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Motivation

• Technology adoption often follows a logistic curve (Griliches 1957, Stokey 2020)

• One story: learning takes time

• This paper: complementarities between agents 2



Super simple model

• Two periods t = 1, 2

• There is a new technology that can be adopted (irreversible)

• Unit mass of agents

• Individual benefit of adoption x ∼ iid U [0, 1] (no persistence!)

• N0 initial number of adopters

• Dies with probability κ

• β effective discount rate (κ plus preferences)

• Technology

• Flow benefit of technology at t = 1

x1 (θ0 + θnN1)

• Flow benefit of technology at t = 2

1

1− β︸ ︷︷ ︸
z

x2 (θ0 + θnN2)

• Benefit increases with the number of adopters
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Optimization and aggregation

Problem at t = 2 is

V (x2,N2) = max {zx2 (θ0 + θnN2)− c, 0} ⇔ adopt if x2 ≥ x̄2 =
c

z (θ0 + θnN2)

Problem at t = 1 is

max {x1 (θ0 + θnN1)− c + βEx [zx (θ0 + θnN2)] , βEx [V (x ,N2)]}

• Threshold strategy: adopt if x1 ≥ x̄1

x̄1 =
c

θ0 + θnN1

(
(1− β) +

1

2
β

c

z (θ0 + θnN2)

)
Aggregation: N0 initial adopters

N1 = (1− κ)N0 + (1− (1− κ)N0) (1− x̄1)

N2 = (1− κ)N1 + (1− (1− κ)N1) (1− x̄2)

Note monotonicity ⇒ Tarski’s
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Equilibria

• No-adoption equilibrium with N0 = N1 = N2 = 0?

• Yes if zθ0 ≤ c

• Other stationary equilibrium with N0 = N1 = N2 = N and x̄1 = x̄2 = x̄?

• Not with z = (1− β)−1! (note different exercise than the paper)

• Other equilibria? (take N0 → 0)

• Yes! Use Tarski’s to find upper and lower bounds of equilibrium set

• Since equations are quadratic here, there is at most two equilibria (I think...)
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Equilibrium upper bound

(N1,N2) = (1, 1) → (x̄1, x̄2) → (N1,N2) → . . .

0 0.5 1 1.5 2 2.5 3 3.5 4
Cost c of adopting

0

0.2

0.4

0.6

0.8

1

N
N2 upper bnd
N1 upper bnd

Notice: Gradual adoption 6



Equilibrium lower bound

(N1,N2) = (0, 0) → (x̄1, x̄2) → (N1,N2) → . . .

0 0.5 1 1.5 2 2.5 3 3.5 4
Cost c of adopting

0

0.2

0.4

0.6

0.8

1

N
N2 lower bnd
N1 lower bnd

Notice: Gradual adoption 7



Equilibrium set

Both upper and lower bounds

0 0.5 1 1.5 2 2.5 3 3.5 4
Cost c of adopting

0

0.2

0.4

0.6

0.8

1

N
N2 upper bnd
N1 upper bnd
N2 lower bnd
N1 lower bnd

Notice: Unique equilibrium for very low or very high c; multiple equilibria elsewhere. 8



Moving to the real model

• Two periods → Continuous time

• iid draws for x → Brownian motion with persistence

• Awkward mess → very elegant setup!

The paper does much more

1. Stability of the equilibrium

• Methodological contribution that can be applied elsewhere

2. Planner’s solution and optimal policy

3. Fantastic data to test the model

• Convincing evidence of complementarities

Very impressive piece of work!
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Intuition for slow adoption?

One nice feature of the model is the gradual adoption of the technology

• Alternative to learning

Why is adoption slow?

• Paper mentions persistence in x and complementarities

• Are those essential or do they make the adoption slower?

Suppose no complementarity and no persistence

• Agents with a low x still have incentives to wait for a better draw?

Intuitively, complementarities might speed things up? Two effects:

• Static: I am more likely to adopt today if others adopt

• Dynamic: if others adopt in the future I might as well delay
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Why is the low-adoption steady state unstable?

The low non-stochastic equilibrium is unstable

• Small perturbation in the steady state distribution leads to explosive oscillations

• Formal result?

• Does instability depends on the parameters?

• Intuition?
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The role of substitutabilities

In the model all actions are complements

• If I adopt, it becomes more beneficial for you to adopt

• Good model for the SINPE payment network

But economies are full of substitutabilities

• If I buy hybrid seeds, their price goes up and you are less likely to buy

Can the model handle substitutabilities?

• For small amounts Tarski’s should still hold

• Might slow down/speed up adoption?

• Broader applications to other technologies
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Embracing network structure

The paper uses amazing data about people’s neighbors, coworkers and families

• But the model is stylized: θnN

Include richer network structure?

• Ωij ⇔ Agent i is connected to agent j (or maybe neighborhoods?)

• Benefit of adoption θn
∑

j ΩijNj

Maybe very hard technically

• But Tarksi’s would still apply

• Maybe look at connections between neighbors instead

Interesting policy implications

• Subsidize centrally located agents to adopt?

Look at diffusion patterns in the network data
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Wrapping up...

This paper

• tackles an important question

• provides an elegant model

• gives us new methods to handle other models

• highlights the mechanisms in the data

Great paper!
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