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Abstract: This contribution is about the analysis of international trade data through a
robust approach for the identification of outliers and regression mixtures called Forward
Search. The focus is on interactive tools that we have developed to dynamically connect
the information which comes from different robust plots and from the trade flows in the
input datasets. The work originated from the need to provide the statistician with new
robust exploratory data analysis tools. However the focus here is on the interpretation of
the results by the end-user. We argue that with the proposed interactive graphical tools the
end-user can combine effectively subject matter knowledge with information provided by
the statistical method and draw conclusions of relevant operational value.
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1. Introduction

The Forward Search (FS) is a general method for detecting unidentified subsets and
masked outliers and for determining their effect on models fitted to the data. The key con-
cepts of the method were given by Hadi (1992), while Atkinson et al (2000) and Atkinson
et al (2004) introduced the idea of diagnostic monitoring and applied the method to a
wide range of regression and multivariate statistical techniques. Riani et al (2008) also
proposed a natural extension of the FS to the estimation of regression mixtures.

Unlike other robust approaches, the FS is a dynamic process that produces a sequence
of estimates. It starts from a small, robustly chosen, subset of the data and fit subsets of
increasing size, in such a way that outliers and subsets of data not following the general
structure are revealed by diagnostic monitoring. In regression the FS typically monitors
the evolution of residuals, parameter estimates and inferences as the subset size increases.
The results are then presented as ‘forward plots’ that show the evolution of these quantities
of interest as a function of sample size.

More precisely, for one univariate response and v explanatory variables, if B (m) is the
estimate of the (v + 1)-dimensional parameter vector 3 = (5o, 31, - - -, 3,)T obtained by
fitting the regression hyperplane to subset S(m), then the new subset S(m + 1) is build
with the observations with the first m + 1 smallest squared regression residuals. Then, to
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detect outliers we examine the so called minimum deletion residual amongst observations
not in the subset. Thus, the main two forward plots in regression show the progression of
the minimum deletion residual and of a scaled version of the squared regression residuals.
An aspect of the FS that has never been treated is the lack of an automatic link among
the great variety of forward plots which are monitored during the process. Linking of
plots is especially relevant in concrete applied problems, when it is crucial to present and
communicate effectively the statistical results to end-users not necessarily familiar with
the statistical methods. This takes place in the Joint Research Centre (JRC) of the Euro-
pean Commission when the authors and other statisticians cooperate with the European
Anti-Fraud Office (OLAF) to highlight in European trade data potential cases of fraud,
data quality issues and other oddities related to specific international trade contexts.

In this short paper we briefly describe the interactive tools that we are developing with
one of the authors of the FS (Marco Riani) to dynamically connect the information which
comes from different robust FS plots. The proposed brushing and linking tools are ex-
tended to data tables that include the full set of variables present in the dataset analysed.
We show with one example that this conceptually simple extension may represent a valid
support to the interpretation of the results by the subject matter experts. Given the lim-
ited space for this short paper, we postpone the mathematical details of the FS to a later
extended version and we give here few specific references to the literature.

2. Dynamic FS plots applied to international trade data

The standard forward plot of the minimum deletion residual is a static graph. It is neces-
sary to write ad hoc programs to identify the steps where selected units entered the subset
or to appreciate the joint effect of such units on the regression fit or on other statistics
monitored in different plots. This cumbersone off-line way of proceeding has drastically
limited the possibity to propose the FS method and its results to a non statistical audience
and may have even limited the use of the method in the statistical community.

We illustrate here the advantages of adopting more flexible interactive plots. We use an
example taken from the thousands of international trade datasets that we analyse at the
JRC. For each product, country of origin and destination (POD) we use the values and
quantities traded to estimate the slope of the regression line, that is a sort of “fair price”
for that particular combination, and we detect low and high price outliers. The situation is
complicated by the fact that for a given POD there might be traders operating at different
prices, which results in mixtures of linear populations. Abnormal price transactions are
made available to OLAF and its anti-fraud partners in the Member States for analyses
motivated by the identification of potential fraud cases.

Figures 1 and 2 are the main output of the FS applied to such data. The scatterplot
represents the quantity (x axis) and the value (y axis) of the monthly flows of a fishery
product imported into the EU from a third country. The red circles and the cyan squares
in the lower part of the scatterplot are imports into a specific EU Member State (say MS7)
and the prices declared look suspiciously low if compared to those of the other Member
States (MSs). Using the FS, Perrotta et al (2009) could identify quite precisely the group
of the “fair” import flows to the other MSs, in the scatterplot with blue ‘+’, estimate their
price (13 €/Kg) and finally divide the group of abnormal flows in other two linear clusters
of significantly different estimated price, 9.17 (red circles) vs 6.55 (cyan squares) €/Kg.
However there is a relevant fact that becomes clear only by inspecting in the input table
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Figure 1: Fishery trade data. The scatterplot of values and quantities and the data table
with other relevant variables. Selected units in the scatterplot are automatically
highlighted in the table and vice-versa.
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the transactions corresponding to the circles and squares, by comparing their prices and
the dates when the transactions were recorded. In fact the two abnormal clusters include
flows that took place respectively in the first 14 consecutive months of the period analysed
(circles) and in the following consecutive 21 months (squares). A natural conclusion of
clear operational value is that in the period analysed the traders in MS7 gradually under-
declared their import price, up to half of the price reported by the other MSs, so that to
reduce import duty payments.

In Perrotta et al (2009) such unexpected pattern was found almost incidentally, by off-line
inspection of the data table. Clearly this way of proceeding is not efficient: it requires big
efforts and the chance of finding unexpected patterns of this type is limited. For example,
without interactive tools it would be difficult to realise that near the origin of the axes
there is a large number of linear groups of data, visible only by selecting that region and
zooming on it.

Our solution for the end user consists in linking familiar tools such as the scatterplot
of the import values and quantities and the table of the original data, where all relevant
trade variables can be found. Linking is so that the points selected in the scatterplot or
the cells/row selected in the table are both and simultaneously highlighted with common
colors. The selection of relevant points/cells can be done manually by the analyst at any
time, but a first selection is done automatically by the procedure based on the outcome of
the FS, e.g. on the set of outliers or on the group of the estimated mixture.

Linking is extended automatically to any other plot, such as those of figure 2 that are of
great interest for the statisticians: the FS trajectories of the residuals and the FS minimum
deletion residual curve. The statistician would easily find which observations correspond
to those residuals which keep costantly high absolute values throughout the search (flows
labelled with n. 200 and 212), or those entering the subset only in the last steps of the
procedure (cyan and red part of the minimum deletion residual curve).
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Figure 2: Fishery trade data. The scaled residuals trajectories (left) and the minimum
deletion residual curve at each step of the FS (vight). The units highlighted in the two
plots refer to those selected in the scatterplot. The link is automatic also in this case.
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3. Short conclusion

A feature that distinguishes the FS from the other robust approaches is that it is a dynamic
process, which produces a sequence of estimates and informative plots. It was therefore
natural and even necessary for us to explore and develop new interactive plots. Certainly
this work direction was motivated by the needs of our specific anti-fraud customers, but
we argue that end-users in many other application domains would equally benefit from
coupling the FS with such flexible exploratory analysis tools. We are almost sistematically
using our interactive plots as an instrument to investigate open methodological issues
linked to the FS, such as how the search is affected by the structure of high dense and/or
overlapping areas or by observations where the value of one or more variables is repeated.
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