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Statistics for the defense of the EU budget
The Joint Research Centre (JRC) supports the Anti-Fraud Office of the European
Union (OLAF) and its partners in the Member States in the identification of
anomalies in the trade of goods between third countries and the European Union.

• Focus is mainly on imports.

• Fair prices and traded volumes estimates in time series are computed on data that
are as homogeneous as possible in terms of product code, origin and destination.

• Flows with price significantly lower than the related JRC fair price are highlighted,
as they may be linked to under-invoicing, and therefore import duties evasion.

• Spikes, level shifts and structural changes in time series of traded volumes are
highlighted, as they may be linked to stockpiling or deflection of trade and
therefore evasion of quotas etc.



Dissemination and processing tools
Results on suspect trade flows are
made available to end users for
further investigations.

https://theseus.jrc.ec.europa.eu

Customers can process data and
generate statistical results using a
web-based service, with user-friendly
graphical interface

https://webariadne.jrc.ec.europa.eu

https://theseus.jrc.ec.europa.eu/
https://webariadne.jrc.ec.europa.eu/


The “fair price” concept and its use

48. To overcome the risk of undervaluation, the 
Commission has developed a methodology to 
estimate "fair prices"22, applying a statistical 
procedure to COMEXT23 data, in order to produce 
robust estimates for the prices of the imported 
goods24. OLAF disseminates these estimates among 
Member States’ customs authorities.

(22) Also known as Outlier-Free Average Prices. These 
are statistical estimates calculated for the prices of 
traded products on the basis of outlier-free data. 



The “fair price” concept and its use



The detection of relatively few patterns 
underlies numerous fraud-control problems

Spikes
(in time series)

Outliers
(in multi-

variate data )

Systematic 
spices or 
outliers

Systematic 
associations 

in 2 way 
tables

Stockpiling X X

Fraud in export refunds X X

Evasion of import duties X, LP 
outliers X X

Deflection of trade X, partly X, partly

Trade based laundered money in 
Origin. Generation of black money 
at destination.

X, HP, LP 
outliers X X

VAT carousels X, LP 
outliers X X



International trade data: source 1 - COMEXT

A public EU database

Imports: about 6.000.000 records per year

Monthly aggregates 
of quantities and values 

for each Product, Origin and Destination



International trade data: source 2 - Surveillance

Daily aggregates 
of quantities and values 

for each Product, Origin and Destination

A restricted EU database

About 4.500.000 records per year
For textiles imports only



International trade data: source 3 - SAD

Collected and analyzed 
under bilateral agreements with Member States Customs

(8 millions import declarations per year for Italy)

Customs declarations of each importer/exporter 



Anti-fraud purpose: identify situations in which a sudden reduction in trade volume for one
country of origin or for one product matches an increase for another, which would indicate a
potential miss-declaration of origin (and a consequent deflection of trade) or of product.

Monitoring trade volumes 

Imports of plants 
from Kenya to GB 

Imports of sugars 
from Ukraine to Lithuania 



Rousseeuw, P.J., Perrotta, D., Riani, M., Hubert, M. (2018). Robust monitoring of time series 
with application to fraud detection. Econometrics and Statistics, in press.

Statistical purpose: provide a robust unified framework to treat simultaneously
outliers, unknown level shifts and changes in the seasonal pattern

Monitoring trade volumes 

Imports of 
sugars 
from 

Ukraine to 
Lithuania 



Positions of signals: outliers and level shifts

• Not relevant outliers
• Level shift position around 27-28

• Main outlier in position 32
• Local irregularities at pos. 4, 5, 17, 18 
• level shift around position 35



Short term predictions with two methods

Imports of plants from Kenya to GB Imports of sugars from Ukraine to Lithuania 



Plants
interpretation of the anomalous drop 

• Kenya was the only country of the East African Community (EAC) paying 
high European import duties on flowers. 

• On the other hand, Kenya is the third largest exporter of cut flowers in the 
world. 

• Action: check for a simultaneous upward level shift in an EAC country not 
paying import duties, which could point to a misdeclaration of origin. 



Sugars
interpretation of the anomalous drop 

• Sugar market is very restricted and regulated. 

• Country-specific quotas, with higher duty for imports beyond the quota 
(tariff rate quotas).

• Fraud incentive: circumvent the quota by mislabeling the product with one 
not under surveillance. 

• Action: check for upward level shifts in related products from the same 
country.



In the last 10 years:

GB is a heavy importer

China is the biggest 
exporter

Vietnam is a small 
exporter

Another example: the trade of honey (CN 04090000) 
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The volume of honey imported from China to 
GB is constantly increasing from 2008. 

The volume of honey imported from Vietnam 
to GB started only in 2013.

Seasonality: peaks in July.

The volumes of honey imported in the last 
10 years into GB from China and Vietnam



Changes in the product code 
could distort the analysis

The code 04090000 has not 
changed in the last 10 years

History of the CN code of honey



The volume of honey imported: blue curve
Its estimation: red curve

The detected outliers: red crosses

Example of estimation and prediction 
of the trade volumes of honey from China to GB 

Same as first plot, with predictions 
and related bands (in red)
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The price of honey:

A case of systematic 
underpricing 

Import prices 

of “honey” (CN 04090000) 
observed in GB from China and 
Vietnam vs. estimated prices.

Period: 03-2016 – 02-2018



EU prices and estimated price 
of “honey” (CN 04090000)

from China in a specific 
month (March 2017)

GB unit price is in line with EU 
estimated import price from 

China

(1.34 €/Kg. vs. 1.36 €/Kg)

GB

The “monthly fair price” 
of honey



EU prices and estimated price 
of “honey” (CN 04090000)
from Vietnam in a specific 

month (April 2017)

GB is a clear outlier

(4.78 €/Kg. vs. 1.64 €/Kg)

The “monthly fair price” 
of honey



Another example of 
systematic underpricing

and
monthly fair price

Import prices 

of white wine (CN 22042195) 
observed in GB from US vs. 

estimated prices.

Period: 03-2016 – 02-2018



estimated price
of “bedspreads of cotton”:

two outlying ES declarations

estimated price: 5.16 €
declared price: 0.97 & 1.81 €

Atkinson, Riani, Torti (2016). Robust methods for heteroskedastic 
regression. Computational Statistics & Data Analysis, Volume 
104, Pages 209-222

Extension to heteroscedastic data



Regression 
structures, 
outliers, 
multiple 
populations, 
dense areas, 
heterosceda
sticity, …

Extension to other complex patterns in customs data

Perrotta, Torti (2018). Discussion of “The power of monitoring: 
how to make the most of a contaminated multivariate sample”. 
Statistical Methods & Applications.



Robust clustering

TCLUST-REG on the jewelry dataset:

• Three main market prices are estimated;

• Outliers are identified and removed.

Cerioli, A. and Perrotta, D. (2014): Robust clustering around 
regression lines with high density regions. Adv. Data Analysis and 
Classification 8(1): 5-26



A new two-stage Newcomb-Benford analysis
developed by the JRC and the Universities of
Parma and Siena

A serial fraudster detected in 

SAD data by our two-stage 

Newcomb-Benford analysis

Detection of data manipulations



A good comprehension of your data, 
your relevant fraud-control problems 
and the corresponding statistical 
patterns may enable the application of 
the presented methods, models and 
tools to your context.

Message of the presentation

Spikes
(in time 
series)

Outliers
(in multi-
variate 
data )

Systemati
c spices 

or outliers

Systematic 
association
s in 2 way 

tables

Stockpiling X X

Fraud in export refunds X X

Evasion of import duties X, LP 
outliers X X

Deflection of trade X, partly X, partly

Trade based laundered 
money in Origin. 
Generation of black money 
at destination.

X, HP, 
LP 

outliers
X X

VAT carousels X, LP 
outliers X X
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