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CRCB

• Non-profit, non-partisan organisation

• From 2013

• recent topics:

– Measuring corruption risk

– Analysing corrupt system and kleptocratic state in 

Hungary with hard data

– Measuring the quality of legislation with hard data

– Corruption risks, price distortion & competition at

EU level
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MOTIVATIONS
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Public Procurement

• 10-25% of GDP in EU countries [OECD]

• Rising the intensity of competition = a tool to 
save taxpayers’ money

• Public procurement is one of the most important 
field of grand corruption

• Big data & statistical analysis = a tool to detect 
corrupt activities
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Public Procurement

• Analysis at local level (City of Zagreb & 

Zagreb Holding)

• Intensity of competition & corruption risk

• Tendencies

• Estimation of direct social loss
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Corruption and lack of Competition

• A lot of suspicious cases

• Only anecdotic evidences / lack of hard data 

• The amount of direct social loss is very high
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Bad Examples:

Nice Hungarian Cases
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Viewpont:  cca. 130,000 euros
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Disabled Acces Lift for only one step: 

5,200 euros
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”White elephants” : losing EU’s taxpayer money

(Bicycle Cross Track in Hatvan, closed):
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Our aims

2018.02.23. 11

motivations  concepts  database  main results  lessons



research & analytical tool

• Analysis of 5,922 contracts of 4,483 public 

procurement issued by Grad Zagreb and 

Zagreb Holding

• Period of time: 2011-2016

• 1,197 winner companies
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research & analytical tool
Database processing tool for Croatian Public 
Procurement (DCPP)

• Analytical tool to analyse the Croatian Public 
Procurement

• On-line platform

• PP data and firm level balance sheet and ownership 
data

• Real time analysis
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Database processing tool for the Croatian Public 

Procurement (DCPP)
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CONCEPTS
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Corruption… as... a black hole
Without measurement, it is not worth 
talking about 

Black hole: not visible but measurable

• weight

• radius

• temperature

• distance

We are in the same way with corruption

Corruption could be analogous to the black 
hole

• Not observable, but

• We can estimate its prevalence

• Where does it happen?

• How much social loss does corruption 
generate?
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Competition & Corruption

Operationalized concept:

intensity of competition
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Competition & Corruption

Corruption risk: => favourable conditions for corrupt

activities

=> outcomes of the corrupt acts

(=> price distortion / overpricing)

Operationalized concepts:

corruption risk

contract price distortion
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Operationalized concepts

Competition / intensity of competition 

=> number of bids

=> relative price drop (estimated value vs. 
contract price)

Corruption

corruption risk => single bid

price distortion => rounded data, Benford’s law

Estimated Direct Social Loss

direct social loss due to low intensity of competition and 

high corruption risk

2018.02.23. 19

motivations  concepts  database  main results  lessons



ICI: logarithmic function of number of bids
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Indicators: Intensity of Competition

ICI = if b = 2 ICI = lg2

if b = 3 or b = 4 ICI = lg[(3+4)/2]

if b = 5 or b = 6 ICI = lg[(5+6)/2]

if b = 7 or b = 8 ICI = lg[(7+8)/2]

if b > 8 ICI = 1

if b = 1 ICI = 99, missing value
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Relative price drop (RPRD):

𝑅𝑃𝑅𝐷𝑖 =
(𝑃𝑖

∗−𝑃𝑖)

𝑃𝑖
∗ 100

Pi
* : estimated value in tender i

Pi : contract price in tender i
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Indicators: Intensity of Competition

motivations  concepts  database  main results  lessons



Single bid (SB) [0,1];

0: tender with competition

1: tender without competition, 

with single bid
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Indicators: Corruption Risk
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𝑅𝑃𝑅𝐷𝑖 =
(𝑃𝑖

∗−𝑃𝑖)

𝑃𝑖
∗ 100

𝐸𝐷𝑆𝐿𝑅𝑖 = 𝑅𝑃𝑅𝐷𝑖𝑑𝑒𝑎𝑙 − 𝑅𝑃𝑅𝐷𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑

𝐸𝐷𝑆𝐿𝑅𝑖 = 𝑅𝑃𝑅𝐷𝑖𝑑𝑒𝑎𝑙 − 𝑅𝑃𝑅𝐷𝑖 for every i tenders

RPRDRideal : reference/benchmark value in case of tenders with low corruption risk and high
intensity of competition
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Indicators: 

The Ratio of Estimated Direct Social Loss (EDSLR)
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Price distortion:

The Benford’s Law
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Price distortion / overpricing
fraud analytics, auditing, forensic 
accounting:

• First digit test (Benford’s law)

• First two digit test (Benford’s law)

• Last two digit test (rounding data test)

• Recurring data test

• Summation test
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Benford’s Law
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A set of numbers is said to satisfy Benford's law if the 

leading digit d (d ∈ {1, ..., 9}) occurs with probability:
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Benford’s Law
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digits log(d) log(d+1) P(d) = log(d+1) - log(d) cum [P(d)]

1 0.000 0.301 0.301 0.301

2 0.301 0.477 0.176 0.477

3 0.477 0.602 0.125 0.602

4 0.602 0.699 0.097 0.699

5 0.699 0.778 0.079 0.778

6 0.778 0.845 0.067 0.845

7 0.845 0.903 0.058 0.903

8 0.903 0.954 0.051 0.954

9 0.954 1.000 0.046 1.000
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Price distortion by First Digit Test 

(Benford’s Law)
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Measurement of the weight of price distortion by Mean 

Squared Error (MSE):

MSE = 
1

𝑛
 𝑖=1

𝑛 (  𝑌𝑖−𝑌)2

where  𝑌 is the predicted value and Y is the observed 

value in percentages. 
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Expected and observed distribution by 1st digits, %: 

Contract Price of Public Tenders in selected EU 

Countries, 2006-15, N = 2,164,493
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Expected and observed distribution by 1st digits: 

Total Net Sales of the Hungarian companies, 

2010, N = 316,617
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Benford’s law:  applications

• Analysis of predictive models in economics [Hal Varian, 
1972]

• Fraud detection in sociological research [Dieckman, 2007]

• Administrative surveys, census, USA [Nigrini, 2015]

• Fraud detection at clinical research, USA [Lee et al., 2015]

• Analysis of fraud at elections, Iran [Roukema, 2015]

• Detection of tax evasion, USA [Nigrini, 1992]

• Detection of fraud, embezzlement at company level, USA 
[Nigrini, 2012]

• Detection of price distortion and corruption at public 
tenders [CRCB, 2016]
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1. First Digit Test (FDT)

2. Rounded (by 1,000 Kunas) data test
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Indicators: Price Distortion
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Intensity of Competition, Corruption

Risks & Price Distortion

intensity of 

competition

corruption

risks

price

distortion

intensity of 

competition - Negative Negative

corruption risks - Positive

price distortion -
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DATABASE BUILDING
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Data source: html or pdf
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From this…
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…to this…
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1. Selection of issuers

2. Manual downloading html files

3. Uploading files to DCPP (Database 

processing tool for the Croatian Public 

Procurement) 
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Database by 7 steps
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4. Data downloading manually from Bisnode

database

5. Uploading firm level data to DCPP
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Database by 7 steps
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6. Programmed database processing by DCPP

7. Downloading database from DCPP
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Database by 7 steps
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ANALYSED DATA: A 

GENERAL VIEW

2018.02.23. 42
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General tendencies: 2011-16

The total number of contracts was moving between 800 and 

1216 per year between 2011 and 2016
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General tendencies: 2011-16

The total sum of net contract values suddenly increased 

between 2011 and 2013 (from 678 to 6,362 million HRK)
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General tendencies: 2011-16

The sum of the contract values of Zagreb Holding was much 

higher than the sum for the contracts of Grad Zagreb in 2013
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MAIN RESULTS
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Analysis of the winner companies
1. The winners of the public procurement had become less diverse between

2011 and 2013 based on the number of tenders

The distribution of the money on the tenders became less concentrated
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2. The corruption risk of public procurement 

increased significantly. The share of 

tenders without competition increased from 

25% to 34% between 2011 and 2016
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Share of tenders without competition (SB=1) by year, 

2011-16, %, N = 5,922
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Share of tenders without competition (SB=1) in

selected European capitals, 2006-15, N = 3,407,027
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Share of tenders without competition (SB=1) in

selected European capitals, 2006-15, N = 3,407,027
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Share of tenders without competition (SB=1) in City of 

Zagreb and Zagreb Holding, 2011-16, 2011-16, %, 

N = 5,922
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3. The intensity of competition (ICI) 

decreased considerably from 0.65 to 0.55 

points during the period.

[0 ≤ ICI ≤ 1]
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The average value of Indicator of Competitive 

Intensity (ICI) by year, 2011-16, N = 4,238
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The average value of Indicator of Competitive 

Intensity (ICI) by year, 2011-16, N = 4,238
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Intensity of Competition and Corruption Risk in

selected European Capitals 2006-15, N = 3,407,027
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4. The price distortion was high in 2013 and 

in 2015

Share of rounded prices reduced 

considerably during the period

2018.02.23. 57

motivations  concepts  database  main results  lessons



The weight of price distortion: the squared error (SE) 

of contract prices of PPZ from the theoretical 

(Benford’s) distribution by year, 2011-16, N = 5,922
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The weight of price distortion: the squared error (SE) 

of contract prices of PPZ from the theoretical 

(Benford’s) distribution by sectors, 2011-16, 

N = 5,922
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Share of rounded net contract price by year, %

2011-16, N = 5,922
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5. 27% of the aggregate contract value was

spent without competition.

Between 2011 and 2016 the competition 

practically did not exist at more than the

¼ of public money spent on public 

procurement. 

61
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The share of money spent in PPZ without 

competition, %, 2011-16, N = 5,922
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The sum of the value of PPZ without competition, in 

million HRK, 2011-16, N = 1,684
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6. The median level of estimated direct social

loss remained stable during the period and 

its value has moved between 31-34% 

2018.02.23. 64
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Only one bidder 8.2

2 bidders 28.2

3-4 bidders 46.1

5-6 bidders 59.2

7 or more bidders 106.4

2018.02.23. 65

RPRD, median value, %
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The median value of the ratio of estimated direct 

social loss in net contract value by year, %, 2011-16, 

N = 3,076
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The median value of the ratio of estimated direct 

social loss in net contract value by sector, %, 

2011-16, N = 3,027
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The estimated direct social loss by issuer, million 

HRK, 2011-16, N = 3,076
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7. The results point to the existence of a 
positive link between corruption risks of 
public tenders and its importance in total 
sales of the company. If the role of the 
public procurement market is greater within 
the company's sales, the company typically 
won public tenders characterized by high 
corruption risks. 

=> institutionalization of corruption (??)

2018.02.23. 69
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The share of tender won the winner company as 

single bidder in total number of tender by the weight 

of total contract value of public tenders in total net 

turnover of the company %, 2011-15, N = 878
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Y = AL C

lnY = lnA + lnL+ lnC

Y: Total production

A: Total Factor Productivity

L: Labor

C: Capital 

lnA = B +  CR
CR: corruption risk

B: constant

2018.02.23. 71

TFP & Corruption Risk
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8. Winners with low TFP won tenders at
high corruption risk or

companies which regularlywon tenders at
high corruption risk have
the worst productivity

High corruption risk creates oppurtunity for
low productive companies

Therefore: high corruption risks tend to
reduce productivity

2018.02.23. 72
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Mean value of total factor productivity (%) in three 

groups of winner companies by corruption risk in the 

public tenders in Zagreb, 2011-15, 

Number of winners = 868; Number of tenders = 4,840
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9.

There is significant positive relationship between direct 
social loss and the importance of public procurement 
market. 

Consequently, the share of wasted money (social loss) is 
higher in public tenders won by companies strongly 
connected to the public procurement market. 

This phenomenon is clearly related to the weak 
competition and high corruption risks.
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The rate of direct social loss (DSLR) by the weight of 

total contract value of public tender in total net 

turnover of the company (PPR), %, 2011-15, N = 625
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10.

The results point out that a group of Croatian 

companies is likely to incorporate the high 

corruption risk and low intensity of competition of 

procurement procedures into their expectations.

The tenders with low intensity of competition and 

high corruption risk play an important role in their 

business strategy.
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11. New Data from 2017.01-2017.09

Evolution before and after the local 

election of 2017

before: considerable increase of corruption

risks

after: sudden drop
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The share of tender without competition (SB=1) 

2011.01. – 2017.09., quarterly data, N = 6,076
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Lessons

• Low intensity of competition

• High corruption risks

• High level of estimated direct social loss

• Corruption towards institutionalization
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Lessons

• Need for a regular empirical analysis of 

the intensity of competition, corruption 

risks and direct social loss of public 

tenders.

• This is the first step towards increasing of 

social welfare.
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