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Explaining and Estimating Population of Cartels

® Simulations as computational laboratory

® Game-Theoretic Data Generating Process (DGP) to
create observed and latent data

® Evaluate empirical strategies on ground truth data

Samples of Cartels # Population Of Cartels
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Samples And Hidden Populations Of Collusion

Number alive at end of year
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Undetected US Cartels 13-17%

Bryant and Eckard (1991)

Hazard-Rate Models: Cartel duration and
detection (Levenstein and Suslow, 2011)

Difference-In-Difference Settings For Policy
Changes (Sovinsky, 2022; Heim et al., 2022)

Capture-Recapture: Estimates undetected EU
cartels (Ormosi, 2014)

Selected samples may overestimate cartel
duration by 10-15% (Harrington and Wei, 2017)
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Theoretical Framework

Game-Theoretic Data Generating Process Of Collusion (Harrington and Chang,
2009, 2015; Harrington and Wei, 2017)

Incentive Compatibility Constraint (Note not NE subgame perfect!)

81— o)1= (Y — ap) — [1L = §(1 — W)l — min{o, 0 (Y — ap)
e= (n— DL~ (1 - )]

=o(Y,0,n)
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Simulation Framework

Variable Range Distribution / Baseline Value  Model
Discovery Prob. g (0,1) 0.2 1
Investigated Fraction r (0,1] 0.3 1
Conviction Prob. s [0,1] 0.8 (Ml
Penalty Prob. o [0,1] 0.048 (Al
Fine Multiplier v [0, ) 2 11, I
Leniency Fine Share 6 [0,1] {0,0.035,1} L,
CA Resources Leniency A [0,1] 0.5 1
Parameter In p(L, R) T (0,1] 0.8 1
Parameter In p(L, R) & >T 1 1l
Parameter In p(L, R) v [0, ) 500 11
Parameter In p(L, R) p [1, c0) 1.5 11
Industry Characteristics 7 [1.1,10]  LN(1,1.5) [
Cartelize Opportunity & [0,0.1] U(0,0.1) 1L,
Leniency Probability Pr(L) [0, 0.5] (1 —(10k))/2 1B
Profit 7, [1,100] LN(0,1.5) 1, 1,01
Conviction Prob. s (0,0.8] p(L, R) 1
Penalty Prob. o [0,1) qrs 1
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Extensions Of The Data Generating Process

/Cit = f(ﬂ-ita 67 g, 97 mR,.. )

Easy Extensions Involved Extensions

® Firm-Count Configurations ® Incomplete Cartels
Market Entry / Exit
Cross-Market Joint Ownership

® Negative Demand Shocks
® Recidivism-Adjusted Detection

® Exogenous Policy Shocks ® Asymmetric Discount Factors

Current DGP — Richer Theory — New Empirical Predictions
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Population And Sample Dynamics: Models | And [I1A
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Simulated Cartels per Industry over Time

® Population and samples evolve differently though identical DGP; samples miss part of the
latent population (by construction)

® Leniency changes the composition of sample
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Population And Sample Dynamics: Models [IB And IlI
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Simulated Cartels per Industry over Time

® Gap between sample and population gap larger when cartel activity more persistent;
Model Il shows largest discrepancy between population and sample.
® Sample is not a randomly representative cross-section its collusive activity.
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(Detected) Cartels by Duration (D)

Model Population Sample (Detected) AD  Bias
[ 7.03 10.85 3.82 54.3%
A 7.02 11.36 434 61.8%
1B 7.03 11.02 3.99 56.8%
I 8.67 16.61 7.94 91.6%

Even with ex ante same probability of getting caught (sampled), longer cartels are

overrepresented in the sample ex post.
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Sampling Bias (Detection Channels) matter for Duration (D)

Model Population Sample (Detected) Selected (Leniency)

A 7.02 11.36 4.72
1B 7.03 11.02 4.98
I 8.67 16.61 5.77

E(D| CA) # E(D| L) # E(D)
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Bias Quantification
Average Cartel Duration (ACD) and Average Treatment Effect (ATE)

ACD = E[D | Detection = 1] — E[D] ATE=E[D|T=1-E[D| T =0
ACDy, = E[D | Detection = 1] — E[D] -100 ATE Bias = ATEpetection=1 — ATEc
. E[D]
E[D|Detection = 1] /,/ iTBEiZ;tectionzl
) ATEc »
E[D] IBlas / ,C/

v

- Population  Detected
Population Detected
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Duration Bias in Models IIB and Il - An Example

Duration Bias in %
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Model 11B Model Il

® Bias remains visible across alternative detection and leniency regimes.
® The detected sample estimates a selected duration relationship.

® The empirical target changes unless enforcement is explicitly modelled.
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Estimator Performance

Empirical Strategy

Valid Prediction

Limitation

Linear Regression (OLS)
Hazard Models
Heckman Correction
LASSO CV

ATE / ACD Bias

Detected Sample
Conditional Duration
Diagnostic Exercise
Covariate Selection
Bias Quantification

Not Population Recovery
Not Population Recovery
Exclusion Restriction Fragile
Not Population Recovery
Not Structural Mechanism

Estimator choice cannot substitute for modeling enforcement process and collusive incentives, e.g., duration,

leniency, detection regime

BDetected=1 # Bc
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Take-Home

Detected Cartels ## All Cartels

® Simulations as computational laboratory
® Game-Theoretic Data Generating Process (DGP) to create observed and latent data

® Evaluate empirical strategies on ground truth data

Selection & Simultaneity

C:]].{V<C+QO'Z+n'Rprev} (1)
E:ﬂ{e<d+§'W+a‘Rprev} (2)
C-E=R (3)

v, e ~N(0,1)
1 Indicator Variable

14/14



References |
Becker, G. S. (1968). Crime And Punishment: An Economic Approach. Journal Of Political Economy, 76(2),
169-217.

Bryant, P. G., and Eckard, E. W. (1991). Price Fixing: The Probability Of Getting Caught. Review Of
Economics And Statistics, 73(3), 531-540.

Buccirossi, P., Ciari, L., Duso, T., Spagnolo, G., and Vitale, C. (2013). Competition Policy And Productivity
Growth: An Empirical Assessment. Review Of Economics And Statistics, 95(4), 1324-1336.

De Loecker, J., and Eeckhout, J. (2018). Global Market Power. Working Paper.

Harrington, J. E., and Chang, M.-H. (2009). Modelling The Birth And Death Of Cartels With An Application
To Evaluating Competition Policy. Journal Of Industrial Economics, 57(1), 1-28.

Harrington, J. E., and Chang, M.-H. (2015). When Can We Expect A Corporate Leniency Program To Result In
Fewer Cartels? Journal Of Law And Economics, 58(2), 417—449.

Harrington, J. E., and Wei, Y. (2017). What Can The Duration Of Discovered Cartels Tell Us About The
Duration Of All Cartels? Economic Journal, 127(604), 1977-2005.

Heckman, J. J. (1979). Sample Selection Bias As A Specification Error. Econometrica, 47(1), 153-161.

Heim, S., Hischelrath, K., Laitenberger, U., and Spiegel, Y. (2022). The Anticompetitive Effect Of Minority

Share Acquisitions: Evidence From The Introduction Of National Leniency Programs. American Economic
Journal: Microeconomics, 14(1), 366—-410.

Levenstein, M. C., and Suslow, V. Y. (2011). Breaking Up Is Hard To Do: Determinants Of Cartel Duration.
Journal Of Law And Economics, 54(2), 455—492.

1/2



References |l

Ormosi, P. L. (2014). A Tip Of The Iceberg? The Probability Of Catching Cartels. Journal Of Applied
Econometrics, 29(4), 549-566.

Sovinsky, M. (2022). Do Research Joint Ventures Serve A Collusive Function? Journal Of The European
Economic Association, 20(1), 430-475.

2/2



	Appendix
	References


