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2 Executive Summary

2.1 Model purpose

The purpose of this model is to predict companies heading for payment problems. The reason for
building an early warning system comes from a need for DTA to take action at an early stage in the
process. In the current state DTA works in a reactive manner and action is taken when triggered by an
event. This means that in cases of bankruptcy there is significant loss that could be decreased if action
would be taken at an earlier point in time. Thus the purpose of this model is to predict companies
heading for payment problems before the problems are visible. The dependent variables which the

model predicts are:

e Insolvency (companies going bankrupt)
e “Oninbaar” (booked losses on filings)
e Company getting a warrant

2.2 Data description

Scope
The model has been built on the selection of the population of all companies. The companies that have
been selected to run cover the majority of the losses and are define as all the large corporates (GO) and

the large companies in SME (MKB) segment, which are defined as those with assets or turnover greater
than 1M EUR.

The time frame for which the model is built is on all the available data at DTA on terradata (as of 2011).
An observation period is selected of 2 years and a performance period of 12 months. The model is
trained on four observation point one on each quarter of 2013. The first two quarters in 2014 are used

as out of time validation sets.

Data sources

Before variable creation there has been an extensive data exploration in which both internal tax data
and external data sources have been explored. The sources that have been selected for the variable
creation are VAT (“OB”), corporate tax (“OB”), balance sheet info (“Balans”), collections data (“Incasso”),

Bank data and a few pieces of miscellaneous company info such as years in business or industry.
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2.3 Final model

The final model selected for the EWS is a logistic regression model. It is built up of the following 6

variables and related estimate value and the weight it contributes to the score.

Variable Estimate | Weights
Maximum delay (days) in last 2 years across all tax types -0.6346 46%
Quarter since last warrant in last 2 year in any of the 3 tax types -0.427 21%
Ratio of retained earnings over assets for last year -0.6299 4%

# of quarters for which there was a delay in payment across all tax types | -0.2166 4%

in last 2 years

Table 2.1: Final model variables

2.4 Model validation results
Table below shows the GINI value on development, validation and out of time dataset. The GINI is

consistent across all three datasets that proves that model is quite stable and robust

Below charts shows the comparison between average predicted probability and average bad rate across
different buckets. The trend is quite similar that proves the prediction error is low and model is stable.
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Figure 2.1: Actual and predicted badrates by population bucket
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3 Model Context

3.1 Dutch tax authority strategic agenda (Investeringsagenda)

The Ministry of Finance has outlined a strategic investment agenda® in which the course of action for the
tax authority is set. This agenda is built upon three main tracks: reducing complexity, making processes
robust and objectifying performance. The fourth track is an underlying one to the others and is to
ensure that there is traction within the organization. These are portrayed in figure 3.1.

\

Track A: \ \

Figure 3.1: Investeringsagenda

The efforts in Track B are reflected in the creation of the “Broedkamer”? and also the relevance of
creating and early warning system. Track B outline that the IT processes need to become robust so that
they can be simplified and improved, by making incremental improvement rather than revising
everything at once, as drastic change is too risky at the moment for the organization. In an additional
letter® from the State Secretary of Finance to the House of Representatives, he indicates that the newly
created “Broedkamer” has an important role in improving the current processes through data driven

approaches.

3.2 The “Broedkamer” Projects

In order to increase efficiency of the processes and to reduce the tax gap (i.e., the difference between
taxes that need to be paid to the government and which ones are actually paid). The Belastingdienst
has started to develop more data-driven approaches. To achieve these goals, the “Broedkamer” was
established, a project where data scientist and business analysts work together to develop innovative,
data-driven ideas and models. An important part of this project is to collect, structure and standardize
the numerous datasets available from the different departments (‘Datafundamenten’) and make it
accessible for analytical purposes. Based on this data, models are developed to optimize processes and
to increase the amount of paid taxes. One of these projects monitors debtors and collections processes
in order to optimize collections of claims (“Dynamisch monitoren”), while another project aims at
predicting and identifying companies that are committing VAT fraud based on network analysis (“OB
Carroussel fraude”). Other projects develop risk models that predict and prioritize the potentially
incorrect tax returns and which should increase the amount of positive corrections of tax returns (“IH

|JJ

Risicomodel”) or reduce the amount of incorrect VAT tax returns (“OB Negatief”). EWS builds on the

* Letter to the House of Representatives of the Netherlands : 19 May 2014: Brede agenda Belastingdienst
? Broedkamer in Dutch can be translated to incubator
3 Letter to the House of Representatives of the Netherlands : 20 May 2015: Investeringsagenda Belastingdienst
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ideas developed in these projects and aims to predict which companies are likely to head into financial
difficulties.
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4 Model Setup

4.1 Model Objective

4.1.1 Need for EWS within DTA

The Belastingdienst works in a way that is of a reactive (or correctional) nature, meaning that action is
undertaken in reaction to an event to correct the negative result. In tax collections for companies this
means the process is often only started once a debt occurs, or becomes of a significant size. Due to this
reactive nature the losses in cases where companies are unable to pay are often higher than they
would have been if action was taken earlier. This is why there is a need for and Early Warning System; a
system which can give a warning if a company is heading towards payment troubles at an early stage in

the process, so that losses can be minimized.

Figure 4.1: Conceptual effect of EWS on tax debt

4.1.2 Scoping of the EWS
Segmentation currently used at DTA distinguishes large corporates (“Grote Onderdernemingen”, GO)
and small and medium size enterprises (“Midden- en Kleinbedrijf”, MKB). In first version of the EWS

model all GO* and the larger companies of the MKB segment (“MKB-midden”) are prioritized.

Selecting only GOs and MKB-midden allowed narrowing the scope and create a manageable sample of

companies to work with in initial phase of Early Warning System.‘ Inspectie, controle en toezicht

Inspectie, controle en toezicht ‘Focusing on this smaller sample

will allow creating processes faster and focusing on significant improvements and loss reduction.

MKB companies were selected based on their turnover and assets — average of turnover OR assets had
to be greater than 1 million EUR at entity level in last three available years. In initial analysis we also
considered equity and number of employees but due to data quality and completeness these two

dimensions were not considered in final selection. Trend analysis is based on “Balans” data set, data

* Within GO a sub-selection is made to exclude APA/ATR
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stored in P_PMIL.BALANSINFO table. This contains yearly information about companies about their
balance sheet, cash flows and other financial aspects. Based on that we have calculated average
turnover and average assets in last 3 available years, 2012-2014, 2011-2013 or 2010-2012, depending
what last 3 years were available for each company (FINR).

4.2 Model Framework

The framework of the model is depicted in Figure 3 and at the core consists of four elements; (1) input
in the form of a selection of companies that are in scope, (2) input in the form of data and variables that
characterize the model, (3) the model consisting of a logistic regression to select the most predictive
variables for “bad” and (4) the output of the model giving each company a score based on the
probability that the company will become “bad”. The creation of this model is divided into 9 different
phases which form an iterative process and are depicted in Figure 4.

\ e /

® “Bad” fort his model refers to companies which are “insolvent”, have “oninbaar” or are more than 365 days past
due.
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4.2.1 Time frame

The data available of adequate quality to build the model, is available as of 2011 and up to the current
date®. When training the model an observation point must be selected at a certain point in the past.
From this observation point two time periods are defined:

1. A performance period towards the future to observe whether or not a certain company
has gone “bad”. The performance period is define as 12 months; the reason for this
because factors are not forward looking for long period.

2. An observation period is a period in past, to observe the independent variables of all
the companies, so that a distinction of the characteristics can be observed of companies
that have and have not gone bad. This period is defined as two years. The reason a two
year period is chosen is because this can be seen as a period which can be seen as an
adequate period to be able to predict a 12 months further, as selecting a longer period
would mean that the number of observation points that could be chosen would be
limited.

To train and test the model multiple observation points are chosen. These are spread out by quarters
beaauseofeasﬂ companies file their OB taxes on quarterly basis, and selecting a higher frequency will
thus not significantly add value. Given the time period for which data is available and the above selected

performance and observation periods it has been possible to select 6 observation points.

5 Current data at the start of the project is in October 2014
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When creating a model it is of importance than the model is not built and tested on the same data set
and not on the same time period. For this reason the data is split into several sections; the last two
observation points are kept separate for testing, this is called the out-of-time sample. The first four
observation points are the so-called in-time sample, this data set is randomly split 70%-30%, where the
30% is called the out-of-sample and kept aside to test the model and the 70% percent is the so-called in-
sample selection upon which the model is trained.

2011 2012 2013 2014 2015
Sample Tax quarter ail Qz a3 a4 ai Q2 Q3 Q4 ai a2 Q3 a4 Q1 a2 Q3 Qa4 ai az a3 Qa4
In-time sample Q1 2013 Observation window: 2years W Performance window: 13or
| m 14months |

Figure 4.4: Time-line showing quarterly observation points, observation and performance windows, and in- and out-of-time samples.

4.2.2 Population definition

The total population as defined in Section 4.1.2 needs to be filtered upon three criteria, before being
able to select the company for training the model; firstly the company should be “active”, secondly the
company should be “healthy” and third it should not be OB fiscal unit. In the model development,
natural persons were excluded, because they were out of the original scope of our model. This means
one-man-businesses were not part of the model development. In the model scoring code, natural
persons are included.

4.2.2.1  Active companies definition

To define the companies which are active at a certain point in time, and more specifically at the 6
defined observation points an active company flag has been created. This is based on two dates from

D P CLC.G_CLC_ECON_ACT table, start date of a company: BVR_EA2 ING_D and date a company has
ceased to exist: BVR_EA2 VER_D. If start date was lower or equal to the observation point and end date

was equal or greater than observation point then company was flagged as active for that point in time.

4.2.2.2  Healthy companies definition

In addition to “active” companies a criteria has been created to make sure that companies at
observation point have zero days past due. This is done so that the model can be ensured to be forward
looking and predict the “bad” flag that has not yet started to happen. For each of six observation points
the companies have been selected that did not have any claim with oninbaar status, were not in
insolvent state and did not have a ‘dwangbevel’ (=warrant) or ‘aanmaning’ (=first reminder ob or second
reminder vpb) at the observation point. This provided a healthy population of companies for which we

measured probability of significant delay and inability to pay tax.

Based on that we created 6 tables (named: O_A_EWS.data_all_ph2 <quarter_year>) which included
only healthy companies at each observation point, which is at a month after the end of the quarter. (eg.

0007



Observation point 30 apr 2013 is <quarter_year> = q1_2013). This allowed to create relevant
independent and dependent variables for model input.

4.2.2.3  Fiscal Units

Individual companies under an entity could file OB tax together under a fiscal unit. We dropped the finr
of the head of the OB fiscal unit from the dataset as they don’t have any physical presence. For both the
OB fiscal units and VPB fiscal units (where the vpb fiscal unit finr is also a company), we used a division
key to divide the tax amount of the fiscal unit between the underlying finrs. In addition, for the
variables as used in model 2, the underlying finrs are given the same behavior as the head fiscal unit OB
or VPB (regarding these tax types). For further detailed logic on finr-fiscal unit split of tax filing amounts

and other characteristics, please refer to section 5.2.5.

4.3 Explored models

4.1.1 Regression model (Selected approach)

Logistic regression methodology was used for the model development as the outcome was binary (0/1).
The model was developed on the full population having independent variables from all available data
sources (e.g. OB, VPB, incasso etc.). Model validation was done on in-sample data (30% of the total
sample) and out of time data. For definition of in-sample and out of sample data, please refer to Section
4.2.1 . This approach of model development was preferred to capture the interaction between variables

from different data sources.
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5 Inputs Data and Preparation

5.1 Dependent Variable

5.1.1 Analysis
We have defined 3 types of dependent variable:

1. Insolvency based on Chamber of Commerce data (“KvK”) — this data provides bankruptcy as
registered legal statuses. These are defined as any records in sdv_frau.b_kvk nnp table with
field kvk_brt_rechtstoestand equal to “FAILLISSEMENT".

2. “Oninbaar” based on “incasso” data; this provides information about companies where it is
asses that the debt will not be collected. It is defined as any record in
D _P _INC.n_inc_vordering_verrijkt table with field onincode not empty. This criterion has some
overlap with the first, but there is still a significant part of “oninbaar”, which is not insolvent by
“KvK”.

3. Warrant issued in next 12 months

The condition for the dependent variable is an OR condition where the dependent variable requires at
least one of the three criteria to be met. The dependent variable has been validated with discussion
with process experts; and yiedd&.ﬂn‘%me population to be flagged bad after 12 months.

The decision to add a third dependent variable based on warrant is made because:

1. Using only the criteria for insolvency and “oninbaar” results in a dependent variable that
covers a too small selection of the total population mnseete, contraie enoczien: | Thus the option is
explored to add warrant as a criterion,as k... «af.oninbaar” cases has also received a
warrant.

5.2 Independent Variables

Thea darcicinn far whirh variahla tn rreate hac haen hacad an tha fallnwine nrarcecc: aarch ctan ic

5.2.1 Data exploration

Prior to describing the databases it is important to understand the data preparation process in place at
the tax authority. There is a vast amount of data collected at DTA and this is done in very robust but
often very old systems. To make sure that the data becomes readily available the “datafundament”
projects have been set up by the “Broedkamer” to clean and make the data ready for use for numerous

projects. In the process of data preparation there are three different layers of data:

1. Brown: Raw unprocessed data, this is the roughest level of data and before it can be properly
used in a model it still needs processing and cleaning.
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2. Blue: Cleaned data, blue level data can be used in models or for research purposes.
3. Purple: Information level data, purple level data is also called information level data and consists
of data from the blue level which combines variables to give more insightful information.

Before the creation and selection of the variables the available data is explored. This section describes
per data source the finding of the type of data in the database. Also the usefulness for the model is
assessed and whether the data is used moving forward in the variable creation. The data sources
explored are VAT (“OB”), corporate tax (“OB”), wage tax (“LH”), balance sheet info (“Balans”), bank data,

collections data (“Incasso”) and miscellaneous data (Misc)

The remainder of this section focuses on describing some of the data sources which have been explored.
Each subsection describes the type of data available, the coverage and frequency. An overview of the

data sources is given in the following figure, depicting the layer each data source is in (January 2016):

Figure 5.2: Representation of the data sources and the quality of data preparation

5.2.1.1 Omzetbelasting (OB) Data (Value added tax data)

The OB database is currently purple level data and contains information related to OB tax. It contains
information on companies OB filing amount, VAT paid to suppliers, OB paid amount and turnover for
each tax year. The data is present either at monthly, quarterly or yearly level depending on when the
company is required to file their OB tax. It also contains information on companies that have exceeded
the OB negative norm in the past and, also for which manual assessment of OB filing was done for each

tax year. The quality of data is high and is expected to give a strong prediction on a company heading for

default.
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5.2.1.2 Vennootschapsbelasting (VPB) Data (Corporate tax data)

The data from the so-called Corporate Tax datapillar (VPB-datafundament) contains data from the
claims on the corporate tax. By this is meant the information concerning claims that are sent to the
taxpayer -potentially after a file from the taxpayer. There are several kinds of claims: preliminairy
claims/voorlopige aanslagen (during or shortly after the taxyear) and final claims/ definitieve aansalgen
(three years after the taxyear). There are also extra claims /navorderingen, but due to the usually long
time after the final claim they are not considered in this model. The processing and the possible
correction of the file coming from the taxpayer are also contained in this datafundament. The complete

files are in the ABS-system and the actual cashflow is in the COA/DACAS (the collections-system).

5.2.1.3 Loonheffingen (LH or LHN) Data (Income/wage tax data)

The Loonheffingen data is currently brown level data, this brings a limitation that the data cannot be
used directly for modelling purposes. Given the scope and deadline of this project; at this pointin time
the LH data source cannot be used.

Once the data in LH does become available in blue or purple level it is a potentially valuable data source
for an EWS. The data which is included in the LH data is information concerning companies’ employment

i.e. the number of employees, the hours worked, salaries, tenure, etc.

5.2.1.4 Balans Data (Balance sheet data)

The balance data originates from the fact that every year companies are required to submit their
balance sheet to the tax authority. The system in which this is registered is ABS and the fields which are
(or can be) filled in are be found in ABS field file.

The balance sheet info is submitted yearly and is done several months after the end of the tax year.
Rendering the frequency and recency of the data to be quite low. The fields which are reported on do

give strong insights into companies’ performance.

5.2.1.5 Incasso Data (Collections data)

The Incasso database contains data from the collections process and consists of a wide range of
information all related to a company’s payment behavior. The type of information which can be
retrieved from this data base consists of statuses in the process such as reminders, warrants and fines
which are sent, contains payment date and the deadlines for payments as well as the amount of time
postponed or appealed. Using this data it will be possible to create insights into a company’s payment
behavior.

7 Exception of the preliminary claims of corporate tax
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5.2.1.6  Miscellaneous Data

The variables in the EWS that are described as miscellaneous are variables related to employees and
variables related to static® characteristics of a company, where the static characteristics are those that
do not change regularly, such as the region or the industry. The both data types are updated monthly
and the employee related information has a two month delay. The fill rates for each of the static
characteristics are high, but for employee information is low.

5.2.1.7 Bankdata
Bank data contains information on the saving account, mortgages, equity value and loans at finr level.

However the information is missing for majority of the companies present in DTA system.

5.2.1.8 IKB and ATK+ qualitative data
IKB and ATK+ are two systems in which, among others, qualitative data is stored. ATK+ is the system
used by GO and has several promising pieces of information where a KC'er (client coordinator) judges a

company upon several aspects with a score of 1-5

e Transparency
e Open communication
* Openness about disruptions
¢ Does the organization understand DTA expectations
e Internal monitoring
¢ Monitoring of risks (currently not in use)
* Availability for questions/checks
* Expertise/competence
e Fiscal Strategy
e Positive outlook
e Shared interest

The limitation of the ATK+ data is there are no date stamps for each separate field only for the entire

scoring (so it is not known when a specific field was added or changed). Furthermore there is no historic
information available; only the latest updated score is stored. This means that it is not possible to train a

model on historic data, meaning that at this point in time it is not possible to incorporated ATK+ data
into the EWS.

The other system used for qualitative data is IKB and is used by the MKB (SME segment). This system
contains largely text fields or separate documents with information which is difficult to implement into

the model, but it also contains several variables. One of which is the “aandachtscategorie”, a score given
to each company bi-annually on two axes. The first axis is based on the total taxable amount and given a

score of 1-3. The second axis is a score which is risk category which consist of numerous elements and
resultin a letter A-E where B is for beginning/new company.

5.2.2 Expertanalysis
After an initial exploration of the available data at the Tax Authority the team has consulted multiple
sources of expert analysis. With the goal to discover if there could be additional data source still to be

explored and whether these could be feasible for use in the early warning system. The experts which

B Static, in this context refers to not changing often
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have been consulted consist of numerous interviews and brainstorms within DTA, with experts from the
broedkamer and experts from the field providing information which, given their experience, could be a
signal for a company heading towards default. Furthermore the team has consulted several persons
within McKinsey who are experts in the field of this type of predictive modeling. Gathering all this
information provides the team with a comprehensive list of possible variables depicted below. The

figure also indicates which were and were not further explored.

5.2.3 Variable Creation
This section describes the manner in which the variables have been created. Each subsection describes
the creation of the variables in a single data source, and the final subsection describes the

transformations which have been applied to the variables to create a variables.

5.2.3.1 Omzetbelasting (OB) Data (Value added tax data)

For OB, variables were created using information on OB filing amount, companies turnover, OB paid
amount and OB amount paid to suppliers. The information on filing, turnover and OB paid to supplier is
present in the dataset “I ob_aangiften “. As filing for OB tax can be done monthly, quarterly or yearly,
and given approximately 70% of the OB filings are done quarterly, all the amounts were first rolled up at
a quarterly level (e.g. Jan, Feb and Mar amounts were rolled up to get quarter 1 amount). The amount
and flags variables were first calculated for each quarter and then rolled up to get the yearly variables.
Similar approach was used for the creation of variable related to paid amount that is present in the

dataset “n_ob_aangiften_inc”.

The dataset “n_ob_nnosmob_keten” was used for the creation of flags variable related to OB negative
norm and manual assessment. First, flag were created for each quarter in historical period and then
rolled up to get the yearly variables. The complete list of variables is present in Appendix XXX.

5.2.3.2 Vennootschapsbelasting (VPB) Data (Corporate tax data)
The variable creation considering the claims of the corporate tax takes place in several steps.
First we create from an input file of companies — represented by their fiscal number (finr)- a table
consisting of those companies that actually are obliged to pay corporate tax (in the given timeframe),
meaning are present in the corporate tax system (VBN).
Next we create (once) a temporary file of all preliminary claims and reductions on preliminary claims in
order to refer later to the second last signal.
Subsequently we collect information from the (reductions on the) preliminary claim and the final claim
per tax year. A tax year is the year on which the tax is paid; this is not necessarily a calendar year
although it usually is. This variable collection happens in three steps:

e records that have a reduction on a preliminary claim,

e records that do not have a reduction on a preliminary claim but do have a preliminary claim

* records that do not have a preliminary claim (and therefore no reduction either)
Then we determine what the second last signal is from the file described in the above paragraph and
add the information to the file in two separate procedures. This is all in a defined macro which takes as

input parameters the date of observation (to filter out information after the observation point), the tax
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year and a character variable that distinguishes between the table names of the temporary files for the
different tax years.
Then the information of all the desired tax years is combined into a single file. For the rare cases that
there are multiple tax years in a calendar year we only take the last one.
After this, we transpose the table such that the information for different tax years is ordered as
variables instead of records per tax year. Now the table is unique on finr level.
In the next two procedures, calculations are being done on the selected variables. The name of the
output file is ews_btb vpb OP excluding a postfix to distinguish between the different observation
points and the output library is o_a_ews. The macrovariables that need to be putin every time are:

® The source file containing the finrs of the companies (taken to be in library o_a_ews)

¢ The date of the observation point
¢ The 4 taxyears included descending from the year of the observation point
¢ The character postfix given to the table to distinguish between different observation points

5.2.3.3  Balans Data (Balance sheet data)

De data in de tabellen van het ABS zijn gestructureerd middels een finr dat aangifte doet namens de
hele fiscale eenheid VPB. Er is dan een record per fiscale eenheid met geaggregeerde waarden en per
individueel finr dat onderdeel uitmaakt van de fiscale eenheid (FE).

De creatie van balansvariabelen gebeurd in meerdere stappen. Eerst worden de dochterbedrijven
geselecteerd (volgnummer van de onderneming binnen de FE is niet gelijk aan 1 en verbind de tabel via
het finr van de dochterbedrijven), vervolgens de individuele gegevens van het moederbedrijf
(volgnummer van de onderneming binnen de FE is niet gelijk aan 1, er is geen finr van een dochter en

verbind de tabel via het finr van de moeder). Ten slotte zijn er nog gegevens van bedrijven die VPB
aangifte doen, maar geen onderdeel zijn van een FE. Deze finrs zijn dus niet aanwezig in de voorgaande
tabellen per boekjaar en worden in de |laatste stap geselecteerd.

De records worden per observatiepunt geselecteerd t.o.v. de aangiftedatum uit de tabel
d_p_vpb.i_vpb_btv en er bestaat een record per elementnummer uit de balans. Deze wordt vervolgens

getransponeerd en er worden variabelen afgeleid (ratio’s etc.)

5.2.3.4  Incasso Data (Collections data)

To create the variables from the Incasso data several tables from the D_P_INC database in the terradata
library are used. Each of the tables provides a piece of information required for a certain type of
variable. All of the tables are built up on “vorderingsnummer” a unique identifier for tax filing; some of
the tables also include finr, the unique identifier used in this model for companies. The tables that do
not contain finr need to be matched to the ones that do so that variables can be linked to finr.

Table Description Finrincl. Variable examples
i_inc_basisvordering At level of the Yes Fine flags
vorderingsnummer contains Fine amounts
general information about Interest amount
that vordering
n_inc_vordering_verrijkt Aggregated at a vordering Yes The vordering amount, the
contains information about amount still due, the start,
about the vordering on many due and end dates.
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fields

i_inc_vooraad_financieel At regular intervals in time No Amount that has been
contains information about payed, and is still due on a
the vordering (2014 onward) vordering

ic_vooraad _financieel_hist Same as above but for 2011- No Same as above (note for
2013, and is joined with more use that fields in table are
current data. different)

i_inc_levenscyclus_v_vw Aggregated at a vordering Yes First reminder
contains information about Second reminder
the statuses the vordering has Postponement
been in Warrant

g_inc_vord_stat Lower level prepped data used No Statuses such as a declined

to recover the status of a
request on a vordering

postponement

The appendix contain a full list of the Incasso variables created, but the variables can be divided into two

different types one-off events which can be attributed to one quarter (e.g., a fine, a reminder or an

amount still due at one point in time) and event which has a duration which extends beyond the length

of one quarter (in incasso this is the maximum delay in a certain period of 1 or 2 years for different tax

types).

To create the variables attributable to a quarter several steps are taken

1. First each of the variables (events) is attributed to a certain quarter in which it has occurred.
2. A.Second the variables (events) are aggregated at a quarter level for each tax type and

company (finr)

B. Events are aggregated at a quarter level and company (finr) across tax types
3. Thetableis transposed creating a new column for each quarter and variable (event) for each tax
type (as well as across all tax types)

4. The trends are calculated by comparing quarters (see section 5.2.4)

The variables not attributable to a quarter are the variables related to the maximum delay. These are

calculated for a certain observation period in which the following steps are taken:

1. The period upon which the maximum delay is observed is defined

2. Each vordering attributed a delay in days based on certain conditions:
a. If the vordering has been payed before observation date and payment date is later than
due date then time between payment and due date is calculated
b. If the vordering has been payed after observation date and payment date is later than
due date then time between observation and due date is calculated
c. If the vordering has not been payed and the due date is before the observation date

then time between observation and due date is calculated

3. The maximum delay is then selected for each finr for that time period for each tax type as well

as overall.
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5.2.3.5 Miscellaneous Data

5.2.3.5.1 Employee variables
Data included in employee metrics comes from internal database P_PMLINKOMEN_CYCLUS. It includes
employees and their salary, for EWS model data is used covering the 2011-2014.

A count is made of the employees who were employed by company at the reporting date and their type
of income (TYPE_INKOMEN) was recorded as “loon”, referring to wage. These counts are done on a
quarterly basis. Average salary is calculated as aggregations of monthly net income per employee
(NETTO_MAANDINKOMEN_YYYY) are aggregated at a finr for each quarter. From there all trend

variables are created.

5.2.3.5.2 Static characteristics variables
The static characteristic variables created are a company’s region, industry and years in business are
created for each observation point.

Years in business is created by subtracting the establishment year (bvr_pso_oprichting_d from
D P _CLC.g clc_nnp) from the observation point year.

A company’s region is created from the table D_P_CLC.i_clc_lc_vestadr_ind. Firstly entries registered
outside of the Netherlands are given region “OTHER_COUNTRY” by checking the field bvr_adr_land not
equal to 1 or missing. Next the region is selected for the correct point in time by selecting the latest date
for the registration, by selecting the entries with the maximum bvr_pad_verval_d. Then lastly the
province can be extracted for each finr from the field geo_pcz_provincie.

For the industry the same procedure is followed as for the region, but the table and fields are different.
The table containing the information is D_P_CLC.g_clc_econ_ent_relaties and the fields for industry and

date are kvk_brn_cur_branche 3 and bvr_ece verval d respectively.

5.2.3.6 Bank Data

To create variable related to the bank account information of companies, we used d P_Bank.
i_bank_nnp_sparen for saving accounts, d_p_bank.i_bank _nnp_beleggen for variables related to equity.
We also explored dataset d_p_bank.i_bank_nnp_LENEN for morgages and loan account information,
however because of low fill rate didn’t tested the variables.

5.2.4 Variable Transformation (Creating trend variables)

Each of the variables is created for a specific quarter in a specific year. This in many cases a trend or an
aggregation over several quarters can be more predictive than a single quarter absolute value. Variables
are transformed based on the type of variable that is created. The types of variables created can be
amounts, categorical, flags or sums of flags. The following matrix gives an overview of the

transformations:

® Included in flags are also one-off amounts, such as fine amount. The reason these are not included in amounts
because in amount growth variables are created and this only makes sense if they are continually filled.
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Table 5.1: Variable transformations

5.2.5 Fiscal unit and FINR logic

Individual companies under an entity could file OB or VPB tax together under a fiscal unit. At the same
time, they can file one tax type together and other separately. Because of this filing arrangement, it is

difficult to separate out the tax amount corresponding to individual companies within a fiscal unit. To

counter this problem, we decided to use separate approach for variable creation and value creation

which is outlined below.

5.2.5.1 Variable creation

Based on the discussion with experts, for variables related to delay payment, warrant or first reminder,
we decided to assign the same value of fiscal unit to individual companies (e.g. If the fiscal unit has 1
delay payment for OB in a period, the individual companies will also be considered to have 1 delay

payment for OB in the same period)

5.2.5.2 Value creation

Uit de Verlies-en Winstrekening kunnen de winst en omzet worden verkregen. Per finr wordt het finr
van de FE OB gevonden als deze van toepassing is. Als deze er niet is dan is het finr verantwoordelijk
voor de hele omzet (100%). Als er geen omzet-gegevens op de balans te vinden zijn én het finr maakt
geen onderdeel uit van een FE dan laten we ook het percentage veld leeg. Als het wel onderdeel is van
een FE en er zijn geen omzetgegevens bekend in de hele FE, dan vullen we nul (0%) in. Anders bepalen
we de ratio van de omzet t.o.v. de hele FE.

Hetzelfde geld voor FE VPB. Deze is anders gestructureerd in de bron. Eerst worden het finr, finr van de
moeder, jaar en winst van de verlies & winst rekening, winst van de aangifte en de kasstroom van de
VPB bepaald van dochterbedrijven en vervolgens van alle moederbedrijven. In een volgende procedure
worden de aangiftegegevens van individuele bedrijven toegevoegd.

In de laatste procedure worden de loonaangiftegegevens uit het boekjaar toegevoegd.

® Included in flags are also one-off amounts, such as fine amount. The reason these are not included in amounts
because in amount growth variables are created and this only makes sense if they are continually filled.
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6 Model Development Process

6.1 Univariate Analysis

The univariate analysis aims to make a selection of the variables which are most predictive towards a
company going bad. The univariate analysis consists of two parts; the first is the pre-transformation
factor assessment which assesses the predictive power of a single variables and the second is the fill rate
assessment. Within each dataset explored both assessments are done and thresholds for both are
selected to choose the best variables within each dataset.

6.1.1 Pre-transformation factor assessment

Before starting the variable treatment, an assessment is performed on the raw predictive power of each
variable. This requires calculation of the un-transformed gini (measure of predictive power) of each
factor and then filtering out the variable which do not have sufficient predictive power. The primary
metric used for predictive power assessment is gini. It is an indication of the position of the predictive
power as compared to completely random prediction (0% prediction) to a perfect prediction (100%

prediction). The following figure illustrates the concept of gini.

The Gini coefficient (discriminatory power) is a measure of how good the %
score can anticipate default events

- The larger B iz compared with A, the closer
gating algorithm comes to the ideal of
gefmit anticipation (without ever getting
there). B

- Gini =

A+B

describes the discriminatory power
Hiitle
gUEssing

Perfect model
(

Figure 6.1: Gini explanation

Ba
d

Table in Section 6.1.2 shows the thresholds which have been set for each dataset for “gini with missing”
and “gini non missing”, which are the measures of gini including missing values and gini excluding

missing values respectively. A full list of univariate gini for all variables is provided in appendix 8.2.
%
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6.1.2 Fill rate assessment
Within each dataset a selection has been made of the variables which show to have an adequate fill

rate. Similar to the selection of predictive power described in the previous section, it is also necessary to
select variables which have a minimum fill rate. The reason for this is because variables where fill rate is
too low will nog be able valuable predictive information for the full range of the model. Table 6.1 shows
the thresholds which have been set for each dataset for fill rate, as to select an acceptable set of

variables with acceptable fill rate. A full list of fill rates for all variables is provided in appendix 8.2.

Dataset Gini with missing Gini non missing Fill rate
thrachald thrachald
Miscellaneous 5% 5% 40%

Table 6.1: Fill rate assessment

6.2 Correlation Assessment

Given that all the variables would be transformed to predict the same final outcome, a certain variable
correlation is expected. However this correlation should be constrained to lower values, as it has been
noted that statistical procedures used to develop multivariate models underperform in cases of large
factor correlation (e.g., over-fitting, making the two correlated factors statistically insignificant). The
correlation between variables was measured using Pearson’s correlation coefficient. The variables were
considered as correlated if the Pearson’s correlation coefficient value is greater than 0.6. However
because of the high missing rate, the correlation was high among variables across different data sources,
as a result this cut-off was adjusted for each data sources to have at-least 5 variables from each data
sources for next step. Below table shows the correlation coefficient cut-off for each data sources.
Among the correlated variables, variable having the highest Univariate GINI were selected for the next
step. A full list of correlation analysis for all variables across different data sources is provided in

oA .

6.3.1 Bucketing
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Post correlation analysis, variables were grouped into different buckets based on its value and each
bucket was then checked on the following constraints (i) each bucket should have sufficient records (ii)
the bad rate trend across buckets should be monotonous (iii) the bad rate trend should be in line with
the business sense. The variables satisfying the above constraints were selected for the next step. The
automatic created buckets can be manually adjusted to fit these constraints.

After bucketing the variables, buckets are checked again for consistency in trend (with post_binning
script). Especially because missing values are treated as a separate bucket, or merged with another
group if this makes sense. For example, missing values in delay in payment should be merged with the
group with 0 days delay in payment. Post-binning allows to check the trend with these changes
included.

6.3.2 Weight of Evidence (WoE) calculation
After post bucketing, WoE is calculated for each bucket of the variable. The WoE value is a widely used
measure of the “strength” of a grouping for separating good and bad companies. The WoE is calculated

for each bucket using the below formulae:

The WoE recoding of variables is well suited for subsequent modeling using Logistic Regression.
Specifically, logistic regression will fit a linear regression equation of WoE-coded continuous variables to
predict the logit-transformed binary Bads over Goods dependent variable. The Logit transformation is
simply the log of the odds, i.e., In (p(Bads)/p(Goods)). Therefore, by using WoE-coded predictors in
logistic regression, the predictors are all prepared and coded to the same (WoE) scale, and the

parameters in the logistic regression equation can be directly compared.

6.4 Multivariate Analysis

6.4.1 Multifactor model development

Post WoE calculation, the variables were then passed through an iterative procedure wherein a stepwise
approach is utilized to develop the model. At every step, the least predicted variables not satisfying the
following constraints were removed :

(i) variable coefficients having negative sign as WoE values are being used

(i) variables being significant at 1% significance level

(iii)  VIF (Variance inflation factor) value for all variables is less than 2 (this removes any
Multicollinearilty between variables)

(iv) the weightage of individual variable in the model is less than 50% (this removes any
overdependence of the model on that particular variable)
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(v) variable significant in validation and out of time data. The model iteration passing all
tests is the final model developed. The model construct is designed to maximize the
likelihood function, which also guarantees the maximum predictive power. The
following figure illustrates the optimization used to develop the model.

Maximize] | predicted probabilit y*** *** * (1- predicted probabilit y) - °<=

1

di+d2*predictedscore

predicted probabilit y =
1+e

choosenfactors

predicted score=wo+ " wi * transform ed fuctor
i=l

6.5 Model Results

6.5.1 Model parameters
Below table shows the final model parameters. It includes the final model variables, the model

coefficients corresponding to each variable, significance value (p-value), weights of each variable in the

model and variance inflation factor (VIF) value.

| | | o | | |
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6.5.2 Model variables buckets
The following tables show the description of buckets created for each variable, and the corresponding

bad rate and % population. The buckets were created keeping in mind the constraints mentioned in

chapter 6.3.1

e #of quarters for which there was a delay in payment across all tax types in last 2 years

e ion |
population

Variable Bins Good ‘ Bad ‘Badrate
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6.6 Signal allocation

Giving a signal on a certain company is of central importance to the success of an Early Warning System,
this section describes the methodology used to determine which companies to give which signals. Risk is
commonly defined as “the probability of something happening multiplied by the effect by the resulting
effect when it does”. The methodology used is one which stays near to this principle in signaling the
companies with the largest risk. On one axis the probability of going bad is given as the score generated
by the model and on the other axis the collectable tax is plotted as the measure of severity when a
company actually goes bad. 6.2 shows conceptually where red yellow and green signals are located

along the two axis of probability and value.

In the EWS the probability is generated as the score from the model and value is defined as the net sum
of the taxable amounts of “OB”, “VPB” and “LH”, the three main taxes for companies. To be able to
properly analyze where the threshold should for each of the signals should be it is necessary to identify
1. the number of signals in each bucket, 2. the portion of the value in each bucket and 3. the number of
companies that actually go bad.

To be able to do this in a user friendly way in Excel the score and value have been split into buckets, the
scores are split into buckets according a step size of 0.04, and the value has been split into 10 percentile
groups; this is done for both GO and MKB. Each of the buckets is then analyzed on how many finr there
are in the bucket, how many actual bad and how much value is in the bucket. After the bucketing of the
scores has been done several option are presented to the process experts and in an iterative process an
option is chosen.

This step is followed by translating the red, yellow and green signals back to the finrs, this is done by

examining the bucket in which a finr has been placed and assigning the according signal™.

The final step in the signaling is rolling up the signal from finr to entity; for this several options are

examined and in collaboration with the process experts the highest score option is chosen:

*®In the scoring code, 1 refers to red, 2 to yellow and 3 to green.
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Value based: summing the amount of taxable value which is in each signal of an entity

(amount in red, yellow and green) and giving the entity the signal with the highest value.

Count based: count the number of signals in red, yellow and green and giving the entity
the signal with the most finrs.

Importance based: give the signal that the head of the entity or highest value finr has
received.

Highest score: give the entity the highest (most risky) signal that is detected in all the
underlying finrs.
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7 Model Validation

This chapter includes the various analysis conducted to check the model stability and robustness

7.1 Diagnostic Tests for Potential Violations of Model
Requirements/Assumptions

7.1.1 Model predictive power
Table below shows the GINI value on development, validation and out of time dataset. The GINI is

consistent across all three datasets that proves that model is quite stable and robust

7.1.2 Plausibility
The final coefficients for each variable are consistent in signs

7.1.3 Statistical significance of model coefficients - model p-value
As mentioned in chapter 6.5.1, all variable coefficients are statistically significant at 99% confidence

interval

7.1.4 Consistent rank ordering
Below figure shows the comparison between average predicted probability and average bad rate across

different buckets. The trend is quite similar that proves the prediction error is low and model is stable.

Figure 7.1: Actual and predicted bad rates by population bucket
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7.1.5 Factor contributions

Below table shows that factor maximum delay is the most important factor in the model

Model variable Weight in the

model

years
Table 7.2: Factors contribution

7.1.6 Over fitting

4%

Below table contains the model coefficient on development and validation dataset. The model

coefficients are quite similar across development and validation sample that proves that there is no over

fitting present.

Model variables

Development

Validation

Maximum delay (days) in last 2 years across all tax types

R e I L It LT P LR P PR PP S P S

-0.6346

-0.6339
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7.1.7 Applicability
The model has a GINI of 54% in out of time data that proves that the model have good performance in

recent dataset

7.1.8 Segment performance
The model performance is consistent across different segment that shows that model is quite stable.

Below exhibit shows the GINI for GO /MKB segments and across different industries

Figure 7.2: Segment performance
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Draaiboek behandeling starters in 1< fase van ondernemerschap

Inleiding

De negatieve aangifte van een onderneming wordt op basis van een risicoweging wel of niet
geselecteerd voor een kantoortoetsing. Het risicomodel is nu nog niet in staat om de eerste fase
van de onderneming goed te wegen. Het model heeft minimaal twee systeemaangiften in de
voorliggende periode nodig om de huidige aangifte te beoordelen. Is er nog geen historie van
minimaal 2 systeemaangiften aanwezig dan wordt de aangifte niet gewogen. De aangifte krijgt wel
in de NnoBox het kenmerk "STARTER” mee.

De aangiften met de signalering STARTER moeten op het kantoor beoordeeld worden op risico. Wij
ontvangen verhoudingsgewijs veel negatieve aangiften met het kenmerk "STARTER". Dat is op zich
niet vreemd wat ondernemers moeten in het begin flink investeren. Toch moeten wij wel alert zijn

omdat juist bij de nieuwe inschrijvingen wij regelmatig stuiten op fake ondernemingen.

De risico’s bij de behandeling van negatieve aangiften zijn divers en de startersproblematiek is er

maar een van. Wij hebben niet voldoende capaciteit om alle aangiften met het kenmerk "STARTER”

te toetsen. Wij moeten op dit kenmerk dus door selecteren. Landelijk is voor de beoordeling van

de 1° fase van ondernemers een percentagenvaty ooe Jymstgesteld. Dat betekent dat[ Inspectie, controle en toezicht
aangiften met het kenmerk STARTER in aanmerking kan komen voor toetsing.

Nadere beoordeling ondernemer

De aangifte geeft feitelijk niet al te veel informatie over de onderneming. Via het telefonisch
contact kan een “eerste indruk” worden verkregen en kunnen indien nodig facturen opgevraagd
worden. Geadviseerd wordt om voorafgaand aan het bellen eerst de volgende punten door te
lopen.

Bij het doornemen van bovenstaande punten zal een deel van de aangiften met het kenmerk
“Starter” in de groep “Laag risico” terechtkomen. Een deel zal zoveel twijfel oproepen dat deze
direct in toetsing worden genomen.

Probeer voor de overige aangiften via telefonisch contact een beter beeld te krijgen van de
investeringen. Aandachtspunten tijdens het telefonisch contact:
- Zijn de investeringen ook in samenspraak met de activiteiten van de ondememing.
- Is er geen of weinig omzet vraag dan ook naar de huidige activiteiten. Wanneer is er omzet
te verwachten?
- Is men bezig met een verbouwing vraag dan ook naar de tijdslijn voor oplevering.

Leg de verkregen informatie in het algemene scherm van de NnoBox vast. Vraag eventueel de
facturen op als je tijdens het gesprek nog de nodige twijfel hebt.

Selecteren blijft altijd een afweging en is soms best lastig. Het uitgangspunt dat in de
week maaet het kenmerk “Starter” getoetst kan worden maakt het niet
makkelijker. Durf te beslissen en weet dat er een vangnet bij verdere teruggaven
aanwezig is.
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2. Doel & scope van de pilot

3.  Werkwijze algemeen

4. Selectie aangiften door risico model

5. Controle op niet geselecteerde normoverschrijdingen door centrale team

6. Behandeling op de pilotkantoren




De Broedkamer heeft de opdracht gekregen om op basis van een breder aanbod aan informatie en verbeterde technologie
een selectiesysteem te bouwen. Het ontwikkelde systeem “OB negatief” is bij de Belastingdienst van Denemarken al in
gebruik_| Inspectie, controle en toezicht |

‘ Inspectie, controle en toezicht ‘

Om vast te stellen of het model goed is ‘ingeregeld’, zal er een pilot gedaan worden op de pilotkantoren 146(A’dam),
147(A’dam), 114(Almere), 115(Apeldoorn) en 121(Zwolle). Ongetwijfeld zal de instelling van parameters nog aangepast
moeten worden. Daarbij is naast de harde informatie over wel of niet correctie,\ Inspectie, controle en toezicht

| Inspectie, controle en toezicht | Ook in de situatie dat er geen correcfie is kan het signaal heel terecht zijn
afgegeven en/of bruikbaar zijn geweest bijvoorbeeld voor een derden onderzoek.

3 Vertrouwelijk/ Confidential
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p de normoverschrijdingen

orm Overschrijders




Inspectie, controle en toezicht  |posten. De aangiften van het segment G-O worden niet meegenomen in de pilot.

2. Risicomodel draaien

De normoverschrijdingen worden digitaal ingelezen en voorzien van een score. De hoogste risico’s worden gesignaleerd. De

uitworp zal echter niet alleen bestaan uit hoge risico’s. Om het risicomodel goed te trainen worden er ook een aantal lagere risico’s
in behandeling gegeven. De totale uitworp aan de kantoren| inspectie, controle en toezicnt  ¥an het aantal normoverschrijdingen zijn. Dat
is conform de landelijke productiecijffers NNO 2013/2014.

3. Aangiften vrijgeven

In de loop van de dag worden de gegevens van Inspectie, controle en toezicht | doorgezet naar de NnoBox. In de box worden de
geselecteerde aangiften weer vrijgegeven voor behandeling Inspectie, controle en toezicht

Inspectie, controle en toezicht ‘

4. Stukken opvragen

De geselecteerde aangiften hebben een harde uitworp. Dat betekent dat iedere aangifte wordt getoetst en dat hiervoor stukken
opgevraagd moeten worden. Men kan zowel telefonisch als schriftelijk stukken opvragen. Het schriftelijk opvragen wordt zoveel
mogelijk centraal belegd. Mocht de reactie uitblijven dan wordt ook het herhaald verzoek centraal verzonden.

5. Beoordeling
Na ontvangst van de stukken wordt de aangifte voor de beoordeling uitgegeven aan de kantoortoetsers.
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dagelijks aangeleverd aan het risicomodel. Het risicomodel RiIsIicomoael
heeft op basis van de historie een inschatting van het
aangiftebeeld. Hiervoor dient de ondernemer | mspecte. conrole en toczicht 4 gekoppelde data bronnen

Inspectie, controle en toezicht

AT Tha A nfiaa mmrm i a A T A RhAaaiaAA [ I ) 3‘

NB: Voor de pilotkantoren wordt het automatisch dichtmelden voor aangiften met een risico indicatie van

Inspectie, controle en toezicht

Inspectie, controle en toezicht
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Het model heeft op basis van de huidige instelling] Inspectie, controle en toezicht In de pilot moet worden vastgesteld
of de inschatting van risico’s|  Inspectie, controle en toezicnt  Dat betekent dat niet alleen gekeken moet worden naar de
geselecteerde aangiften, die als harde uitworp voor de medewerkers van de pilot kantoren zichtbaar zijn| Inspectie, controle en toezicht |

Inspectie, controle en toezicht |

De aangiften‘ Inspectie, controle en toezicht \worden door een groep selecteurs (centaal team)
beoordeeld | Inspectie, controle en toezicht panaifte alsnog in de Nnobox open gezet voor de pilot Iocaties‘ Persoonsgegevens
Persoonsgegevens De selecteur geeft hiervoor advies via een feedbackformulier

als bijlage in de Nnobox, om de beoordeling nadien goed te kunnen vergelijken met de uitworpcriteria van het risicomodel.

| aangirien | selecteurs van het Posten niet nader
centrale team beoordelen
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Het risicomodel heeft op basis van de historie dagelijks een aantal aangiften geselecteerd. Er komen aangiften zonder en met een
kenmerk binnen. De aangiften met een kenmerk worden door een ervaren kantoortoetser beoordeeld op de wijze van behandeling.
De aangiften zonder kenmerk worden direct doorgezet naar administratie. Administratie blokkeert de aangifte en vraagt bescheiden

op middels een brief.
m Omschrijving
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Adlglite wordaw op 1w vdr adarrministdle gesel.
Administratie blokkeert de aangifte doormiddel van|'nspectie. controle en toezicht

Vervolgens wordt een standaardbrief opgesteld en richting klant verstuurd. Belangrijk js dat de adresgegevens van te voren

worden gecontroleerd. Deze brief wordt vervolgens opgeslagen in verslag van heffirg:

De gegevens van de aangifte worden op een omslagvel genoteerd en in de centrale kast gelegd in afwachting van stukken.
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Wekelijks wordt gecontroleerd door administratie of bescheiden van opgevraagde posten binnen de wettelijke termijnen van 4
weken binnen zijn:

Bescheiden niet binnen: in de 5% week rappelbrief versturen




Als na vier weken nog geen reactie wordt ontvangen (op rappelbrief) dan gaan wij het verzoek om teruggaaf afwijzen:

- De aangifterubriecken met een terug te vragen bedrag worden op € 0. Bij het saldo € 0 wordt het verzoek om teruggaaf
afgewezen met de standaardoverweging.

- Bij een positief saldo wordt het bedrag opgelegd door middel van een naheffingsaanslag. De aanslag is voorzien van een niet
standaardoverweging en een verzuimboete van | ispee, conok en tcezent

tekstblok van de overweging:

Op grond van artikel 47 en 49 van de Algemene wet inzake rijksbelastingen is een ieder gehouden desgevraagd aan de inspecteur
gegevens en inlichtingen te verstrekken. Op informatieverzoeken van ........... en ..............istot op heden geen reactie ontvangen.
Het verzoek om teruggaaf op grond van artikel 17 Wet OB 1968 is niet gemotiveerd en wordt daarom voor de terug te vragen
bedragen gecorrigeerd.

Zowel de NnoBox als het verslag van heffing wordt verder bijgewerkt waarna het signaal zelf is afgedaan.
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