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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.

e 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.

e 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. ]

ommission



Dissemination and processing tools

Results on suspect trade flows are JOINT RESEARCH CENTRE

Commission THESEUS - statistics and Information Technologies for Anti-Fraud (SITAF)

made available to end users for I
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the JRC project Automated use of the results.
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Trade.

accessible by anti-fraud subject

THESEUS' restricted area publishes — matter experts and selected users. Back to top

JOINT RESEARCH CENTRE
WebARIADNE - statistics for anti-fraud

*
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WebARIADNE is the porting of ARIADNE to the web. It increases ARIADNE's
potential by offering a comprehensive web-based execution environment for the
statistical procedures developed within the SITAFS action.
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The “fair price” concept and its use

EN 2017 ” 19 48. To overcome the risk of undervaluation, the
Commission has developed a methodology to
estimate "fair prices"??, applying a statistical

| procedure to COMEXT?? data, in order to produce

T 1?5322‘.11&‘53 lt:flfe legal robust estimates_for th_e prices of the i_m ported

framework and an goods?*. OLAF disseminates these estimates among

ineffective implementation ; "
impact the financial Member States’ customs authorities.

interests of the EU

(pursuant to Article 287(4), second subparagraph, TFEU)

(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

3.1. Detecting and investigating
revenue fraud: OLAF
at the centre of large-scale
investigations into
the undervaluation of goods
imported into the EU

To understand the phenomenon, OLAF carried
out an extensive analysis of all customs declarations
for all imports of textiles and shoes from China
between 2013 and 2016. A “cleaned average price”

was calculated for each category of textiles and
Th c O LAF shoes imported from China, based on the value of
repo rt 2017 all import declarations in the EU between 2013 and
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The detection of relatively few patterns
underlies numerous fraud-control problems

outliers

: Outliers Systematic Syste_m_atic
Spikes (in multi- <pices of associations
(in time series) . pice in 2 way
variate data ) outliers tables
Stockpiling X X
Fraud in export refunds X X
Evasion of import duties X, !‘P X X
outliers
Deflection of trade X, partly X, partly
Trade based laundered money in
= - X, HP, LP
Origin. Generation of black money : X X
. outliers
at destination.
VAT carousels X, LP X X
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International trade data: source 1 - COMEXT

Monthly aggregates
of quantities and values

for each Product, Origin and Destination

PRODUCT PARTNER DECLARANT PERIOD

61045200
61045200
61045200
61045200
61045200
61045200

CN
CN
CN
CN
CN
CN

GR
GR
GR
HR
HR
HR

"2015-07-01"
"2016-02-01"
"2016-11-01"
"2013-07-01"
"2013-08-01"
"2013-10-01"

VALUE_1000EURO QUANTITY_TON SUP_QUANTITY

1.4800
4.8900

1
0.1800
1.0300
0.7000

A public EU database

0.0500
0.5100

0
0.0100
0.0500
0.0300

Imports: about 6.000.000 records per year

300
4191
5

28
357
268
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International trade data: source 2 - Surveillance

Daily aggregates

of quantities and values
for each Product, Origin and Destination

1
Date
'31/12/2016'
'31/12/2016'
'01/12/2016'
'02/12/2016'
'02/12/2016'
'03/12/2016'
'04/12/2016'
'05/12/2016'

- 2 3 4
|lssuer Procedure Origin
'NL' '40' TR
'PL' '40' 'SG'
'FR' 42 'CN'
'FR' 42 'CN'
'GB' 42 'CN'
'GB' 42 'CN'
'GB' 42 'CN'
'BE' '42' 'PK'

5

CNCode
'6101201000'
'6101201000'
'6101201000'
'6101201000'
'6101201000'
'6101201000'
'6101201000'
'6101201000'

6
Volume

1

4

1.4740
1.6580
9933
7299
5315
6239

7
StatValue

34

85.0800

52

59

5.8087e+03

2.5955e+03

4.3387e+03

2.6357e+04

A restricted EU database

About 4.500.000 records per year
For textiles imports only

8
SupplUnit

2
2
8
9

15152
12143

4370
10820

9
UnitPrice

17
42.5400
6.5000
6.5600
0.3800
0.2100
0.9900
5.2100

10
PerKGPrice

34

21.2700
35.2782
35.5850
0.5848
0.3556
0.8163
9.0330

European
Commission



International trade data: source 3 - SAD

Customs declarations of each importer/exporter

“ DATE Box 16 BOX_ 17 a BOX_. 33 Box 38 Box a1 Box 46

31382639 2014-01-20 64011000 66.47
31385957 2014-01-23 CN IT 64011000 1.6 1 89.48
31441658 2014-03-20 VN IT 64011000 0.9 1 114.38
31449805 2014-03-28 CN IT 64011000 19.2 25 467.03

Collected and analyzed
under bilateral agreements with Member States Customs

(8 millions import declarations per year for Italy)
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Monitoring trade volumes

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.
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Imports of plants

Imports of sugars
from Kenya to GB

from Ukraine to Lithuania P,
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Monitoring trade volumes

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



Positions of signals: outliers and level shifts

 Not relevant outliers e Main outlier in position 32
e Level shift position around 27-28 e Localirregularities at pos. 4,5, 17, 18
e J|evel shift around position 35
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Short term predictions with two methods

Imports of plants from Kenya to GB

Fit and forecasts from LTS
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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.



Another example: the trade of honey (CN 04090000)

Mean quantities (in tons) imported in the period 2008-2018 by MS of destination

I n t h e | a St 1 O ye a rS : o0 with their 90% Confidence Intervals
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History of the CN code of honey

Changes in the product code
could distort the analysis

The code 04090000 has not
changed in the last 10 years

JOINT RESEARCH CENTRE

THESEUS - statistics and Information Technologies for Anti-Fraud (SITAF)

| Public area Restricted area

HOME | HERMES | COUNTRY CODES WORKSHOPS

HERMES: a history tracker for codes of goods in TARIC
for Combined Nomenclature (CN) goods, in 2000-today, as obtained from Eurostat's metadata server RAMON

Product code

04080000 - Natural honey

2018 2017 2016 2015 2014 2013

0409 0409 0409 0409 0409
0000 0000 0000 0000 0000

D No changes D CODE changed El DESC changed D DESC & CODE changed

2012 2011 2010 2008 2007

0409 0409 0409 0409 0409
0000 0000 0000 0000 0000 |




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

The volume of honey imported: blue curve
Its estimation: red curve
The detected outliers: red crosses

Same as first plot, with predictions
and related bands (in red)

Real and fitted values
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stimated vs Observed Prices

Frice (T per kg)

04090000 CN GB Mar 2016 - Feb 2018
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Import prices

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

Period: 03-2016 — 02-2018

The price of honey:

A case of systematic
underpricing

Estimated vs Observed Prices

04090000 VN GB Mar 2016 - Feb 2018

J
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The “monthly fair price’
of honey

EU prices and estimated price Scatterplot of Quantities and Values X
Of ”honey” (CN 04090000) P: 04090000 O: CN Period: Mar 2017 Lo

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) D ° 200 .J.mm 1500 Quantit:?iiﬂmn] 2500 3000 3500



The “monthly fair price”

of honey
EU prices and estimated PriCe  scatterplot of Quantities and Values x|
Of ,,honey,, (CN 04090000) P- 04090000 O: VN Period- Apr 2017 =
from Vietnam in a specific 60

month (April 2017)

o+
[

GB is a clear outlier

Value (in 1000 euro)

20

(4.78 €/Kg. vs. 1.64 €/Kg)




Estimated vs Observed Prices

22042195 us GB Mar 2016 - Feb 2018

(€ per kg)
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Import prices

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

Period: 03-2016 — 02-2018

Another example of
systematic underpricing
and
monthly fair price

catterplot of Quantities and Values

P: 22042195 O: US Period: Jun 2017
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Extension to heteroscedastic data

estimated price
of “bedspreads of cotton”:

two outlying ES declarations

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

Scatterplot of Quantities and Values
P: 6304191090 O: IN Period: Dec 2017
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Atkinson, Riani, Torti (2016). Robust methods for heteroskedastic
regression. Computational Statistics & Data Analysis, Volume
104, Pages 209-222



Extension to other complex patterns in customs data

Regression
structures,
outliers,
multiple
populations,
dense areas,
heterosceda
sticity, ...
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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:

e Three main market prices are estimated;

Outliers are identified and removed.

Group 1 (744 units) urt =0 ¢c=50 a3 =001 a=0.01
— Group 1 fit 136.8289 b — (0.007;0.013; 0.001;)

Group 2 (11 units)
— Group 2 fit

Group 3 (9599 units)
— Group 3 fit O

G Trimmed units 1st (17)
Trimmed units 2nd (19)
A Thinned units (858)

2500

2000 -

1500 -

10

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



Detection of data manipulations

sl {h,., Im} Ter,...my  Marg.  Cond.
{1,2} 787.57 129.9 129.9
35 | {1} 388.82 20.4 32.6
{2} 14.79 21.7 28.9

A serial fraudster detected In
SAD data by our two-stage

Newcomb-Benford analysis

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

[5] A. Cerioli, L. Barabesi, A. Cerasa, M. Menegatti, and D. Perrotta. The Newcomb-

Benford law and the detection of frauds in international trade. 2017. Submitted.

[6] L. DBarabesi, A. Cerasa, A. Cerioli, and D. Perrotta. Goodness-of-

fit testing for the Newcomb-Benford law with application to the detec-
tion of customs fraud. Journal of DBusiness & FEconomic Statistics, 2017,
http://dx.doi.org/10.1080/07350015.2016.1172014. Accepted for publication.
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Message of the presentation

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.

outliers

Spikes Qutlierg Systemati Systemgtic
L (in multi- . association
(in time . C spices )
- variate or outliers S in 2 way
SEres data) tables
Stockpiling X X
Fraud in export refunds X X
Evasion of import duties X, !‘P X X
outliers
Deflection of trade X, partly X, partly
Trade pasec! Igundered X. HP.
money in Origin. Lp X N
Generation of black money :
. outliers
at destination.
VAT carousels X, LP X X
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