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ABSTRACT
We analyze price relationships among rice export prices from January 2000 to December
2012 to verify delineation in the international rice market using clustering and cointegration
approaches. The results show that Thai 5% brokens and Thai 100% Grade B in the high quality
cluster are cointegrated and that the prices of Viet 25%, Thai 25%, Pak 25%, and Viet 5%
brokens in the low quality cluster follow the same long-run trend. Viet 25% and Thai 5% can be
considered as representative international prices in the low and high quality rice markets,
respectively. However, we find evidence to show that Viet 5% tracks both low and high quality
clusters, and thus, may be the best single stand-in for ―world price‖ of rice. We also examine
world to domestic price transmission and found that majority of domestic rice markets are
cointegrated with Viet 5% and Viet 25%. The study highlights the importance of differentiating
rice types in the trade structure to identify world to domestic price linkages more accurately.
Keywords: rice, price transmission, market integration
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1. Introduction
Market delineation has generated considerable interest in time series analysis of agriculture
commodities. Most studies begin with Stigler‘s (1969) arbitrage-based definition of market
which delineates a market as the ―area within which the price of a commodity tends to
uniformity‖ allowing for transportation costs. Thus, market delineation studies give support to
the Law of One Price (LOP) which argues that all homogeneous goods must have only one price
in a market because arbitrage activities will not allow prices to differ by an amount greater than
the transaction costs.
The aims of this study are to analyze price relationships among different types of rice and to
verify which export price best represents the international reference price for the world rice
market. In this context, we investigate two important issues. First, we analyze market delineation
in the international rice market by generating empirical evidence on the cointegration of different
types of rice. The growing literature using time series method in examining market boundaries
has been applied in hog markets by Faminow and Benson (1990), in seafood markets by Asche
et al. (1997), and in wheat markets by Ghoshray (2006). We start our analysis with the
assumption that rice is not a homogeneous good. While a few studies account for the differences
in types of rice available in the world market (Ghoshray, 2008; Jayne, 1993; Nielsen & Yu,
2002), most analyses have largely ignored rice as a differentiated commodity. However, a major
implication of price transmission studies that assume product homogeneity is generating
―estimates with no clear interpretation of market integration‖ (Ghoshray, 2006). Nielsen & Yu
(2002) strongly suggested that the international rice market is highly segmented and found that
Thailand dominates the international rice market. The Food and Agriculture Organization (FAO)
(2002) recognizes the segmentation of the international market for rice and groups export prices
into four categories -- high quality indica, low quality indica, japonica, and aromatic -- in the
construction of the FAO export price indices for rice.
Second, we determine which rice type best represents the world rice price within quality
segments. If export rice prices are cointegrated, they are expected to move together over time
through arbitrage, substitution, or both (Ghoshray, 2008). Essentially, this suggests we could
expect the same movement whether we look at Thai 5% or Viet 5%, for example. The results of
this study have significant implications for researchers looking at transmission of world to
domestic price levels particularly because there is no consensus on what defines an international
reference price for rice.
The study uses 8 monthly average export rice price quotations and 269 domestic rice prices
from January 2000 to December 2012 extracted from the FAO Global Information and Early
Warning System (GIEWS) food price database. The next section describes the types of rice
traded in the global market, followed by data description, methods, and empirical results. We end
the analysis examining world to domestic rice price transmission in 58 countries from Asia,
Africa, and Latin America. We then draw out implications for policy and conclude in the last
section.

2

2. Types of rice
A wide range of rice types are sold in the international market (Barker, Herdt, & Rose, 1985)
(Figure 1). The bulk of the rice traded is long grain, usually from indica varieties, which is
popular throughout South and Southeast Asia. There is a smaller market for short-grain, japonica
varieties grown widely in East Asia and in other temperate zones of the world. Japonica rice is
relatively sticky when cooked and has a shorter, thicker grain while indica is less sticky and
becomes elongated when cooked. Other rice types (e.g., aromatic, glutinous) tend to be confined
to particular regions and are generally traded as specialty items. Aromatic rice, mainly jasmine
from Thailand and basmati from India and Pakistan, and glutinous rice, grown mostly in
Southeast Asia and used in desserts and ceremonial dishes, typically sell at a premium in world
markets.
Moreover, there are four forms of traded rice: rough, parboiled, brown, and milled (Childs &
Burdett, 2000; Childs & Livezey, 2006; Texas A&M University, 2011). Rice that has been
harvested from the plant with its husk intact is known as rough or paddy rice. When the husk is
removed from rough rice, it is called brown rice. Rice that has had its husk and bran layers
removed by milling is called white, table, polished, or milled. Milling rice increases its shelf life
and provides consumers with a desired physical property – whiteness (Texas A&M University,
2011). Prior to milling, rough rice can also be parboiled, a process of soaking the rice in water
and steaming it under intense pressure, which makes the grain less likely to break during milling
and pushes nutrients from the bran layer into the kernel.
Rice entering the world market is further graded according to its milling degree1 and grain
composition. However, there is a lack of international grading standards to measure and
standardize variety and quality differences (McKenzie, 2012). For example, Thailand has 13
grades for milled white rice, ranging from ‗Thailand 100% Grade A‘, with brokens not
exceeding 4%, to ‗Thailand A1 Special‘, with 100% brokens obtained from the milling of 15%
and 25% Super (Thailand Ministry of Commerce, 1997). 2 The U.S. has 6 grades for milled rice,
ranging from ‗US No. 1‘ with brokens not exceeding 4%, to ‗US No. 6‘ with brokens not
exceeding 50% (USDA Department of Agriculture, 2009).3 Vietnam has 5 major grades which
attach maximum broken limit to the grades (i.e., ‗Vietnam 5%‘ should contain brokens not
exceeding 5%).4
1

Extra well milled is the removal of bran entirely to the extent that the rice kernel has a specially beautiful
appearance. Well milled is the removal of bran entirely to the extent that the rice kernel has a beautiful appearance.
Reasonably well milled is the removal of a large amount of bran to the extent that the rice kernel has a reasonably
beautiful appearance. Ordinarily milled is the removal of some portions of bran only.
2
Thailand 100% Grade A (>70% class 1, 4% max brokens), 100% Grade B (>40% class 1, 4.5% max brokens),
100% Grade C (>30% class 1, 5% max brokens), 5% (>20% class 1, 7% max brokens), 10% (>10% class 1, 12%
max brokens), 15% (>5% class 1, 17% max brokens), 25% Super (28% max brokens), 25% (28% max brokens),
35% (40% max brokens), 45% (50% max brokens), white broken rice A1 Extra Super (brokens from milling of
white rice 100%), White broken rice A1 Super (brokens from the milling of white rice 100%, 5%, and 10%), and
white broken rice A1 Special (brokens from the milling of white rice 15% and 25% Super) (Thailand Ministry of
Commerce, 1997).
3
U.S. No. 1 (max 4% brokens), No. 2 (max 7% brokens), No. 3 (max 15% brokens), No. 4 (max 25% brokens), No.
5 (max 35% brokens), and No. 6 (max 50% brokens) (USDA Department of Agriculture, 2009).
4
Vietnam 5% brokens, 10% brokens, 15% brokens, 25% brokens, and 100% brokens.
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Figure 1: Rice product differentiation
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Manful (2010) lists several characteristics of a good quality rice grain but notes that grain
quality has different meanings in different levels of the rice value chain. A good quality rice has
little or no chalk, has translucent appearance, has uniform coloration (white for milled rice and
yellowish for parboiled rice), and has high percentage of whole unbroken grains. The percentage
of whole unbroken grains is perceived by consumers as the most important quality because rice
is eaten as a whole grain, unlike other cereals. This is confirmed by a multi-country research on
rice grain quality in Asia which validates that quality and quality preferences vary across
countries and regions, but in general, consumers prefer higher head rice yield and more
translucent grain (Juliano, 1993; L. Unnevehr, Duff, & Juliano, 1992; L. J. Unnevehr, 1986).5
The differences in grain quality perceptions and preferences partially explain why quality
differentiation in rice studies has focused mainly on proportion of brokens. A high quality rice is
usually associated with high percentage of whole kernels, while a low quality rice is associated
with high percentage of brokens, damaged kernels, and foreign matter. However, in this
framework, there are no strict lines that divide ‗low‘ and ‗high‘ quality rice, more so for ‗low‘,
‗medium‘, to ‗high‘, or from ‗very low‘, ‗low‘, ‗high‘ to ‗very high‘ quality distinctions.
According to Calpe (2004), indica varieties represent 75% of world trade, while japonica and
basmati rice account for 24%. Most exported rice is milled (77%), and about 15% is parboiled.
High quality milled rice (here defined as those with less than 20% brokens) accounts for 75% of
global trade. In short, world rice trade is dominated by high-quality, milled indica varieties. Five
countries account for roughly three-fourths of global rice trade. Thailand supplies about 30% of
global rice exports and has been a consistent big exporter, particularly of high quality indica and
aromatic Jasmine. Vietnam specializes in the export of low quality indica. The U.S. produces and
exports all types and forms of rice. India and Pakistan are major exporters of aromatic Basmati
rice.
The large range of different rice types and quality distinctions have resulted to less consensus
on the international reference price for rice than there is for wheat and corn. Unlike other cereals,
there is no ―market-determined average world price‖ at any given point in time (Barker et al.,
1985). Falcon and Monke (1980) made the first explicit statement that Thai 5% brokens can
serve as a reasonable indicator of movements in the global market since it is a widely traded
variety. In 2007, Calpe recaps that the most frequently used export price to represent the market
is the Thai 5% brokens, which has been quoted since 1957. In a review of rice literature looking
at the error correction mechanism aspect of spatial price transmission (PT) from world to
domestic cereal markets, Thailand export prices dominate in 155 out of 215 rice market pairs and
Thai 5% brokens is frequently cited as the world reference price (55%) (Greb et al., 2012).
Unfortunately, no empirical analysis has been carried out to validate these claims.
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Head Rice Yield is the weight of whole rice grain remaining after milling, as a percentage of the total weight of the
paddy. Breakage of grain during milling reduces the percentage of whole grain. The whiteness of rice ranges from
white to yellow. Yellowness occurs because of aging or higher protein content. Translucence relates to the degree of
crystallinity of the starch. Chalky grains are softer than translucent grains and are more likely to break during
milling (Knowledge Bank, IRRI, 2006)
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3. Methods
We employ clustering and cointegration approaches to examine robust measures of
dependence in time series data. Cluster analysis is implemented to find groups of strongly related
series, while cointegration is used to find a combination of series which is stationary, even if the
time series are not in themselves stationary. In this framework, we present empirical evidence
on potential price leaders that could define the international reference price for rice.
We implement our analysis in several steps. First, we confirm rice price clusters using
agglomerative hierarchical clustering, estimated using average-link distance method. While we
have a priori knowledge on differences by milling quality, several studies have shown that rice
from Vietnam are perceived to be of lower quality if compared with Thailand rice of the same
milling quality (Ghoshray, 2008; Nielsen & Yu, 2002). Clustering is used to identify structure in
an unlabeled data set by objectively organizing data into homogeneous groups where the withingroup-object similarity is minimized (Warren Liao, 2005). The similarity (or dissimilarity)
between variables is usually measured by Euclidian distance metric. While not the only available
distance measure, survey and empirical comparison in Keogh & Kasetty (2003) revealed that the
Euclidean distance metric still performs best compared to others when tested on the same dataset
with same length (Wang, Smith, Hyndman, & Alahakoon, 2004). We consider average-link
clustering (also called minimum variance method), where we take the average distance between
all pairs of prices, each variable belonging to a distinct cluster (Murtagh, 1983; Rokach &
Maimon, 2005). In other words, the distance between one cluster and another cluster is equal to
the average distance from any member of one group to any member of the other group.
Agglomerative hierarchical clustering works by grouping the set of prices into a dendrogram. In
this method, it assigns each variable in a specific cluster and then merge clusters into larger and
larger clusters, until all objects are in a single cluster (Warren Liao, 2005). In the tree of clusters,
items are joined by short branches if they are similar to each other, and by increasingly longer
branches as their similarity decreases. Since we are interested in clustering based on relative
price movements, and not on the level of prices, we also implemented the analysis using mean
centered data to remove the dependence on magnitude. Moreover, there are concerns on cluster
analysis using highly correlated data. Multicollinearity can be a problem because it becomes
difficult to partial out individual variable effects (Sambandam, 2003). Thus, highly correlated
variables, which effectively represent the same concept, gets twice the weight in the cluster
analysis. Sambandam (2003) suggests several ways to address this issue. The simplest approach
is to eliminate redundant and irrelevant variables before implementing the cluster analysis.
Another approach is to use Mahalanobis distance (MD) measure rather than the traditional
Euclidean distances to calculate the similarity of observations with highly correlated data.
Next, we employ Johansen procedures in estimating vector error correction models (VECM)
to confirm the long-run equilibrium relations and cointegration between high and low quality
rice price series. Evidence against the null of no cointegration is taken to indicate that prices comove and that markets are integrated. Price transmission analysis is essentially a cointegration
analysis. We are interested in describing the transmission parameters of cointegrated variables.
This is supported by the Engle-Granger Representation Theorem (Engle & Granger, 1987),
which states that cointegrated variables have an error correction representation and the same hold
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in reverse, i.e. if an error correction representation exists between two or more variables, then,
the variables are cointegrated.
The VECM is a re-parameterization of the standard vector autoregressive (VAR) model
which relates the current levels of a set of time series to lagged values of those series. The main
advantage of the VECM over the VAR is that it separates the long-run equilibrium (or
‗cointegrating‘) relationship between prices from the short-run dynamics that ensure that any
deviations from this long-run equilibrium are ‗corrected‘ and thus only temporary.
The VECM takes the following general form
(1)

∑

where
is an n x 1 vector of n price variables;
Δ is the difference operator, so
;
is an n x 1 vector of error terms;
is an n x 1 vector of estimated parameters that describe the trend component;
is an n x n matrix of estimated parameters that describe the long-term relationship and the
error correction adjustment; and
is a set of n x n matrices of estimated parameters that describe the short-run relationship
between prices, one for each of q lags included in the model.
The key parameter in the VECM is the
which contains the long-term relationship
( ), or the cointegrating vector, and the error correction adjustment ( ), which reflects the speed
of adjustment. This can be decomposed if the reduced rank ( ) of is
, where is the
number of variables. The rank of determines the number of stationary linear combinations of
the variables in
and is usually estimated using a Johansen trace test (Johansen 1991). This test
allows for more than one cointegrating relationship so is more generally applicable to a vector of
prices.
We identify the number of cointegrating relationships using the trace test to determine if
long-run relationships between export prices in the same group exist. Asche et al. (1999) have
shown that market integration tests based on LOP can provide useful information with respect to
commodity aggregation. The existence of one common trend in each cluster, i.e. rank is exactly
, suggests that the rice types are perfect or close substitutes for one another (Asche et al.
1997). If the multivariate cointegration test indicates the existence of more than one common
trend in each quality cluster, the rice types are segmented and are not close substitutes.
If the rank is found to be less than
, the LOP cannot be established and tests of long run
exclusion and weak exogeneity are performed. We adopt the method carried out by Le Goulven
(1999) and Nielsen and Yu (2002). The authors have shown that when cointegrating vectors have
been specified, the ECM can be used as the basis for testing for weak exogeneity and exclusion
among the price series. Exclusion can test the contribution of specific prices in defining the
cointegrating relationship. Weak exogeneity tests for the response of the price series to
disequilibrium in the long run relations. Johansen and Juselius (1990) affirms that if all
7

adjustment parameters are zero in one equation, this variable is weakly exogenous for the longrun parameters in the remaining equations. The long run exclusion test amounts to testing for a
column of zeros in , while the weak exogeneity test amounts to testing for a row of zeros in .
Markets may then be classified as long run segmented markets, long run leader markets, long run
follower markets, and long run regulator markets depending on the outcome of these tests.
We also estimate impulse response functions (irf) to determine the impacts of unexpected
change on the variables included in the system. Lütkepohl and Reimers (1992) have argued that
impulse response analysis is a valuable tool for investigating interrelationships among variables
in a cointegrated system. Graphically, an impulse response shows how an exogenous shock in
one price, through the error term, affects another price over time. An interesting feature is that
impulse responses do not die out to zero but approach to some non-zero value. Lütkepohl (2005)
remarks that this reflects the non-stationarity of the system where a one-time impulse can have
permanent effects.
Finally, we examine world to domestic rice price transmission in 269 local markets in Asia,
Africa, and Latin America using each of the 8 export prices as the international reference price
for rice. Again, we employ Johansen procedures in estimating bivariate VECMs to confirm the
long-run equilibrium relations. In a similar approach, Greb et al. (2012) found 55% cointegration
in 251 markets using Thai 5% as the world price. The study also found stronger evidence of
cointegration from countries in Africa than in Asia or Latin America.

4. Data
The data used for the analysis includes 8 export rice price quotations (Table 1) and 269
domestic rice prices extracted from the FAO GIEWS food price database (Table 2). The GIEWS
prices are in monthly frequency and most run through the end of 2012. The database was
established in 2009 as part of the FAO Initiative on Soaring Food Prices and now serves as the
most important source of updated price information.
The export prices reported in GIEWS are average FOB port quotations in US dollars
collected from national official sources from January 2000 to December 2012 (n=156). While
using quoted prices for econometric analysis has been criticized, several studies have shown that
they can represent actual prices as they reflect demand and supply situations (Goodwin, 1992;
Mohanty, Meyers, & Smith, 1999; Mohanty, Peterson, & Kruse, 1995). Besides, there are no
other reliable sources of international prices for rice that takes into account quality differences.
There are four major sources of historical international prices for rice 6 and the longest series at
monthly level is only available for Thai 5% brokens which started in 1960 and maintained by the
World Bank (WB).

6

World Bank: Commodity Price Data (a.k.a. Pink Sheet) available at http://data.worldbank.org/datacatalog/commodity-price-data; IMF: Primary Commodity Prices available at
http://www.imf.org/external/np/res/commod/index.aspx; FAO: International commodity prices available at
http://www.fao.org/economic/est/statistical-data/est-cpd/en/; FAO-GIEWS: Food Price Data and Analysis Tool
available at http://www.fao.org/giews/pricetool/.
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Table 1: Export price data

Variety

Details

Mean

Std

price3

Dev

ADF trace statistics Optimal
Level

Diff

Lag4

thai25
Thailand: Bangkok - Rice (25% broken)
331
163
0.953
-6.680*
2
viet25
Viet Nam - Rice (25% broken)
294
139
0.420
-6.709*
2
pak25
Pakistan - Rice (25% broken)
283
119
0.632
-7.123*
2
thaia1sr
Thailand: Bangkok - Rice (Thai A1 Super)1 286
147
1.052
-6.119*
3
uslong
USA - Rice (U.S. Long Grain 2/4%)
425
167
0.580
-6.027*
2
2
thai100
Thailand: Bangkok - Rice (Thai 100% B)
378
185
0.842
-6.947*
2
thai5
Thailand: Bangkok - Rice (5% broken)
366
180
0.792
-6.640*
2
viet5
Viet Nam - Rice (5% broken)
321
151
0.545
-6.528*
3
Notes: 1Thai A1 Super is broken rice kernels obtained from the milling of 15%, 20%, and 25% quality grains.
2
Thai100B is not 100% broken. It is extra well-milled rice with whole grain kernels not less than 60% and brokens
not to exceed 5%. 3Average price (US$ per ton) for the sample period, Jan 2000 to December 2012. 4Based on
SBIC. * indicates rejection of the null hypothesis of non-stationarity at the 5 percent significance level with critical
value = -1.95.

Table 2: Number of domestic markets in each country
Africa
Benin
Burkina Faso
Burundi
Cameroon
Cape Verde
Chad
Congo
Djibouti
Egypt
Gabon
Ghana
Guinea
Lesotho
Madagascar
Malawi
Mali
Mauritania
Mozambique
Niger
Rwanda
Senegal
Somalia
Tanzania
Togo
Tunisia
Uganda
Zambia

125
4
9
1
5
6
3
4
3
4
1
2
2
6
2
2
14
1
10
12
1
11
12
1
6
1
1
1

Asia
Bangladesh
Bhutan
Cambodia
China
India
Indonesia
Lao
Mongolia
Myanmar
Nepal
Pakistan
Philippines
Sri Lanka
Thailand
Timor Leste
Vietnam

83
3
2
4
4
8
2
12
1
2
1
10
28
1
2
1
2

Latin America
Bolivia
Brazil
Colombia
Costa Rica
Dominican Republic
Ecuador
El Salvador
Guatemala
Haiti
Honduras
Mexico
Nicaragua
Panama
Peru
Uruguay

61
6
3
7
2
4
5
2
3
5
2
4
10
2
4
2
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The export prices include Thai 25% brokens (thai25), Viet 25% brokens (viet25), Pak 25%
brokens (pak25), and Thai A1 Super (thaia1sr) in the low quality cluster; and Thai 100B
(thai100), Thai 5% brokens (thai5), Viet 5% (viet5), and U.S. long 2/4% (uslong) in the high
quality cluster. We focus our analysis on low and high quality milled indica types considering
that most of rice traded in the world market are in this form. While there is a growing demand
for premium rice, Jamora and Cramon-Taubadel (2012) have shown that these rice types are
highly segmented grain markets. The 8 export prices represent about 7 million tons of rice
traded annually. The average price of each series reveals important information on quality
differences and show low quality rice below US$ 300 per ton (except for thai25) and high quality
rice above US$300 per ton in the sample period.
The domestic prices have different starting years, but for consistency, we only use data
beginning in January 2000 and impose a minimum length of 12 observations for a time series to
be considered in our analysis. The domestic prices cover 27 countries in Africa, 16 in Asia, and
15 in Latin America. The number of markets available in each country ranges from 1 to 28 and
explains why it exceeds the total number of countries (n=59) in the sample. The price series are
disaggregated by price level (62% retail and 38% wholesale) and by rice type. However, there is
no distinct way to uniformly compare types across countries. For example, domestic prices in the
Philippines report types by milling degree, while several countries from Africa make distinction
between local and imported rice.
We examine the time series properties of the data and optimal lag length using the
Augmented Dickey-Fuller (ADF) tests for each of the price series expressed in log levels and in
log differenced form that minimizes the Schwarz's Bayesian information criterion (SBIC). The
tests confirmed the presence of unit roots in levels and stationarity in first differences.

5. Results and discussion
Figure 2 illustrates the dendrogram from agglomerative hierarchical clustering. We observe
thai5 and thai100 to be the closest elements and are primarily merged in the sequence of
progressive clustering. Moreover, we find viet5 clustered in the low quality rice and more closely
linked with viet25 than with another rice type of the same milling quality. There are also some
indications that thaia1sr and uslong are segmented markets in the low and high quality clusters,
respectively. Thai 25% brokens appears to be more closely associated with other high quality
rice, although the long branch suggests that the similarity is not as tight. We perform the same
analysis using MD as similarity measure and found thai25 to be grouped with viet25 and viet5 in
the low quality cluster. Except for thai25, the results are robust to data transformation and to use
of other distance measures.
We test for bivariate cointegration to examine the pairwise relationship of prices. Asche et al.
(2004) suggested implementing a bivariate analysis before continuing with multivariate models
to ascertain commodity classifications. Preliminary assessment of LOP, LR exclusion, and weak
exogeneity tests indicate sensitivity to the variables included (or excluded) in the multivariate
system. This step is also relevant because an ECM is only valid with cointegrated variables.
Table 3 shows the results of Johansen test of cointegration and confirms the segmentation of
10

thaia1sr and uslong as indicated by the dendrogram. The two prices are not cointegrated with any
other rice export prices. We also find thai25 to be cointegrated with the other 25% brokens and
not with the high quality rice types.

Figure 2: Agglomerative hierarchical clustering dendrograms
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Table 3: Bivariate cointegration tests
Variable thai25
thai25
1
viet25
1
pak25
0
thaia1sr
0
uslong
0
thai100
0
thai5
1
viet5

viet25
1

pak25
1
1

1
0
0
1
1
1

0
0
1
1
1

thaia1sr uslong
0
0
0
0
0
0
0
0
0
0
0
0
0
0

thai100
0
1
1
0
0

thai5
0
1
1
0
0
1

1
1

viet5
1
1
1
0
0
1
1

1

Notes: using trace test with 3 lags, 1=yes (cointegrated).

Next, we examine whether there is a coherent market within our rice clusters. We
differentiate between low and high quality rice based on the cluster analysis. Table 4 presents the
results of the trace tests and confirms the segmentation of thaia1sr and uslong rice in the group of
export prices. Moreover, the tests confirm the existence of a coherent rice market in the 25%
brokens. Viet5 is also more closely identified in the low quality group. In this cluster, the price
variables are strongly cointegrated and can be classified as close substitutes for one another.

Table 4: Multivariate cointegration tests
Quality
Low

High
Notes:

Cluster
1
2
3
4
5

Variables
pak25 thai25 viet25 thaia1sr
pak25 thai25 viet25 viet5
pak25 thai25 viet25
thai100 thai5 viet5 uslong
thai100 thai5 viet5

rank( )

Trace statistic

1
3*
2*
1
1

28.3375
0.3714
0.6173
22.6471
12.0955

4
4
3
4
3

= number of variables; rank( ) based on trace test with 3 lags. * accept LOP.

We proceed to testing for long run exclusion and weak exogeneity in cluster 5 (thai100,
thai5, and viet5) where we do not accept LOP (Table 5). We exclude clusters 1 and 4 since we
have established the segmentation of thaia1sr and uslong. The tests point to some evidence that
Viet 5% play a leadership role in the high quality rice market. It contributes to long run relations
and is weakly exogenous relative to thai100 and thai5. Thai 100%B can be considered a follower
in the high quality market, as it does not contribute to the definition of cointegrating relations but
is not weakly exogenous in the cluster either. Thai 5% plays a regulator role in the cluster. It is
not exogenous, but can be weakly excluded in the long run relations. Le Goulven (1999)
describes market regulators as those that help adjust supply when demand is affected by random
shocks.
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Table 5: Tests of long run exclusion and weak exogeneity
Cluster Variable
5

thai100
thai5
viet5

LR exclusion Weak exogeneity
LR
exclusion
test stat
test stat
4.7399 **
9.0609 ***
No
2.7157 *
7.6061 ***
Yes
8.5684 ***
2.3536
No

Weakly
exogenous
No
No
Yes

Classification
Follower
Regulator
Leader

Notes: *** 1% significance level, ** 5% significance level, * 10% significance level.

The orthogonalized impulse response functions generated from the multivariate VECMs are
presented in Figures 3 and 4. We graph the irf to be able to sort out the dynamics of price
relationships between variables in each multivariate cluster, which can be convoluted in the
number of parameters estimated. We consider Hall‘s (1992)bootstrap confidence intervals in
interpreting the results.
In the high quality cluster, an exogenous shock to thai100 elicits very slight responses from
other prices. On the contrary, a shock to thai5 generated significant price increases from all high
quality rice and led to higher equilibrium prices. Similarly, a shock to viet5 increases prices for
other prices, but the impact is less and not immediate relative to thai5. The figure shows that
exogenous shocks from thai5 and viet5 are driving price increases in the high quality cluster.
The irf in the low price cluster generated by a one unit orthogonalized shock in viet25 elicit
price increases for about 2 months before it declines and stabilizes. An innovation in viet5 has
small impact on prices of 25% brokens. Shocks to pak25 and thai25 lead to less immediate price
increases, which stabilize after six periods. The chart indicates that an external shock from viet25
propels price increase in the low quality cluster.
Figure 5 shows the prevalence of cointegration by region and rice type based on the results of
the Johansen trace tests. We estimate the VECMs using two lags in the underlying VAR as it was
selected by our lag order selection statistics in majority of markets. We find several important
findings from this exercise. First, the graph indicates that viet25 and viet5 appear to be
cointegrated with the most number of markets in Africa, Asia, and Latin America. This suggests
that for majority of these markets, Vietnam rice appear to be more relevant than Thailand rice.
Second, there is less evidence of cointegration using thai5 as the international reference price.
Third, we confirm that uslong is a segmented market particularly in Asia and Africa. Fourth,
there is high prevalence of cointegration in Asia using thaia1sr, although it is a segmented
market among export prices. Fifth, we observe similar patterns between viet25 and viet5 and
between thai100 and thai5 which confirm the results of the clustering analysis.
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Figure 3: Orthogonal impulse responses, high quality cluster
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Figure 4: Orthogonal impulse responses, low quality cluster
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Figure 5: Prevalence of cointegration, by region and rice type
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Notes: Estimated with 2 lags in the underlying VAR. Number of markets: Africa=125, Asia=83, Latin America=61.

6. Conclusion
Our study contributes to the limited discussion on rice as a heterogeneous commodity. We
find several important results that are particularly relevant for future studies in rice market
analysis. First, we find clustering, cointegration, and impulse response analyses as
complementary tools in understanding the dynamics of price relationships, but neither one is
sufficient. We recommend the use of different time series tools to check for consistency and
robustness of results.
Second, we substantiate that the rice market is segmented. There are distinct markets that
differentiate between low and high quality milled indica. U.S. rice does not follow any of the
Asian prices and is a segmented market particularly in Asia and Africa. We accept the test of
LOP in the 25% market including viet5. The cointegration of these markets suggests that the
prices of Vietnam 25%, Thai 25%, Pakistan 25%, and Vietnam 5% brokens follow the same
long-run trend. Similarly, Thai 100% Grade B is cointegrated with Thai 5% brokens, so any
deviations from the long run equilibrium are being corrected. We find Viet 5% (along with Viet
25%) to be pair-wise cointegrated with all other rice types. To some extent, this result explains
why Viet 5% tracks both low and high quality clusters. The clustering analysis confirms that
viet5 follows the trend in the low quality market more closely, although it is technically a high
quality rice. The post-estimation tests for long run exclusion and weak exogeneity suggest that
Viet 5% acts as price leader in the high quality market.
Third, the segmentation in the export market suggests that there is no single rice type that can
best represent the world rice price. In the low quality market, we find evidence to show that Viet
25% broken can be a good benchmark. Viet 25% is cointegrated with many export prices and
Vietnam is clearly identified as a major exporter of low quality rice. However, price movements
of Viet 5% brokens cannot be ignored. While it is delineated in the low quality cluster, it affects
16

both high and low quality rice types, albeit greater in the high quality segment. In the last 10
years, more than 1.3 million tons of Viet 5% and Viet 25% each are exported annually. The
numbers are slowly surpassing the export volume of Thai 5% which averages a little more than 1
million ton of rice each year.
Fourth, we find indications that Thai 5% brokens is a good indicator for the high quality
milled indica market. Thailand is the number one exporter of rice in the world and significant
world trade is in high quality indica. Thai 5% is also cointegrated with many export prices and,
most importantly, long series data is available from the FAO, IMF, and the WB. However, in
many domestic markets, high quality Thailand rice may not be the relevant world price. For one,
this suggests that low quality rice is gaining ground in global rice trade, particularly for markets
and countries included in the GIEWS database. As a case in point, the USDA West Africa Rice
Annual (2012) reports that low quality rice is favored in many African countries not only
because of consumer preference but also because of lower taxes. In Burkina Faso, for example,
most rice consumed is 25% brokens and high-income consumers prefer 100% brokens. Majority
of rice consumers in rural Cote d‘Ivoire prefer the 16 to 25% rice brokens, while about 25% of
the population consumes the 25% broken rice. In Senegal, there is no surtax on broken rice,
which fixes its maximum tariff at 12.7% compared to 32.7% for semi-milled rice.
Our study implies that failure to find cointegrating relations from world to domestic rice
markets can be a result of failure to effectively define the appropriate international reference
price. For example, a recent study by Greb et al (2012) reported only 55% cointegration from
world to domestic markets using FAO GIEWS data and Thai 5% as the international rice price
for all markets. Our study shows more than 76% cointegration using either Vietnam 25% or
Vietnam 5%. Viet 25% and Thai 5% can be considered as representative international prices in
the low and high quality rice markets, respectively. However, we find evidence to show that Viet
5% tracks both low and high quality clusters, and thus, may be the best single stand-in for ―world
price‖ of rice. In price transmission analysis, we find that it is imperative to examine the types of
rice and to discuss the relevance of specific markets to the benchmark price based on
understanding of rice trade structure. This study affirms the importance of having up-to-date and
reliable sources of rice prices both in the export and domestic markets, accounting for
differences in quality.
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