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Market Integration in the North American Onion Markets: An Empirical Analysis

Using Panel Data

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

Markets. A two-sample period analysis shows anease in the speed of price
convergence overtime, suggesting deeper markegratten as NAFTA was fully

implemented. Further analysis showed that U.S.-@lanamarkets have experienced
deeper market integration compared with U.S.-Meaxiozarkets as well as Canadian-

Mexican markets.
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INTRODUCTION

In the past three decades, the North American @gural markets have become
much more integrated (USDA, 2005). A number of desthave been attributable to this
event, including the rapid pace of technologicahrae, Mexico joining the GATT in
1986, shifts in domestic farm policies, the Canblda- Free Trade Agreement (CUSTA),
the North American Free Trade Agreement (NAFTA) amultilateral trade negotiations
(Vollrath, 2005). Many attribute NAFTA to intensifig the integration process through
the establishment of common antitrust and reguafmocedures, harmonization of
product standards, and increased coordination ofmedtic farm market and

macroeconomic policies, among others (Rosson, 2d@8niser, 2006). All of these



factors have deepened market integration and eedamarket efficiency and growth
within North America.

Although the North American agricultural markete anore closely integrated,
the level of integration varies across sectorsaust time (Doaret al., 2005; Hahret al.,
2005). Differential tariff phasing-out periods aneimaining trade disputes are two of
many factors contributing to this. Tariff eliminati for U.S.-Canada trade concluded on
January 1, 1998, but the two countries retain {iten to apply temporary safeguards on
bilateral trade in selected fruits, vegetables, #oders until 2008. Numerous trade
restrictions between the United States and Mexmblesetween Canada and Mexico were
eliminated immediately upon NAFTA’s implementatiomhile others were phased out
over periods of 5 to 15 years. Disputes concersingar and sweetener trade have left
many formidable trade barriers in place, creataqg ¢f market integration in this sector
(Zahniser, 2006).

Market integration as in the NAFTA region is anpiontant issue because it has
important implications for economic welfare (Rolsert, 2004). Market integration gives
countries the advantages of competition and consugan purchase goods at the lowest
possible prices. The U.S. consumers, for examples kenjoyed the benefits of lower cost
fruits and vegetables as a result of integratiotwben Mexican and U.S. markets
(Knutson and Ochoa, 2004). Information of spatiarket integration also facilitates
firms to deploy resources more efficiently to pawigains from trade. Based on the
information of the extent of market integration,vgonment can formulate policies of

providing infrastructure and information regulatservices to avoid market exploitation.



Given the implications of market integration ane@ tlact that it varies across
sectors and over time, this paper aims to empiyidalvestigate the level of market
integration in the North American onion marketsttRermore, this paper also attempts to
measure whether market integration in the oniornketarchanges over time. This study
focuses exclusively on the onion markets becausensmare one of the most traded
vegetables within the NAFTA region. Furthermoreg #vailability on commodity and
variety based price data may help controlling for &ggregation effects that can impact
convergence estimates. In fact, empirical resudtgeal that aggregation over onion
variety underestimate price convergence. Anothatufe of this study is the use of panel
data analysis. This approach is argued to giveraedgas over the conventional method
that uses bilateral price relationships as an atdicof market integration. For example,
panel data analysis provides more observationsamcdunts for the variation across
individuals which improve estimation efficiency. fthermore, 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) (Moodktyal., 2000). According to LOP, markets
are considered spatially integrated for a spegbod if a causal relationship between
prices in different spatial markets can be measukégiket integration means that a
measurable long-run relationship exists betweetialyaseparated prices for the same
good. Thus, even when prices might temporarily akevirom each other in the short-run,
the differentials should eventually converge in tlomg-run. The speed of price

convergence indicates the degree of market integrat



Measure of market integration in this study isdshen the convergence equation
and the estimation procedure is based on the wérkewin, Lin, and Chu (2002,
thereafter the LLC test) and Im, Pesaran, and §1887, 2003, thereafter IPS test) on
unit root tests with panel data. The two procedwass used because they are more
powerful than the conventional unit root testsableast they improve the power of unit
root tests. This is because the two proceduresgeavlarger number of data points and
use the variation across individuals which imprestimation efficiency. For example,
the fixed effect model captures market fixed eBedhat account for non-time
dependence, transportation costs, and unobservalitygdifferences (Goldberg and
Verboven, 2005). The presence of market fixedcedféen the estimation also suggests
the relative version of the LOP, which has advaesagver the absolute LOP that
assumes transaction costs vary proportionately brer. A practical consideration of
using these procedures is also proposed by Lehah (2002) that for panel of moderate
size (between 10 to 250 individuals with 25-250esiation 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 benchneayk New York is chosen because it
represents an onion market that has more intemadtiand local price quotes than any
other markets in the United States. For exampleegrfor all onions originating from
Mexico and Canada are quoted in New York Markets rmt in other markets like
Chicago and Philadelphia. Furthermore, prices gquateNew 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 chaoicthe benchmark city (Wei and



Parsley, 1995; Cecchetti et al, 2002; Goldberg ¥atbhoven, 2005). To address this

criticism, this study adopts Dallas as an altewgabenchmark 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 marketcaried out by estimating

the following equation:
Li
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Where R, is the log-difference in the price of onion inyditrelative to benchmark city at

timet, andA is the first difference operator. The lag struetus determined on a variety
basis as in a univariate augmented Dicky-Fullet tesaccount for possible serial
correlation. The lag length éfis decided based on Bayesian Information CritBI&).
Since this study also considers onion variety diifiees, equation (1) needs to be
modified accordingly. The subscripts consist ofethcomponents;, k, andt; which
denote market (city), variety (red, white, and g&f), and time, respectively. The primary

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

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

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



is |5it =R - %\I ziN P, . Second, the first difference of relative pricés5i§) IS regressed
on its lagged values for each city. Denote thedtesds ag . Third, the lag of relative

prices (ISiH) is regressed on the same variables in the sestpdto obtaif ,_,, the
residuals of this regression. Fourth, the residéglsare regressed ofi ,_, without a

constant. The standard error obtained from thigessgon is then used to normalize

&.and Vv, ,_,for controlling heterogeneity across individualsndfly, the panel OLS of

the normalized residuals is run to obtain festimates. That is:

~
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Levin et al show that under the null hypothesis: 5= , the regression t-
statistic ¢;) has a standard normal limiting distribution. Tiotain 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 th# is the same for all observations.
To relax this assumption, let al (2002) propose an extension of the LLC procedyre b
allowing g, to differ across groups. Therefore, IPS tests thiehypothesisH,: 5 = 0
against the alternative thd, : 8 < fdr at least one. Similar to LLC, thet-statistics

for the IPS can be converted into a standard nodms&ibution, denoted bw-tbar.

The LLC approach provides estimates of speed cgewee, which is indicated
by estimates gf and their corresponding half-life estimates. Thenef it is possible to
evaluate whether the speed of convergence in pcitaisge 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 becausaldtee show that since 2003, onion
tariffs have been completely removed under NAFTAeagients. This will enable us to
test whether the speed of convergence changesgdiméntwo periods. Higher speed of
convergence in the later period implies that mairkeigration increases.
DATA

This study utilizes monthly data for the period 1898 to 2006 covering 10
markets within the NAFTA countries. The 10 markats Mexico City and Monterrey for
Mexico; Quebec and Toronto for Canada; and ChicBgdlas, Los Angeles, New York,
Philadelphia, and Seattle for the United StatesxibbeCity and Monterrey are chosen
because of the availability of the data. The Adtical Marketing Service (AMS) of the
United States Department of Agriculture (USDA) psiés minimum and maximum
monthly onion prices in these two markets. Thigdgtuses the average of these two
prices. Similar reason is applied for Quebec anifi® markets. The 6 markets of the
United States are chosen to represent all marketee United States considering the
geographic location between the United States aedidd and the United States and
Canada. Furthermore, onion prices originating frbtaxico and Canada are mostly
qguoted in these 6 markets. Similar to the Mexicaceg, U.S. and Canadian market
prices are the average of minimum and maximum grineeach market published by
AMS of USDA. It is also important to note that mecfor U.S. markets are average prices
of onions originated from the United States. Thamef any 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, &gh&ind yellow. Reported prices
are usually in different units (25 pounds bag, 4fumms bag, kg, etc). Prices are
converted into pound units. The aggregate pricae walculated by taking the average of
red, white, and yellow onion prices. Both aggregatd variety based prices are used to
estimate price convergence. It should be notedrtbiaall prices by variety are available
in each market. In instance where they were availabey did not cover the whole
period. For variety based price analysis, thereftms study uses only prices that span
from 1998 to 2006. Furthermore, price convergemecesfich onion variety is estimated.
For this reason, this study may be the first thatlywes market integration in
disaggregated data.

Summary statistics of the data are presentedbie th For the period of 1998 to
2006, average onion prices quoted in Dallas washtbleest ($0.31 per Ib); while the
average onion price in Mexico City was the lowe®d.{8 per Ib). One should note,
however, that Mexico City’'s prices have the highesefficient of variation, which
indicates the highest variation of the ten markiéts. also shown in Table 1 that average
prices in period 2 were higher than in period lthwihe 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 onionsvéayety in the ten markets
observed. Red onion prices were the highest withvamnage of $0.39 per b in the period
of study; nonetheless, they had the least varitgbds shown by the coefficient of
variation. Yellow onion prices, on the other hamere 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, calatéld as average prices divided by their

standard deviations.
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EMPIRICAL RESULTS

Table 2 shows the panel unit root tests basedL@éh dnd IPS for three different
periods and four different specifications. Speaificns 1 and 2 use relative prices with
New York and Dallas as the base, respectively. fllee specifications were estimated
under the assumption of homogeneity in variés, prices were the average prices of
red, white, and yellow onions. Specifications 3 ahdare similar to the first two
specifications; but they consider variety differesicFurthermore, each specification was
estimated considering fixed effects only and botbd effects and time trend.

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

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

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

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

As shown in table 2, all point estimatesGaire 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 pricenvargence for onion in the North

American region as represented by the ten marketsrwstudy. 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 B8f This discussion is important and meaningful since

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

First, consider specifications 1 and 2 that do inctude onion variety in the
model. The results clearly suggest that the eséichapeed of convergence for New York
were not substantially different from those for @al for the three different sample
periods. For the full sample period, for exampktineates 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 2/3@nths, respectively. The results also
show that relative price convergence across cisidaster in period 2. Furthermore, as
one would expect, allowing for a trend in the moihelreases the magnitudes of the
estimates, and in turn, reduces the estimatedikeat-

Second, when onion variety is considered in thedehothe results changed
markedly. There are two important points in thisecarirst, higher magnitudes of e
estimates were obtained in all cases as comparhdlhvd results that did not account for
variety differences, suggesting a faster price eogence across cities and varieties. As
shown in table 2 that estimates of half-lives &sslthan two months, regardless of the
specification and the sample period. Second, thidysalso found that estimates gf are
higher in magnitude when New York is the benchmaty than when Dallas is the
benchmark city. This indicates that price convecgeis faster in the former case than the
latter case. Observed estimates of half-lives wiNee York is the benchmark city are
less than those when Dallas as the benchmark Claarly, this finding suggests the
importance of variety differences in price convergge analysis, particularly in onion

markets.
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The fact that variety differences does matterhigws1 by average prices across
onion variety. As displayed in Table 1, averagegsiby onion variety show substantial
differences with red onion the highest, followedblite and yellow onions. A further
investigation of the data also indicates that srisl differences in average prices
across varieties and markets (not reported) areated. On the other hand, why the
results where New York as the benchmark city gafester price convergence could be
explained by the fact that New York market is thggést among the ten markets under
study; in the sense that New York market quotesrtbst onion prices, both domestically
and internationally. Therefore, higher interact@mong different onion prices in both
variety and sources may induce faster price comremgas competition increases

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

Table 3 presents panel unit root tests for onionwariety 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 inien markets. In general, the results
based on New York and Dallas benchmark cities gewee estimates of speed of
convergence. The two base estimates also showasimpdttern 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 osioThe 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 misdusing Los Angeles as an alternative
benchmark city. The results show slower price cogerece compared with the results when New York is
the benchmark city.

14



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 cgewee between period 1 and

period 2 for the three varieties, interesting ressulere 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 convergencperiod 2 for yellow onions is
faster than in period 1. A possible explanationtfos 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 heseaprices were not quoted in these
markets. In the case of red and white onions, enother hand, at least one market in
Mexico was included in panel analysis. Based osdlresults, 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 highevigxican markets were not included
in the analysis. Because of this finding the modaisconvergence equations were
estimated using the data that include markets Iy wvo countries. This approach may
also be viewed as bilateral price relationship.

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

scenarios, the results show that the magnitudeth@f estimates within the U.S.-

Canadian markets are the highest, followed by t&-Wlexican markets and Mexican-
Canadian markets. All are statistically significam one percent level. Therefore, it is
argued that onion markets within the U.S.-Canadigarkets experienced a deeper
integration level compared with both the CanadiagexMan and U.S.-Mexican. These
results are not very surprising given that the eéthiStates and Canada have historically
engaged longer trade agreements compared with titedJStates-Mexico or Canada-
Mexico. The country’s characteristics may also akplwhy such differences occur.

Economically, for instance, the United and Canaganauch more similar than Mexico.

16



The results also show that price convergence is¢leend 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 Aicaar onion markets is assessed
using a panel data analysis. The analysis addréssamportant questions: 1) Are onion
markets within the NAFTA region integrated? ands2)he level of integration changing
over time or deepening? The level of integratioramalyzed using price convergence
equations. Furthermore, the analysis also consigersty differences in the model.

Empirical investigation of market integration ihig study is based on price
convergence equation in a panel data setting. BvenlLin, and Chu (2005) (LLC) and
IM, Pesaran, and Shin (2003) (IPS) unit root testspanel 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 intiegralhe estimates provide the speed
of price convergence, and hence market integrafitie. change in the level of market
integration is observed trough estimating the madetwo different sample periods.
Faster price convergence in the latter period ssiggéaster and deeper market
integration.

Statistical results show that both LLC and IPSsteadicate significant price
convergence in the North American onion marketshwn estimated half-life greater
than two months if variety was not considered agsk Ithan 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 differenceg amportant in analyzing market

integration. The results for sub-samples show phige 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 rdadierences. Red onions
have the highest convergence level, followed bytevand yellow onions with estimates
of half-lives of less than two months in all cagéstthermore, the results for sub-samples
show that red and white onions experienced slowiee gonvergence level in the second
period. On the other hand, empirical estimates akedk faster price convergence for
yellow onions in period 2. These results are begtagned by the fact that panel analysis
for yellow onions did not include Mexican markethereas panel analysis for red and
white onions included Mexican markets. In factttier analysis based on two country
market basis supports that U.S.-Canadian market® liieeper market integration
compared with U.S.-Mexican markets as well as Camalllexican markets. The long

history of U.S.-Canada trade agreements and opeletsoand transportation ties seem to

contribute to these findings.
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