequilibrium for the subsequent period. At T+1, an error,

appear in a magnitude of (O.2JST)xJ3i1 = (0.2x5.47)xl = 1.094. While Thai price

remains unchanged, the equilibrium error determines how much Vietnamese and

Indian price changes through their adjustment coefficients. At the same period,

Vietnamese price increases by a31s+1 1.09 x 0.53 = 0.58 and Indian price

decreases by 0.23 (á4IêT+11.09x(-0.21)

-0.23. Deviation from equilibrium will be gradually reduced, as these adjustments

are made toward equilibrium, until it converges to zero. At T+4, the equilibrium is

restored and prices are no longer change. These are the dynamic long-run co-

movements that separate the long run and the short run from "total" movements.

Note also that prices are not equalized at the end of the adjustment process.

Table 5.17: Rice Price Co-Movements When U.S. Price Increases
Levels F error Changes ã1,ê

t U.S. Thailand Vietnam India U.S. Thailand Vietnam India
P+161P-1.96P-O.71P a, =(o 0 0.53 -0.21)

T-2 5A7 5.23 5.20 5.16 -
T-1 5.47 5.23 5.20 5.16 0.00 - -

T 6.56 5.23 5.20 5.16 0.00 1.09 0.00 0.00 0.00

Ti-I 6.56 5.23 5.78 4.94 1.09 0.00 0.00 0.58 -0.23

T+2 6.56 5.23 5.84 4.91 0.12 0.00 0.00 0.06 -0.02

T-i-3 6.56 5.23 5.85 4.91 '0.01 0.00 0.00 0.01 0.00

T-'-4 6.56 5.23 5.85 4.91 0.00 0.00 0.00 0.00 0.00
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The integration of two spatially separated markets must exhibit positive

relationship between a pair of prices. On the other hand, the relationships might

become convoluted in the case of more than two markets. For instance, in this

study, the relationship between Indian and U.S. price is identified to be negative.

Taylor et al. (1996) pointed out that barriers to trade and agricultural policies of

the countries involved may contribute to the inverse relationship in partially

integrated markets.

India's average tariffs on agricultural products increased from 25 percent in

1997 to 37.5 percent in 2000 to compensate for the phasing out of the quantitative

limits on imports (Isher, 2002). In this situation, if the tariff is set sufficiently high

and Indian CIF price at foreign port is higher relative to the others, arbitrage will

not accrue to India. Thus, prices in the U.S., Thailand, and Vietnam might

increase, while Indian price may decrease. In addition, informational inefficiency

between India and the U.S. might be one of the reasons for the inverse

relationship.

Figure 5.5 shows that Vietnamese price widely adjusts than that of India,

whereas Thai price exhibits stability throughout the periods of adjustments. The

adjustment process has widened a gap between U.S. and Vietnamese price from a

ratio of 0.95 to 0.89 of U.S. price. The exogenous increase in U.S. price lowers

Indian price to 4.91 units.
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Figure 5.5: simulation of adjustment process when U.S. price increases
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On the other hand, if Vietnam (or India) tries to hold its price at a higher

level than the others, U.S. and Thai price will not respond and the change will not

be transmitted to these countries. Therefore, disequilibrium introduced by Vietnam

will force its price back to the level that could possibly well below the original

price.40

Hence, the main finding in the rice markets is that the long-run relationship

between developed and developing countries is unidirectional. This implies that

Thailand or the U.S. agricultural policies might be transmitted to other developing

countries (e.g. Vietnam, India), but not in reverse direction. The new entrant to the

world rice markets, such as Vietnam is subjected to a large degree of price

variability in international rice markets.



5.4.2 The Wheat Model

Consider the cointegrating vectors, /1 and /2, for the case of wheat data. Two

equilibrium errors are defined as:

- 063fr ti
O5OPca ii

= 61,

= 62t
(5.8,)
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In the case of more than one cointegrating vector, a representation of the

co-movements can be very complicated, since equilibrium errors are not uniquely

defined. However, the two estimated cointegrating vector shows that Argentina,

the relatively new entrant in export market, has been integrated to the world

market as well as India.

It has long been recognized that international wheat markets comprising of

the traditional major exporters, such as the U.S., Canada, and Australia, are well

integrated. The current study also supports this evidence, consistent with previous

studies by Ardeni (1989), Baffes (1991), Goodwin (1992a, 1992b), and Mohanty

et a!, (1996). Cointegrating vectors (5.8) also indicate unit proportional

relationships between U.S.-Canada, and U.S.-Australia. In addition, incorporating

Argentina and India broadens the understanding of the international wheat price

formation.

The cointegrating coefficients indicate that the U.S., Canada, and Australia

have relatively strong influence over the equilibrium error, implying that their

levels of prices are key determinants of the long-run price linkage. Argentinean

price shows smaller degree of influence (/,1 0.63), while India has the smallest

effect (fl51 0.56). Similar to the rice model, it is likely that the major producers



41
In fact, strong LOP still does not hold according to these cointegrating vectors. The condition

requires excludability of Argentinean and Indian price from each cointegrating vector. The reason
is that perturbations created by Argentina and India also force other countries to response a way
that equalization might not occur.

42
One needs to consider relative value of coefficients in the same adjustment vector, not the

absolute magnitude.
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might play a limited role in wheat price formation, compared to the major

exporters. Furthermore, India has a relatively closed economy. Although, between

1991 and 1997, the average tariff was reduced from 72 to 25 percent, which in

raised to 37.5 percent between 1997 and 2003, this percentage is rather high

compared to other developing countries (Isher, 2002). This partly impedes Indian

wheat and rice market from integrating strongly with the world markets.

During the post-URAA round, while full price transmission may already

linked developed countries together, there is only partial integration between

developed and developing countries and also within developing countries. Thus,

prices will not be equalized within developing countries and between developing

and developed countries, whereas price equalization might occur among the U.S.,

Canada, and Australia.4'

The first adjustment vector indicates that India has the highest adjustment

parameter 0.6), while it is Argentina for the second adjustment vector

(a77 = 1.99). The developing countries have the largest adjustment coefficients in

both adjustment vectors.42 This implies that any external shock that leads to

equilibrium error can impart significant changes on Argentinean and Indian price.

Again, the implication is a concern for Argentina whose agricultural sector has

traditionally suffered from economic instability. Argentina's reform programs

were initiated in 1990's to reduce export taxes, in an attempt to capture larger
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shares of the international wheat market. In 1999, the Argentine agricultural sector

received little direct government financial support. "There are currently no major

government policies, programs or subsidies to encourage production"

(ERS/USDA, Agricultural Outlook, May, 2002). Now, "Argentina clearly believes

that the future of its agricultural sector is tied to growth from lower trade barriers

around the world" (Donoso et a!, 2001). The results in this study point out that

Argentinean price adjusts the most to changes in the world wheat prices.

Finally, wheat cointegrating relationships also imply unidirectional

causality from developed to developing countries (the U.S., Canada, and Australia

to Argentina and India, but not the U.S. and Australia from Argentina and India).

Note that the second cointegrating vector represents integration within the U.S.,

Canada, and Australia, where U.S.-Australia proportionality is found. On the other

hand, the first cointegrating vector shows how Argentina and India are tied to the

U.S. and Canada by partial market integration condition, in the light of U.S.-

Canadian unit proportional movement.

If a positive perturbation is created by an increase in the U.S. price, Canada

will respond to this disequilibrium by subsequently increasing its price by 25

percent of the magnitude of the perturbation, corresponding to the first

cointegrating vector. Simultaneously, Argentina will increase its price by 33

percent of the error, while India will respond with a 60 percent reduction in price.

The adjustment process continues until equilibrium error, e',, reaches zero. U.S.

and Canadian price are equalized and the gap between them and Argentinean and

Indian price is widened. The second cointegrating vector links the transmission
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from the U.S. to Australia. Thus, the same adjustment process occurs for Australia

as well as Canada. The unit proportionality, again, will force U.S. and Australian

price to equalize when equilibrium error, s21, converges to zero.

In contrast, the direction of causality from Argentina and India is

obstructed by insignificant adjustment coefficients corresponding to the first

cointegrating vector (see a11 and a41 in equation (5.6)). Any change in the price

of Argentina or India will create small deviation from equilibrium in the first

cointegrating vector. U.S. price will hardly adjust to the perturbation because a11

is insignificant. The developing countries' effect will not be transmitted to

Australia in the second cointegrating vector either, since U.S. price remains fixed

and no perturbation is created. However, Argentinean and Indian price can

transmit to Canada, but the effect is rather small. Only half of the 25 percent of

disequilibrium magnitude from the first cointegrating vector creates disequilibrium

in the second cointegrating vector, while 43 percent of the second disequilibrium

error, 2,' is transmitted to Canadian prices. The unidirectional causality is

supported by the t-statistics of MLE in equation (5.6); the lag levels of

Argentinean and Indian are insignificant in the U.S. and Australia equations. Note

also that negative relationship between U.S. and Indian prices is also apparent in

the wheat markets.

Since the same simulation, as done in the rice markets, is not applicable for

the case of two cointegrating vectors, only the first cointegrating vector is selected

for simulation purpose. Johansen and Juselius (1990) noted that "one would

expect that the linear combination which is most canonically correlated with the



Figure 5.6: simulation of adjustment process since February 2002
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stationary part of the model, namely the first eigenvector, is of special interest."

Thus, the price equalization is more likely to occur between U.S. and Canadian

price than Australian price.

The data indicate that in February 2002, the last period of study, the error

has not converged to zero. Table 5.18 describes how U.S. and Canadian price are

equalized according to the first long-run relationship, given no exogeneous shock

to the system. Figure 5.6 illustrates long run co-movement between the U.S. and

Canadian price. Notice that they are equalized at the period T+4, while

Argentinean price shows a declining trend. Indian price increases in response to

negative perturbation (shown in Figure 5.7).

Table 5.18: Wheat Price Co-Movements since February 2002

Levels P error Changes

U.S. Argentina
- O.63P - P

Canada
+ O.56P

India U.S.
=

Argentina
(0.05 0.33

Canada
0.25 -o.so)

India

T 4.920 4.754 5.011 4.838 -0.34 - - - -

T+1 4.902 4.643 4.925 5.042 -0.09 -0.02 -0.11 -0.09 -0.01

T2 4.897 4.615 4.903 5.094 -0.02 0.00 -0.03 -0.02 0.00

+3 4.896 4.607 4.898 5.107 -0.01 0.00 -0.01 -0.01 0.00

T+4 4.896 4.605 4.896 5.110 0.00 0.00 0.00 0.00 0.00

T T+1 T+2 T+3



Figure 5.7: Indian adjustment process since February 2002
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CHAPTER 6: SUMMARY AND CONCLUSION

This study analyzed spatial price linkages between developed and developing

countries in two key commodity markets long grain rice and hard wheat. For the

long grain rice market analysis, prices of the U.S., Thailand, Vietnam, and India

are assembled. The hard wheat market for the purposes of this study included the

U.S., Canada, Australia, Argentina, and India. For both markets, the post-Uruguay

Round time period is chosen. Price data are collected on a monthly basis between

1996/1997 and 2002.

Multivariate cointegration techniques based on vector error correction

processes are applied to the prices of each of the two markets. The non-stationarity

of prices, a prerequisite for applying cointegration techniques, is verified. The

deterministic components and the lag length of the error correction process are

identified by a combination of likelihood tests and residual analysis. The

cointegration or the long-run relationships of prices identified by the above

tecimiques are subjected to zero (exclusion) restrictions, proportionality (law of

one price) restrictions and weak exogeneity (causality) tests. The results of these

restrictions and tests are used to derive the final long-run relationship between the

prices of major developed and developing countries in rice and wheat markets.

Results suggest that the prices of developed and developing countries are

cointegrated, i.e., they exhibit a stable, long-run relationship during the post-

Uruguay Round period. The evidence is stronger in wheat markets where two

cointegrating vectors are found. None of the five prices, U.S., Canada, Australia,

Argentina, and India, can be excluded from the long-run relationship. In the rice
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market, only one cointegrating vector is identified, which included prices from all

four markets. These results indicate that all the prices are significant determinants

of the long-run price relationship in rice and wheat markets. Prior studies have

identified cointegration in rice and wheat markets during pre-Uruguay Round,

mostly in the context of developed countries. The few studies that include

developing countries have focused mostly on U.S.-Thai rice prices. This study

differed from the above by focusing on the post-Uruguay Round period, testing for

the strength of the long-run association and analyzing the effect of changes in one

country's price on another (causality).

The long-run relationship in rice prices did not exhibit unit proportionality

in all pairs of the four countries. For instance, the U.S. rice price is not related to

Thai price on a one to one basis, although a prior study found such proportionality

prior to 1996. This indicates a weaker (partial) association or market integration

during the post-Uruguay Round period than that before. In the case of wheat, very

few studies have gone beyond the existence of cointegration. Few developed

country studies have found unit proportionality between U.S.-Canada price and

U.S.-Australia prices. In this study, the first cointegration vector show unit

proportionality between U.S. and Canadian wheat prices, while U.S.-Australian

prices exhibit a similar behavior in the second cointegration vector. However, unit

proportionality is not found for any pair involving one each of developed and

developing countries as in the case of rice markets. Including key developing

country markets brings additional information to the error correction processes
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modeled in cointegration. However, only partial price relationships between

developed and developing countries are found.

The weak exogeneity tests on adjustment parameters, which are part of the

cointegration analysis, in the rice markets suggest that the U.S. and Thai prices are

exogenously determined. They are exogenous in the sense that any changes in one

of the four rice markets would affect Vietnam and India only. For instance, if the

U.S. price were to decrease 20% during a month, Vietnam price would absorb

50% of that price decline in the following month. However, if Vietnam prices were

to change, it would affect neither U.S. nor Thai rice prices.

For the wheat case, accompanying the two cointegrating vectors are two

sets of adjustment parameters, which suggest that all prices adjust to any shock to

the long-run relationship. However, the magnitude of adjustment is of considerable

interest. In the first cointegrating vector, Argentinean price adjusts most to

perturbations in the long-run price linkage. For instance, if one of the five prices is

shocked, 33% of the resulting change in the long-run relationship (error) is

absorbed by the Argentinean price. Similarly, India adjusts the most to any

changes in price relationship illustrated by the second cointegrating vector.

To conclude, developed and developing country prices in rice and wheat

markets are linked imperfectly, but in most instances the changes in the prices of

the former impact those of the latter group. Developing countries, especially new

entrants into world rice and wheat markets (Vietnam and Argentina, respectively)

have faced significant price adjustment especially during the post-Uruguay Round

era. Rapid and large adjustment of developing countries' prices to changes
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emanating from other markets would certainly affect price stability, income and

welfare of their agricultural households. Risk-averse producers in developing

countries would respond to the higher and faster adjustment (variability) of prices

by reducing supply, which may erode their international export competitiveness. If

these countries excessively depend on rice or wheat for foreign exchange, external

changes passed through the long-run price linkage with other markets could

potentially impact their exchange rate and the overall economy. A better

understanding of the changes in international markets, especially those that

originate from farm policies of other countries and mechanisms to manage risk are

necessary if new exporters are to remain competitive in global markets.
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Al Akaike and Schwartz or Bayesian Information Criterion

The two information criteria is calculated based on:
I, p (ee

AJC(k) = In J+(k+3) 2

T-k -3max

I,
I ee

BJC(k) = in
T-k -3,\ max

+(k+3)

T-k -3max

"In(T-kmax -3)"
T-k -3

where e is residuals obtained from regression (37*,),
and km is 10 and 11 for rice

and wheat, respectively.

TabIeAl.l: Information Criteria for the Rice Data
Lag US Thailand Vietnam India

length AIC BIC AIC BIC AIC BIC AIC BIC
1 -7.281 -7.125 -6.030 -5.874 -6.483 -6.327 -5.780 -5.624
2 -7.298 -7.141 -6.042 -5.885 -6.490 -6.332 -5.801 -5.644
3 -7.316 -7.157 -6.066 -5.907 -6.478 -6.319 -5.809 -5.650
4 -7.308 -7.147 -6.123 -5.962 -6.454 -6.293 -5.870 -5.709
5 -7.316 -7.154 -6.160 -5.998 -6.450 -6.288 -5.879 -5.717
6 -7.305 -7.141 -6.166 -6.002 -6.532 -6.368 -5.88 1 -5.7 17
7 -7.322 -7.157 -6.149 -5.984 -6.508 -6.342 -5.959 -5.794
8 -7.321 -7.154 -6.230 -6.063 -6.480 -6.312 -5.967 -5.799
9 -7.294 -7.125 -6.243 -6.074 -6.489 -6.320 -5.937 -5.768
10 -7.405 -7.235 -6.253 -6.082 -6.467 -6.296 -5.932 -5.762

The minimum value among all the various lag length is denoted by boldtext.

TabIeAl.2: Information Criteria for the Wheat Data

max

The minimum value among all the various lag length is denoted by bold text.
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Lag US Argentina Canada Australia India
length AIC BIC AIC BIC AIC BIC AIC BIC AIC BIC

I -5.717 -5.599 -5.120 -5.002 -5.654 -5.536 -5.968 -5.849 -5.375 -5.227
2 -5.719 -5.600 -5.109 -4.990 -5.668 -5.549 -5.990 -5.871 -5.412 -5.263
3 -5.707 -5.587 -5.096 -4.976 -5.657 -5.537 -5.98 1 -5.861 -5.398 -5.248
4 -5.699 -5.578 -5.087 -4.966 -5.673 -5.552 -5.968 -5.847 -5.612 -5.461
5 -5.697 -5.576 -5.077 -4.956 -5.683 -5.56 1 -5.960 -5.838 -5.594 -5.441
6 -5.698 -5.575 -5.082 -4.959 -5.723 -5.60 1 -5.966 -5.844 -5.576 -5.422
7 -5.7 14 -5.590 -5.084 -4.960 -5.736 -5.613 -5.987 -5.863 -5.622 -5.466
8 -5.704 -5.580 -5.094 -4.969 -5.736 -5.611 -5.988 -5.863 -5.606 -5.448
9 -5.70 1 -5.575 -5.122 -4.996 -5.755 -5.629 -5.976 -5.850 -5.592 -5.433

10 -5.753 -5.626 -5.112 -4.986 -5.786 -5.660 -6.046 -5.919 -5.671 -5.510
11 -5.766 -5.639 -5.184 -5.057 -5.780 -5.653 -6.040 -5.912 -5.741 -5.579



A2 The Eigenvalues of Companion Matrix

The companion matrix is:

''2 II_ 1-kt 1'tk

Ip 0 0 0

C 0 0 0

0 0 . 0
I pkxpk)

in which J is the p-dimensional identity matrix. The matrices LI. for i = 1,..., k
contain parameters from the VAR model (3.8). the parameter, p, equals to four
and five for rice and wheat, respectively. According to Table A.2.I, Table A.2.2,
Figure A.2.], and Figure A.2.2, the companion matrices are constructed from the
second lag length to the ninth lag length.

Table A2.1: Eigenvalues of Companion Matrix for Rice Model
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real complex modulus real complex modulus real complex modulus real complex modulus real complex modulus
lag length = 2 lag length = 5 0.757 0.003 0.757 1.007 0,159 1.019 -0.996 0.114 1.002

1.000 0.000 1.000 real complex modulus 0.757 -0.003 0.757 1.007 -0.159 1.019 1.002 0.000 1.002
0.945 0.148 0.957 1.000 0.000 1.000 -0.278 0.697 0.750 1.005 0.000 1.005 0.910 0.372 0.983
0.945 -0.148 0.957 0.976 -0.151 0.988 -0,278 -0.697 0.750 0.032 -1.000 1.000 0.910 -0.372 0.983
0.282 -0.385 0.477 0.976 0.151 0.988 -0.742 0.000 0.742 0.032 1.000 1.000 0.920 0.272 0.9600.282 0.385 0.477 0.610 0.649 0.890 0.625 0.331 0.708 -0.744 0.656 0.992 0920 -0.272 0.9600.248 0.000 0.248 0.610 -0.649 0.890 0.625 -0.331 0.708 -0.744 -0.656 0.992 -0.367 -0.878 0.952
0.052 0.000 0.052 -0.863 0.000 0.863 -0.487 0.000 0.487 0.686 -0.710 0.988 -0.367 0.878 0.952
0.004 0,000 0.004 -0,420 0.719 0.833 lag length = 7 0,686 0,710 0.988 0.395 -0.862 0.948laglength=3 -0,420 -0.719 0,833 1.032 0.000 1.002 0,884 0.356 0.952 0.395 0.862 0.948
1.000 0.000 1.000 0.215 -0.786 0.815 0.987 0.151 0.999 0,884 -0.356 0.952 0.196 0.915 0.9360.959 0.156 0.972 0.215 0.786 0,815 0.987 -0.151 0.999 0.247 0.901 0.934 0.196 -0.915 0.936
0.959 -0.156 0.972 -0.099 0.742 0.748 -0.732 0.656 0.983 0,247 -0,901 0.934 -0.221 -0.907 0.933
0,380 -0,590 0.702 -0.099 -0.742 0.748 -0.732 -0.656 0.983 0.459 -0.807 0.929 -0,221 0.907 0.933
0.380 0,590 0.702 0.688 -0.223 0.723 0.017 -0.978 0.978 0.459 0.807 0.929 0.154 -0.901 0.914-0.096 0.525 0.533 0,688 0.223 0,723 0.017 0.978 0.978 -0.890 0,197 0.911 0.154 0.901 0.914-0.096 -0.525 0.533 0.294 0.600 0.668 -0.974 0.000 0.974 -0.890 -0,197 0.911 -0.826 0.301 0.879
0.127 0.420 0.439 0.294 -0.600 0.668 0.667 0.708 0.973 0,736 -0,525 0.904 -0.826 -0.301 0.879
0.127 -0.420 0.439 -0.540 0.393 0,668 0.667 -0.708 0.973 0.736 0,525 0.904 -0.098 -0.864 0.869

-0.382 0.000 0.382 -0.540 -0.393 0.668 0.845 0.366 0.920 -0.126 0.864 0.874 -0.098 0.864 0,869
0.181 0.020 0.182 0.474 0.000 0.474 0.845 -0.366 0.920 -0.126 -0.864 0.874 0.714 0.491 0.867
0,181 -0.020 0.182 -0.332 0.000 0.332 0.382 0.815 0.900 -0.484 0.726 0.872 0.714 -0.491 0.867

lag length = 4 lag length = 6 0.382 -0.815 0.900 -0.484 -0.726 0.872 -0.462 -0.688 0.829
1.000 0.000 1.000 0.993 0.000 0.993 -0.189 -0.870 0.890 -0.376 0.768 0.855 -0.462 0.688 0.829
0.961 0.158 0.974 0.963 0.166 0.977 -0.189 0.870 0.890 -0.376 -0.768 0.855 0.441 -0.646 0.782
0.961 -0.158 0.974 0.963 -0.166 0.977 -0.346 0.758 0.833 0,778 0.165 0.795 0.441 0.646 0.7820.570 0.506 0.762 0.655 -0.690 0.951 -0.346 -0.758 0.833 0.778 -0.165 0.795 -0.538 0.493 0.730
0.570 -0.506 0.762 0.655 0.690 0.951 0.592 0.539 0.801 -0.114 -0.600 0.610 -0.538 -0.493 0.7300.314 -0.642 0.714 -0.949 0.000 0.949 0.592 -0.539 0.801 -0.114 0.600 0.610 -0.169 0.000 0.169
0.314 0.642 0.714 -0.592 -0.610 0.850 0.781 0.000 0.781 -0.367 0,088 0.377
-0.320 0.597 0,677 -0.592 0.610 0.850 -0.696 0.190 0.722 -0.367 -0.088 0.377
-0.320 -0.597 0.677 -0.275 -0.787 0.833 -0.696 -0.190 0.722 lag length = 9
-0.676 0.000 0.676 -0.275 0.787 0.833 0.080 0.680 0.685 -0.809 -0.687 1.062
0.095 -0.550 0,558 0.388 -0.736 0.832 0.080 -0.680 0.685 -0.809 0.687 1.062
0.095 0.550 0.558 0.388 0.736 0.832 -0.393 -0.319 0.506 1.035 0.151 1.046

-0.262 0.470 0.538 0.261 -0.787 0.829 -0.393 0.319 0.506 1.035 -0.151 1.046
-0.262 -0.470 0.538 0.261 0.787 0.829 0.065 0.000 0.065 0.712 -0.709 1.005
0.459 0.000 0.459 -0.089 -0.813 0.818 lag length=8 0.712 0.709 1.005
0.217 0.000 0.217 -0.089 0.813 0.818 -1.042 0.000 1.042 -0.996 -0.114 1.002

See footnote 19, methodology section,for calculation of modulus.
Texts in bold indicate modulus which are greater than one.



Figure A2.1: The Eigenvalues of Companion Matrix for Rice Model. (p4)
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Table A2.2: Eigenvalues of Companion Matrix for Wheat Model (p=5)
real complex modulus real complex modulus real complex modulus real complex modulus

lag length = 2 -0.040 -0.811 0.812 0.335 0.838 0.902 -0.225 0.000 0.225
0.904 -0.005 0.904
0.904

-0.241 0.775 0.811 0.335 -0.838 0.902 0.130 0.000 0.130
0.005 0.904 -0.241 -0.775 0.811 -0.093 0.896 0.901 lag length = 9

0.603 0.120 0.614 -0.618 0.496 0.792 -0.093 -0.896 0.901 1.020 0.000 1.0200.603 -0.120 0.614 -0.618 -0.496 0.792 0.742 0.511 0.900 0.790 0.626 1.0080.379 0.305 0.487 0.712 0.325 0.782 0.742 -0.511 0.900 0.790 -0.626 1.0080.379 -0.305 0.487 0.712 -0.325 0.782 -0.282 -0.854 0.899 -0.986 0.000 0.986
0.145 0.110 0.182 -0.457 -0.584 0.742 -0.282 0.854 0.899 0.935 0.306 0.984
0.145 -0.110 0.182 -0.457 0.584 0.742 0.751 -0.408 0.855 0.935 -0.306 0.984

-0.116 -0.140 0.182 -0.613 0.182 0.639 0.751 0.408 0.855 0.669 -0.721 0.983
-0.116 0.140 0.182 -0.613 -0.182 0.639 -0.661 -0.503 0.830 0.669 0.721 0.983

lag length = 3 0.605 0.000 0.605 -0.661 0.503 0.830 0.297 -0.926 0.973
0.916 -0.042 0.917 0.278 0.387 0.476 0.410 0.704 0.815 0.297 0.926 0.9730.916 0.042 0.917 0.278 -0.387 0.476 0.410 -0.704 0.815 0.970 -0.075 0.973
0.763 0.215 0.793 lag length = 6 -0.730 -0.350 0.809 0.970 0.075 0.973
0.763 -0.215 0.793 0.915 0.000 0.915 -0.730 0.350 0.809 -0.958 0.156 0.970
0.419 -0.581 0.716 0.176 0.893 0.910 -0.398 -0.702 0.807 -0.958 -0.156 0.9700.419 0.581 0.716 0.176 -0.893 0.910 -0.398 0.702 0.807 0.477 0.831 0.958
0.591 -0.379 0.703 0.861 0.274 0.903 -0.619 0.000 0.619 0.477 -0.831 0.958
0.591 0.379 0.703 0.861 -0.274 0.903 0.028 0.532 0.533 -0.732 0.616 0.957-0.123 -0.689 0.699 0.897 -0.084 0.901 0.028 -0.532 0.533 -0.732 -0.616 0.957-0.123 0.689 0.699 0.897 0.084 0.901 lag length = 8 -0.336 -0.892 0.953-0.549 0.356 0.654 0.654 -0.585 0.877 0.795 -0.608 1.001 -0.336 0.892 0.953

-0.549 -0.356 0.654 0.654 0.585 0.877 0.795 0.608 1.001 0.207 -0.917 0.940-0.290 -0.248 0.382 -0.873 0.086 0.877 0.955 0.143 0.966 0.207 0.917 0.940-0.290 0.248 0.382 -0.873 -0.086 0.877 0.955 -0.143 0.966 0.782 0.522 0.940
0.125 0.000 0.125 -0.148 0.854 0.867 0.669 0.688 0.960 0.752 -0.522 0.940

lag length = 4 -0.148 -0.854 0.867 0.669 -0.688 0.960 -0.266 -0.899 0.938
0.916 0.000 0.916 0.489 0.713 0.865 0.462 0.836 0.955 -0.266 0.899 0.9380.853 0.076 0.856 0.489 -0.713 0.865 0.462 -0.836 0.955 0.908 -0.230 0.937
0.853 -0.076 0.856 -0.554 -0.653 0.856 -0.954 0.000 0.954 0.908 0.230 0.9370.715 -0.322 0.784 -0.554 0.653 0.856 -0.319 -0.899 0.954 -0.503 -0.773 0.923
0.715 0.322 0.784 -0.651 0.554 0.855 -0.319 0.899 0.954 -0.503 0.773 0.923-0.632 0.409 0.753 -0.651 -0.554 0.855 0.943 0.000 0.943 -0.813 -0.422 0.916-0.632 -0.409 0.753 -0.280 -0.800 0.847 0.312 0.888 0.941 -0.813 0.422 0.916

-0.045 -0.740 0.742 -0.280 0.800 0.847 0.312 -0.888 0.941 -0.040 -0.914 0.915-0.045 0.740 0.742 0.777 -0.319 0.840 -0.918 0.160 0.932 -0.040 0.914 0.915
0.531 0.503 0.731 0.777 0.319 0.840 -0,918 -0.160 0.932 -0.796 -0.406 0.894
0.531 -0.503 0.731 0.170 0.801 0.819 -0.758 0.531 0.926 -0.796 0.406 0.894-0.312 -0.594 0.671 0.170 -0.801 0.819 -0.758 -0.531 0.926 0.173 -0.873 0.890

-0.312 0.594 0.671 -0.600 0.161 0.622 0.873 -0.299 0.923 0.173 0.873 0.8900.303 0.590 0.663 -0,600 -0.161 0.622 0.873 0.299 0.923 0.807 -0.321 0.869
0.303 -0.590 0.663 0.502 0.194 0.538 0.223 0.872 0.900 0.807 0.321 0.8690.409 0.337 0.530 0.502 -0.194 0.538 0.223 -0.872 0.900 -0.046 -0.819 0.8210.409 -0.337 0.530 -0.308 0.000 0.308 -0.011 0.897 0.897 -0.046 0.819 0.821-0.355 -0.369 0.512 lag length = 7 -0.011 -0.897 0.897

-0.355 0.369 0.512 0.944 0.000 0.944 -0.644 0.616 0.891
-0.463 0.000 0.463 0.178 0.919 0.936 -0.644 -0.616 0.891

lag length 5 0.178 -0.919 0.936 -0.509 0.712 0.875
0.914 0.157 0.928 0.903 -0.191 0.923 -0.509 -0.712 0.875
0.914 -0.157 0.928 0.903 0.191 0.923 -0.150 0.861 0.874
0.924 0.000 0.924 -0.914 0.102 0.920 -0.150 -0.861 0.874

-0.868 0.000 0.868 -0.914 -0.102 0.920 0.779 0.396 0.873
0.207 0.819 0.845 -0.654 0.644 0.918 0.779 -0.396 0.873
0.207 -0.819 0.845 -0.654 -0.644 0.918 0.790 0.219 0.819
0.516 -0.643 0.824 0.653 0.644 0.918 0.790 -0.219 0.819
0.516 0.643 0.824 0.653 -0.644 0.918 -0.728 0.376 0.819
0.689 -0.442 0.819 0.910 0.000 0.910 -0.728 -0.376 0.819
0.689 0.442 0.819 0.863 -0.276 0.906 -0.313 -0.695 0.762
-0.040 0.811 0.812 0.863 0.276 0.906 -0.313 0.695 0.762

See footnote 19, methodology section, for calculation ofmodulus.
Texts in bold indicate modulus which are greater than one.



Figure A2.2: The Eigenvalues of Companion Matrix for Wheat Model (p5)
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A3 The Estimates of Centered Seasonal Dummies

Table A3i: The Estimates of Seasonal Dummies and t-Statistics for the Rice Data

135

Table A3.2: The Estimates of Seasonal Dummies and t-Statistics for the Wheat
Data

DI D2 D3 D4 D5 136 D7 D8 D9 DID DII
Pus -0.086 -0.079 -0.113 -0.128 -0.262 -0.249 -0.275 -0.250 -0.099 -0.054 -0.048
Par -0.109 -0.059 -0.108 -0.168 -0.261 -0.220 -0.325 -0314 -0.135 -0.192 -0.112
Pca -0.044 -0.033 -0.050 -0.059 -0.089 -0.109 -0.148 -0.092 -0.004 0.007 0.010
Pau -0.031 -0.037 -0.065 -0.091 -0.142 -0.166 -0.163 -0.120 -0.019 -0.005 -0.007
Pin -0.047 0.022 -0.169 -0.124 -0.116 -0.143 -0.218 -0.231 -0.162 -0.129 -0.014
t-statistics
Pus -4.032 -2.957 -3.841 -3.339 -6.283 -5.847 -5.801 -4.724 -2.179 -1.563 -2.188
Par -3.253 -1.388 -2.330 -2.787 -3.976 -3.269 -4.351 -3.763 -1.889 -3.527 -3.206
Pca -3.469 -2.077 -2.881 -2.574 -3.564 -4.287 -5.235 -2.914 -0.133 0.361 0.728
Pau -1.328 -1.260 -2.036 -2.181 -3.143 -3.593 -3.173 -2.079 -0.383 -0.134 -0.289
Pin -1.574 0.584 -4.076 -2.280 -1.967 -2.374 -3.257 -3.087 -2.530 -2.628 -0.462

DI D2 D3 D4 D5 D6 D7 D8 D9 DID DII
Pus -0.001 0.012 0.026 0.009 0.025 0.037 0.008 0.015 -0.018 -0.008 -0.001
Pt!, -0.037 -0.043 -0.036 -0.038 -0.031 -0.072 -0.085 -0.118 -0.094 -0.085 -0.057
Pvt -0.086 -0.077 -0.064 -0.071 -0.059 -0.101 -0.048 -0.055 -0.031 0.015 0.008
Pin -0.013 -0.016 -0.024 -0.082 -0.046 -0.030 -0.027 -0.017 -0.028 -0.025 -0.009
t-statistics
Pus -0.069 0.639 1.428 0.482 1.133 1.778 0.381 0.771 -1.148 -0.531 -0.069
Pth -1.920 -1.788 -1.499 -1.461 -1.070 -2.658 -3.059 -4.595 -4.480 -4.442 -3.250
Pvt -3.532 -2.555 -2.138 -2.205 -1.642 -2.983 -1.388 -1.720 -1.181 0.620 0.345
Pin -0.612 -0.609 -0.948 -2.937 -1.476 -1.035 -0.894 -0.610 -1.230 -1.188 -0.491



A4 Proportionality Tests for all Possible Pairs of Rice and Wheat Prices

Table A4.1: Tests for the Rice Model

H 0.53 0.16 0.06 0.005 44.01 10.49 3.88 0.29

H : /3 + P, = 0 0.32 0.07 0.02 22.78 4.07 1.33

H :/3 + /3 = 0 0.49 0.07 0.05 40.00 4.31 2.80

H :/3 + /3 = 0 0.49 0.10 0.04 39.64 5.93 2.61

H : /3 + /3 = 0 0.43 0.09 0.02 33.21 5.45 1.19

H : /3 /3 = 0 0.49 0.07 0.04 39.89 4.29 2.26

H : /3 + 0 0.33 0.07 0.03 23.82 4.05 1.92

Table A4.2: Tests for the Wheat Model

21.23 (R)

4.00 (R)

4.37 (R)

10.79 (R)

4.12 (R)

20.18 (R)

H 0.55 0.43 0.15 0.07 0.04 52.20 36.04 10.61 4.85 2.34
H :13 13 0 0.55 0.26 0.08 0.04 51.20 19.55 5.08 2.44
H /3 + /3 = 0 0.54 0.31 0.14 0.04 50.63 24.48 10.12 2.93
H :f3 + /3 = 0 0.50 0.24 0.10 0.07 44.88 17.99 6.97 4.77
H :/3 + /3 = 0 0.51 0.26 0.08 0.04 46.07 19.29 5.65 2.44
H : /3 + /3 = 0 0.44 0.21 0.10 0.07 38.22 15.09 6.63 4.85
H : /3 +13 0 0.53 0.24 0.11 0.04 49.44 17.64 7.29 2.77
H : /3 +/3 = 0 0.55 0.32 0.10 0.04 51.61 6.51 6.51 2.49
H : /3 + /3 = 0 0.54 0.25 0.07 0.04 50.56 18.84 4.93 2.38
H : /3 + /3 = 0 0.54 0.26 0.08 0.05 50.73 19.18 5.19 3.60
H : /3 + /3 = 0 0.55 0.23 0.09 0.04 52.11 17.31 5.83 2.76

17.5 (R)

13.13 (R)

25.37 (R)

22.89 (R)

34.94 (R)

21.17 (R)

11.4 (R)

18.85 (R)

18.33 (R)

18.83 (R)
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Elgenvalues -TIn(1 A2) LR

Eigenvalues -TIn(1 - A,32) LR



Table A5.2: Joint restrictions for Wheat Model
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A5 Joint Restrictions of Cointegrating Vectors and Adjustment Parameters

The eigenvalues are calculated based on eigenvalue equation (3.29). the
test statistics are derived according to equation (3.30) and are distributed as

2 with w degrees offreedom.

Table A5.1: Joint restrictions for Rice Model
A, -TIn(1 - A,,) LR LR

H 0.53 44.01 H5inH2 H5inH4
H,, : a
H : /3

= a = 0
= Oanda a = 0

0.50

0.22

41.16

14.65
%,,,, Z

29.36 (R) 26.52 (R)
H,, :13, = Oanda,, a,, = 0 0.39 29.13 14.88 (R) 12.04 (R)
H,, :13,, = Oanda,, a,, = O 0.33 23.42 20.59 (R) 17.75 (R)
H : /3 = 0 anda a = 0 0.20 12.97 31.04 (R) 28.20 (R)
H :/3 + /3 = 0 0.38 28.40 15.61 (R) 12.77 (R)

H

H,

[-lln(1 - A' )1
LR

H5inH2
LR

H5inH6

.Z(IOS,)88.24

81.62
2'(3,O.95)

H, : a,, = 0 56.32 31.92 (R) 25.30 (R)
H : a = 0 48.73 39.51 (R) 32.89 (R)
H : a = 0 47.96 40.28 (R) 33.66 (R)
H : a = 0 66.47 21.77 (R) 15.15 (R)
H : a = 0 63.20 25.04 (R) 18.42 (R)



A6 Linear restrictions on each of cointegrating vector

Based on the restriction matrices, H1 and H2, defined in (5.4) and 2 both
have a dimension of 2 x 5 fl and fl2 are estimated as:

[ii A]=

f26 HSkkfl H2

HI'Skkfi H1

0

0

fi41 0

Thus, the two cointegrating vectors contain all information previously
observed. According to a procedure described in Johansen (1995, p.110-i) The LR
test statistic is calculated based on two eigenvalue equations:

H'S S1 S2 kO. OO./ okIH2I=0,for fl1 =J
- H'S

1 kOI32SOOfi2SOkIJ2HI-0,fOr fl2 fl2

The new product moment matrices are defined by:

= T' Rfl,RJ1

Sfl =T1R
where i-0,k

By regressing R0 and Rk( on /3'Rk,, the new residuals for fl become:

Roflt = R0 S0j31 ( /Jl'SkJII
)i

/31'Rk,

and Rkp = Rid S,/31 ( /31'S/31 )' /31'R1.

By regressing R0 and Rk, on /32'Rk,, the new residuals for fl2 are::
R0ft1 Ro SOk P2 ( flSkkfl2 )' I3Rid

and Rkp( = Rid Skkfl2(flSkk/32)1flRid

This give LR test statistic as:

21n(Q;H6 I

where i + = i. In the case of restriction (5.4) LR test statistic is defined as:

21n(Q; H6 H2) = [_T1n(1 2.)] {[_Tln(1 6)] +[Tln(1 )]}

138

and

and
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The estimated and 182 also yield maximum value of the likelihood function given
that a unique maximum exists.

which is distributed as 2 with (p - r - s + 1) degrees of freedom. s is a

number of column of H, the restriction matrix corresponding to th cointegrating
vector. In the case of (5.2, where s1 and

2 are three and two, respectively,

degrees offreedom is calculated as (5-2 - s + 1) 2+1.
i=1

However, the first step is to estimate /i and 182' using algorithm consists of
the following steps:

Solve the eigenvalue equation:

- j3'H1 (H1'H1 )1 H1'/3,

where J = (18 /2)' derived by equation (3.12). Initial value for JIi is

fl(v , ..., v,), a multiplication of estimated fl2. and eigenvectors corresponding to

the above eigenvalue equation.

For known value of = /3k, estimate a2 and by reduced rank
regression of R0, on HRJa, correcting for known J'Rk,,

or R0, = a1 col'Hl'Rk, + a2coHRja +

to get 182 which is given by H2ç12. Alternatively, the reduced rank regression can
be done by solving eigenvalue equation:

AS00 - SOkIJI (II'kk!! )' J'S '

and the first r eigenvectors are 182.

For known value of I2 = /2' estimate a1 and ço by reduced rank
regression of R0, on HI'Rk, correcting for known /32'Rk,,

or R01 =alcol'HRk, +a2çoH'2R1 +s,,

to get /3 which is given by H1ç1. Alternatively, the reduced rank regression can
be done by solving eigenvalue equation:

AS00 - 0kfl2 (flSJ2 )' IJSkO

and the first i eigenvectors are fly.

Repeat step 2. and 3. until [a1 a2] [A 182] converges to



(asterisks indicate sign ijIcant coefficients)

Table A7.2: The Estimates of Seasonal Dummies and t-Statistics for the
Rice Data
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A7 Re-Estimation of the Rice ECM Model with the Weak Exogeneity
Restrictions

Table A7.1: The Estimates of Short-run Parameters and t-Statistics of Rice
Conditional Model

AP

AP

AP

0.24

(1.63)

-0.25

(-1.34)
+

-0.06

(-0.26)

-0.05

(-0.24)

-0.04

(-0.26)

-0.62

(-3.07)
+

-0.34

(-1.40)

-0.26

_(-1 .14)

-0.01

(-0.75)

0,04

(2.34)

-0.08

(-3.95)

0.03

(1.32)

-0.18

(-1.99)

-0.36

(-3.14)

-0.15

(-1.03)

0.18

(1.37)

-0.17

(-1.94)

-0.07

(-0.63)

-0.06

(-0.44)

0.22

(1.70)

+

0.24

(1.86)

0.18

(1.13)

-0.03

(-0.16)

0.10

(0.53)

0.13

(1.45)

0.53

(4.77)

0.41

(3.01)

-0.28

(-2.19)

0.18

(2.07)

0.30

(2.76)

-0.02

(-0.18)

-0.11

(-0.91)

-0.03

(-0.28)

-0.19

(-1.33)

-0.14

(-0.79)

0.52

(3.11)

-0.14

(-1.29)

-0.03

(-0.24)

0.28

(1.72)

-0.23

(-1 .47)_

-0.08

(-0.61)

0.05

(0.29)

0.20

(1.04)

-0.28

(-1.57)

-0.07

(-0.78)

0.50

(4.16)

0.72

(4.89)

-0.34

(-2.43)

AP

AP

AP

AP

AP

LxP

AP

+

+

0.07

(0.62)

-0.05

(-0.36)

0.60

(3.30)

0.05

(0.27)

0.17

(1.10)

-0.09

(-0.47)

-0.46

(-1.94)

0.01

(0.03)

0.00

(na.)

0.00

(na.)

0.53

(6.60)

-0.21

(-2.13)

LP

0.10

(1.10)

-0.12

(-1.03)

0.07

(0.46)

0.33

(2.49)

0.00

(na.)

0.00

(na.)

0.85

(6.60)

-0.34

(-2.13)

+

-0.18

(-1.46)

0.17

(1.12)

-0.26

(-1.38)

0.02

j0.1 1)

-0.10

(-1.23)

0.24

(2.44)

-0.04

(-0.35)

-0.28

(-2.42)

0.00

(na.)

0.00

(na.)

-1,04

(-6.60)

0.41

(2,13)

-0.03

(-0.26)

-0.55

(-3.74)

-0.37

(-2.02)

0.40

(2.34)

0.18

(1.72)

-0.20

(-1.46)

0.53

(3.25)

-0.24

(-1 .55)_

0.00

(na.)

0.00

(na.)

-0.38

(-6.60

0.15

(2.13)

-0.01

(-0.13)

0.15

(1.22)

0.24

(1.56)

-0.31

(-2.20)

L\P

AP

AP

P

P

P

P

+ e,

0.05

(0.43)

-0.09

(-0.67)

0.34

(2.00)

-0.20

(-1.26)

Dl 02 03 04 05 06 07 08 D9 010 DII
Pus -0.009 0.004 0.017 -0.004 0.015 0.026 -0.005 0.014 -0.016 -0.01 0.002
Pth -0.034 -0.039 -0.031 -0.03 -0.025 -0.064 -0.075 -0.114 -0.092 -0.082 -0.057
Pvt -0.054 -0.067 -0.048 -0.055 -0.035 -0.072 -0.019 -0.028 -0.013 0.027 0.015
Pin -0.005 0.007 0.01 -0.044 0.005 0.028 0.033 0.034 0.005 -0.002 0.004
t-statistics
Pus -0.566 0.23 1.018 -0.217 0.801 1.596 -0.276 0.902 -1.273 -0.703 0.143
Pth -1.74 -1.688 -1.436 -1.252 -1.035 -3.157 -3.604 -6.049 -5.249 -4.66 -3.37
Pvt -3.494 -2.345 -1.825 -1.899 -1.182 -2.913 -0.734 -1.231 -0.609 1.261 0.752
Pin -0.226 0.27 0.405 -1.655 0.175 1.222 1.376 1.58 0.248 -0.087 0.21



(asterisks indicate sign (/1 cant coefficients)
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A8 Re-estimation of the Wheat ECM Model with Restrictions on Each
Cointegrating Vector

Table A7.2: The Estimates of Short-run Parameters and 1-Statistics of Rice
Conditional Model

0.04 0.05 0.10 -0.25 -0.19 0.46 0.46 -0.91 -0.26 -0.38

(0.16) (0.63) (0.63) (-1.21) (-2.66) (2.28) (5.44) (-5.39) (-1.60) (444)
-0.5! 0.41 0.17 -0.34 -0.40 0.1! 0.39 -0.75 -0.32 -0.52

iSP

(-1.43) (3.32) (0.72) (-1.07) (-3.56) (0.35) (2.90) (-2.82) (-1.26) (-3.84) iSP

0.25
+

0.13 -0.32 -0.18 -0.29
+

0.24 0.14 -0.33 -0.11 -0.28
iSP

(1.80) (2.71) (-3.45) (-1.44) (-6.59) (1.97) (2.72) (-3.20) (-1.07) (-5.38)

0.15 0.02 -0.14 -0.16 -0.21 0.18 0.32 -0.25 -0.11 A?

(0.60) (0.26) (-0.84) (-0.72) (-2.73) iSP (0.83) (3.47) (-2.87) (-1.42) (-1.15) A?
-1.24 0.38 0.34 0.48 0.37 -0.11 -0.35 -0.16 0.18 -0.11

(-3.79) (3.39) (1.53) (1.65) (3.52) (-0.38) (-2.84) (-0.67) (0.76) (-0.87)

1.39 -0.03 -0.72 -1.34 0.03

(5.59) (-0.58) (-5.79) (-4.76) (0.58)

2.32 -0.21 -1.32 -1.99 0.19

(5.93) (-2.24) (-6.75) (-4.51) (2.24) P

+ 0.69 -0.16 -0.47 -0.43 0.14
P + e,

(4.57) (-4,50) (-6.24) (-2.56) (4.50)

1.17 -0.02 -0.60 -1.14 0.02 P

(4.32) (-0.31) (-4.43) (-3.73) (0.31) P
0.90 0.38 -0.15 -1.50 -0.34

(2.50) (4.50) (-1.81) (-3.71) (450)

AP

3.81

(5.00)

5.80

(4.84)

1.34

(2.92)

3.19

(3.85)

3.89

(3.55)_

+

-1.43 0.52 0.25 0.23 0.02

(-4.87) (5.02) (1.75) (0.84) (0.19)

-2.48 0.51 -0.18 1.48 -0.13

(-5.38) (3.11) (-0.77) (3.40) (-1.09)

-0.36 0.24 0.06 -0.13 0.06

(-2.04) (3.88) (0.64) (-0.77) (1.20)

-0.80 0.25 0.36 0.10 0.10

(-2.52) (2.20) (2.26) (0.33) (1.20)

-1.74 -0.27 0.18 1.43 0.06

(-4.12) (-1.78) (0.84) (3.58) (0.58)

-1.15 0.41 -0.37 0.65 -0.03

(-3.84) (4.25) (-2.28) (2.09) (-0.33)

-1.69 0.40 -0.11 1.33 -0.34

(-3.61) (2.68) (-0.43) (2.70) (-2.85)

-0.45 0.30 -0.15 -0.06 0.00

(-2.51) (5.27) (-1.46) (-0.30) (-0.02)

-0.71 0.34 -0.29 0.35 -0.18

(-2.19) (3.31) (-1.64) (1.02) (-2.17)

-1.33 0.02 0.22 1.45 0.08

_(-3.09) (0.18) (0.94) (3.22) (0.72)

A

AP +

0.07

(0.23)

-0.68

(-1.42)

0.24

(1.31)

0.10

(0.31)

-0.97

(-2.22)

iSP

iSP

iSP

iSP

iSP

+

0.05 0.56 -0.08 -0.12

0.03 0.13 -0.35 -0.05

0.11 0.02 -0.36 0.00

(1.11) (0.10) (-1.32) (0.04)

-0.01 0.15 0.76 0.04

0.15 -0.22 -0.22 -0.01 -
(1.61) (-1.44) (-0.87) (-0.15)

(0.31) (2.35) (-0.21) (-1.05)

(0.58) (1.42) (-2.28) (-1.00)

(-0.07) (0.70) (2.09) (0.41)

iSP

iSP

iSP

A?
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Table A8.2: The estimates of seasonal dummies and t-statistics for the wheat data
Dl D2 D3 D4 D5 D6 D7 D8 09 010 DII

Pus -0.09 -0.083 -0.113 -0.124 -0.258 -0.233 -0.253 -0.224 -0.072 -0.033 -0.041

Par -0.104 -0.058 -0.115 -0.184 -0.279 -0.254 -0.371 -0.368 -0.186 -0.232 -0.126

Pca -0.044 -0.028 -0.041 -0.042 -0.069 -0.083 -0.118 -0.058 0.027 0.029 0.018

Pau -0.03 -0.034 -0.062 -0.082 -0.13 1 -0.147 -0.141 -0.096 0.002 0.01 -0.002

Pau -0.052 0.026 -0.153 -0.098 -0.09 -0.111 -0.176 -0.179 -0.109 -0.091 0.001

t-statistics
Pus -4.23 -3.134 -4.021 -3.539 -6.82 -6.364 -6.376 -5.139 -2.038 -1.182 -1.963

Par -3.096 -1.397 -2.6 -3.336 -4.675 -4.403 -5.945 -5.372 -3.351 -5.301 -3.834

Pca -3.383 -1.753 -2.43 -1.966 -3.023 -3.763 -4.94 -2.214 1.255 1.744 1.426

Pau -1.293 -1.184 -2.024 -2.138 -3.185 -3.68 -3.275 -2.02 0.04 0.344 -0.068

Pau -1.684 0.693 -3.786 -1.944 -1.642 -2.1 -3.084 -2.856 -2.151 -2.272 0.018




