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OUTLINE
Most papers on cartel inspection in the literature
» consider only dynamic behaviors of firms, but
» assume constant or myopic policies by the regulator.

We compare

1. constant policies = status quo
same detecting prob. for every period.

2. stochastic policies
detecting prob. fluctuates over time.

colluding firms face multiple “states”.
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Our results:
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» Without leniency: mean-preserving fluctuation does not matter!
(Prop. 1, 2)
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OUTLINE
Most papers on cartel inspection in the literature
» consider only dynamic behaviors of firms, but
» assume constant or myopic policies by the regulator.

We compare

1. constant policies = status quo
same detecting prob. for every period.

2. stochastic policies
detecting prob. fluctuates over time.

colluding firms face multiple “states”.

Our results:
Under a reduced Bertrand game

» Without leniency: mean-preserving fluctuation does not matter!
(Prop. 1, 2)
» With leniency: it matters!

leniency + stochastic policy more effective (Prop. 3)
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CHEN-REY MODEL: NO LENIENCY

policy (Evidence
stage period 1 expires) period 2

detected

w. p(1) P

a;
pay Can restart
collusion!
N
H L

Notine W | B,B | 0,28
L | 2B,0 | 0,0

H L
AA H| B,B | 0,2B
L | 2B,0 | 0,0

(B depends
on each market)

No fine

A constant policy: p(t) =p for all t = 1,2,... (status quo)

A stochastic policy: p(t) follows some density g
and firms learn p(t) before the stage game in ¢

(Chen-Rey (2013) J Law Econ)
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STATUS QUO: CONSTANT PoOLICY

H L
H B, B 0, 2B
L 2B, 0 0, 0

» The expected long-run profit V' from repeated (H, H)

Vi=B—pF+0B—pF)+06(B—pF)+--- =

» One-step deviation — (L, L) forever: 2B — pF+0{0 + - -}
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STATUS QUO: CONSTANT PoOLICY

H

H

B, B

L

2B, 0

» The expected long-run profit V' from repeated (H, H)

V:=B—pF+6DB—pF)+6*(B—pF)+-- =

_ B—pF

» One-step deviation — (L, L) forever: 2B — pF+0{0 + - -}

V, deviation value

markets with B here
_ sustain collusion

V collusion value

2B — pF

deviation value

B

(Parameters: (p, F, §) = (0.4, 100, 0.9))

» B varies across industries:

B
collusive stake

» B 1 = collusion in less industries: policy effective

1-4§ °
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STOCHASTIC POLICIES

The police will conduct an intensive
monltormg operatlon lasting 24 hours,

(Finland police & Japanese police websites)
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STOCHASTIC POLICIES

» Randomize inspection intensities, or

rotation over the markets
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STOCHASTIC POLICIES

» Randomize inspection intensities, or

rotation over the markets

> A stochastic policy: a (finite-support) stationary density function
g with the support {p1,ps,...,px}
O<pEp<p<---<pr £p<1)

ASSUMPTIONS

(i) p < p. (Temporarily strong monitoring.)

(ii) However, the total resource of the AA is the same as the status
quo: Mean preservation

K
> i g(pr) = p-
k=1
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STOCHASTIC POLICIES

» Randomize inspection intensities, or

rotation over the markets

> A stochastic policy: a (finite-support) stationary density function
g with the support {p1,ps,...,px}
O<pEp<p<---<pr £p<1)

ASSUMPTIONS

(i) p < p. (Temporarily strong monitoring.)

(ii) However, the total resource of the AA is the same as the status
quo: Mean preservation

K
> i g(pr) = p-
k=1

» AA announces g and realization every period — stochastic policy

No announcement = constant policy with p
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EQuAL EFFECT WITHOUT LENIENCY

PROPOSITION 1

Collusion is sustained in a SPE under the status quo constant p
<= full collusion in all states is sustained in a SPE under any
stochastic policy with mean p.

Collusion in state pj, is sustained iff

1%
/--'“‘--\
pF
Vi =B —ka+67§>ZB puF
_pF
<:>V:B—pF+61 75 > 9B - pF(+= B2 B).

Same condition as the status quo’s.
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Example: p = 0.4 — supp(g) = {p1,p2} = {0.2,0.6}

V, deviation value
‘/1 starting in the safe state

L. V constant policy

‘/2 starting in the risky state

2B —p F
2B — pF
2B —pQF

B

collusive stake

B

(Parameters: (p, F, 8, p1,pa) = (0.4, 100, 0.9, 0.2, 0.6))

For this result,

the detection prob. at (H, H) and (L, H) need not be the same.

Enough to assume: p(L, H) = p(H, H) — v and + is a constant.

8/20



NEW PROBLEM: PARTIAL COLLUSION

» Firms can choose to collude only in low pj states
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» Firms can choose to collude only in low pj states

» Two states policy minimizes the possible variations.
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NEW PROBLEM: PARTIAL COLLUSION

» Firms can choose to collude only in low pj states
» Two states policy minimizes the possible variations.
> Lemma: Take supp(g) = {p1,p2}, p1 < pa.

Partial collusion in only the (safer) state p; is deterred for any B

1-9 1
= g(pl)gT (<1¢6>5).

ProP 2: EXTENDED EQUAL EFFECT

both constant p

& binary with g(p1) < 14 neither constant p

5 nor stochastic policy w. mean p
prevent full can prevent full collusion
and partial collusion
| B
B collusive stake
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LENIENCY PROGRAM

» A colluding firm can report to the AA

» Assumption: Only the first informant gets a reduced fine at
qF (g<1).

(New stage game]
» Additional action choice: Report (R) to AA or Not (V)

» Firms simultaneously choose an action from {H, L} x {R, N}
> Collusion target = (H, N) played by both.

ASSUMPTION
gF < pF (the leniency system relevant)
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NEW TIMELINE

(Evidence
period ¢ expires) period ¢+ 1
dviteCE:;i Both firms
P pay F

U}]d

w. Jetecte
~2 )

Reporter pays qF

No fine

firms choose from )
{H,L} x {R,N}

H & report The other pays F'

No fine

\

I firms choose from

~{H,L} x{R,N}

by
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CONSTANT STATUS QUO WITH LENIENCY

Collusion is sustainable iff

_ B—pF

1% s 2 2B — min{pF,qF} = 2B — ¢F. (1)
V, deviation value V
collusion value
2B — qF
Use Leniency
2B — pF
Wo Leniency
— 8
B— B collusive stake
(Parameters: (p, q, F', §) = (0.4, 0.35, 100, 0.9))

Attractive leniency makes deviation tempting = collusion

more difficult! (Even if evidence lasts a short time.)
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STOCHASTIC PoOLICY WITH LENIENCY

» Focus on binary stochastic policies with the support
0<p=p <p2 =7 & density g.

to minimize the variety of possible partial collusion.

assumption

—~ =
> g(p)pr+9p2)p2=p= q<p <p2

» Collusion in both states (full collusion) is sustained iff

Vi=B—p1F+6V 2 2B —min{p, F, qF'}
Vo =B —psF+ 6V 2 2B — gF

» Leniency weakly increases the deviation value in all states
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V, deviation value
V1 (starting in the safe state)

V (status quo)

V5 (starting in the risky state)

2B — plF
(when py < q)
2B — qF

Use Leniency

: B
Ee — Ez’g(pz) collusive stake

(Parameters: (p, q, F, 8, p1, pa) = (0.4, 0.35, 100, 0.9, 0.2, 0.6))

LEMMA

With leniency,
full collusion (in all states) sustainable iff [(H,H),(N,N)] sustained in
the risky state 2.
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PARTIAL COLLUSION?

V, deviation value

|4
Vs (full collusion)
w3

(collude only when po)

9B — qF
more difficult to collude
i only in the risky state
— B
B! Bl collusive stake

(Parameters: (p, F, 6, q,p1, p2, 9(p2)) = (0.4,100,0.9,0.35,0.2, 12 ~ 0.422,0.9))

. . . L . .
» Partial collusion in O}J)V?t is deterred for any B iff g(p;) < 15;5
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SYNERGY OF STOCHASTIC POLICIES AND
LENIENCY

PRroP. 3: STRONGER EFFECT

Under leniency with g < p,

No full or partial collusion w binary .
neither constant p

. : 1-5
stochastic policy w g(p1) = a nor stochastic policy w. mean p
can prevent full collusion

No collusion
under constant
i ! \ B

B B B9 collusive stake
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CONCLUSION

Leniency
(Ij{ze;te More System
SKy Effective
States Effective

» Extensions
» n firms — analogous
> Different stage game: given a full collusion trigger strategy,
analogous
» Optimal stochastic policy?
» Deterministic multi-state policy?
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Thank you!



CONTINUATION VALUE SAME FOR ALL STATES

K

Vii=B-piF+5Y glpr)Vi

k=1

K
Vi =B —pF+0Y_ gp)Vi

k=1
K K K

= 9wV = gor)[B—pF +38) g(pr)Vi]
k=1 k=1 k=1
K K
=B-> gpx)peF +6 Y g(pe)Vi

k=1 k=1

K B— ])l? K K
=D 0Ve=——5 (=D 9 =1 pealpr) =p)
k=1 k=1 k=1

B — pF
= Vi = B—piF +0— 7957

Vk=1,2,...,K.
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“OpTiMAL” PoLicy?

» Prevent all (endogenous) partial collusion (= impose
9(p1) £ 45%) + max B

> g(p1) > 1%5 and maximize the range of B that prevents full and

partial collusion

OPTIMAL PARTIAL-COLLUSION-PROOF BINARY PoOLICY

Under leniency with ¢ < p, the optimal binary policy such that
(i) firms have no strict incentive to partially collude, and

(ii) the range of markets that sustain full collusion is minimal
is as follows.

_ op—(1-46 _ — _
15 < 25027 then {p1,p2} = {p,B} and g(p) = Z=L(< 157).
—(1-0)p sp—(1-6)p (N 1-6

_ 8 _
Ifp > %T’ then {p1,p2} = {p, —55——} and g(p) = ~5°.

» Binary + No partial collusion — set g(p1) = % and increase py
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