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Estimation Issues in Single Commodity Gravity Trade Models

Abstract

Recently gravity trade models are applied to disaggregated trade data. Here many
zeros are characteristic. In the presence of excess zeros usual Poisson Pseudo Max-
imum Likelihood (PPML) is still consistent, the variance covariance matrix how-
ever is invalid. Correct economic interpretation however requires also the last. So
alternative estimators are looked for. Staub & Winkelmann [2010] argue that zero-
inflated count data models (i.e. zero-inflated Poisson / Negative Binomial Pseudo
Maximum Likelihood (ZIPPML / ZINBPML)) are no alternative since under model
misspecification these estimators are inconsistent. Yet zero-inflated Poisson Quasi-
Likelihood (PQL) is a reliable alternative. It is consistent even under model mis-
specifications and beyond that robust against unobserved heterogeneity. Another
alternative is a log-skew-normal Two-Part Model (G2PM) which generalizes the
standard log-normal Two-Part Model (2PM). It is insofar advantageous as it adjusts
for (negative) skewness and regression coefficients retain usual interpretations as
in log-normal models. PQL is useful for multiplicative gravity model estimation
and G2PM for log-linear gravity model estimation. Exemplarily the estimators are
applied to intra-European piglet trade to assess their empirical performance and
applicability for single commodity trade flow analysis. The empirical part favours
PQL but G2PM is a reliable alternative for other trade flow analyses. PQL and
G2PM should become standard tools for single commodity trade flow analysis.

Keywords: Gravity Model, Homogeneous Firm Trade Model, Excess Zeros, Overdispersion,
Negatively Skewed Distribution, Poisson Quasi Likelihood, Two Part Model

Introduction

Recently research focus in gravity trade model analysis shifted from an aggregated macro-level
to a disaggregated micro-level. This shift is not only statistically motivated but also empirically.
Statistically it is more appropriate to disaggregate data and then to reaggregate the correspond-
ing micro-level results than to do the whole analysis at an aggregated macro-level. The latter
approach potentially suffers under an aggregation bias. Empirically the research interest be-
comes more influenced by policy. It is more meaningful to get policy results at micro-level than
at macro-level. The economic effects of single politics are often neglectable at macro-level but
not so at micro-level. Single commodity gravity trade models are now in the focus of interest
in gravity trade model analysis.
Although there are applications of gravity trade models to disaggregated data there are only
few papers which explicitly deal with estimation issues of single commodity gravity trade mod-
els1. An exemption is the paper by Burger et al. [2009]. Here the authors seize on the dispute
of methods between multiplicative and log-linear gravity models. In their argumentation they
partly follow Santos Silva & Tenreyro [2006] that logarithmising leads to biased gravity esti-
mates but they claim that for single commodity trade flow analysis the Poisson Pseudo Maxi-
mum Likelihood (PPML) estimator is inappropriate. The PPML suffers under the problems of
excess zeros and overdispersion; the former is a consequence of disaggregation which naturally

1This paper focuses on estimation issues of single commodity gravity trade models its statements however
should also apply for sector gravity trade models.
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increases the number of zero trade flows the latter is caused by unobserved heterogeneity.2 In-
stead they recommend to apply zero-inflated Poisson Pseudo Maximum Likelihood / Negative
Binomial Pseudo Maximum Likelihood (ZIPPML / ZINBPML). The latter approach not only
deals with excess zeros but also with overdispersion.
In a recent paper Staub & Winkelmann [2010] however show that ZIPPML / ZINBPML are
only consistent as long as the underlying model is not misspecified. If the model is misspecified
the estimators are biased. The authors further show that PPML is still consistent even in the
presence of excess zeros, but the variance covariance matrices are invalid. In their paper the
authors instead recommend a zero-inflated Poisson Quasi-Likelihood (PQL). This estimator is
not only consistent in the presence of excess zeros but also practically uneffected by unobserved
heterogeneity. Staub & Winkelmann’s [2010] findings are important since they question Burger
et al.’s [2009] statements!
The problem of zero trade flows is also tackled in log-linear gravity models. Different estima-
tors are applied here. In the presence of excess zeros Two-Part Models seem statistically to be
the most reliable.3 Hillberry [2002] proposes the use of standard log-normal Two-Part Models
(2PM). Since logarithmising sometimes leads to (negatively) skewed distributions, a more gen-
eral Two-Part Model is preferable. Recently Chai & Bailey [2008] develop a log-skew-normal
2PM (G2PM) which not only adjusts for asymmetries but also the regression coefficients still
have the usual interpretations as in the standard log-normal 2PM.
Consistent estimation is always important for economic interpretation. This applies not only but
especially for single commodity trade flow analysis where estimates suffer beside unobserved
heterogeneity also under excess zeros. New estimators are looked for. This paper therefore
proposes PQL and G2PM as reliable alternatives. Both estimators are applied PQL and G2PM
to disaggregated data (i.e. intra-European piglet trade) to evaluate their empirical applicability
and performance. Further the paper recommonds statistical testing procedures for model se-
lection; overdispersion test for Poisson Models and Likelihood Ratio (LR) tests for Two-Part
Models. Both estimators and model specification tests should become standard tools for single
commodity gravity trade flow analysis!
The focus of this paper is just methodological. So for the theoretical model homogeneous firms
trade models [Felbermayr & Kohler, 2010, Egger & Larch, 2011] are recommend, but not fur-
ther discussed. Homogeneous firms trade models have the advantage that they share the same
properties as heterogeneous firms trade models [Helpman et al., 2008], but assume a homoge-
neous firm structure. This often fits better with market characteristics especially for primary
sectors (i.e. agricultural sectors). Theoretical aspects however are not further discussed here.
This paper is organised as follows. The first section deals with the appropriate specification of
the theoretical model; homogeneous firms trade models vs. heterogeneous firms trade models
and multiplicative gravity models vs. log-linear gravity models. In the second section method-
ological aspects of single commodity gravity estimation are discussed. The advantage of PQL
and G2PM are sketched. The next section then applies both new estimators to intra-European
piglet trade. The paper concludes with some recommendations for future single commodity
gravity trade model estimation.

Model Specification

Starting point of every gravity trade model analysis is the specification of an appropriate grav-
ity model. Here the Anderson & van Wincoop [2003] (AvW) Model is standard for aggregated
data. For disaggregated data however the AvW Model does not fit perfectly. The AvW Model

2For statistical detail on excess zeros and overdispersion see below.
3Tobit estimators are biased in the presence of excess zeros.
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neither deals with zero trade flows which are manifold at micro-level nor it deals with asym-
metries in trade flows which are caused by different degrees of specialisation [Helpman et al.,
2008]. Helpman et al. propose a heterogeneous firms trade model which simutaneously deals
with zero and asymmetric trade flows. A heterogeneous firm structure however does not always
describe market structure adequately. Especially for primary sector (i.e. agriculture) the firm
structure is more homogeneous than heterogeneous. Usually farm sector is characterised by
many small and rather homogeneous farms. Recently two papers one by Felbermayr & Kohler
[2010] and the other one by Egger & Larch [2011] develop homogeneous firms trade models
(see Box 1). These models have the advantage that they deal with zero and asymmetric trade
flows but also restrict firm structure to be homogeneous.
The homogeneous firms trade model depends on two parts. The first part deals with the ex-
tensive trade margin whereas the second part deals with the intensive trade margin. Practically
spoken the first part asks the question whether trade occurs yes or no and the second part dis-
cusses the question to which extent trade takes place. The two parts can either be estimated
together in a multiplicative gravity model

[1] Xij = exp (β0 + λi + χj + γdij) + uij

or they can be estimated separately. Here the extensive trade margin is estimated via a limited
dependent variable model (i.e. Probit or Logit) and the intensive trade margin usually via a
log-linear gravity model4

[2] log(Xij) = β0 + λi + χj + γdij + uij.

In both specifications Xij is the import value of importer j from exporter i and β0 is a constant
which captures the effect of total sector production Y. λi = yi + (σ − 1)πi and χj = ej + (σ − 1) pj

are exporter and importer fixed effects which capture the effects of exporter i’s production Yi

and outward multilateral resistance Πi and importer j’s expenditure Ej and inward multilateral
resistance Pj respectively [Anderson, 2010]. dij is the gravitational distance and uij is an i.i.d.
error term.5

Model Implementation and Estimation Issues

The second step in gravity trade model analysis is the econometric implementation of the the-
oretical model and its appropriate estimation. Here caution should be applied since not every
functional form and estimation method is (always) appropriate. This especially applies for sin-
gle commodity trade flow analysis where the problem of excess zeros and overdispersion is
often immanent. Excess zeros hereby means that there are more zeros in the data than predicted
by the theoretical model. Overdispersion is immanent when the observed variance is higher
than the variance of the theoretical model. Non-consideration of both would lead to biased es-
timates.
In their seminal paper Santos Silva & Tenreyro [2006] argue gravity models not to estimate in
log-linear form but in multiplicative form. Logarithmising could lead to inconsistent estimates.
If heterogeneity is present Jensen’s Inequility would apply (i.e. ln[E(x)] 6= E[ln(x)]) which then
would render estimates inconsistent. They instead propose a PPML. This estimator is consistent

4Indeed Egger & Larch [2011] also propose to estimate the intensive trade margin in multiplicative form via
PPML.

5All small letters indicate logarithms.
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BOX 1: Homogeneous Firms Trade Models
Model 1a (Felbermayr & Kohler [2010])

Xij =

{
(τij)

1−σ

QjΠi

YiEj

Y

0

Πi =
Yi

Y
Qi +

∑
j

Ej

Y
(τij)

1−σ Qj
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Y
Πj +

∑
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Yi

Y
(τij)

1−σ Πi

Model 2 (Egger & Larch [2011])

Xij = Iij
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∑
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Iij
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j =

∑
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Y

aModel slightly modified to make it more Anderson & van Wincoop like.

even in the presence of heterogeneity and it has the appeal to deal with zero trade flows.
Burger et al. [2009] extend this framework for more disaggregated data. The authors partly
follow in their argumentation Santos Silva & Tenreyro [2006] that logarithmising leads to bi-
ased gravity estimates but they claim that for single commodity trade flow analysis PPML is
not appropriate. PPML suffers under the problems of excess zeros and overdispersion. The
two problems have to be separated from each other. So excess zeros is a consequence of dis-
aggregation which naturally increases the number of zero trade flows and overdispersion is a
consequence of unobserved heterogeneity caused by a omitted variable problem. The authors
instead recommend to apply zero-inflated Poisson / Negative Binomial Pseudo Maximum Like-
lihood (ZIPPML / ZINBPML). The latter approach not only deals with excess zeros but also
with overdispersion. It is important to mention here that Burger et al. do not develop an asymp-
totic theory!
An asymptotic theory is just recently developed by Staub & Winkelmann [2010]. Utilising the
framework of Gourieroux et al.’s [1984a, 1984b] seminal papers on Pseudo Maximum Likeli-
hood (PML) Staub & Winkelmann can show that ZIPPML / ZINBPML are only consistent as
long as the underlying model is not misspecified. If the model is misspecified the estimators are
biased. The authors further show that PPML is still consistent even in the presence of excess
zeros but the variance covariance matrices are invalid. In their paper the authors instead recom-
mend a zero-inflated Poisson Quasi-Likelihood (PQL). This estimator is not only consistent in
the presence of excess zeros but also practically uneffected by unobserved heterogeneity. Staub
& Winkelmann’s [2010] findings are important since they question Burger et al.’s [2009] state-
ments!
If the focus is on log-linear gravity model estimation then the importance of excess zeros also
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increases with the degree of disaggregation. For moderately disaggregated data usual 2-step
estimators (i.e. Tobit estimators) are consistent as long as ’the sample proportion of zeros is
roughly equivalent to the left tail area of the assumed parametric distribution’ [Chai & Bailey,
2008, pg. 3644]. If the tail-probability constraint is not fulfilled then estimators are biased.
Since the tail-probability contraint is obviously hurted in the presence of excess zeros 2-step
estimators are inappropriate for single commodity trade flow analysis. In the presence of excess
zeros Two-Part Models [Cragg, 1971] which relax the tail-probability constraint seem statisti-
cally to be more reliable. Hillberry [2002] proposes the use of standard log-normal Two-Part
Models (2PM). Since logarithmising sometimes leads to (negatively) skewed distributions a
more general Two-Part Model is preferable. Recently Chai & Bailey [2008] develop a log-
skew-normal Two-Part Model (G2PM) which not only adjusts for asymmetries but also regres-
sion coefficients still have the usual interpretation as in standard log-normal models.
Beside model specification and estimation model selection is another important task in gravity
trade model analysis. So far there are only few papers which deal with testing procedures which
allow to judge between different estimation methods. For Poisson Models overdispersion test
are recommended [Burger et al., 2009] and for Two-Part Models Likelihood Ratio (LR) tests.6

Application: Intra-European Piglet Trade

The previous section discusses the statistical superiority of PQL over ZIPPML / ZINBPML
and G2PM over 2PM respectively. PQL and G2PM are now applied to intra-European piglet
trade to illustrate their empirical applicability.7 Estimation results are presented in Table 1. The
homogeneous firms trade model is once estimated in multiplicative form via PPML and PQL
and once in log-linear form via 2PM and G2PM. The benchmark model (i.e. traditional gravity
model [Anderson & van Wincoop, 2003]) is estimated via Ordinary Least Squares (OLS). A
fixed effects structure with importer, exporter and time fixed effects is assume for each model.
Import data are extracted from the Statistical Office of the Eurpean Union (Eurostat); physical
distance data from the Centre d’Etudes Prospectives et d’Informations Internationales (CEPII);
all other data are self-constructed. The data frequency is annual, starting from 2000 to 2009.
Following Marquer [2010] the trade flow analysis concentrates on the eight most important ex-
porters and importers i.e. Austria, Germany, Denmark, Spain, Italy, The Netherlands, Poland
and Romania.
Gravitational distance is approximated by physical distance (Dist), presence of a common bor-
der (CONTIG), presence of a common language (COMLANG), a binary indicator for trade
between member states and new member states before EU enlargement (NMS inter) and a bi-
nary indicator for trade between new member states before EU enlargement (NMS intra).
The signs of all models are in accordance. Market characteristics and market developments are
adaquately represented by estimation results. A common border favours piglet trade as well
as a common language. The trade reversal indicated by the indicator NMS inter fits well with
market developments. After the EU enlargement large commercial hog producers as Smithfield
opened up commercial pig plants in Easteurope. This decreases exports to member states of
the EU15 as indicated. The other indicator NMS intra indicates that piglet trade between new
member states decreases after EU enlargement. This decrease can be explained by a large de-
crease in sow stocks in Easteuropean member states after 2005 [Marquer, 2010]. The time fixed
effects also seem reasonably to capture global market developments. The time fixed effects fol-

6Generals test to decide between different model specifications (e.g. Poisson vs. Two-Part Model) are at the
moment at the research frontier [Santos Silva et al., 2010].

7For details on European pig farming and recent developments see Marquer [2010].
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low hog price developments lagged by one year.8 That piglet producers can not immediately
adjust their production to hog price developments seems obvious. Also the 2007 price bubble is
immanent. The time fixed effect of 2008 has even a negative sign. In consequence of the high
feed prices in 2007 many piglet producers closed business which decreases supply.
The only striking feature among the different models is the changing sign of the physical dis-
tance variable. However this directly leads over to model comparison. Here an overdispersion
test indicates overdispersion which then requires a PQL estimation for the multiplicative gravity
model. Overdispersion is also indicated by the change in standard errors between PPML and
PQL. Also the change here is neglectable, this has not always to be the case. The other compar-
ison is between the 2PM and the G2PM. Here a Likelihood Ratio (LR) Test does not indicates
skewness. So for the log-linear gravity model a 2PM estimation is appropriate. The important
statistical question is then which model specification is to be favoured. Here a comparison be-
tween the significance levels of PQL and 2PM favours PQL. So intra-European piglet trade is
best modeled by means of a gravity model in multiplicative form estimated by PQL.

Conclusions

Recently research focus in gravity estimation shifted from an aggregated macro-level to a dis-
aggregated micro-level. Gravity trade model analysis now focuses on single commodity trade
flows. Consistent estimation however is as important as ever before. This paper therefore deals
with estimation issues of single commodity gravity trade models.
This paper argues that in the presence of excess zeros usual PPML is not appropriate since
variance covariance matrices are invalid. Zero-inflated count data models (i.e. ZIPPML /
ZINBPML) are no alternative since under model misspefication these estimators are incon-
sistent. A reliable alternative is PQL. PQL is consistent even in the presence of model mis-
specifications and also robust against unobserved heterogeneity [Staub & Winkelmann, 2010].
For log-linear gravity models G2PM is another alternative. G2PM is insofar advantageous as it
adjusts for (negative) skewness and regression coefficients still retain usual interpretations as in
log-normal models [Chai & Bailey, 2008].
The empirical application done in this paper favours PQL over G2PM. This however is not to
be generalized rather research should always follow statistical testing and exclude step by step
different alternatives. Overdispersion tests should become standard for multiplicative gravity
model analysis as well as LR tests for Two-Part Models. PQL and G2PM should become stan-
dard tools for single commodity gravity estimation!

8Price charts can be found under http://www.bordbia.ie/industryservices/pig/pages/
prices.aspx
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