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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

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!)

πt ≤ δ(1 − σ)(1 − κ)(Y − αµ) − [1 − δ(1 − κ)][σ − min{σ, θ}]γ(Y − αµ)
(η − 1)[1 − δ(1 − κ)] ≡ Φ(Y , σ, η)
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Simulation Framework

Variable Range Distribution / Baseline Value Model

Discovery Prob. q (0, 1) 0.2 III
Investigated Fraction r (0, 1] 0.3 III
Conviction Prob. s [0, 1] 0.8 I, II
Penalty Prob. σ [0, 1] 0.048 I, II
Fine Multiplier γ [0, ∞) 2 I, II, III
Leniency Fine Share θ [0, 1] {0, 0.035, 1} I, II, III
CA Resources Leniency λ [0, 1] 0.5 III
Parameter In p(L, R) τ (0, 1] 0.8 III
Parameter In p(L, R) ξ ≥ τ 1 III
Parameter In p(L, R) ν [0, ∞) 500 III
Parameter In p(L, R) ρ [1, ∞) 1.5 III

Industry Characteristics η [1.1, 10] LN(1, 1.5) I, II, III
Cartelize Opportunity κ [0, 0.1] U(0, 0.1) I, II, III
Leniency Probability Pr(L) [0, 0.5] (1 − (10κ))/2 IIB
Profit πt [1, 100] LN(0, 1.5) I, II, III
Conviction Prob. s (0, 0.8] p(L, R) III
Penalty Prob. σ [0, 1) qrs III

5/14



Extensions Of The Data Generating Process

ICit = f (πit , δ, σ, θ, η, κ, . . .)

Easy Extensions
• Firm-Count Configurations
• Negative Demand Shocks
• Recidivism-Adjusted Detection
• Exogenous Policy Shocks

Involved Extensions
• Incomplete Cartels
• Market Entry / Exit
• Cross-Market Joint Ownership
• Asymmetric Discount Factors

Current DGP → Richer Theory → New Empirical Predictions
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Population And Sample Dynamics: Models I And IIA

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 IIB And III

Simulated Cartels per Industry over Time

• Gap between sample and population gap larger when cartel activity more persistent;
Model III 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) ∆D Bias
I 7.03 10.85 3.82 54.3%
IIA 7.02 11.36 4.34 61.8%
IIB 7.03 11.02 3.99 56.8%
III 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)
IIA 7.02 11.36 4.72
IIB 7.03 11.02 4.98
III 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]

ACD% = E [D | Detection = 1] − E [D]
E [D] · 100

Population Detected

E [D]

E [D|Detection = 1]

Bias

ATE = E [D | T = 1] − E [D | T = 0]

ATE Bias = ATEDetection=1 − ATEC

Population Detected

ATEC

ATEDetection=1
Bias
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Duration Bias in Models IIB and III - An Example

Model IIB Model III

• 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) Detected Sample Not Population Recovery
Hazard Models Conditional Duration Not Population Recovery
Heckman Correction Diagnostic Exercise Exclusion Restriction Fragile
LASSO CV Covariate Selection Not Population Recovery
ATE / ACD Bias Bias Quantification Not Structural Mechanism

β̂Detected=1 ̸= βC

Estimator choice cannot substitute for modeling enforcement process and collusive incentives, e.g., duration,
leniency, detection regime
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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 = 1{v < c + φ · Z + η · Rprev } (1)
E = 1{e < d + ξ · W + α · Rprev } (2)

C · E = R (3)

v , e ∼ N (0, 1)
1 Indicator Variable 14/14
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