
































































































































































































































































between P1 and P2. In fact, although the investment improves P0’s quality, the enhanced

quality of P2, as implied by the agreement, diverts consumers towards the rival’s product.

Hence, ceteris paribus, P0 has a relatively lower incentive to invest in quality if the cost

of undertaking this investment is high enough. By contrast, when the cost of investing in

quality is suffi ciently small, P0 is more willing to invest in quality even if this means that it

will face stronger competition.

We now turn to study how t impacts the difference ∆CS. We will do so by simulating

the difference for φ = 0.9 and ϕ = 0.948, which are our estimates of these shares in the case

described in the report. Moreover, since it is reasonable to focus on the region of parameters

where p?0 ≥ p?1 and x
?
0 ≥ x?1 – i.e., the region of parameters such that, conditional on the

NS agreement taking place between P0 and P2, the former invests more in quality than P1
– we also assume that β ≥ β ≈ 0.901. Interestingly, in this region of parameters

max

{
0,

(φ− ϕ) (1− φ− ϕ)

ϕ (1− ϕ)

}
≈ 0.826.

Hence, condition (3) always holds for every β ≥ β, meaning that (by continuity) there

must exist a level of t suffi ciently large such that ∆CS > 0. Figure 2, shows this claim

graphically:

Figure 2

The figure illustrates the difference ∆CS as a function of t for different values of β (i.e.,

β = 1 black curve, β = 1.5 red curve, β = 2 green curve). As seen in the benchmark,

the NS agreement between P0 and P2 tends to benefit consumers when the products are

suffi ciently differentiated. Moreover, as expected, the region of parameters in which the NS

agreement between P0 and P2 benefits consumers compared to the agreement between P1
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with a NS agreement between P0 and P2 than in the regime with a NS agreement between

P1 and P2 – e.g., because of learning by doing economies of scale that are complementary

to (increasing with) the provider’s ability in supplying quality. Figure 4 below shows how

consumer surplus for the same parametric specifications used in Figure 2. The difference with

that figure is that we now assume that while β = 1 in the regime where the NS agreement

occurs between P1 and P2, β grows in the regime with a NS agreement between P0 and P2
– i.e., β = 1 black curve, β = 1.2 red curve, β = 1.4 green curve.

Figure 4

As expected, the figure shows that the beneficial effect of the NS agreement between P0
and P2 magnifies as this agreement also brings effi ciencies captured by a reduction in P0’s

cost of investing in quality.

Impact on profits. We now turn to study the impact of the NS regime on profits. In

Figure 5 we show how the NS regime impacts the profits of P0 and P2 (P0’s and P2’s joint

profits in Panel A, P2’s profit in Panel B, P0’s profit in Panel C) for the same specification

used in Panel A in Figure 1 (same colors, but dashed lines).

Figure 5

Panel A Panel B Panel C
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4 Comparison

We can now turn to study the dynamic effects of the NS regime. In particular, we shall

now compare the critical discount factors δ? and δ∗ for different parameter values. Let

∆δ , δ? − δ∗. In Figure 6 we simulate this difference for the same parametric specifications
used in Figure 2.

Figure 6

The figure shows that, in the region of parameters under consideration, the NS agreement

between P0 and P2 unambiguously hinders collusion between its members compared to the

regime with a NS agreement between P1 and P2. To understand the forces behind the

patterns described in the figure, one has to consider the way the NS agreement shapes

collusive, deviation and punishment profits. Specifically:

• First, other things being equal, by keeping outside the collusive agreement the most
effi cient provider – i.e., the one with lowest cost of investing in quality – the regime

with a NS between P1 and P2 makes collusion relatively less stable because P0 can

better steer demand from its rivals on equilibrium path (e.g., by increasing quality at

relatively lower costs).

• Second, P0 has a stronger incentive to deviate (under the regime with a NS agreement
between P0 and P2) than P1 (under the regime with a NS agreement between P1 and

P2) because it sells a product of superior quality relative to P1 and can therefore gain

more by deviating from the collusive agreement. In addition, the fact that P2 sells a

product of higher quality under the NS agreement with P0’s magnifies this provider’s

incentive (relative to P1) to deviate because it anticipates that (in equilibrium) both

its rivals will price higher.
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