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Abstract

A new behavioral concept, local rationality, is developed within the context of a
simple heterogeneous-agent model with incomplete markets. To make savings decisions,
agents must forecast the shadow price of asset holdings. In the absence of aggregate
uncertainty, locally-rational agents forecast shadow prices rationally, and thereby make
optimal state-contingent decisions; these agents then use estimated econometric models
to extend their rational shadow-price forecasts to accommodate aggregate uncertainty.

1 Environment

1.1 Basic Environment

We consider a standard heterogeneous environment in the style of Aiyagari (1993) which
we augment to include aggregate shocks in the spirit of Krusell and Smith (1998) as well
as endogenous labor choice. We assume a unit mass of workers who make choices to
maximize their present discounted value of lifetime utility evaluated over stochastic streams
of consumption and leisure

E0

∞∑
t=0

βtU(ct, lt). (1)

As is the standard assumption, different consumers will have different efficiency units of
labor per hour worked. In return to supplying labor, households receive a wage which

1



can be separated into two components: an aggregate component wt which is the same
across all workers and idiosyncratic component εt which will be independent and identically
distributed across all workers. We assume that εt is a finite state Markov process with
transition matrix Π(εt, εt−1). Furthermore, we will assume agents cannot directly ensure
against this idiosyncratic risk but can buy and sell claims to capital up to an exogenously
given borrowing constraint a. The worker’s problem is then to, taking the stochastic process
of rt and wt as given, choose streams of consumption and leisure to maximize (1) subject to
a period budget constraint

ct + at+1 = (1 + rt)at + wtεt(1− lt), (2)

borrowing limit at+1 ≥ a and time allocation 0 ≤ lt ≤ 1. Household optimality then yields
standard first order conditions. Optimal labor-leisure choice implies that

Ul(ct, lt) = wtεtUc(ct, lt) (3)

while optimal saving on behalf of the household gives the familiar Euler equation

Uc(ct, lt) ≥ βEt [λt+1] (4)

where
λt = (1 + rt)Uc(ct, lt) (5)

and the Euler equation can hold with inequality only if at+1 = 0. Standard methods can show
that, given a stochastic process for rt and wt, an allocation {ct, lt} solves the household’s
problem if and only if it satisfies (2),(3), and (4). The production technology is standard.
There is a representative firm which produces output under perfect competition with output
given by the following production function

θtf(Kt, Nt),

where θt is a random variable that affects total factor productivity. The firm rents capital
at rental rate rt and hires effective labor from the household at wage wt, thus the firm solves

max
Kt,Nt

θtf(Kt, Nt)− wtNt − (rt + δ)Kt.

2



Optimality on behalf of the firm then yields the first order conditions

wt = θtfN(Kt, Nt) (6)

rt = θtfK(Kt, Nt)− δ. (7)

1.2 Rational Expectations Equilibrium

Before introducing our bounded rationality assumptions, we first define the rational
expectations equilibrium which will be used as a benchmark for comparison. It will prove
convenient to first define a stationary rational expectations equilibrium absent aggregate
shocks with θt = 1 for all t.

Definition 1. A Stationary Recursive Equilibrium consists of a measure µ̄ over (a, ε),

policy rules c̄(a, ε),l̄(a, ε),λ̄(a, ε) and ā(a, ε), prices w̄ and r̄, and aggregates K̄ and N̄ such
that

1. The policy rules c̄(a, ε),l̄(a, ε),λ̄(a, ε) and ā(a, ε) solve recursive versions of (2)-(5) for
all (a, ε)

c̄(a, ε) + ā(a, ε) = (1 + r̄)a+ w̄εl̄(a, ε)

Ul(c̄(a, ε), l̄(a, ε)) = w̄εUc(c̄(a, ε), l̄(a, ε))

λ̄(a, ε) = (1 + r̄)Uc(c̄(a, ε), l̄(a, ε))

Uc(c̄(a, ε), l̄(a, ε)) ≥ βE
[
λ̄(ā(a, ε), ε′)

]
where E is taken over ε′

2. Firm optimally conditions hold w̄ = fN(K̄, N̄) and r̄ = fK(K̄, N̄)− δ.

3. The labor market clears
N̄ =

∫
ε(1− l̄(a, ε))dµ̄(a, ε)

4. The asset market clears
K̄ =

∫
adµ̄(a, ε)

5. µ̄ is stationary under the policy rules and Π: for any Borel set B

µ̄(B, ε′) =
∑
ε

Π(ε′, ε)µ̄ ({a : ā(a, ε) ∈ B}, ε) .

3



The equilibrium with aggregate shocks then extends in the standard manner by allowing
policy rules to additionally depend on the current distribution of agents µ and productivity θ.

Definition 2. A Stochastic Recursive Equilibrium consists of a measure policy rules
c(a, ε;µ, θ), l(a, ε;µ, θ) and a′(a, ε;µ, θ), prices w(µ, θ) and r(µ, θ), aggregates K(µ, θ) and
N(µ, θ), and a law of motion for H(µ, θ) for µ such that

1. The policy rules c(a, ε;µ, θ), l(a, ε;µ, θ),λ(a, ε;µ, θ) and a′(a, ε;µ, θ) solve recursive
versions of (2)-(5) for all (a, ε;µ, θ) taking pricing functions r(µ, θ), w(µ, θ) and the
law of motion for H(µ, θ) as given

c(a, ε;µ, θ) + a′(a, ε;µ, θ) = (1 + r(µ, θ))a+ w(µ, θ)εl(a, ε;µ, θ) (8a)

Ul(c(a, ε;µ, θ), l(a, ε;µ, θ)) = w(µ, θ)εUc(c(a, ε;µ, θ), l(a, ε;µ, θ)) (8b)

λ(a, ε;µ, θ) = (1 + r(µ, θ))Uc(c(a, ε;µ, θ), l(a, ε;µ, θ) (8c)

Uc(c(a, ε;µ, θ), l(a, ε;µ, θ)) ≥ βE [λ(a′(a, ε;µ, θ), ε′;H(µ, θ), θ′)|a, ε, µ, θ] (8d)

2. Firm optimality conditions hold w(µ, θ) = fN(K(µ, θ), N(µ, θ)) and r(µ, θ) = fK(K(µ, θ), N(µ, θ))−
δ.

3. The labor market clears

N(µ, θ) =

∫
ε(1− l(a, ε;µ, θ))dµ(a, ε)

4. The asset market clears
K(µ, θ) =

∫
adµ

5. The law of motion H is consistent with the policy rules and Π: for any Borel set B

H(µ, θ)(B, ε′) =
∑
ε

Π(ε′, ε)µ ({a : a′(a, ε;µ, θ) ∈ B}, ε) .

The difficulty faced in solving for a Stochastic Recursive Equilibrium lies in the fact that
policy rules and the law of motion depend on µ which is a high dimensional object. Multiple
approaches have been used by the literature to approximate these equilibria. Broadly
speaking they can be categorized into two types of approaches. The first type uses projection
methods along the lines of Krusell and Smith (1998) to summarize the distribution with a
finite set of moments. The exact method can vary, but generally faces the problem that
each additional moment adds an additional dimension to the state space. Thus, the curse
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of dimensionality is quickly faced. The second approach, first introduced by Reiter (2009),
instead linearizes policy rules around the Stationary Recursive Equilibrium. Our bounded
rationality equilibrium will borrow from both of these literatures as well as representative
agent learning literature.

1.3 Locally Rational Agents

One hallmark of the rational expectations equilibrium is that agents know not only the
current distribution of agents but also its law of motion and its effect on prices. All of this is
incorporated into the agentss decision-making process through the expectation in equation
(8d). In this section we embrace the bounded rationality assumption and instead assume
agents small, may not have access to the full state variable and form expectations by learning
from their experience. A novel aspect of our approach is that we assume agents know how
to behave optimally in the absence of aggregate risk and are only learning how aggregate
shocks should affect their decisions.

In doing so we adjust the decision problem of the agent as follows. Agents are now
endowed with a vector of information x which is a function of the aggregate state and is the
same across all agents and a vector summarizing their beliefs, ψ. They use their information
and beliefs ψ form expectations over the future marginal value of savings which we denote
by Eψ[λ′]. Given current prices, r and w, we posit that the agent’s decisions rules then solve
the following system of equations

c(a, ε;x, ψ, r, w) + a′(a, ε;x, ψ, r, w) = (1 + r)a+ wεl(a, ε;x, ψ, r, w) (9)

Ul(c(a, ε;x, ψ, r, w), l(a, ε;x, ψ, r, w) = wεUc(c(a, ε;x, ψ, r, w), l(a, ε;x, ψ, r, w)) (10)

λ(a, ε;x, ψ, r, w) = (1 + r)Uc(c(a, ε;x, ψ, r, w), l(a, ε;x, ψ, r, w)) (11)

Uc(c(a, ε;x, ψ, r, w), l(a, ε;x, ψ, r, w)) ≥ βEψ [λ′|a′(a, ε;x, ψ, r, w), ε, x] (12)

with equality only if a(a, ε;x, ψ, r, w) = a. Note that equations (9)-(12) are behavorial
primitives : they are imposed assumptions on the behavior the the households. In order to
determine an agent’s choices, we need to specify how the expectation Eψ [λ′|a, ε, x] is formed.
Our local rationality assumption is that agents form expectations relative to how they would
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rationally behave in the the stationary recursive equilibrium. Specifically we assume 1

Eψ [λ′|a(a, ε;x, ψ, r, w), ε′, x] = λ̄(a′(a, ε;x, ψ, r, w), ε′) exp(ψ′x).

Taking expectations over ε′ we then recover

Eψ [λ′|a(a, ε;x, ψ, r, w), ε, x] =

(∑
ε′

Π(ε, ε′)λ̄(a′(a, ε;x, ψ, r, w), ε′)

)
exp(ψ′x). (13)

Consistent with the forecasting rule, we assume that households update ψ by regressing
log deviations of λ(a, ε;x, ψ, r, w) from λ̄(a, ε) on the previous periods information set x_.
Beliefs are then updated each period via a recursive constant gain learning rule as follows.
We let R_ represent the previous period’s estimate for the covariance matrix of x. The
covariance matrix of x is updated via

R(x_, R_) = R_ + γ(x_′x_−R_). (14)

While beliefs ψ are updated according to

ψ′(a, ε;x, x_, ψ, r, w) = ψ + γR(x_, R_)−1x_
(

log

(
λ(a, ε;x, ψ, r, w)

λ̄(a, ε)

)
− ψ′x_

)
. (15)

The current state of the economy will be given by Ω = (µ, θ, x_, R_) where µ is the joint
distribution over (a, ε, ψ). For now I denotes a maping that gives the current information
set of the agents, i.e. x = I(Ω). For now we will keep this as arbitrary, but we will allow for
specific functions in future sections.2 We are now able to define a locally rational recursive
equilibrium.

1An alternative forecasting rule would decompose ψ into two components ψ1 and ψ2 which would be used
to forecast the future information set

Eψ [x′|x] = ψ1x

and then λ conditional on that information

Eψ[λ′|a′(a, ε;x, ψ, r, w), ε′, x′] = λ̄(a′(a, ε;x, ψ, r, w), ε′) exp(ψ′
2x

′).

Combining these two rules we obtain

Eψ [λ′|a′(a, ε;x, ψ, r, w), ε′, x] = λ̄(a′(a, ε;x, ψ, r, w), ε′) exp(ψ′
2ψ1x).

We opt for the simpler rule of learning ψ′
2ψ1.

2For example I could give log deviations of aggregate capital and θ from their stationary recursive
equilibrium values K̄ and θ.
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Definition 3. A locally rational recursive equilibrium consists of policy rules c(a, ε;x, ψ, r, w),

l(a, ε;x, ψ, r, w), a′(a, ε;x, ψ, r, w),and λ(a, ε;x, ψ, r, w); evolution of beliefs R(x_, R_) and
ψ′(a, ε;x, x_, ψ, r, w); pricing functions r(Ω) and w(Ω); aggregate firm choices N(Ω) and
K(Ω); a function specifying the information set x = I(Ω); and a law of motion for the
aggregate distribution H(Ω) such that

1. Given prices r and w, c(a, ε;x, ψ, r, w), n(a, ε;x, ψ, r, w), a′(a, ε;x, ψ, r, w), and λ(a, ε;x, ψ, r, w)

solve (9)-(13)

2. Firms behave optimally: w(Ω) = θ(Ω)fN(K(Ω), N(Ω))

and r(Ω) = θ(Ω)fK(K(Ω), N(Ω))− δ.

3. The labor market clears

N(Ω) =

∫
ε(1− l(a, ε;x, ψ, r(Ω), w(Ω)))dµ(a, ε, ψ)

4. The asset market clears
K(µ, θ) =

∫
adµ(a, ε, ψ)

5. Beliefs evolve according to constant gain learning: R(x_, R_) and
ψ′(a, ε;x, x_, ψ, r, w) satisfy (14) and (15)

6. The law of motion H is consistent with a′(a, ε;x, ψ, r(Ω), w(Ω)), Π,
ψ′(a, ε;x, x_, ψ, r(Ω), w(Ω)), I(Ω), and R(x_, R_).

1.3.1 Simulation

A fairly simple algorithm can then be constructed to simulate the dynamics of an economy
with locally rational agents. There are several features of this algorithm to consider. The
first simulation only requires solving a single Bellman equation without aggregate risk to
determine λ̄(a, ε) which is a function of only idiosyncratic state variables. This compares
favorably to Giusto (2014) which requires resolving the bellman equation after each period
and value functions which are a function of both aggregate and idiosyncratic states. The most
computationally intensive part of this process is step 4 which requires solving a non-linear
equation in r , w, and {a′i, li, ci, λi}. Intuitively, this can be achieved determining the
choices for each agent that solve (9)-(12) for a given (r, w), aggregating A natural test
of this behavioral assumption is to check if those decisions and then finding (r, w) such that
market clearing hold. This process can be sped up even further by noting that differences in
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Algorithm 1: Simulation of Economy Locally Rational Agents
1 Intialize: For current parameterization solve for steady state λ̄(a, ε). Let Ω be the

current aggregate state, assume the µ ∈ Ω1 is populated by a finite number M of
agents indexed by i for t ∈ 1 to T do

2 Compute x = I(Ωt) Find for r, w and {a′i, li, ci, λi} such the policies a′i, li, ci, λi
solve equations (9)-(12) for each ai, ψi, εi ∈ µ(Ωt) and the market clearing
conditions

N =
1

M

M∑
i=1

εi(1− li)

K =
1

M

M∑
i=1

ai

r = θ(Ωt)fK(N,K)− δ
w = θ(Ωt)fN(N,K)

hold Update beliefs ψ′i and R according to (14) and (15) Draw new aggregate
shock θ′ Draw new productivity ε′i for each agent i and construct µ′ from
{a′i, ε′i, ψ′i} Update Ωt+1 = (µ′, θ′, x, R)

individual agents decisions depend only on ηi = exp(ψ′ix) thus it is possible to pre-compute
those decisions further speeding up the algorithms.

1.3.2 Special Cases

The behavior of individually rational agents has two interesting limits which govern the
behavior of agents. The first natural limit is when the size of the aggregate shocks approaches
zero. It’s clear from definition ?? that in the absence of aggregate shocks Stationary
Recursive Equilibrium is a special case of a Locally Rational Recursive Equilibrium. With
small aggregate shocks, the behavior of a locally rational equilibrium, therefore, inherits
properties from the stationary recursive equilibrium such as the wealth distribution and
level of precautionary savings. This allows us to isolate how agents learn in the presence of
aggregate shocks.

In the other direction, we can take the limit of as the size of idiosyncratic shocks εi,t
approaches zero and the initial distribution µ being a point mass with all agents having the
same initial wealth and beliefs. In this limit, the distribution of agents will remain a point
mass throughout time, and we recover behavior similar to the Euler equation learning of
Evans and McGough (2018).
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2 Numerical Approach and Calibration

To illustrate how well agents can learn the rational expectations equilibrium, we use the
following standard calibrations for the heterogeneous agent economy. Agents are assumed
to have a utility function over consumption and leisure given by

U(c, l) =
c1−σ

1− σ
+ χ

l1−φ

1− φ
.

We take σ = φ = 2 and calibrate χ to target agent 1 − l̄ = 0.3 in the steady state which
implies spending approximately 30% of their time allocation working. We set discount rate
β = XX to target a steady state capital to output ratio of 2.7 and δ = XX to target an
annual real interest rate of 4%. We assume the process for idiosyncratic log productivity
process to be the sum of an AR(1) and i.i.d. component. We calibrate the income process
following Krueger who estimated a process for disposable earnings after taxes and transfers.
They estimated an annual persistence of innovations to be XX with a standard deviation
of XX. The standard deviation of the transitory component they estimated to be XX. We
assume that agents update their beliefs with a constant gain γ = 0.01. In all cases we assume
that the information available to the agents is given by

I(Ω) =

(
1, log

(∫
adµ(a, ε, ψ)

)
− log

(
K̄
)
, log(θ)

)
,

so agents respond to the log deviation of capital and productivity from their steady-state
values. Finally, we assume that agents cannot borrow by setting a = 0. On the production
side, we assume that the firm production function is Cobb-Douglass

f(Kt, Nt) = Kα
t N

1−α
t

with α = 0.33 to target the labor share of output at 67%. Aggregate productivity, θ is
assumed to follow a log AR(1) process with persistence of 0.85 and standard deviations of
innovations at 0.014. Finally the depreciation rate, δ, is set to 0.023.

2.1 Initial Conditions

In addition to the standard calibrations our simulations also require specifying initial
conditions which include the joint distribution of assets, productivity and beliefs, µ, as well as
the covariance matrix R. Our baseline specification will have all agents with the same initial
beliefs and joint distribution of assets and productivity taken to be the joint distribution of
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assets and productivity from the stationary recursive equilibrium,µ̄. The initial beliefs ψ0 we
take either from the rational expectations equilibrium or ψ0 = (0, 0, 0). The initial covariance
matrix R0, which is common across all agents, we derive from data generated by the rational
expectations equilibrium.

2.2 Numerical Methods

To compute the stationary recursive equilibrium, we approximate the income process of
agents using a finite state Markov chain. We discretize the AR(1) component of productivity
with seven grid points using Rouwenhorst’s method used in Kopecky and Suen (2010) and the
transitory component with three grid points with Gauss-Hermite quadrature. The decision
rules of the agent are approximated along the asset dimension with 100 grid points which
are non-linearly spaced. We solve for the optimal decision rules of the agents conditional on
prices via the endogenous grid method of Caroll. The stationary distribution is solved by
approximating the distribution with a histogram with 10, 00 points; constructing a transition
matrix with the approximated policy rules and then solving for the stationary distribution
of the transition matrix. Finally, β and χ are chosen to target the capital to output ratio
and aggregate labor supply through a non-linear solver. To approximate the Recursive
Competitive Equilibrium we follow Boppart et al. (2018) to linearize policy rules around
the Stationary Recursive Equilibrium by constructing impulse response functions. Details,
as well as our tests verifying the linearity assumption, are provided in Appendix A. We
apply algorithm 1 to simulate the locally rational equilibrium conditional on initial beliefs.
The simulation does require solving for the temporary equilibrium each period conditional
on the distribution of beliefs and aggregate states. We apply a variant of the endogenous
grid method to approximate each agents’ policies conditional on prices quickly. Details are
provided in Appendix B.

3 Results

In this section, we compare the dynamics of the locally rational competitive equilibrium
to those of the Rational Expectations Equilibrium. We first document that average beliefs
of the locally rational equilibrium converge to those generated by the rational expectations
equilibrium. We then compare impulse responses from both the rational and locally rational
equilibria.

10



3.1 Rational Expectations Belief Function

We begin by documenting the shape of the forecasting rule under rational expectations.
Under rational expectations, agents have full knowledge of how their expected future marginal
value of savings

E [λ(a′, ε′, H(µ, θ), θ′)|a′, ε′, µ, θ]

depends on the current state: the object the locally rational agents are attempting to
forecast. Given a Rational Expectations equilibrium, it is then possible to construct functions
ψ2(a

′, ε′;µ), and ψ3(a
′, ε′;µ) such that

ln (E [λ(a′, ε′, H(µ, θ), θ′)|a′, ε′, µ, θ])− ln
(
λ̄(a′, ε′)

)
= ψ2(a

′, ε′;µ) ln

(
K(µ)

K̄

)
+ ψ3(a

′, ε′;µ) ln θ

holds locally around ln θ = 0. Two well-documented features of this economy that allow
this forecast to be simplified further: the economy is well approximated linear policy rules
around the stationary recursive equilibrium, and approximate aggregation holds. Combined
these two results imply that the dependence on µ can be summarized by K(µ) and that
dependence can be absorbed in the coefficients. We would thus expect the forecasting rule

ln (E [λ(a′, ε′, H(µ, θ), θ′)|a′, ε′, µ, θ])− ln
(
λ̄(a′, ε′)

)
= ψRE2 (a′, ε′) ln

(
K(µ)

K̄

)
+ ψRE3 (a′, ε′) ln θ

to well approximate the rational expectations equilibrium. We document this fact in appendix
C and plot the coefficients ψRE2 and ψRE3 in Figure 1. It is clear from Figure 1 that agents
in the rational expectations equilibrium are differentially affected by the aggregate states.
This comes directly from the assumption of incomplete markets, as agents are differentially
exposed to the aggregate shocks. Consider the effect of the change in the capital stock on
agents with different asset holdings. The poorer agent relies on more labor income and
therefore would expect his consumption to fall since the lower capital stock would lead to
a lower aggregate wage. The asset rich agent, on the other hand, would expect and higher
return on her capital, and hence, would expect her consumption to rise.

3.2 Locally Rational Dynamics

Following Algorithm 1, we simulate the behavior of the economy when populated with
Locally Rational Agents. We proceed by first verifying that the locally rational beliefs
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Figure 1: Loadings ψRE1 (left) and ψRE2 (right) as a function of individual assets and
productivity state.
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converge to the neighborhood of those generated by the rational expectations equilibrium.
Figure 2 plots the path of the average of each component of ψ over time for the locally rational
simulations for different values of gain and initial beliefs and compare to the average beliefs
of the rational expectations equilibrium

ψ̄i =

∫
ψREi (a, ε)dµ(a, ε).

We clearly see that the average beliefs of the locally rational economy converge to those of
the rational expectations equilibrium independent of initial beliefs and gain. Despite the
fact that two locally rational equilibria converge to the same average beliefs, the stochastic
properties of aggregate variables can vary significantly. Figure 3 plots impulse responses
for consumption, output, capital and labor for the rational expectations equilibrium and
the locally rational equilibrium for gains γ = 0.005 and 0.1. All plots represent percent
deviations from the non-stochastic steady state.

For the impulse responses of the locally rational equilibria we sample from the ergodic
distribution of beliefs and plot upper and lower bounds for the impulse responses that contain
90% of the sample. Greater gain implies that agents place greater weight on more recent
experiences when forecasting future values, which implies greater variance of beliefs in the
ergodic distribution as can readily be read from Figure 2. A natural implication of is then
greater variation in the time series aggregates for higher gain which we observe in Figure
3. However, the learning gain employed by the locally rational agents directly impacts the
average response of aggregate variables. The top section of figure 3 clearly shows, when agents
have a low gain, aggregate output, and capital stock fall less their rational expectations
counterparts with aggregate capital falling 25% less in response a one-standard deviation
fall in productivity. Meanwhile, consumption falls by more than the rational expectations
counterpart. On the other hand, when agents have a high gain, the average path of all three
variables lies almost exactly in line with the rational expectations impulse response functions
as we see in the bottom of figure 3.

To understand why higher gain can have a dramatic impact on the path of aggregates we
need to return to the distribution of beliefs plotted in figure 1 that is present in the rational
expectations equilibrium. There is a clear monotonic relationship between assets and the
loadings on log capital and productivity. We can compare this two a scatter plot of ergodic
beliefs in the locally rational simulations for both high and low gain. As seen in figure 4,
when the gain is low there is almost no relationship between the loading on aggregate capital
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Figure 2: Plots of the average beliefs from the locally rational simulations along with average
beliefs from the rational expectations equilibrium.
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Figure 3: Impulse responses for aggregate consumption, output, capital and labor for γ =
0.005 (top) and γ = 0.1 (bottom) to a 1 standard deviation fall in productivity.
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and the asset holdings of a particular agent. When the gain is high, however, a clear positive
relationship is obtained. In fact, a regression of ψ2 on assets and log productivity gives a
slope of XX which is very similar to the slope of XX obtained from the same projection of the
beliefs from the rational expectations equilibrium. When agents have higher gain, they place
greater weight on their current rather than their past experience. An implication of this is
that when idiosyncratic states are persistent, such as assets, they will use experiences from
when they had similar asset holdings to inform their forecasts of the future which imparts a
non-parametric dependence of coefficients on their current state. However, when the gain is
too low, they do not put enough weight on current experiences and end up using the average
experience, across all individual states, to forecast future aggregates.
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Figure 4: Scatter plot of ψ2 in the ergodic dsitribution for γ = 0.005 (left) and γ = 0.10
(right)

17



20 40 60 80 100 120 140

-0.6

-0.5

-0.4

-0.3

-0.2

-0.1

0.0
mean_c

RE

20 40 60 80 100 120 140

-1.5

-1.0

-0.5

0.0
y

RE

20 40 60 80 100 120 140

-1.00

-0.75

-0.50

-0.25

0.00

mean_a

RE

20 40 60 80 100 120 140

-0.3

-0.2

-0.1

0.0

0.1

0.2

mean_en

RE

Figure 5: Impulse responses for aggregate consumption, output, capital and labor for γ =
0.005 (top) and γ = 0.1 (bottom) to a 1 standard deviation fall in productivity.

4 Robustness:

4.1 Extended forecasting function

We can also endow agents with a more complicated forecasting rule. To do this, we
amend the information function to be

I(a, ε,Ω) =

(
1, log

(∫
adµ(a, ε, ψ)/K̄

)
, log(θ), log

(∫
adµ(a, ε, ψ)/K̄

)
(a− ā),

log(θ)(a− ā), log

(∫
adµ(a, ε, ψ)/K̄

)
ε, log(θ)ε

)
.

This implies that when learning and forecasting their future marginal utility of saving agents
take into account how their individual states interact with aggregate variables. Doing so
captures the monotonic dependence of ψRE2 and ψRE3 on individual states observed in figure
1. Comparing impulse responses in figure 5 to 3 we see that even including just set of
interaction terms generates impulse response that almost exactly line up with those of the
rational expectations equilibrium.
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4.2 Robustness (other learning choices/calibrations)

There are a couple of things we can do here.

1. We essentially usedKt, θt in the information set. I think it is natural, as Alex suggested,
to do wt, rt instead.

2. We can also learn about the transition Etxt+1 = Pxt and then ψ
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