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WORKER REMITTANCESIN GROWTH REGRESSIONS: THE PROBLEM OF
COLLINEARITY
ZIESEMER, Thomas H.W.

Abstract. The sign of worker remittances in growth regressis heavily disputed in the

literature. Comparing two growth regressions wiiffedent signs for the remittance

variable we show that collinearity with the laggigpendent variable might indicate that
collinearity should be investigated comprehensivahd might lead to a change in
specifications, which differ in the variance initat factors (VIF). In our case the

variance inflation factor for remittances dependstlee use of a five or one-year lag of
the lagged dependent. In the regression with abélew ten, the standard critical value,
the sign of remittances is positive.
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1. Introduction

Every researcher who has suggested one of the abéitregressors in growth
regressions (Durlauf et al. 2005) had to resporttidajuestion of reversed causality. It is
much less clear though that anyone had to respotitetquestion whether or not the sign
of a suggested regressor may be turned arounddrgx@damate collinearity (see Davidson
McKinnon 2004 on the basics) with the lagged depahdariable although there were
some debates on the right signs in growth regnessingeneral, the issue is important
because each chapter in any textbook on developec@momics suggests the relevance
for income effects. If income effects are importeallinearity with the lagged dependent
variable can be a major issue in any growth regras&xamples are controversies in
regard to applications for development aid (seeddaliagos, H. and MPaldam (2008)
and on the impact of worker remittances on growtintl by Chami et al. (2005). It is this
latter case in which we are interested in relatiotihe collinearity issue.

Chami et al. (2005) have argued that remittapecesgide an incentive to reduce effort
thereby making weak economic performances moréylikéey find negative impacts of
remittances on growth in a cross-section regressiohucas (2005) and IMF (2005) this
result is attributed intuitively to weak or inadedg instruments and in the latter no
growth effect is found. Catrinescu et al. (2009)eer the approach of Chami et al. to
include policy and institutional variables and estie a panel using the Anderson-Hsiao
estimator. They find some significantly positivesutts for the impact of remittances on
growth, but these are reported to be not very mltisliano and Ruiz-Arranz (2008) add
remittances multiplied to financial variables agegressor and find positive growth
effects for financially less developed countrigssutmmary, these papers see the reason
for the negative sign found by Chami et al. (20Bb)nadequate instruments, omitted
variables and inadequate estimation methods. Waradvanother possibility that might

" Thomas H.W. Ziesemer, Department of Economics, sttiwht University and UNU-MERIT,
P.0.Box 616, 6200 MD Maastricht, The NetherlaniisZiesemer@.maastrichtuniversity.nl
Acknowledgement: | am grateful to Bertrand Candelon, Femke Crarklrub Meijers, Pierre
Mohnen, Eddy Szirmai, Bart Verspagen for useful omnts and participants of a UNU-MERIT
seminar and the research day of the Netherlandsorietin Economic (NAKE) for interesting
discussions.



Applied Econometrics and International Development Vol. 20R2010)

be useful for future research: approximate collilgawith the lagged dependent
variable.

2. Methodology
Growth regressions can be written as follows (Dufrét al. 2005).

Log(y) = ai + (B+D)log(yea)+ yXa + X% + Uy

‘log’ indicates a natural logarithmy is GDP per capita or per workex; denotes
regressors used in mathematically formulated gromadels, in particular the augmented
Solow model (see Mankiw et al. 1992) agddenotes other regressors, which are added
although they are not included in a growth modelarples for the latter are official
development aid or worker remittances. Such effaotsnormally interpreted to mirror
the impact of a variable on the total factor pratlity (see Rogriguez (2006)), which can
be considered to be a weighted average of seqtooductivities. These variables then
either affect the weights of the sectors through ghift of demand and factor inputs or
they have an impact on the sectoral technical psm(see Timmer and Szirmai (2000)).
The expected signs for the coefficient of the laydependent variable normally obtained
in growth regressions afe< 0 < f+1.

We will estimate such a growth regression forenthan 40 countries with per capita
income above $1200 in prices of the year 2bB0the first instance we obtain the result
that the impact of worker remittances on growthnégative under some additional
assumptions. One of these assumptions is the uadagfged dependent variable with a
five years lag that is significantly correlated hwithe remittance variable. However, a
one-year lagged dependent variable is much leagdisantly correlated with remittances,
depending on the set of controls used though. Usioge-year lagged dependent variable
and reworking the regression towards having ongnificant variables the sign for
remittances changes into a positive one. Findlig Mariance inflation factors (VIF) of all
regressorsin both equations are calculated indicating thatremittance variable in the
second equation is much less correlated with atbgressors than in the first equation.
Due to other multi-collinearities it remains an opguestion, which of the changes is
actually turning the sign around, but it is the amith the lagged dependent variable
which is economically plausible, therefore checKidt and easily tested before the
ultimate plausibility comes from the comparisonvafiance inflation factors indicating
the strength of the multicollinearity.

All data are taken from the World Development ladics. We use the fixed effects
method, which is known to have a downward biagHerlagged dependent variable of an
order of magnitude ol/T, if we have more than thirty observations as werdthe first
regression. If we have less than thirty observatioe use the systems GMM method of
Arellano-Bover (1995) because fixed effects estiomatis then underestimating the
coefficient of the lagged dependent variable. Whils method we can use instruments to
correct for the endogeneity of the lagged dependanable and other regressors. In our

! In related work on countries with per capita ineobelow $1200 we found no ambiguity in the
coefficients for aid and remittances.
2 See Kennedy (2003) for an extensive treatment.
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case the coefficient of the lagged dependent Meriebslightly larger than that of the
fixed effects regression and the test for the tgliof the instruments and not having too
many of them (see Roodman 2007) is also passed.

3. Results

The growth regression for the log of the GDP pgritealog(gdppc), we would have
defended in the first instance is as follows (psealin parenthesés)

Log(gdppc) - log(gdppc(-5) = -4.66-0.14log(gdppi 0.11log(gfcfgdp)

(0.0003) (0) (0)
-.0245log(gfcfgdp(-5)) + 0.0014Lit(-1) +1.86(1/t)6t54(wr/gdp}-1.57wr/gdp
(0.05) (0.092) (0.0125) (0.0003) .0(D4)
+ 1.08wr(-1)/gdp(-1) — 3.76(wr(-1)/gdp(-1}) 0.520da/gdp -2.78(oda/gdp)
(0.015) (0.004) 0.03) (0.027)
+ 0.2log(wld) -0.057 log(l) 1)
()] (0.046)

Periods: 34 (1971 2005). Countries: 45. Obs.: 8#R* =0.996; DW=1.77

The lagged dependent variable has a sign and sittee @oefficient in accordance with
the expectation given above. The sum of the caeffis of the investment variables,
gfcfgdp, is positive. Literacyl.it, also has a positive sign and the growth of thé>@iD
the world,wid, as an income argument in the export demand famstiemming from the
idea of growth modeled with imported inputs in Baad and Lewis (1970) has a positive
sign. The natural logarithm of the labour fordeg(l), has a negative sign of
approximately the same order of magnitude as thédwocome variablé.The squared
values for remittancesyr/GDP, and aid,oda/GDP, are very small. Therefore the linear
ones dominate. Under the assumption that variadohelstheir lags are of similar size
remittances have a negative impact and aid hasitiveoone. However, a look at Table 1
shows that the regressors with the exception ofldigged investment variables are
pairwise significantly correlated with the laggedpéndent variable. The result may
therefore stem from collinearity, which may haveimpact on the sign of regressors.
Table 2 shows results from regressing the remigaaciables on the GDP per capita and
its one and five year lags. The correlation is nsding for the five year lag used in the

3 A value of (0) indicates zeros for four digits.r&a lagged growth rates are employed as serial
correlation correction.

* Using the formulas in Mutz and Ziesemer (2008) assliming an elasticity of production for
capital of 0.33, we get a price elasticity of exptgmand of (-6.9) in regression (1) and (-4) in
regression (2) below. Both values seem quite reddenAgain according to these growth rate
formulas we can obtain the income elasticity of@kplemand as the ratio of the coefficients for
the world income and the labour variable. This fioeht is 3.5 for the first regression and
therefore far too high and slightly above unity flee second regression.
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above regression. One may therefore want to avedyfear lags. Changing them into
one-year lags and eliminating the most highly indigant regressors lead us to the
following result.

d(log(gdppc))= c-0.09log(gdppc(-1))+0.123log(gfaiyd0.09log(gfcfgdp(-1)) (2)
(0) (0) (@

- 0.19d(log(L)) + 0.00146sum(Lit) + 1.06(wr(-1)/dep))* + 0.30da(-1)/gdp(-1)
(0.015) (t=1.67)) (0.073) a83)

- 0.52(oda(-1)/gdp(-1j)+ 0.114log(wlid) -0.099 log(l)
(0.052) (0.0001) (0.0003)

Per.: 23 (1981 2005). Countr.: 42. Obs.: 558. 5.6.8637. J=267. Instr.rank:257. p(J) =
0.168.

For the literacy variable we now use a polynomiatributed lag of the first degree with
10 lags, which has negative growth effects for fihst five lags and but significantly
positive effects thereafter. These lags cost usesolmservations and therefore the
adequate method is that of Arellano-Bover (1995prédver, the aid variables are used
now with a one-year lag. The major difference thoiggthat the remittance variable now
has a positive effect, which it did not when usithg five-year lag for the lagged
dependent variable. Moreover, only the squareadfagmittances is significant.

The econometric literature on multicollineamyphasizes the variance inflation factor,
1/(1-R), whereR is the coefficient of determination for the regies of regressair on
all the other regressors. In Table 3 we provideviilaes forR and the variance inflation
factors for both regressioAg he worker remittance variables have a high cedliity in
the first regression but a much lower one in tleosd.

4. Conclusion

In both regressions the aid variable has a signiflg positive sigii. The other variables
have the expected sign. Switching from the fiverylag to the one-year lag because of
the collinearity with the lagged dependent varialvlethe first regression ultimately
changes the sign of the remittance variable afteeroadjustments are made. The
variance inflation factors indicate that the sigu aignificance of the remittance variable
are based on correlation with the other regresadi® first equation but much less so in
the second, where the variance inflation factdsalow the standard critical value of 10
(see Kennedy 2003). Therefore we cautiously sugdgiest the positive sign for
remittances is more convincing for our sample. Asrdative interpretation, remittances
and aid are unlikely to contribute to total facpyoductivity growth (tfp) via technical
change; but rather remittances and aid seeminglg@ent in sectors with above average
tfp and thereby shift more weight to them and gateehigher aggregate tfp levels.

® For this purpose we use the fixed effects versfoequation (2) because we do not have lagged
dependent variables in most cases and we needsgunded value and therefore a constant; both
are not calculated in the Arellano-Bover method.

® The squared term generates a function with pe®k$88% and 28.8% of GDP only.
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Appendix 1: Tables

Table 1: Uncontrolled correlation matrix and marginal significance levels
Covariance Analysis: Ordinary

Sample (adjusted): 1971 2005

Included observations: 650 after adjustments

Balanced sample (listwise missing value deletion)

Correlation
Probability 1 2 3 4 5 6 7 8 9 10 11 12 13
1.LOG(GDPPC) 1

2.LOG(GDPPC(-1)) 1.00 1.00

3.LOG(GDPPC(-5)) 0.98 0098 1.00

0.00 0.00 -----

4.LOG(GFCFGDP) 0.00 -0.02 -0.10 1.00
0.99 0.66 0.01 -

5.LOG(GFCFGDP(-5)) 0.04 0.04 0.03 0.44 1.00
0.27 0.32 0.40 0.00 -----

6.LIT(-1) 0.56 056 054 -0.12 -0.12 1.00
0.00 0.00 0.00 0.00 0.00 -----

7.D(LOG(L)) -0.09 -0.08 -0.07 -0.05 0.01 -0.15 1.00
0.02 0.04 0.09 0.22 0.75 0.00 -----

8.(WR/GDP)"2 -0.19 -0.19 -0.19 0.18 0.21 -0.10 0.09 1.00
0.00 0.00 0.00 0.00 0.00 0.01 0.02----

9.WR/GDP -0.27 -0.27 -0.26 0.16 0.17 -0.23 0.08 0.94 1.00
0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.00 -----

10.WR(-1)/GDP(-1) -0.26 -0.26 -0.26 0.15 0.19 -0.23 0.08920 0.98 1.00
0.00 0.00 0.00 0.00 0.00 0.00 0.05 0.00 0.00 ----

11.(WR(-1)/GDP(-1))* -0.19 -0.19 -0.19 0.15 0.22 -0.09 0.08 0.95 0.91 0.94 1.00
0.00 0.00 0.00 0.00 0.00 0.02 0.04 0.00 0.00 0.00 -----

12.0DA/GDP -0.41 -0.41 -0.39 0.06 0.09 -0.30 0.09 0.62 0.6262 0.62 1.00
0.00 0.00 0.00 0.11 0.02 0.00 0.02 0.00 0.00 0.00 0.00 -----

13. (ODA/GDP)*2 -0.28 -0.28 -0.26 0.12 0.13 -0.17 0.08 60.9.52 0.52 0.55 0.91 1.00
0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.00 0.00 0.00 0.00 0.60 --
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Table 2: Collinearity of remittance and GDP per capita

Regressors Coefficient | Sd. t- Prob.
Error Satigtic
Dependent Variable: WR/GDP
C 0.034 0.085 0.393 0.694
LOG(GDPPC) 0.038 0.027 1.437 0.151
LOG(GDPPC(-1)) -0.018 0.024 -0.743 | 0.458
LOG(GDPPC(-5))| -0.020 0.012 -1.690 | 0.091
Dependent Variable: (WR/GDP)
C 0.000 0.019 0.003 0.998
LOG(GDPPC) 0.005 0.010 0.467 0.641
LOG(GDPPC(-1)) 0.001 0.009 0.123 0.902
LOG(GDPPC(-5))| -0.005 0.004 -1.388 | 0.166
Dependent Variable: WR(-1)/GDP(-1)
C 0.037 0.088 0.415 0.679
LOG(GDPPC) 0.038 0.028 1.363 0.173
LOG(GDPPC(-1))| -0.012 0.025 -0.468 | 0.640
LOG(GDPPC(-5))| -0.026 0.012 -2.166 | 0.031
Dependent Variable: (WR(-1)/GDP(-1))*
C 0.004 0.021 0.181 0.857
LOG(GDPPC) -0.002 0.010 -0.181] 0.857
LOG(GDPPC(-1))| 0.010 0.009 1.069 0.285
LOG(GDPPC(-5))| -0.008 0.004 -1.863 | 0.063
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Table 3: Variance Inflation Factors
R-sq. Regr.)jR-sqg. Regr.2|VIF Regr. 1 |VIF Regr.2
LOG(GDPPC(-1)) - 0.984 - 63.0
LOG(GDPPC(-5)) 0.978 - 46.4 -
LOG(GFCFGDP) 0.657 0.784 2.9 4.6
LOG(GFCFGDP(-1)) - 0.805 - 5.1
LOG(GFCFGDP(-5)) 0.656 - 2.9 -
LIT(-1) 0.981 - 52.7 -
1/(@trend) 0.922 - 12.9 -
LOG(GDPPC(-1))-LOG(GDPPC(-6)) 0.898 - 0.8 -
LOG(GDPPC(-2))-LOG(GDPPC(-7)) 0.938 - 16.0 -
LOG(GDPPC(-3))-LOG(GDPPC(-8)) 0.881 - 8.4 -
(WR/GDP)"2 0.985 - 65.2 -
WR/GDP 0.992 - 128.8 -
WR(-1)/GDP(-1) 0.992 - 130.0 -
(WR(-1)/GDP(-1))"2 0.985 0.849 66.4 6.6
ODA/GDP 0.960 0.962 24.9 26.5
(ODA/GDP)"2 0.942 - 17.3 -
ODA(-1)/GDP(-1) - 0.962 - 26.5
(ODA(-1)/GDP(-1))"2 - 0.914 - 11.7
LOG(WLD) 0.964 0.906 28.1 10.6
LOG(L) 0.998 0.999 604.6 869.6
d(log(L)) - 0.389 - 1.6
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