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THE PROBLEM

Three current main court practices

1. Stop at the formal end date. Ignores potential lingering effects and transition dynamics,
the default in many expert reports. Mechanically understates damages.

2. Break-testing. Bai-Perron-style search for the start and end dates of cartel effects. Weakly
identified when the cartel variable explains little residual variance.

3. Maximise estimated damages. Pick the end date that maximises the claim, argued as
'conservative'. Not an estimator and unprotected against confounding events.

No standard procedure exists and the choice can move damages estimates by a factor of two or more.
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THE PROBLEM

Cartel dating

* Legally established infringement periods often
differ from period(s) of actual cartel effects

* Misdating leads to (weak) underestimation of
cartel effects, irrespective of type and size
(Boswijk, Bun & Schinkel (2019))

* Empirical dating procedures can infer
structural breaks to correctly date the true cartel

effect
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But.. Cartel effects do not end abruptly on the formal cartel end
date but transition over time

The legally established infringement end date is a date of conduct. Price effects decline over time, typically
later, and gradually.

Long-term contracts: Cartel-era prices stay locked in until contracts reprice.

Slow buyer response: Renegotiation and awareness lag the formal cartel end.

Capacity rebuilding: Competitive supply returns only gradually.

Litigation shadow: Sharp post-cartel price drops invite damages claims (Harrington, 2004).

Antitrust damages = overcharge x quantity over the cartel period.
-> Getting the period right is important both for the overcharge and the quantity
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Examples of modelled cartel transitions

Examples include:

Linear transition: Theron & van Niekerk (2016) - South African Cement-

dating based on case facts, Hiischelrath, Miiller, & Veith, (2012) - German LT | dhih |l | L ] AL
cement - dating based on case facts Boswijk, Bun &
Schinkel (2019)
Autoregressive transition: Boswijk, Bun & Schinkel (2019) — EU sodium Boshoff &
chlorate: Damages understated when the formal end date (Feb 2000) is used; Jaarsveld (2019)
collusive pricing persisted well beyond. Theron & van
Niekerk (2016)
Regime switching: Boshoff & Jaarsveld (2019) — South African Cement, el
(1988-2015): Markov models detect recurring collusive regimes. j(%l]lg)r & Veith,
Smooth transition regression: Lunde, Sandberg & Soderberg (2019)— Lunde, Sandberg &
International uranium, 1970s: Damage effect under smooth-transition Soderberg (2019)

regression (STR) estimation vs. the abrupt-dummy model; both transitions
gradual, asymmetric.
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Two contributions

1. Quantifying the bias. Misdating an abrupt exit, or fitting any gradual exit with an abrupt dummy, always biases
the estimated overcharge downward, with closed forms and magnitudes for the linear case.

2. Developing a robust approach. Through simulation studies, we show what approaches appear most robust, and
in which situations.
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During—after with a transition period

p

0: tSTbE
pr=ay +aeDy + Sy + ¢ Dy=1, t<Typ |p _ Tp—t o _ or

Dy =0, t>T, YT\ T T

D, =Dy, + Dy, 1t =Y, bE eE bE

0, t>1.p

\

price path
T, ,— begin of the end T, — end of the end

The analyst fits an abrupt dummy instead:

pr =0y + aody + By +uy,  dp=1{t <T.}
T, may fall too early, inside the transition window, or too late. Later slides write dates as sample fractions (A= t/T).
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QUANTIFYING THE BIAS

Even pure misdating attenuates the overcharge

Both exits abrupt; only the dates differ. Ao: = share of effective-cartel observations labelled competitive; Aio = the
reverse.

LEMMA 1
plim =y iff A1 =0, plim a1 >« otherwise but-for price level: biased up
plim &9 < ay for all A\y1, Ao overcharge: biased down — always
plim B =0 controls: unaffected

Why: without controls, ol = p, and oz = p_ — p,. Every misdating either inflates the competitive mean or deflates the cartel
mean — the difference always falls.
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QUANTIFYING THE BIAS .

Any gradual exit, fitted abruptly: biased down

1.0 : : PROPOSITION (SHAPE-FREE)
084 For every transition path D(t) € [0,1] — flat 1, then
any non-trivial decline to 0 — and every end date:
Y
2 0.6
L . ~
5 plim &y < ag for every end date A,
L)
§ 041
Strict, for early, inside-the-window, and late end dates
0.24 " Abrupt (midpoint) alike.
= Linear
= = Logistic (smooth)
0.0 == AR(1) decay
0.0 0.2 0.4 0.6 0.8 1.0 . L. .
fime 7 t/T Implication: the analyst cannot date their way out of a

misspecified shape.
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Any gradual exit, fitted abruptly: biased down

. . . : _ Cov(d, D)
Step 1 — exogeneity makes it a covariance ratio: plimas =ag - ———————~
Var(d)

Step 2 — with binary d, Var(d) = A.(1—A.); underestimation < one inequality E[dD] < Ae E[D] + Ac(1 — Ae)
(writing A. = E[d]):

CASE 1 CASE 2

A <E[D] : E[dD] < E[d] = A, A >E[D] : E[dD] < E[D]

dummy no wider than the true path — covered mass at most A, dummy wider than the true path — covered mass at most E[D]

Strictness from the non-trivial transition: D <1 on part of the window. Equality would need the rectangle to reproduce D
exactly — impossible once the exit is gradual. m
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QUANTIFYING THE BIAS

Closed forms: the linear transition

Three regions for the chosen end date:

early (A, < \pp): o % — ;\n

_— Ae — (Ao — Npp) /20 — A
inside ()\bE < )\E < /\eE) R 5 . ( EA (1bE))\/) e &
%
4 B,
late (Ae > Aep): Qg2
Ae
5. i
ToE = plim ds(7.)
-=== true d
0 T T T T 1
0.0 0.2 0.4 0.6 0.8 1.0
observer end date 7,

Continuous at both boundaries; strictly below a,

throughout.

The best abrupt end date lies inside the transition window.

)\g,];, A“r; = bcgin/ond of the end; ¢= A(‘;-_‘ - )‘OE: m= E[D] = (AM; + )\[,]3)/2
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QUANTIFYING THE BIAS .

The linear transition: How big is the bias?

0 Best case (oracle end date):
% = —
S he* =Mpp /(1 -0
the dummy end date that maximises the estimate
g -10
o
<3
5
~ 15 .
= £ / 2 relative loss at the
8]
2 —20 1 oracle end date
e
®
7257 === best end date (oracle) Tre.
— = average e,
=309 |=#=" worstend date ‘. A 1-year transition in a 10-year case = > 5% of the

T T T T T T T T
0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 overcharge lost.

transition duration £ = 7. — T
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QUANTIFYING THE BIAS

The linear transition: maximise estimated damages?

Chases any break

—9.8%

bias of the damages-maximising estimator (MC: T =500, 6 = 10,
E[d>m] = 9.02)

The argmax is unprotected against confounding events
correlated with candidate dates.

1t picks the best abrupt end date and inherits the oracle end date
bias.

Damages maximisation is a diagnostic, not an estimator.
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Two contributions

2.

Developing a robust approach. Through simulation studies, we show what approaches appear most robust, and
in which situations.

Bun - Huberts - Schinkel — Cartel transitions 14
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DEVELOPING A ROBUST APPROACH :

A Robust Approach to Estimating Gradual Price Effects of
Collusion — what is required

1. Transition dates — Clear break dates attributable to the cartel, start and end of transitions, corroborated by the facts of the
case, defensible in court

2. Transition dynamics — Model for cartel effect that covers the transition period(s), fits the facts of the case and be
defensible in court

3. Flexible — Should work in cross-section settings, (autoregressive) timeseries analysis, robust to external shocks

=> Monte Carlo study

Breaktesting with predefined shape
1.  Linear . oo Smooth transition
.. Regime switching 3
2. Logistic regression
3.  Exponential

Breaktesting +
1. simple dummy
2. AR(1) dummy




DEVELOPING A ROBUST APPROACH

A Robust Approach to Estimating Gradual Price Effects of

Collusion — examples

Static: Abrupt

Example simulated price series (a=100, 6=10, 6=2, T'=1000)

Linear

Static: Linear (L=0.25)

Static: Logistic (L=0.25)
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Static: Exponential (L=0.25)

. .
Simulation = 120 2 120
15 4 15 4 s 1s
10 1 110 4 110 1 10 4
. oge 3
1. Static end transition DGP £ o 1 Iy \ "1 l
100 100 100 100
9 95 95 95
90 90 %0 9 4
T T T T T T T T T T T T T T T T
00 02 04 [ 08 10 00 02 04 06 08 L0 00 0 04 [ 08 Lo 0.0 02 04 06 08 10
AR(1): Abrupt AR(1): Linear (L=0.25) AR(1): Logistic (L=0.25) AR(1): Exponential (L=0.25)
120 4 120 4 120 4 120
us s 4 us us
110 110 4 110 | 110
2 105 4 105 4 105 4 105
2. AR(1) DGP: *
. . 100 4 100 100 100
95 95 95 95 4
9% % % 9
T T T T T T T T T T T T T T T T
00 02 04 06 08 10 00 02 04 06 08 10 00 02 04 06 08 10 0.0 02 04 06 08 10
Run-up: Abrupt Run-up: Linear (L=0.15) Run-up: Logistic (L=0.15) Run-up: Exponential (L=0.15)
120 120 o 120 4 120
s 115 4 1s 1s
110 110 4 110 110
3. Run-up & run-down transitions DGP: .
e ¢ 2 s 105 los 105
100 100 100 100
95 4 95 o 95 95
90 4 90 9% 90
T T T T T T T T T T T T T T T T
00 02 04 06 08 10 00 o 04 06 08 10 00 0 04 [ [ Lo 0.0 02 04 06 08 10
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A Robust Approach to Estimating Gradual Price Effects of
Collusion — results

Run-up & run-down transitions DGP:

Run-up + run-down (gradual cartel formation, static noise)

0.10
BP-+dummy (static) -
BP+dummy (AR) 0.08
BP+dummy (2brk)
. 0.06
BP4+linear =
BP4+logistic -0.00 0.00 g
0.04
BP4-+exp 1
Regime switching - -0.00 ’ 0.02
STR
T T 0.00
& & ¥ > ® ® ¥ o ® & ¥ 2 »
® W > RS > ¥ ot o oF P = = &

BP4+ correct shape dates accurately 17
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DEVELOPING A ROBUST APPROACH :

A Robust Approach to Estimating Gradual Price Effects of
Collusion — results

Run-up & run-down transitions DGP:

Run-up + run-down (gradual cartel formation, static noise)

BP+dummy (static)
BP+dummy (AR)
BP+dummy (2brk)

BP4+linear -

BP4+logistic 0.0 | HL1 |

20

15
0

BP4+exp 0.1 | 0.1 0.4 0.4
Regime switching H0.0 | 5
STR 0.0 +H.0
T T T T T T T T T T T T 0
P ¢ ¥ P ®
&R R Pl &R

] ) )
& , v ® & ¥ ®
W W N W o o o o

%

%
9

<

BP4+ correct shape least biased 18
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A Robust Approach to Estimating Gradual Price Effects of
Collusion — results

Overcharge bias 100(3-8)/5 (\%); true §=10

1. Static end transition DGP

o o
W o

AR(1) price level, contemporancous cartel input (=0.7)

BP2/BP4 + shape least
— | biased for misspecified
transitions (cos./kink)

2. AR(1) DGP:

3. Run-up & run-down transitions DGP:
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A Robust Approach to Estimating Gradual Price Effects of Collusion —
Combined break testing + transition testing

Algorithmically choose shape with BP2/BP4 minimising

SSR over break/shape combinations
Cartel dating

Minimise SSR over possible breakdate wind ows with built-in transition function search:
1. Set number of transitions 0, default =1
2. For6;=1,.0
1. Set number of breaks k, default = 2 (start of end, end of end)—adding
more breaks explodes compute, and what is added value?— and set min
set segment length y, default =5?
2. Optional: set pre-specified windows for breakdates, based on facts of the
case
3. SSR minimizing breakpoint search, optionally using prespecified
wind ows, where within each run:
1. For transition_i in [linear, logistic, exponential,...]:
I Forthine=x,...T-2x Minimise SSR Transition shape
1. Fort2int=2y,...,T-x
2. Linear: gt=clip(12—t112-,0,1), logistic: gt =
... etc.
3. Calculate SSR of OLS on yt=p+0_igt(tl,12)
+IF[i>1]:0_{i-1,...} gt(tl,12)
4. SaveSSR_({transition i,t1,t2}
2. Select t{l1, 8;},t{2, 8;} as t1, t2 for minimum
SSR_ {transition i,t1,t2}
2. Set 0; as minimum of SSR_{transition i,t1,t2} for transition_iin
[linear, concave, convex, s-curve]
4. Fix 0; in yt=p-+0_igt(t{1,0_i},7{2, 0 _i})
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A Robust Approach to Estimating Gradual Price Effects of
Collusion — Combined break testing + transition testing

1. Static end transition DGP i

Regime swilching

2. AR(1) DGP:

3. Run-up & run-down transitions DGP:

& & ® ¢ » @ o . ® & ®
* « «® - ® w w* o < & &

BP4+ best shape unbiased & STR unbiased for correct shape 21
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DEVELOPING A ROBUST APPROACH :

A Robust Approach to Estimating Gradual Price Effects of
Collusion — Combined break testing + transition testing

1. Static end transition DGP

2. AR(1) DGP:

Regime switching

3. Run-up & run-down transitions DGP:

BP4+ best shape least bias for misspecified shape 2




price

price

price

115

110

105

100

95

115

110

105

100

95

115

110

105

100

95

How each of the eight (non-combined) methods computes  (run-up - linear - L=0.40; true §=10). Dashed = baseline, stick = 4.

BP+dummy (Static) — 8=puin ~Faner

BP+dummy (AR) — 3=y/(1-p)
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TRUE — & = peak -« = 10 (plateau height) (1 break on subsample; AVERAGE over on-window) (AR(1) long-run effect of the during dummy)
E 115 4 115
E 110 4 110 4
g 5=10 105 I 105 I
100 100 .’_/
g 95 95 o
p 90 %0 4
0.0 0.2 04 0.6 0.8 10 0.0 0.2 04 0.6 0.8 10 0.0 0.2 0.4 0.6 08 10
BP+dummy (2brk) — = piesic = ot BP4+linear — 5=d (IN-LIBRARY: BP4-+logistic — é=d
(2 breaks; during = highest-mean segment) edges match the linear DGP) (rise-plateau-fall, logistic edges)
g 115 o 115 o
e 110 4 110 4
1 105 s=10.1 105 4 =88
-/ 100 100
& 95 95 4
4 90 - 90 -
0.0 0.2 04 0.6 0.8 10 0.0 0.2 04 0.6 08 10 0.0 0.2 04 0.6 08 10
BP4+exp — d=d Regime switching — 5= 1lexn— cioul STR — 4= peak(a+dup-down) —a
(rise-plateau-fall, exp edges) (difference of latent regime means) (peak above a fitted baseline)
E 115 115 o
E 110 4 110 4
g 105 5=6.0 | 105 4
1 100 1 100
4 95 05 baseline a=97.2
p 90 1 9 4
0.0 02 04 06 0.8 1.0 0.0 02 04 06 08 10 0.0 0.2 04 0.6 08 10
time r=uT time r=uT time r=0T
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When to use what

Method family Natural setting Delivers Main risk

Cartel period with clear breaks in Weal identification

Structural breaks + explicit . : Explicit dates + transition when SSR is flat (BP),
.. price series around start and end .
transition shapes o shape computationally
transitions . .
intensive

Confounders, no explicit
Long time series with recurrent transitions modelled,

Regime switching Transition probabilities

dynamics price wars as collusive
instrument.
.. Long, smooth transitions (Uranium), | Estimated transition shape No native break dates —
Smooth transition (STR) £ . . (Uranium) P v
sufficient non-collusive data sample (y,c) translate to bounds

No single method dominates. The only indefensible choice is ignoring the transition.

24
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TAKEAWAYS

If the exit is gradual, the abrupt dummy is never right

@ Misspecified exits always understate the overcharge —for any transition shape.

Match the estimator to the setting: breaks + transition shape with minimum SSR generally robust and
explainable; regime switching for recurrent collusion; STR for smooth transitions often good choice.

Future work towards robustness to potential confounders, lower/higher signal to noise ratios, different
break test approaches, alternative goodness of fit metrics, variance dependent on cartel.

Draft and replication code available — comments very welcome. L.c.e.huberts@uva.nl
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