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Abstract
This study investigates the level of market intéigrain the North American Onion

Markets. A two-sample period analysis shows ane@®e in the speed of price
convergence overtime, suggesting deeper markejratten as NAFTA was fully
implemented. Further analysis showed that U.S.-@lananarkets have experienced
deeper market integration compared with U.S.-Mexiterkets as well as Canadian-

Mexican markets.
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INTRODUCTION

In the past three decades, the North American @lgural markets have become
much more integrated (USDA, 2005). A number ofdeshave been attributable to this
event, including the rapid pace of technologicarde, Mexico joining the GATT in
1986, shifts in domestic farm policies, the Canblda: Free Trade Agreement (CUSTA),
the North American Free Trade Agreement (NAFTAY amultilateral trade negotiations
(Vollrath, 2005). Many attribute NAFTA to intensifyg the integration process through
the establishment of common antitrust and regufgtoocedures, harmonization of
product standards, and increased coordination miedtic farm market and
macroeconomic policies, among others (Rosson, Z0&iniser, 2006). All of these
factors have deepened market integration and eeldanarket efficiency and growth
within North America.

Although the North American agricultural markets arore closely integrated,
the level of integration varies across sectorsaet time (Doaret al., 2005; Hahret al .,
2005). Differential tariff phasing-out periods amanaining trade disputes are two of
many factors contributing to this. Tariff eliminai for U.S.-Canada trade concluded on
January 1, 1998, but the two countries retain fit®o to apply temporary safeguards on
bilateral trade in selected fruits, vegetables, flmaers until 2008. Numerous trade
restrictions between the United States and Mexntblzetween Canada and Mexico were
eliminated immediately upon NAFTA'’s implementatiavhile others were phased out
over periods of 5 to 15 years. Disputes conceraugar and sweetener trade have left
many formidable trade barriers in place, creataggdf market integration in this sector

(Zahniser, 2006).



Market integration as in the NAFTA region is ampontant issue because it has
important implications for economic welfare (Rolsert, 2004). Market integration gives
countries the advantages of competition and conssioas purchase goods at the lowest
possible prices. The U.S. consumers, for exampleg enjoyed the benefits of lower cost
fruits and vegetables as a result of integratidwben Mexican and U.S. markets
(Knutson and Ochoa, 2004). Information of spatiatket integration also facilitates
firms to deploy resources more efficiently to paer/igains from trade. Based on the
information of the extent of market integrationygmment can formulate policies of
providing infrastructure and information regulateervices to avoid market exploitation.

Given the implications of market integration and fact that it varies across
sectors and over time, this paper aims to empiyicaestigate the level of market
integration in the North American onion marketsttRermore, this paper also attempts to
measure whether market integration in the oniorketarchanges over time. This study
focuses exclusively on the onion markets becausmsrare one of the most traded
vegetables within the NAFTA region. Furthermores #ivailability on commodity and
variety based price data may help controlling fe&r &ggregation effects that can impact
convergence estimates. In fact, empirical reselieal that aggregation over onion
variety underestimate price convergence. Anotheiufe of this study is the use of panel
data analysis. This approach is argued to giverddgas over the conventional method
that uses bilateral price relationships as an atdrcof market integration. For example,
panel data analysis provides more observationgecounts for the variation across
individuals which improve estimation efficiency.rermore, the use of panel data

analysis is also argued to improve the power of naait tests.



MEASURING MARKET INTEGRATION: THE ONION MARKETS

There are different ways to measure market integraone of which is based on
the economic law of one price (LOP) (Moodktal., 2000). According to LOP, markets
are considered spatially integrated for a spegibiad if a causal relationship between
prices in different spatial markets can be measWedket integration means that a
measurable long-run relationship exists betweehadlyaseparated prices for the same
good. Thus, even when prices might temporarily aevirom each other in the short-run,
the differentials should eventually converge inlteg-run. The speed of price
convergence indicates the degree of market integrat

Measure of market integration in this study isdshsn the convergence equation
and the estimation procedure is based on the widtkwon, Lin, and Chu (2002,
thereafter the LLC test) and Im, Pesaran, and @987, 2003, thereafter IPS test) on
unit root tests with panel data. The two procedaresused because they are more
powerful than the conventional unit root testsaleast they improve the power of unit
root tests. This is because the two proceduredge@vlarger number of data points and
use the variation across individuals which impresémation efficiency. For example,
the fixed effect model captures market fixed eBdbiat account for non-time
dependence, transportation costs, and unobsenadyqlifferences (Goldberg and
Verboven, 2005). The presence of market fixedotsfen the estimation also suggests
the relative version of the LOP, which has advaesagyer the absolute LOP that
assumes transaction costs vary proportionately towex. A practical consideration of

using these procedures is also proposed by Let\ah(2002) that for panel of moderate



size (between 10 to 250 individuals with 25-250aptation per individual) the current
procedures are more relevant than other procedures.

Following Wei and Parsey (1995) and Solakoglu @oddwin (2005), this study
uses relative prices with New York as the benchnaéigk New York is chosen because it
represents an onion market that has more intemadtand local price quotes than any
other markets in the United States. For exampleggifor all onions originating from
Mexico and Canada are quoted in New York Marketsibtin other markets like
Chicago and Philadelphia. Furthermore, prices gquimtéew York exhibit the least
variability among the ten markets (Table 1). Agbke criticism of this approach is that
the convergence results are sensitive to the cludittee benchmark city (Wei and
Parsley, 1995; Cecchetti et al, 2002; Goldberg\&rdoven, 2005). To address this
criticism, this study adopts Dallas as an altewgalienchmark city. The results were not
substantially different from the results with NewrK as the benchmark city (Table 2).

The LLC test for the North American onion marketasried out by estimating

the following equation:

Li
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Where P, is the log-difference in the price of onion inyditrelative to benchmark city at

timet, andA is the first difference operator. The lag struelus determined on a variety
basis as in a univariate augmented Dicky-Fulldrtteaccount for possible serial
correlation. The lag length bis decided based on Bayesian Information Cri(@ig).
Since this study also considers onion variety diffiees, equation (1) needs to be
modified accordingly. The subscripts consist oéthcomponents; k, andt; which

denote market (city), variety (red, white, and @), and time, respectively. The primary



interest is the coefficient on the lagged log at@differencesf, which represents the
speed of convergence. Under the null of no converges, is equal to zero for all
suggesting that a shock B8, is permanent. That is the LLC test specifies thié n

hypothesis ofH ,against the alternative hypothesistdf as:
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To conduct the LLC test, several steps are pesddrrkirst, the cross-sectional

averages are subtracted from the data to remowvafthences of time effects. That

isP = %\I ziN P, . Second, the first difference of relative pricé®( ) is regressed on its

lagged values for each city. Denote the residusds aThird, the lag of relative prices
(R ,.,) is regressed on the same variables in the sestepdo obtaif ,_,, the residuals
of this regression. Fourth, the residugls are regressed own,_, without a constant. The
standard error obtained from this regression is tised to normaliz€ ,andV, ,_, for

controlling heterogeneity across individuals. Apahe panel OLS of the normalized

residuals is run to obtain tifsestimates. That is:

(2) ét = Wi,t—l + g‘it *
Levin et al show that under the null hypothelsis: S = , tBe regression t-

statistic ¢, ) has a standard normal limiting distribution. Taiain a standard normal

distribution, Levinet al propose to adjust thestatistic (denoted as-bar ) using the ratio

of long-run and short-run standard deviations (s®en et al, 2003 for detail procedure).



The major limitation of the LLC tests is thA} is the same for all observations.

To relax this assumption, Iet al (2002) propose an extension of the LLC procedyre b

allowing g, to differ across groups. Therefore, IPS tests thehypothesisH,: 5 = 0
against the alternative thét, : 5 < fdb at least one Similar to LLC, the-statistics

for the IPS can be converted into a standard nodmsaibution, denoted bw-tbar.

The LLC approach provides estimates of speed cgewee, which is indicated
by estimates gf and their corresponding half-life estimates. Thenefit is possible to
evaluate whether the speed of convergence in pritasge over time. In order to do so,
the data are split into two periods: from 1998 @92 (Period 1) and from 2003 to 2006
(Period 2). The two periods are chosen becausgataeshow that since 2003, onion
tariffs have been completely removed under NAFT feaments. This will enable us to
test whether the speed of convergence changegydhertwo periods. Higher speed of
convergence in the later period implies that mairkeigration increases.

DATA

This study utilizes monthly data for the periodl@®8 to 2006 covering 10
markets within the NAFTA countries. The 10 markaats Mexico City and Monterrey for
Mexico; Quebec and Toronto for Canada; and ChicBgtlas, Los Angeles, New York,
Philadelphia, and Seattle for the United Statei®eCity and Monterrey are chosen
because of the availability of the data. The Adtimal Marketing Service (AMS) of the
United States Department of Agriculture (USDA) psis minimum and maximum
monthly onion prices in these two markets. Thislgtuses the average of these two
prices. Similar reason is applied for Quebec aneii markets. The 6 markets of the

United States are chosen to represent all manketseiUnited States considering the



geographic location between the United States aexidd and the United States and
Canada. Furthermore, onion prices originating fidexico and Canada are mostly
guoted in these 6 markets. Similar to the Mexicaeegs, U.S. and Canadian market
prices are the average of minimum and maximum pirc@ach market published by
AMS of USDA. It is also important to note that gscfor U.S. markets are average prices
of onions originated from the United States. Them@fany onion prices quoted in U.S.
markets originated from non-U.S. territory werelaged. A similar approach is used for
Canadian and Mexican markets.

Data on prices are available by variety: red, jhaind yellow. Reported prices
are usually in different units (25 pounds bag, d0ms bag, kg, etc). Prices are
converted into pound units. The aggregate prices waculated by taking the average of
red, white, and yellow onion prices. Both aggregate variety based prices are used to
estimate price convergence. It should be notednbiadll prices by variety are available
in each market. In instance where they were availdbey did not cover the whole
period. For variety based price analysis, therefitie study uses only prices that span
from 1998 to 2006. Furthermore, price convergenc@ach onion variety is estimated.
For this reason, this study may be the first tinaiyzes market integration in
disaggregated data.

Summary statistics of the data are presentedie ta For the period of 1998 to
2006, average onion prices quoted in Dallas wasitteest ($0.31 per Ib); while the
average onion price in Mexico City was the low&gL {8 per Ib). One should note,
however, that Mexico City’'s prices have the higheestfficient of variation, which

indicates the highest variation of the ten marlgis.also shown in Table 1 that average



prices in period 2 were higher than in period hwine exception of Mexico City. The
greatest increase in prices from period 1 to pe2iodcurred in Montreal, from $0.21 per
Ib to $0.42 per Ib.

Table 1 also displays average prices of oniongdbiety in the ten markets
observed. Red onion prices were the highest withvanage of $0.39 per |b in the period
of study; nonetheless, they had the least vartglab shown by the coefficient of
variation. Yellow onion prices, on the other haweye the lowest with an average of
$0.23 per Ib.

Tablel. Summary Statistics of the Sample Data: Average®Rriced

Market/variety 1998-2006 1998-2002 2003-2006

Avg. Std. CV Avg. Std. CV Avg. Std. CV
Chicago 0.30 0.06 0.20 0.29 0.05 0.17 0.32 0.0690.1
Dallas 0.31 0.07 0.23 0.29 0.05 0.17 0.36 0.06 0.17

Los Angeles 0.26 0.06 0.23 0.25 0.06 0.24 0.27 0.0622
Mexico City 0.18 0.09 0.50 0.19 0.10 0.53 0.17 0.00.41

Monterrey 0.27 0.10 0.37 0.27 0.10 0.37 0.29 0.09310
Montreal 0.29 0.13 0.45 0.21 0.06 0.29 0.42 0.11260.
New York 0.29 0.04 0.14 0.28 0.04 0.14 0.31 0.04130.
Philadelphia 0.28 0.05 0.18 0.27 0.04 0.15 0.29 40.@.14
Seattle 0.25 0.07 0.28 0.23 0.06 0.26 0.28 0.136 04
Toronto 0.19 0.04 0.21 0.18 0.02 0.11 0.22 0.05 30.2
Red 0.39 0.11 0.28 0.37 0.11 0.30 0.41 0.11 0.27
White 0.35 0.16 0.46 0.33 0.11 0.33 0.38 0.19 0.50
Yellow 0.23 0.10 0.43 0.21 0.09 0.43 0.26 0.11 0.42

®Market prices are average prices of red, white,\@lldw onions quoted in designated
markets (US dollar per pound); red, white, andoyelprices are average prices in all
markets; CV is the coefficient of variation, caletéld as average prices divided by their
standard deviations.



EMPIRICAL RESULTS

Table 2 shows the panel unit root tests based.@hdnd IPS for three different
periods and four different specifications. Speaifiens 1 and 2 use relative prices with
New York and Dallas as the base, respectively.t®Maespecifications were estimated
under the assumption of homogeneity in variegy prices were the average prices of
red, white, and yellow onions. Specifications 3 drate similar to the first two
specifications; but they consider variety differescFurthermore, each specification was
estimated considering fixed effects only and botbd effects and time trend.

The estimated of speed of convergence as inditatgand its half-lives are also
presented in table 2. One should note that thenestids is based on LLC only since the

IPS approach does not provide such estimates. dlfvéivres, representing the time
required for the quantity to decay to half of itgial value, are calculated as

—-In(2)/In(1+ ) (See Goldberg and Verboven, 2005). The criticaleslfort andt-bar

statistics are given in Levin and Lin (1992) anddnal (2003), respectively-star and
w-tbar are distributed standard normal under the nulbkiypsis of nonstationarity. The
reportedp-values are for thd-star (LLC) andw-tbar (IPS).

As shown in table 2, all point estimatesBare negative as expected and all are

significant at 1 percent significance level. Theref it is concluded that the LLC and IPS
tests reject the null hypothesis of unit roots rdlgss of the specification or the sample
period. This suggests significant relative pricevargence for onion in the North
American region as represented by the ten marketsristudy. Since the main interest of

this study is on the convergence level and heneéantiegration level, the next discussion
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Table 2. Panel Unit Root Tests for North American Onionrkéds

Specification/ Levin-Lin-Chu (LLC) Im-Pesaran-SHIRS)
Period Y t t-star p-val Half-life t-bar w-tbar p-val
Specification 1: New York Base, Variety not included
Fixed effects
1998 - 2006 -0.25 -126 -9.29 0.00 2.41 -4.43 1%10.0.00
1998 - 2002 -0.28 -105 -756 0.00 2.11 -3.61 97.10.00
2003 - 2006 -0.33 -9.38 -564 0.00 1.73 -3.09 65.30.00
Fixed effects and time trend
1998 - 2006 -0.31  -141 -12.3 0.00 1.87 -4.76  99.90.00
1998 - 2002 -0.32 -115 -8.42 0.00 1.80 -3.83 66.20.00
2003 - 2006 -0.38 -104 -5.73 0.00 1.45 -3.36 44.40.00
Specification 2: Dallas Base, Variety not included
Fixed effects
1998 - 2006 -0.26 -134 -10.3 0.00 2.30 -4.69 (011.0.00
1998 - 2002 -0.30 -11.6 -8.77 0.00 1.94 -3.92 68.20.00
2003 - 2006 -0.34 -966 -558 0.00 1.67 -3.15 45.50.00
Fixed effects and time trend
1998 - 2006 -0.32 -149 -135 0.00 1.80 -4.97 810.0.00
1998 - 2002 -0.34 -126 -9.74 0.00 1.67 -4.14 %7.40.00
2003 - 2006 -0.38 -10.7 -554 0.00 1.45 -3.42 45.50.00
Specification 3: New York base, Variety included
Fixed effects
1998 - 2006 -0.36 -20.7 -16.9 0.00 1.55 -5.45 420.0.00
1998 - 2002 -0.39 -16.8 -125 0.00 1.40 -4.35 614.0.00
2003 - 2006 -0.41 -141 -996 0.00 1.31 -3.61 610.0.00
Fixed effects and time trend
1998 - 2006 -041 -224 -22.0 0.00 1.31 -5.77 *20.0.00
1998 - 2002 -042 -176 -12.7 0.00 1.27 -4.49 113.0.00
2003 - 2006 -048 -156 -10.2 0.00 1.06 -4.00 210.0.00
Specification 4: Dallas base, Variety included
Fixed effects
1998 - 2006 -0.30 -18.7 -13.9 0.00 1.94 -4.85 317.0.00
1998 - 2002 -0.31 -146 -9.89 0.00 1.87 -3.72 311.0.00
2003 - 2006 -0.35 -128 -7.35 0.00 1.61 -3.37 99.30.00
Fixed effects and time trend
1998 - 2006 -0.34 -20.0 -17.8 0.00 1.67 -5.16 217.0.00
1998 - 2002 -0.36 -16.1 -10.7 0.00 1.55 -4.07 7+10.0.00
2003 - 2006 -040 -13.8 -6.87 0.00 1.36 -3.59 47.90.00

Note: Onion variety includes red, white, and yellomions.t star andw-tbar are

distributed standard normal.
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will focus on the point estimates Bf This discussion is important and meaningful since

the test results decisively suggest the existehpeic@e convergence across all markets.

First, consider specifications 1 and 2 that doimciude onion variety in the
model. The results clearly suggest that the estichgpeed of convergence for New York
were not substantially different from those for alfor the three different sample
periods. For the full sample period, for exampstineates of speed of convergence were
found to be -0.25 when New York was the benchmaykand -0.26 when Dallas was the
benchmark city, giving half-lives of 2.41 and 2:180nths, respectively. The results also
show that relative price convergence across dgiésster in period 2. Furthermore, as
one would expect, allowing for a trend in the madeleases the magnitudes of the
estimates, and in turn, reduces the estimatedikeat-

Second, when onion variety is considered in thdehdhe results changed
markedly. There are two important points in thisecairst, higher magnitudes of e
estimates were obtained in all cases as compatbdhvé results that did not account for
variety differences, suggesting a faster price eog@nce across cities and varieties. As
shown in table 2 that estimates of half-lives asslthan two months, regardless of the
specification and the sample period. Second, thdysalso found that estimates gf are
higher in magnitude when New York is the benchnwikthan when Dallas is the
benchmark city. This indicates that price conveocges faster in the former case than the
latter case. Observed estimates of half-lives whiene York is the benchmark city are
less than those when Dallas as the benchmarkGgarly, this finding suggests the
importance of variety differences in price convergganalysis, particularly in onion

markets.
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The fact that variety differences does matteh®s by average prices across
onion variety. As displayed in Table 1, averagegsiby onion variety show substantial
differences with red onion the highest, followedvyite and yellow onions. A further
investigation of the data also indicates that srisl differences in average prices
across varieties and markets (not reported) amated. On the other hand, why the
results where New York as the benchmark city gafaster price convergence could be
explained by the fact that New York market is thgest among the ten markets under
study; in the sense that New York market quotesibst onion prices, both domestically
and internationally. Therefore, higher interacteonong different onion prices in both
variety and sources may induce faster price comreng as competition increakes

Having obtained evidence that the speed of comvergincreases when variety is
considered in the model, the models were estinfategich onion variety. The results
are discussed in the following section.

Table 3 presents panel unit root tests for onmngariety for fixed effects. As
shown, the LLC and IPS tests reject the null hypsithof unit root for each case which
suggests the existence of price convergence iarlmn markets. In general, the results
based on New York and Dallas benchmark cities gége estimates of speed of
convergence. The two base estimates also showasipattern in the estimates of
convergence level between the first and the sependds.

The results for the full sample period indicatattthe speed of convergence for
red onion is faster than both white and yellow asiorhe half-life for red onion is

estimated to be approximately 1.73 months for Newxk¥Yoenchmark and 1.80 month for

" Armed with this finding, we also estimated the miscising Los Angeles as an alternative
benchmark city. The results show slower price cogerece compared with the results when New York is
the benchmark city.

13



Table 3. Panel Unit Root Tests for Relative Onion PricéhWew York as the
Benchmark City: By Variety and fixed Effects

Variety/Period Levin-Lin-Chu (LLC) Im-Pesaran-SHIRS)
Jé; t t-star p-val Half-life  t-bar w-tbar p-val

Benchmark: New York
Red Onions
1998 - 2006 -0.33 -10.8 -8.24 0.00 1.73 -5.27 610.0.00
1998 - 2002 -0.36 -8.85 -6.41 0.00 1.55 -4.13 17.30.00
2003 - 2006 -0.33 -6.89 -3.78 0.00 1.73 -3.51 35.50.00
White Onions
1998 - 2006 -0.25 -10.0 -6.77 0.00 2.41 -4.28 88.40.00
1998 - 2002 -0.28 -8.20 -554 0.00 2.11 -3.59 06.30.00
2003 - 2006 -0.28 -6.37 -3.29 0.00 2.11 -2.57 53.10.00
Y ellow Onions
1998 - 2006 -0.30 -11.2 -8.58 0.00 1.94 -4.77 79.90.00
1998 - 2002 -0.32 -891 -6.46 0.00 1.80 -3.71 66.60.00
2003 - 2006 -0.36 -7.92 -534 0.00 1.55 -3.39 45.60.00

Benchmark: Dallas
Red Onions
1998 - 2006 -0.32 -10.6 -7.40 0.00 1.80 -5.05 (10.0.00
1998 - 2002 -0.34 -8.48 -5.89 0.00 1.67 -3.91 16.70.00
2003 - 2006 -0.33 -6.85 -3.79 0.00 1.73 -3.22 34.70.00
White Onions
1998 - 2006 -0.29 -10.8 -7.24 0.00 2.02 -4.96 510.0.00
1998 - 2002 -0.31 -8.77 -6.16 0.00 1.86 -4.04 47.60.00
2003 - 2006 -0.28 -6.64 -3.67 0.00 2.11 -3.33 23.80.00
Y ellow Onions
1998 - 2006 -0.30 -11.2 -8.87 0.00 1.94 -4.73 59.80.00
1998 - 2002 -0.34 -9.13 -6.79 0.00 1.67 -3.70 46.60.00
2003 - 2006 -0.36 -794 -549 0.00 1.55 -3.32 15.40.00

Note: Onion variety includes red, white, and yellomions.t star andw-tbar are
distributed standard normal.

Dallas benchmark. When comparing the speed of cgenee between period 1 and

period 2 for the three varieties, interesting resswlere revealed. For both red and white

onions, the convergence is slower in period 2 deadt the same (white onion with New
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York benchmark). Conversely, the price convergengeeriod 2 for yellow onions is
faster than in period 1. A possible explanationtifies finding is related to the markets
that are included in estimation. In the yellow or@ptwo markets in Mexico (Mexico
City and Monterrey) were not included in panel hmseaprices were not quoted in these
markets. In the case of red and white onions, erother hand, at least one market in
Mexico was included in panel analysis. Based osdhesults, it is argued that Mexican
markets may have had an impact in the integratrongss. The integration process in the
North American onion markets is faster or highdvidxican markets were not included
in the analysis. Because of this finding the modélsonvergence equations were
estimated using the data that include markets intwo countries. This approach may
also be viewed as bilateral price relationship.

Table 4 displays estimates of speed of convergentbethree different scenarios
related to which countries are included in the nkddeS. and Canadian markets, U.S.
and Mexican markets, and Mexican and Canadian rtearkemparing the three

scenarios, the results show that the magnituddsegf estimates within the U.S.-

Canadian markets are the highest, followed by tl&-Wexican markets and Mexican-
Canadian markets. All are statistically signifitahone percent level. Therefore, it is
argued that onion markets within the U.S.-Canadiarkets experienced a deeper
integration level compared with both the CanadiagxMan and U.S.-Mexican. These
results are not very surprising given that the ebhiBtates and Canada have historically
engaged longer trade agreements compared withrihedStates-Mexico or Canada-
Mexico. The country’s characteristics may also akpivhy such differences occur.

Economically, for instance, the United and Canadarvauch more similar than Mexico.
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The results also show that price convergence iséisend period is faster in all cases and

the inclusion of time trend in the model increae®speed of convergence as expected.

Table 4. Panel Unit Root Tests for Relative Onion Pridésriety and Markets

Specification/ Levin-Lin-Chu (LLC) Im-Pesaran-SHIRS)
Period Jé; t t-star p-val Half-life t-bar w-tbar p-val

U.S. and Canadian Markets
Fixed effects
1998 - 2006 -040 -20.6 -17.7 0.00 1.36 -5.52  119.0.00
1998 - 2002 -042 -164 -12.8 0.00 1.27 -4.33 313.0.00
2003 - 2006 -046 -14.2 -10.6 0.00 1.12 -3.65 (10.0.00
Fixed effects and time trend
1998 - 2006 -045 -22.3 -23.2 0.00 1.16 -5.78 219.0.00
1998 - 2002 -046 -174 -13.1 0.00 1.12 -450 %12.0.00
2003 - 2006 -054 -159 -11.1 0.00 0.89 -4.07 69.70.00
U.S. and Mexican Markets
Fixed effects
1998 - 2006 -0.37 -199 -16.3 0.00 1.50 -5.53 719.0.00
1998 - 2002 -0.40 -16.3 -12.2 0.00 1.36 -4.45 314.0.00
2003 - 2006 -0.40 -13.2 -9.32 0.00 1.36 -3.59 99.90.00
Fixed effects and time trend
1998 - 2006 -041 -21.4 -21.1 0.00 1.31 -5.84 120.0.00
1998 - 2002 -0.43 -16.8 -12.2 0.00 1.23 -456 712.0.00
2003 - 2006 -0.47 -14.7 -954 0.00 1.09 -4.00 69.60.00
Mexican and Canadian Markets
Fixed effects
1998 - 2006 -0.26 -8.69 -5.87 0.00 2.30 -4.45 97.50.00
1998 - 2002 -0.31 -741 -5.08 0.00 1.87 -3.79 45.80.00
2003 - 2006 -0.32 -6.29 -4.00 0.00 1.80 -3.04 63.80.00
Fixed effects and time trend
1998 - 2006 -0.32 -9.74 -6.88 0.00 1.80 -5.00 48.10.00
1998 - 2002 -0.32 -759 -501 0.00 1.80 -3.83 84.60.00
2003 - 2006 -0.36 -6.79 -3.69 0.00 1.55 -3.29 33.10.00

Note:t star andw-tbar are distributed standard normal.
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SUMMARY AND CONCLUSSIONS

The degree of market integration in the North Aicger onion markets is assessed
using a panel data analysis. The analysis addressamportant questions: 1) Are onion
markets within the NAFTA region integrated? andsZhe level of integration changing
over time or deepening? The level of integratioanalyzed using price convergence
equations. Furthermore, the analysis also consigersty differences in the model.

Empirical investigation of market integration g study is based on price
convergence equation in a panel data setting. BwenlLin, and Chu (2005) (LLC) and
IM, Pesaran, and Shin (2003) (IPS) unit root testpanel data are used to test the
existence as well as the change in the level oketantegration. Rejection of the null
hypothesis indicates the presence of market intiegral he estimates provide the speed
of price convergence, and hence market integraliba.change in the level of market
integration is observed trough estimating the madédo different sample periods.
Faster price convergence in the latter period sstgdaster and deeper market
integration.

Statistical results show that both LLC and IP$st@®dicate significant price
convergence in the North American onion markett) @n estimated half-life greater
than two months if variety was not considered &sd than two months otherwise.
Furthermore, this study also found that includiagiety in the panel analysis gave faster
price convergence when New York is the benchmaak thhen Dallas is the benchmark.
Therefore, it is argued that variety differencesiarportant in analyzing market

integration. The results for sub-samples showphae convergence in period 2 is faster
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than in period, suggesting deeper market integratidhe latter period after NAFTA was
fully implemented.

The results based on each onion variety show rdatiferences. Red onions
have the highest convergence level, followed bytevand yellow onions with estimates
of half-lives of less than two months in all cagestthermore, the results for sub-samples
show that red and white onions experienced slowee gonvergence level in the second
period. On the other hand, empirical estimatesaledefaster price convergence for
yellow onions in period 2. These results are beglagned by the fact that panel analysis
for yellow onions did not include Mexican markets)ereas panel analysis for red and
white onions included Mexican markets. In facttlier analysis based on two country
market basis supports that U.S.-Canadian markets d@eper market integration
compared with U.S.-Mexican markets as well as Ciamalllexican markets. The long
history of U.S.-Canada trade agreements and opeletsoand transportation ties seem to

contribute to these findings.
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