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Abstract

The aim of this article is to examine the process of economic growth in the
regions of Chile using a time series approach. In particular, we test the hypoth-
esis of a unit root in the log of the ratios of per capita product between every
possible pair taken fromthe 13 regions. The *acceptance’ of the null hypothesis
means that the ratio of the per capita product doesn’t tend to revert to a deter-
ministic constant value and therefore, one of the definitions of convergence in
Bernard and Durlauf (1996) isviolated. We have found that there are two groups
of regions that show within-group convergence but the two groups don’t con-
verge. Also, there are two regions that don’t converge with any other region of
the country.

Resumen

Estetrabajo examina al proceso de crecimiento regional en Chile utilizando un
enfoque de series de tiempo. En particular, se testea la hipotesis de una raiz
unitariaen el (log) delasrazonesde producto per capita entretodoslosposibles
pares deregiones. Se verifica que existen dos grupos de regiones que presentan
convergencia entre grupos 'y dos que no lo hacen.
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1. INTRODUCTION

One of the most important questions for fast growing developing countries
is if the growth process involves al of the different regions of the economy.
One of the most influential approaches to thiskind of question is the Neoclas-
sical Model associated with Robert Solow (1956). The key implication of this
theory isthe convergence hypothesis. This hypothesis predictsthat poor econo-
mies grow faster than rich economies and so, asthe years go by, theinitial gap
disappears. In the case we are studying, thisimpliesthat poor regionswould get
closer to richer regions if they had a common access to technology, and had
similar saving and population growth rates. There are four studies that have
tried to assess the vaidity of the convergence hypothesis in the Chilean case!
(Anriquez (1996), Fuentes (1996), Morandé et al. (1996), and Cuervo and Mella
(1998)) and there exists a great amount of literature that has studied this at an
international level (see Sala-i-Martin (1996) for aquick review). In general, the
evidence supports the hypothesis a both levels. The standard empirical ap-
proach of thiskind of study relies on cross sectional data anaysis. However, as
Bernard and Durlauf (1996) point out, this method fails to detect economies
inside the sample that are not converging.2 An alternative approach, applied by
Bernard and Durlauf (1995) (BD95 below) to the OECD countries, is based on
the long-term properties of GDP per capita series of the different economies.
Although this method has its own pitfalls, it is able to detect non-convergent
economies. In this paper we apply this approach to the 13 regions of Chile. The
main objective is to assess the long run properties of GDP per capita ratios
between the different regions for the available data. This data spans from 1960
through to 1996. In particular, we try to answer the following question: isthere
aunit root in any of series of GDP per capita ratios between regions? If there
were aunit root in these series, theratio of GDP per capita serieswouldn’t tend
to revert to adeterministic constant and some regions wouldn’t converge.

This paper isstructured asfollows; in section 2 we present the methodol ogy
and the convergence conceptsthat we study, also in this section we providefirst
results. In section 3 we explore structural change effects over the results in
section 2. Section 4 summarizes the main conclusions.

2. CONVERGENCE AND TIME SERIESANALYSIS

Aswe pointed out in the introduction, we follow a similar approach in this
paper to that used in BD95. The following definition of convergence was used:

Definition 2.1 Convergence as equality of long term forecasts at a fixed
time(BD96):

Countriesi and j converge if the long-term forecasts of (log) per capita output
for both countries are equal at a fixed timet,

1 Chileisdivided into 13 administrative regions comparable to provinces or states.
2 In the Chilean case the only study that is not principally based on cross section data
analysisisMorandé et al. (1996).
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(1) LimE(Yi,Hk—Yj,Hk/It):O
where the log of per capita output of country i is denoted by y; and the limit is
taken for k » . In accordance with this definition if two per capita product
series have a unit root, they would converge only if they are cointegrated with
cointegrating vector [1,-1].2

Although our approach is very similar to that in BD95, there are two note-
worthy differences. Firstly, we alow for any constant on the left-hand side of
(2). Thiscan beinterpreted as allowing economies to converge to a determinis-
tic ratio not necessarily equal to 1.4 Secondly, we have focused our attention on
bivariate cointegration analysis. The main reason for doing thisisthat the prop-
erties of other approaches are not well known when there are regions that con-
verge while other regions don’t.>

We start our analysis applying the Augmented Dickey and Fuller unit root
test (ADF below) to the GDP per capita series of al regions. Table 1 provides
the results of thistest. As can be seen in thistable, thereisn’t enough evidence
to reject the unit root hypothesis for any of these series.

TABLE1
ADF TEST FOR REGIONS GDP PER CAPITA SERIES

| Il 1 [\ v o VvE vk vie X X Xt XH Xl

t -0.27 -2.09 044 -126 -0.84 -0.66 -050 -1.03 -1.01 0.20 -1.67 -1.49 -0.30

o

10% 320 320 320 -320 -320 -321 320 -3.20 -3.20 -3.20 -3.20 -3.20 -0.20

Figures reported in the first row are t tests. Lag truncation procedure is described in Hamilton
(1994), chapter 17, with amaximum of 4 lags. The second row provides Mackinnon critical values.
The data generating process includes a constant and a trend.

Since the evidence against the unit root hypothesis for regional GDP per
capita seriesisn’'t strong enough, it is possible to suspect the presence of a unit
root in them. In this case, convergence in definition 2.1 requires series being
cointegrated with cointegrating vector [1,—1]. To test if the vector [1,—1] isa
cointegrating vector, we defined a new variable 7.1 asz:J =y, , -, , for all
possible pairs of regions. As the cointegrating vector is known under the null
(unit root) hypothesis, cointegration only requiresz: to be stationary. To as-
sessthis property we proceed aswe did with the GDP per capitaseries. Table 2

3 When series are trend stationary, convergence requires equa trends. The relation be-
tween definition 2.1 and the neoclassical model is described in BD96 Proposition 6.

4 Thiscould beexplained for differencesin weather or particular activitiesin each economy.
Mankiw, Romer and Weil (1992) use the same assumption. Also, we point out that defini-
tion 2.1 doesn’t imply that the long-term forecast for the ratio of per capita products be
equal 1.

5  SeeEvans(1998).
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providestheresults of cointegration testsfor all possible pairings of regions. As
can be seen in this table, there is enough evidence of cointegration for many
pairs of regions. On applying the commutative property of cointegration rela-
tions we found that there were three groups of regions: a first group of
cointegrating regions consisting of Regions I1, IV, VI, VII, VIII, IX and X; a
second group of cointegrating regions composed for RegionsV and XI; and a
third group of regions that don’t cointegrate with any other region in the coun-
try consisting of regions|, 111, XI1 and XI111.8

TABLE?2
ADF TEST FOR COINTEGRATION RELATIONS

| Il 1l v \ \ il Vil IX X Xl Xl
I -1.94
1l 182 -163
[\ -230 -245 -038
\ -181 -128 038 -L78
\ -176 075 -056 -2.88* -177

Vil -126 302 -156 -215 -074 130

vil 213 -118 -162 -217 -076 053 -292*

IX -152 315 -109 438 098 -208 -279% 247

X -143 -262* -115 -481* 039 -173 -264* 220 -2.96*

Xl -225 -176 -065 -18 -266* 244 -102 -118 -166 -131

Xl 001 -066 105 -116 -077 -113 -048 021 -033 004 -160

X =213 -117 044 -164 -135 -148 -105 -084 099 -094 -195 -048

Figures reported aret tests. Lag truncation procedure is described in Hamilton (1994), chapter 17,
with amaximum of 4 lags. The second row provides Mackinnon critical values. The data generat-
ing process includes a constant. Rejection at 90% (or higher) confidence level using Mackinnon
crtical valuesis denoted by * (the critical valueis—2.62).

From the results above, there are two cointegrating groups of regions fol-
lowing a common within-group trend but different between groups. Also there
isathird group of non-cointegrating regionsthat follow their own trend, differ-
ent to all theregionsin the country. From thisresult, wefind that there are many
ratio seriesthat don’t tend to revert to adeterministic constant by the time, and
so, the regions involved don’t converge.

However, these unit root tests usually have low power. As has been empha-
sized by Perron (1990), this problem is more serious when there are salient
structural changesin the series, like, for instance, alevel shift. For developing
economies, like Chile, thisissue isvery important because over |ong periods of
time important political and economic reforms may affect different regionsin
different ways. The effect that these structural changes may causein our results
isstudied in next section.

6 Thefact that X111 region doesn’t cointegrate with any other region was first reported by
Morandé et al. (1996).
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3. STRUCTURAL CHANGE ANALYSIS

During the period that our data set spans (1960-1996), the Chilean economy
has been exposed to many important structural reforms such as privatization,
the opening of trade and capital, and the application of different exchange rate
regimes, amongst others. These reforms may have affected the different regions
indifferent ways. In particular, different regions may have had different level or
trend shifts. When one or both of these shifts happen, the unit root teststhat we
reported in section 2 have even lower power than in the case without shifts. This
problem has been addressed in a series of papers. The main references are Per-
ron (1989) and (1990); Zivot and Andrews (1992); and Perron and Vogel sang
(19924) and (1992b). This literature has studied how to test the unit root hy-
pothesisin the presence of level and/or trend shifts.

For the reasons discussed above, we applied the unit root tests devel oped by
Zivot and Andrews (1992) to the GDP per capita series. In this test, the null
hypothesis continues to be the presence of aunit root and atrend, but the alter-
native hypothesis includes the possibility of both a level and trend shift. The
alternative hypothesis can be represented by the following process:

@) Yy =ty + Bit +(pp — p11)DUy +(B, — By )DT; + €

where DU, = 1if t >T, and O otherwise, DT, =t—T_if t >T, and O otherwise,
and g, afollows the process A(L) g = B(L)V,, with vjiid(0, ¢?). In this process,
thelevel and trend shift occursin T, + 1. Details about the test procedure can be
found in Zivot and Andrews (1992) or in Chumacero and Quiroz (1996). The
main results of these tests are reported in Table 3. In this table we can see that
there are some regionsfor which we could reject the unit root hypothesis. These
aretheregions|V, V, IX, X and XII.

TABLE 3
ZIVOT AND ANDREWS UNIT ROOT TESTS FOR REGIONAL GDP PER CAPITA

| 11 1 [\ Vo vE vl vl IX X X1 XI Xl

inft, -226 -4.49 -243 -6.61 586 425 -352 -357 523 571 294 -731 443

The asymptotical critical value at the 95% confidence level is —5.08 and at the 99% confidence
level is—5.57. The lag truncation procedure is as described in Zivot and Andrews (1992).

However, there are others regions where the evidence is not strong, and
also, it is possible that the asymptotic critical values that we use have size dis-
tortions with respect to the corresponding finite sample values. For these rea-
sonswe proceed to apply the cointegration teststo all possible pairs of regions.
Now, however we consider the possibility of level shiftsin the ratios of GDP
per capita between regions as the structural change arguments above suggest.
To test for cointegration we used the testing procedures described by Perron
and Vogelsang (1992a). In these tests the null hypothesisisthat zJ followsthis
process:
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©) 7" = D(TB), + 74" + 8

with D(TB), = 1if t = T, + 1 and O otherwise; and ¢, following the process
ARMA(p, q)A(L)e, = B(L)w, with w,iid(0, 0?). Under the alternative hypoth-
esis, Z) is described by:

4 z" = pu+ DU, +v,

where DU, = 1if t > T, and O otherwise; v, follows a process ARMA(p +1, )
which can bewritten as (1 — aL) A(L)v, = B(L)w,. The null hypothesisis a spe-
cial case of the alternative with o = 1 (see detailsin Perron (1990), Perron and
Vogelsang (1992a) and (1992b)). Perron and Vogel sang (19924a) propose atwo-
step testing procedure: firstly, (4) is estimated by ordinary least squaresto ob-
tain the estimated residuals v,", then, in the second step, an ADF type unit root
test is performed based on the stadigraph inf .., 1 (t,), where the null hy-
pothesisisthat o = 1 in the following regression:

© W= ki:o(wi D(TB),. ) +avi_y + 2 Nia(gAy )+ U,

The asymptotical critical values for infTBD(M’ﬂ (t,) under the null hypoth-
esis have been obtained by Perron and Vogel sang (1992a). The main results of
the application of thistest are reported in Table 47. As can be seen in thistable,
the cointegration results are similar to those found with the simple ADF tests.
However, now we find that Region XI11 belongsto thefirst cointegrating group
and that Region | belongsto the second cointegrating group. The differencesin
theresults can be explained by the higher power of Perron and VVogel sang (1992a)
tests in the presence of level shifts. As can be seen in Figure 1, the pairs of
regions that didn’'t show cointegration with the ADF tests, but that showed
cointegration with Perron and Vogelsang (1992a) tests, exhibit a level shift in
their ratios. The procedure that we follow for testing unit roots suggeststhe T,
period that minimizest, as a natural estimator for the date of the shift. Using
this estimator, the structural-change date estimators are the year 1967 for the
ratio between Region | and Region XI; 1974 for Region XIlI and Region II;
1973 for Region XI11 and Region 1V; and 1974 for Region X111 and Region V1.
However, it isimportant to emphasize that the above methodology attempts to
test for unit roots rather than estimate date shifts. In particular, neither the
asymptotical nor the finite sample statistical properties of the estimators of shift
dates are known.

Finally, it isworth noting that we again found that none of the regions of the
first group cointegrated with any region of the second group and that regionsi11
and XI1 don’t cointegrate with any other region.

7 All details about the estimations are available upon request.
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TABLE4
PERRON AND VOGEL SANG (1992) TEST FOR COINTEGRATION
1l 1 v \% VI \i VIl 1X X Xl X Xl
| 318 -279 -354 -238 -312 -266 -202 -358 -286 -513* 227 -282
1l /I 264 -345 -393 -178 -367 -208 -352 -294 -384 -165 -471*
1] I 259 -162 -275 -267 -228 -235 -294 -287 -172 -190
v /I =302 -529* 453" -441* 523+ 518 -361 -196 -4.86*
\% Il 329 -301 -399 -256 -265 -583 -327 -241
\ /I 400 -277 -399 -390 -345 -326 -343
i /I 521* 372 -380 -255 -247 -4.42*
VIl /I -340 -357 -301 -161 -3.26
IX /I 478 =309 -187 -3.28
X /I =278 -209 -3.87
Xl /I =387 -4.10
Xl I =257

Rejection of the unit root hypothesis at 90% (or higher) confidence level is denoted by *. The
asymptotical critical value for this level of confidence is—4.19 and was obtained from Table 1 in
Perron y Vogelsang (1992a).

FIGURE 1
RATIOSAND LEVEL SHIFTS FOR REGIONS COINTEGRATING AFTER A SHIFT
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4., CONCLUSIONS

The main objective of this paper isto characterize the statistical properties
of the series of GDP per capita ratios between the regions of Chile. In particu-
lar, we were interested in knowing whether or not these ratios have a unit root,
and therefore whether they tend to revert to any deterministic constant. These
properties have been interpreted in the literature as evidence in favor (if series
are stationary), or against the neoclassical model of growth (see Bernard and
Durlauf (1996)).

When we applied ADF unit root tests we found that there were two groups
of regions cointegrating within themselves, but not cointegrating with regions
of the other cointegrating group. Also we found that there is a third group of
regions, consisting of Regions|, I11, XI1 and XI11, that didn’t cointegrated with
any other region.

When we incorporated the shift level alternatives into our testing proce-
dures, as described by Perron and Vogelsang (1992a), we found that Region |
belonged to the first cointegrating group and Region X111 cointegrated with the
second cointegrating group. However, we continue to find that the two groups
don’t cointegrate between each other and Regions |11 and X1 don’t cointegrate
with any other region. The structural change related to the testing procedures
would have occurred in the mid 1960sin the case of Region X1 and in the early
1970sfor the case of Region XII1.

However, there are other interpretations for the above results. Firstly, it is
still possible to explain the no-cointegration results as a consequence of the low
power of thetesting proceduresthat we applied. However, wethink that regions
that don’t cointegrate show a very different pattern with respect to the others
regions. Thisis particularly obvious for Region X1I that had a negative average
rate of growth in all the period 1960-1996. Appendix 1 containsthe main statis-
tics of regional growth in the period. Secondly, the no cointegration result can
be explained, particularly for the case of Region XI1 with the other regions, by
theinitial conditions of Region XII that in 1960 was the richest region of the
country. In the neoclassical framework it could be interpreted that Region XII
was over the steady state at the beginning of the period. This interpretation
would explain the differences between the results above and the conclusionsin
Fuentes (1997). As explained in detail in Proposition 6 of Bernard and Durlauf
(1996), the results of cross country convergence tests are not compatible with
the results of time series tests of convergence under certain conditions. Thisis
because cross country type tests require richer economies growing slower than
poor economies and time series tests require similar growth rates.® However,
the negative average rate of growth of region XII for a thirty-year period is
puzzling in the neoclassical framework even for relatively richer economies.

8  Seedetailsin Bernard and Durlauf (1996).
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APPENDIX 1
REGIONAL GROWTH OF CHILE STATISTICS 1960-1996

Table A1 reports the main statistics of regional growth in Chile for 1960-
1996 period.

TABLEAL
GDP PER CAPITA RATE OF GROWTH (%) 1960-1996

I 11 I I\ \ Vi VIl VI IX X Xl X1 Xl

Mean 191 369 372 307 165 227 319 346 284 283 273 -0002 229
g 656 779 849 580 536 610 474 652 542 436 707 738 6.60




