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Abstract

A majority of households in the US does not hold interest bearing

assets and their saving behavior is counter-cyclical. Using the Survey

of Consumer Finances, I document precautionary saving in the econ-

omy with a new measure, checking account balance to income ratio. I

find that (a) an augmented medium-scale NK model with a precau-

tionary saving motive can match this ratio well; (b) precautionary

saving lowers the relative importance of the direct effect of monetary

policy; (c) the precautionary saving mechanism leads to lower infla-

tion during economic recoveries; and (d) an extension with downward

rigid wages is able to produce an asymmetric response of the economy

to monetary policy in line with the recent literature.
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1 Introduction

This paper explores the importance of two empirical facts for monetary pol-

icy. First, only a minority of households own interest bearing, liquid invest-

ments such as bonds, stocks or money market mutual funds. Second, for

these same income groups, money demand is counter-cyclical and the check-

ing account serves as their main savings vehicle. Together, these two facts

contradict the dominant transmission channel of monetary policy in standard

macro models.

Typically, in a representative agent New Keynesian model, monetary pol-

icy works through the direct intertemporal substitution channel: Kaplan,

Moll and Violante (2016) find that this channel is responsible for up to 95%

of the total effect of policy changes. Furthermore, economists have long

known that representative agent models are inconsistent with both aggregate

data and household behavior. For example, Campbell and Mankiw (1990)

show that a model in which half of all agents are hand-to-mouth consumers

aligns best with aggregate data on consumption, income and interest rates.

Vissing-Jørgensen (2002) provides evidence that households who do not own

bonds or stocks do not react to interest rate changes. These results have not

gone unnoticed and most major models used by central banks and the OECD

feature some version of hand-to-mouth or borrowing-constrained agents.2

Yet, the clear counter-cyclical savings behavior of a large subset of house-

holds who also do not own financial wealth suggests that simply adding hand-

to-mouth consumers is not the answer. Intuitively, a given monetary policy

intervention is less effective in an economy in which a subset of agents does

not react to interest rate changes but at the same time, adjusts consump-

tion and saving in the opposite direction. For example, precautionary saving

amplifies recessions when households cut back consumption in response to

2Lindé, Smets and Wouters (2016) provide an overview of commonly used NK models
by institutions and lessons learned from the fit of these models during and after the Great
Recession.
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higher labor market risk. A monetary policy intervention that lowers inter-

est rates will then not change this response directly if households are not

exposed to short-term interest rates.

Therefore, I ask four questions: How prevalent is precautionary saving in

the data? How well does a New Keynesian model augmented with households

that save in response to labor market conditions match this data? To what

degree does the inclusion of these households change the transmission of

monetary policy? And, in an application, can these models address the

recent issues of a persistently low inflation rate despite a near zero target

interest rate and thus seemingly low effectiveness of monetary policy?

Measuring precautionary saving is not straightforward. Kaplan and Vi-

olante (2014), Kaplan, Moll and Violante (2016) and many others solve non-

linear models to match the wealth distribution with different asset categories.

One drawback is that these models have a limited state space3 and the con-

tribution of portfolio reallocation, asset prices and precautionary saving over

the business cycle is hard to disentangle (as discussed in Kaplan, Moll and

Violante (2016)). Generally, these models also focus on the stationary equi-

librium or short time frames, such as the Great Recession

Carroll, Sommer and Slacalek (2012) estimate a partial equilibrium model

of bufferstock saving to match the time series of the aggregate saving rate

in the US economy and separate the contribution of unemployment risk,

wealth shocks and credit accessibility. They find that unemployment risk is

important for business cycle variation in the savings rate while wealth and

credit accessibility explain its long run trend.

I propose as a measure of precautionary saving that closely tracks volun-

tary saving over the business cycle the checking account balance to income

ratio. Disaggregated data from the Survey of Consumer Finances from 1989

to 2013 shows that most households do not own financial assets such as

3Kaplan and Violante (2014) fix the inflation rate, for example, though their goal is to
estimate the MPC in response to tax refunds and not monetary policy.
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bonds or stocks, but primarily have access to a checking account. For these

households, movements in this ratio over time will likely reflect a true sav-

ing motive. Sorting households by income quintile, I find that this ratio

divides the US population into three groups: The top 20% who do not dis-

play any business cycle pattern; the middle 30% whose ratio moves strongly

counter-cyclically; and households with a fairly stable, slightly pro-cyclical

ratio, the bottom 40%.4 The checking account balance to income ratio is a

simple quantitative statistic that can be used to validate the performance of

heterogeneous agent models over long business cycle frequencies.

Another recent study that aims to quantify precautionary saving is Krueger,

Mitman and Perri (2016). They use the change in consumption over the

change in income between 2006 and 2010 as an indicator for saving by in-

come quintile. A negative change in this ratio, however, is not the same

as precautionary saving and can reflect involuntary saving, such as forced

deleveraging or debt with variable interest rates, two common occurrences

over that period.

How well estimated general equilibrium models track precautionary sav-

ing is an open question. Bufferstock or precautionary saving5 amplifies busi-

ness cycle movements (Challe and Ragot (2016), Ravn and Sterk (2017),

Krueger, Mitman and Perri (2016)), is able to solve the forward guidance

puzzle in NK models (Mckay, Nakamura and Steinsson (2016)) and has strong

implications for the transmission of monetary policy (Werning (2015), Au-

clert (2017), Kaplan, Moll and Violante (2016)). Yet, of the two models that

are closest to this paper, Challe and Ragot (2016) use the ratio of consump-

tion of the bottom 60% to the top 40% as an estimation target and assume

4The lowest 10% have very volatile income and account balances and were excluded
from the sample.

5For the purpose of this paper these terms are interchangeable though technically they
represent two separate types of saving. The focus of this paper are models linearized
around the steady state and therefore saving is of the bufferstock type. The key determi-
nant of saving, however, is income / labor market uncertainty and intuitively saving can
be called precautionary.
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that agents save just enough to cover one period of consumption, whereas

Ravn and Sterk (2017) compare the vacancy rate in the model to the data

and find it to be a good match, but do not track saving explicitly.

To test how well these models of precautionary saving match the data,

as my benchmark case, I augment a standard medium scale New Keynesian

model in the mold of Smets and Wouters (2007) and Christiano, Eichen-

baum and Evans (2005) with the precautionary saving mechanism developed

by Carroll and Toche (2011). Wages are sticky and follow an exogenous

wage rule that creates involuntary unemployment. Agents are of two types:

traders who are insured against income loss through unemployment and lim-

ited agents that face an absolute income loss upon permanent unemployment.

This risk then gives rise to the precautionary saving motive for limited agents.

This benchmark model abstracts from any additional amplification mech-

anism such as wage bargaining, hiring frictions or government stabilizers.

Investigating the effect of an amplification mechanism is a worthwhile re-

search question in itself, yet any such extension should also be able to ex-

plain observed saving behavior. Comparing the savings ratio generated by

the benchmark model to the data will therefore provide important guidance

for further extensions.6

I find that saving in the benchmark model qualitatively tracks the data

well, and provides a quantitative match until about the mid 2000s. In the

run up to and aftermath of the Great Recession the implied saving ratio

is too large by several percentage points. This gap between observed and

implied saving shows (as many have before) how unique the last decade has

been from the perspective of the business cycle literature.

Next, I turn to the transmission mechanism of monetary policy in the

benchmark model. As a general result for models with incomplete markets,

Werning (2015) derives conditions that determine how the total effect of

6The two papers mentioned before incorporate a similar saving mechanism, but Challe
and Ragot (2016) do not discuss monetary policy, and Ravn and Sterk (2017) only use
labor as a factor in production.
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monetary policy varies in comparison to a representative agent model7. Yet,

the focus of this paper is not the total effect but the relative importance of

channels other than intertemporal substitution for the transmission of mon-

etary policy. A recent contribution to this literature is Auclert (2017) who

evaluates the amplification of monetary policy through three redistribution

channels if agents have heterogeneous marginal propensities to consume.8

The estimated benchmark model showcases a strong labor market channel

of monetary policy and the contribution of the direct effect of monetary

policy is reduced compared to an estimated representative agent version of

the model. Furthermore, the benchmark model relies less on nominal and real

frictions. In particular, capital adjustment cost and habit persistence, two

parameters that are necessary to prohibit excessive consumption smoothing

in a standard NK model are much lower. When the the labor market is kept

fixed at its steady state values, I find that the response of uninsured agents

to a monetary policy shock is several times smaller than in the benchmark

model with time varying unemployment risk. For insured agents, I find no

significant change in their response, in line with the criticism of Kaplan, Moll

and Violante (2016).

The benchmark model features segmented asset markets and is related

to the literature of Baumol-Tobin style models with monetary policy. These

models are able to generate persistent liquidity effects following interest rate

shocks even in the absence of nominal frictions (Alvarez, Atkenson and Ed-

mond (2009) and Khan and Thomas (2014)). While the saving mechanism is

fundamentally different from models with bufferstock saving, the addition of

segmented asset markets solves to a large degree the empirical issue raised by

Canzoneri, Cumby and Diba (2007), namely that representative agent model

7For example, if income, liquidity and borrowing constraints of heterogeneous agents
are proportional to output, the total effect of monetary policy will be the same, a result
that is true in my model.

8Another paper, Mckay, Nakamura and Steinsson (2016), shows that models of buffer-
stock saving can resolve the forward guidance puzzle, the excessive response of represen-
tative agent models to forward guidance over long time horizons.
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implied real interest rates are negatively correlated with aggregate, observed

real interest rates. I show that the real interest rate in the benchmark model

is markedly different from to the implied aggregate rate and moves in the

opposite direction at the onset and end of recessions. The resulting graph

looks remarkably similar to the figure in Canzoneri, Cumby and Diba (2007).

As an application, I investigate to what degree the benchmark model can

explain the occurrence of persistently low inflation since the Great Recession

despite a low interest rate and good economic growth. Compared to a rep-

resentative agent version of the model, a negative aggregate demand shock

that both lowers output and inflation implies a lower interest rate and longer

transition of inflation back to the steady state in the benchmark model. I

further show that this result is strengthened in an extension of the bench-

mark model with downward rigid nominal wages.9 In addition, investment

responds less to monetary policy in the extended model, a finding that is in

line with recent evidence on asymmetric monetary policy in Tenreyro and

Thwaites (2016).

The paper proceeds as follows: Section 2 discusses precautionary saving

in the data. The model is described in Section 3. The estimation results and

answers to the questions posed in the introduction are in Section 4. Section

5 concludes.

9I choose this extension because the literature has mostly focused on hiring frictions
and downward rigid nominal wages are one of the defining features of the last decade, see
Schmitt-Grohé and Uribe (2013).
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2 Household Data

Designing New Keynesian models with heterogeneous agents raises two em-

pirical questions: What fraction of households displays a precautionary sav-

ings motive? And, what metric can be used to evaluate whether such a model

captures the precautionary saving behavior of these consumers?

I use disaggregated data from the Survey of Consumer finances to answer

these questions. Three facts emerge: First, few households own assets with

interest rates that are closely linked to the Federal Funds Rate. Second, the

checking account is their main vehicle for liquid saving, and third, the savings

behavior of a large fraction of households, about 30% of the population, is

strongly counter-cyclical, especially during the Great Recession.

The triennial Survey of Consumer Finances (SCF) is a representative

survey of the financial position of all households in the United States. I

use data from the years 1989 to 2013, discard the top 5% of households by

net worth to remove outliers and restrict the sample to households age 22

to 7910. There are two benefits to exploring the question of precautionary

saving using SCF data. First, survey questions are consistent going back to

1989 and therefore yield a longer time series than other data sets. Second,

the SCF is very comprehensive and splits assets and liabilities into many

different categories such as checking account balance, bonds, stocks, car loans

and credit card debt. This disaggregation is not available in the Consumer

Expenditure Survey of the BLS nor the PSID.

In my analysis, I propose the average checking account balance to in-

come ratio as a measure of saving as it is more likely to track actual saving.

Changes in the consumption to income ratio, for example, do not neces-

sarily imply precautionary saving but can also reflect other forms of saving

such as involuntary deleveraging. Intuitively, households are less likely to

increase their checking account balance relative to income when they are

10I follow Kaplan and Violante (2014) in deciding on how to restrict the data
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forced to pay down debt or have to fulfill other financial obligations that

vary counter-cyclically with the business cycle. On the contrary, one would

expect households to decrease their checking account balance under those

circumstances. I therefore assume that an increase in the average checking

account balance to income ratio reflects voluntary saving out of current in-

come. Nevertheless, my findings are consistent with Krueger, Mitman and

Perri (2016) who use PSID and Consumption Expenditure Survey data to

measure household saving between 2006 and 2010 as changes in the ratio of

consumption over income.

2.1 Ownership of financial assets

Table 1 shows the percentage of households in the SCF that own either bonds,

stocks or invest into money market mutual funds by income quintile in the

year 200111, the year with the highest fraction of asset ownership for the top

four quintiles, see figure 1. Column two lists the medium income in each

quintile, and column three the number of households that hold any of these

investments in percent. The next two columns show the average investment

size for each quintile as well as the median investment. The last column

shows the amount invested by the 90th percentile within each quintile.

Two facts stand out: First, investment into bonds, stocks or money mar-

ket mutual funds increases with income, but even in the highest income

quintile, only about 50% of households hold these investments. Second, for

all but the highest income group, the amount invested even at the top within

each quintile is not very large. For example, in the lowest income quintile, the

average investment is $1697; but even the 90th percentile has an investment

of $0. Looking further up the income distribution, in the fourth quintile, of

which 31% of households hold investments, the amount invested by the high-

est ranked households in that quintile is relatively modest and just roughly

half of the quintile median income. Only for the highest income quintile do

11Most of this data was collected in the year 2000
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Table 1: Asset Holding by Income Quintile in 2001

Quint Med Inc Perct Owning Mean Asset Med Asset 90th Ptile

1 8741.14 6 1696.86 0 0

2 20858.90 14.1 4470.19 0 3400

3 34852.51 21.6 8252.77 0 12000

4 53451.36 31 12911.43 0 25000

5 94567.78 47 29704.99 0 90000

The percetage of households that hold investments in bonds, stocks or money
market mutual funds increases with income quintile, but is very low. Mean
total investments in these three categories never exceeds the median income
in each category. Data is taken from the SCF 2001.

financial investments represent a meaningful fraction of median income.

The data does not suggest that households who do not own financial

investments are not exposed to any interest rate at all. They have mortgages,

car loans, credit card debt and retirement accounts. The interest rates on

these common liabilities, however, move slowly and do not adjust quickly. For

example, it took several years at the zero lower bound for the average credit

card or mortgage interest rate to decrease by just one percentage point, as

shown in figures A.3 to A.5 in the Appendix. Secondly, retirement accounts

are often subject to penalties and households rarely use these for consumption

smoothing.12

2.2 Checking account balance

Virtually all households in the SCF own a checking account. Absent financial

investments, this account is the main savings vehicle. For the years 1989 to

2013, I compute the ratio of checking account balance to income for all income

groups except the bottom 10% who hold very little money in their checking

12Kaplan and Violante (2014) discuss why retirement accounts are not an important
vehicles of short-term saving.
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Figure 1: Financial asset ownership in percent by income quintile 1989 - 2013, SCF data

account and have volatile income.

I expect the movement of this ratio by income group over time to capture

whether or not households voluntarily save or dissave, as argued above. For

hand-to-mouth households, this ratio should stay roughly constant. Income

groups that engage in precautionary saving should see counter-cyclical move-

ments in this ratio, higher ratios around recessions and lower ratios during

expansions. For the highest income groups that hold financial investments,

the movement in this ratio is ambiguous since these households are more

likely to reallocate their portfolio regularly.

The SCF does not disclose payment frequency and I use total quarterly

income (reported total yearly income divided by 4), the usual time period

in NK models as denominator. Checking account balance is the average
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Figure 2: Checking account to quarterly income ratio by income group, 1989 - 2013, SCF
data

monthly balance of the month prior to the survey response date and includes

all checking accounts held by a household.

Using the average checking account balance to quarterly income ratio, all

remaining households in the SCF can be divided into three groups by income:

the bottom 40% households, the middle 30% and the top 20%. These are

shown in figure 2. The only movement in the checking account balance to

quarterly income ratio that all the groups have in common is a strong upward

movement since the Great Recession.

Apart from this common movement, these three groups behave very dif-

ferently. The bottom 40% have a fairly stable ratio. In contrast, the middle

30% of households display a ratio that moves counter-cyclically. It is low in

the 1990s and increases towards and after the recession and jobless recovery

of the early 2000s. Then, during the economic and housing boom of the mid

2000s, their ratio drops sharply, only to increase again in the year 2010 and
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2013, following the Great Recession. Lastly, for the top 20% of the income

distribution this ratio is continuously increasing, albeit at a faster pace since

the financial crisis. This result is robust to the exclusion of households that

own financial investments, see figure A.2 in the Appendix.

The advantage of using disaggregated SCF data becomes clear when liq-

uid assets are added to checking account balances, the only category of liquid

investment in the PSID, for example. Figure A.1 in the Appendix shows how

the few households that own these investments dominate the ratio after ag-

gregation by income group. The variation in the stock market, especially

around the year 2000, and thus asset value to income ratio for those house-

holds who own stocks at that time dwarfs the movement of savings in checking

accounts of all other households. The information on the saving behavior of

all other households is therefore lost after averaging across households by

income quintile.

Together, the observation that most households do not own liquid finan-

cial assets, that interest rates on common liabilities adjust slowly to Federal

Funds Rate changes and the clear division of households into three groups by

the average checking account balance to income ratio justifies the extension

of the canonical New Keynesian model with limited participation in asset

markets and labor market risk for a subset of agents.

3 The Model

I extend a standard medium scale New Keynesian model similar to Smets

and Wouters (2007) and Christiano, Eichenbaum and Evans (2005) in two

ways to capture the low ownership of liquid investments and strong counter-

cyclical savings behavior in the data. First, I add an exogenously sticky

wage equation that sets the wage above the market clearing level and creates

involuntary unemployment. Second, on the demand side, there are two types

of households, traders, fraction np of all households, and non-traders, 1−np.
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The setup for traders is similar to the standard representative agent in

NK models. They invest into bonds and capital, are subject to investment

adjustment cost and choose capital utilization. All traders belong to a large

family and are insured against the loss of income in case of unemployment.

Non-traders, on the other hand, only participate in the bond market and

are subject to irreversible unemployment risk. Unemployment implies zero

income until death. These agents’ only option is to consume their savings

when unemployed. The risk of unemployment thus creates a precautionary

saving motive. These limited agents are modeled following Carroll and Toche

(2011).

On the supply side, a competitive final goods firms aggregates intermedi-

ate goods into one final good. Intermediate goods are produced by a contin-

uum of monopolistic firms that employ labor and capital services. Prices are

set according to Calvo (1983) and indexed to inflation in periods in which

an intermediate firm cannot adjust its prices. A monetary policy rule and

passive government expenditure equation close the model.

All derivations are detailed in Appendix A.3.

3.1 Final Goods Firm

The final goods firm aggregates the intermediate products into one final good.

Each intermediate good is sold at price Pt(j) and the final good has price Pt.

The production function is

yt =

(∫
yt(j)

ε−1
ε dj

) ε
ε−1

Cost minimization gives the demand function for intermediate good yt(j)

and an expression for the aggregate price level Pt, where ε is price elasticity

of demand for good j:

yt(j) =

(
Pt(j)

Pt

)−ε
yt (1)
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Pt =

(∫
Pt(j)

1−ε
) 1

1−ε

(2)

3.2 Intermediate Good Firms

A continuum of identical intermediate good firms use utilized capital K̂t(j)

and effective labor N̂t(j) (both defined further below) as well as technology

At to produce output yt(j). They minimize cost and maximize profit by

choosing the optimal inputs and price Pt(j) given the demand function (1)

and factor prices. Price setting follows Calvo (1983). Firms can reset their

prices with probability 1 − φ every period. Prices that are not reset are

indexed to the inflation rate. The production function is:

yt(j) = AtK̂t(j)
αN̂t(j)

1−α

where α is the share of capital in production.

Cost minimization given factor prices and subject to the demand function

of the final goods producer leads to the following first order conditions:

wt = mct(j)(1− α)yt(j)N̂
−1
t (j)

Rt = mct(j)αyt(j)K̂
−1
t (j)

(3)

wt and Rt are the real factor prices and mct is the real marginal cost of

producing one extra unit of output.

Under Calvo pricing, firms can reset their price Pt(j) with probability

(1 − φ) every period. Conversely, with probability φ, prices are indexed to

lagged inflation (π
ξp
t−1) where ξp ∈ [0, 1]. Intermediate firms are owned by

traders and future profit is discounted by their stochastic discount factor

βs λt+s
λt

, defined in equation 14 below. Intermediate firms maximize expected

future profit given the demand function by choosing the optimal price Pt(j):
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max
Pt(j)

Et
∞∑
s=0

(βφ)s
λt+s
λt

(
π
ξp
t−1,t+s−1Pt(j)

Pt+s
yt+s(j)−mct+s(j)yt+s(j)

)

s.t. yt(j) =

(
Pt(j)

Pt

)−ε
yt

The optimal price, written in terms of optimal price inflation is:

π#
t =

ε

ε− 1

B̂t

Ât
πt (4)

where

Ât = λtyt + βφπ
(ε−1)
t+1 π

ξp(ε−1)
t EtÂt+1

B̂t = λtmctyt + βφπεt+1π
−εξp
t EtB̂t+1

As usual, without the Calvo friction, φ = 0 implies that firms choose

prices above nominal marginal cost inflation.

Since all intermediate firms are homogeneous, we can integrate across all

intermediaries to get aggregate output yt

yt =
AtK̂

α
t N̂

1−α
t

vpt
(5)

where vt is a measure of price dispersion:

vpt = πεt

(
(1− φ)(π#

t )−ε + π
−ξpε
t−1 φv

p
t−1

)
3.3 Labor market

The link between precautionary saving and the labor market is created via

an exogenous sticky wage equation and involuntary unemployment. There

is no leisure-labor decision. Both types of households work full time when

employed, and do not work any hours when unemployed. Traders, however,
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are more efficient than non-traders and provide η > 1 labor per agent. η

both reflects the fact that traders earn higher income in the data and hold

more wealth. Firms cannot discriminate between workers and, by the law of

large numbers, employ both types in the same proportion. Traders earn a

wage of ηwt, and limited agents wt
13.

The exogenous wage rule is adaptive, as proposed by Hall (2005) and an

average between last period’s wage and a fixed wage parameter w̄. The latter

is multiplied by an adjustment factor which varies with the tightness of the

labor market and is subject to a wage shock ez
w
t . In the literature, this wage

parameter is usually taken as a short-cut around wage bargaining and equal

to the outcome of some bargaining process (see for example Blanchard and

Gaĺı (2010)). Here, absent a labor-leisure decision, this wage parameter is

calibrated to yield the targeted unemployment rate in steady state by setting

the wage above the marginal cost. In real terms, the wage rule is as follows:

wt =

(
wt−1

πt

)γw (
w̄ez

w
t

[
nt
nss

]φw)(1−γw)

(6)

where the parameter φw ≥ 0 determines by how much the wage adjusts

to labor market conditions, and γw ∈ [0, 1] the inertia in nominal wages. If

γw = 1, nominal wages are perfectly sticky.14 The larger φw, the more does

the wage react to labor market tightness.

The wage shock follows:

zwt = ρwz
w
t−1 + εwt (7)

Given the assumption of non-discriminatory hiring by firms above, unem-

ployment is equally split between both traders and limited households. The

fraction of limited, unemployed households is nut = uratet(1− np) and given

13The setup of the labor market is very close to Challe and Ragot (2016) but I abstract
from hiring frictions.

14I explore the importance of rigid nominal wages in an extension at the end of the
paper.
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recursively by

nut = (1− σd)nut−1 + σut n
e
t−1 (8)

where σd is the fixed death probability of unemployed agents15, σut the

probability of unemployment at the beginning of period t and net−1 the share

of limited, employed workers at the end of period t−1. The firm FOCs yield

labor demand and thus unemployment. Given unemployment, equation (8)

determines σut . Traders are insured against unemployment in large families

and the share of unemployed traders is given by: uratetnp. Together, limited,

employed households and traders provide aggregate, effective labor N̂t:

N̂t = net + npη(1− uratet) (9)

and the total labor supply is

Nt = net + np(1− uratet) (10)

3.4 Traders

Traders are similar to the standard representative agent setup in NK models

as in Christiano, Eichenbaum and Evans (2005) and Smets and Wouters

(2007). I assume that these agents belong to one large family, fraction np of

all agents, and within that family are fully insured against unemployment.

The family head maximizes utility by choosing consumption, investment,

capital utilization, next period’s capital stock and saving in real bonds. When

employed, an agent provides labor of 1 and 0 otherwise.

Investment is subject to quadratic investment cost St(It, It−1) when τ > 0

which is paid in consumption units for changes in the level of investment per

unit of investment, and includes an investment adjustment cost shock ez
I
t .

These cost are modeled as in Christiano, Eichenbaum and Evans (2005).

15σd can be thought of as the hiring probability.
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Existing capital depreciates at rate δK . Investment per period is thus given

by:

Kt+1 − (1− δK)Kt = ez
I
t

(
1− τ

2

(
It
It−1

− 1

)2
)
It (11)

Cost shock zIt evolves according to the following process:

zIt = ρIz
I
t−1 + εIt (12)

Investment cost play a key role in representative agent NK models and as

I will discuss later, one implication of adding households with a precautionary

saving motive is that the importance of these costs decreases substantially.

Capital Kt is utilized at rate ut to yield effective capital K̂t = utKt.

Utilization cost ηK(ut) are paid in consumption units and are calibrated such

that in steady state the utilization rate is uss = 1 and cost are ηK(uss) = 0.

In addition, ηK
′
(uss) > 0 and ηK

′′
(uss) > 0. The functional form follows

Christiano, Trabandt and Walentin (2010), chapter 7.

ηK(ut) = χ1(1− ut) +
χ2

2
(ut − 1)2 (13)

Traders maximize utility given prices, bond holding from last period, the

capital stock, the previous level of investment, the previous level of consump-

tion as well as the level of employment (in real terms):
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Vt = max
ct,It,ut,bt+1,Kt+1

ln(ct − bct−1) + βEtVt+1

subject to

ct + It + bt+1 ≤ RtutKt + wtωNt − η(ut)Kt + (1 + rit)
1

πt
bt +

1

np

Πt

Pt
+ TGt

Kt+1 − (1− δK)Kt = ez
I
t

(
1− τ

2

(
It
It−1

− 1

)2
)
It

Nt = (1− uratet)

where, b is the consumption habit parameter, Πt is the profit of the

intermediaries, (1 + rit) is the nominal interest rate, TGt are real lump sum

taxes and bt are real bonds.

Let λt and µt be the multipliers on the budget constraint and capital

accumulation equation. The optimality conditions are:

λt =
1

ct − bct1
− βEt

[
1

ct+1 − bct

]
(14)

Rt = χ1 + χ2(ut − 1) (15)

λt = (1 + it)βEt
[
λt+1

1

πt+1

]
(16)

λt = µte
zIt

((
1− τ

2

(
It
It−1

− 1

)2
)
− τ It

It−1

(
It
It−1

− 1

))

− βEt
[
µt+1z

I
t+1τ

(
It+1

It
− 1

)
I2
t+1

I2
t

] (17)

µt = βEt
[
λt+1 (Rt+1ut+1 − η(ut+1)) + µt+1(1− δK)

]
(18)

Equation 14 is the stochastic discount factor. Since traders are also firm
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owners, this SDF was used in the optimization problem of intermediaries.

Equation 15 shows the role of capital utilization. Utilization rate adjustments

alleviate the effect of interest rate shocks on the return on capital services.

Equation 16 is the Euler Equation. And the last two equations are the

optimality conditions for investment and capital utilization.

3.5 Employed, limited agents

Limited households are a fraction (1 − np) of all households and split into

employed and unemployed agents. Their two defining features are that they

can only save in riskless bonds and face uninsurable unemployment risk.

Employed agents are assigned to large families16 when they are born and

share income and assets. A family head maximizes the utility of all agents

and assigns each member a level of consumption and saving. If an agent

becomes unemployed, however, it must take its savings and leave the family.

Once unemployed, labor income is zero and agents consume their savings

until they die with probability σd. This risk of unemployment and zero

income gives rise to the precautionary saving motive.

The employed agent problem has a family level wealth state variable Xe
t ,

after the labor market transitions have occurred. Since there are infinitely

many employed and newborn agents, the rates of loss of agents to unemploy-

ment and the allocation of newborn workers to families are the same across

all families by the law of large numbers. While nut and net can vary over time,

the total fraction of limited agents is constant at 1− np.
The choice variables for the family head are per-member (lowercase)

wealth, xet , and consumption, cet . Employed workers supply one unit of labor

inelastically. The law of motion for real pooled resources takes into account

the wealth inflows and outflows in the labor market transition stage at the

16This assumption solves the aggregation problem with different cohorts of limited,
employed households.

20



beginning of the period:

Xe
t = (1− σut )net−1

1

πt
(1 + it−1)xet−1 +Du

t (19)

where the first term on the right determines the outflow of resources that

unemployed workers take with them, and Du
t is the transfer of wealth from

newly deceased unemployed agents to newborn, employed workers.

The family head then solves the following problem (in real terms):

V e
t = max

cet ,x
e
t

net ln(cet ) + βeE
[
V e
t+1 + σut+1n

e
tV

u
t+1

]
subject to

net (c
e
t + xet − TGt ) ≤ Xe

t + netwt

Xe
t+1 = (1− σut+1)net

1

πt+1

(1 + it)x
e
t +Du

t+1

xet ≥ 0

(20)

where TGt is a lumpsum tax. Assuming that the BC constraint holds with

equality, that xet > 0 and substituting for Xe
t , the first order conditions and

envelope conditions are:

∂V e
t

∂cet
= net

1

cet
− netλt = 0

∂V e
t

∂xet
= −netλt + βeEt

[
∂V e

t+1

∂xet
+ σut+1n

e
t

∂V u
t+1

∂xet

]
= 0

∂V e
t

xet−1

= λt(1− σut )net−1

1

πt
(1 + it−1)

∂V u
t

∂xet
=

1

cut

1

πt
(1 + it−1)

Where the last envelope condition is given by equation (55) in the ap-

pendix of the problem for unemployed agents. Iterating forward the envelope

conditions and substituting we get:
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λt =
1

cet

netλt = βe(1 + it)Et
[
λt+1(1− σut+1)net

1

πt+1

+ σut+1n
e
t

1

cut+1

1

πt+1

]
which together give the Euler Equation for employed, limited households:

1

cet
= βe(1 + it)Et

[
(1− σut+1)

1

cet+1

1

πt+1

+ σut+1

1

cut+1

1

cπt+1

]
(21)

As long as Etβe 1
πt+1

< 1, absent the unemployment probability, impa-

tience implies consumption up to the borrowing limit of xet = 0. The prob-

ability of unemployment next period, however, creates a savings motive to

avoid a potential consumption level of zero. This target savings level depends

on the unemployment probability, expected length of unemployment, as well

as income, the discount factor and expected inflation.

3.6 Unemployed, limited Households

Unemployed households face fixed death probability σd, do not receive any

income and only consume their savings. These unemployed households solve

the following problem:

V u
t = max

cut ,x
u
t

ln(cut ) + βe(1− σd)EV u
t+1

subject to

cut + xut ≤
1

πt
(1 + rit−1)xut−1

xut ≥ 0

(22)

where xut are real savings in bonds in period t and there is a no-borrowing

limit. In the initial period of unemployment xut−1 = xet−1. Taking FOCs17

17A binding no-borrowing constraint implies zero consumption.
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yields the Euler Equation:

1

cut
= βe(1− σd)(1 + rit)Et

[
1

cut+1

1

πt+1

]
(23)

From the Euler Equation and the lifetime budget constraint, the perfect

foresight solution becomes:

cut = (1− βe(1− σd))
1

πt
(1 + rit−1)xut−1 = ku

1

πt
(1 + it−1)xut−1 (24)

Thus, unemployed households consume a constant fraction of their in-

come.

3.7 Aggregate unemployment variables

Aggregate dynamics are described by three variables: consumption, C̄u
t , sav-

ing, S̄ut , and transfers from the deceased households, D̄u
t .

Consumption consists of the newly unemployed agents’ consumption (no

death probability in first period) and consumption of the surviving, previ-

ously unemployed agents.

C̄u
t = σut n

e
t−1c

u
t + (1− σd)ku 1

πt
(1 + rit−1)S̄ut−1 (25)

Aggregate saving combines the saving of the newly unemployed with the

saving of the surviving unemployed:

S̄ut =
1

πt
(1 + rit−1)(1− ku)

(
xet−1n

e
t−1σ

u
t + (1− σd)S̄ut−1

)
(26)

And, lastly, transfers are the real savings of the deceased agents, out of

the group of previously unemployed households:

D̄u
t = σd

1

πt
(1 + rit−1)S̄ut−1 (27)
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3.8 Monetary Policy and Government

Monetary policy follows a Taylor rule that reacts to deviations of inflation

from the target of steady state inflation and to economic growth (see e.g.

Guerrieri and Iacoviello (2017)).

(1 + rit) = (1 + rit−1)rR
(
πt
πSS

)(1−rR)rπ ( yt
yt−1

)(1−rR)ry

(1 + riSS)1−rRεr,t (28)

where εr,t is the monetary policy shock.

Government spending is an exogenous fraction of output:

Gt = ωtyt

where ωt is follows an AR(1) process:

ωt = ρgωt−1 + (1− ρg)ω̄ + εGt

The government levies lumpsum taxes on traders and employed, limited

households according to a balanced budget rule:

Gt = netT
G
t + npT

g
t (29)

3.9 Aggregation and Equilibrium

In equilibrium, effective labor and capital markets clear:

N̂t = net + (1− uratet)ηnp
K̂t = nputKt

The bond market clears:

netx
e
t + Sut = npbt+1
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The aggregate resource constraint is:

yt = Gt + netc
e
t + Cu

t + np(ct + It + ηK(ut)Kt)

The law of motion for capital is

Kt+1 − (1− δK)Kt = ez
I
t

(
1− τ

2

(
It
It−1

− 1

)2
)
It

The law of motion for the fraction of limited, unemployed agents is:

nut = (1− σd)nut−1 + σut n
e
t−1

Inflation is given by

π1−ε
t = (1− φ)π

#(1−ε)
t + φπ

ξp(1−ε)
t−1

where π#
t is defined in equation (4).

The real wage is determined by the wage equation:

wt =

(
wt−1

πt

)γw (
w̄ez

w
t

[
nt
nss

]φw)(1−γw)

(30)

The shock processes are:

zIt = ρIz
I
t−1 + εIt

zwt = ρwz
w
t−1 + εwt

ωt = ρGωt−1 + (1− ρG)ω̄ + εGt

At = ρAAt−1 + (1− ρA)Ā+ εAt

(31)

Therefore, an equilibrium in this economy is a set of value and policy

functions, a set of prices and a set government policies, such that given prices

and state variables, (1) the policy functions solve the household problems of

traders, limited and employed as well as limited and unemployed households,
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(2) firms maximize profits, (3) the bond, labor and capital markets clear, (4)

wages are set according to the wage rule, and (5) government policy is given

by the balanced budget equation and monetary policy rule.

4 Estimation and Results

In this section, I estimate the benchmark model and answer the questions

listed in the introduction: How well does a precautionary saving model match

the observed saving pattern in the data? How does the inclusion of house-

holds that engage in precautionary saving change the transmission of mon-

etary policy? What are the implications for monetary policy? And, can a

model of precautionary saving explain the sluggish inflation rate and seem-

ingly low effectiveness of monetary policy since the financial crisis?

4.1 Calibration and Estimation

Table 2: Calibrated parameters

parameter description value target

πss steady state inflation 0

σd death probability 0.6011 mean unemployment duration

β discount factor traders 0.9904 quarterly interest rate

βe discount factor limited 0.96 closed match of SCF chkg-inc

ratio

α share of capital in production 1/3

χ1 capital utilization parameter 0.0297 uss = 1

χ2 capital utilization parameter 0.01 Christiano et.al. 2005

δK capital depreciation rate 0.02

εp price elasticity of demand 10

np share of traders 0.4 SCF data, see section 2

w̄ log wage parameter 0.6456 average unemployment

ω share of government 0.2 Christiano et.al. 2005

η wage premium 1.5 Challe and Ragot (2016)
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The model is estimated using five quarterly time series from the end of

the Volker period in 1982Q2 until 2017Q1. To examine how well this model

with uninsurable labor market risk and precautinary saving can match the

data I will compare the model implied checking account to quarterly income

ratio of limited, employed households to the data points in the SCF for the

middle 30% of households by income, as outlined in the data section.

The five time series used in the estimation procedure are the change in

real investment per capita, the change in real output per capita, the inflation

rate, the secondary market 3-month T-Bill rate18 and the unemployment

rate. The time series are described in detail in section A.7.

The parameters of this model are grouped into two categories: calibrated

parameters and estimated parameters. Table 2 lists the calibrated parameters

and the targets used. The model is linearized around a zero inflation steady

state. α is set to 1/3, the quarterly depreciation rate is 2% and the price

elasticity of demand equal to 10. These four values are commonly used in

the NK literature. The death probability of unemployed agents, σd is chosen

to match the average unemployment duration in quarters. The real interest

rate pins down the discount factor of traders, β. The capital utilization

parameters are chosen to set capital utilization to 1 in steady state. This

calibration implies χ1 = 0.0297. Since χ2 is problematic to estimate and not

the focus of this paper, I take the value of 0.01 from Christiano, Eichenbaum

and Evans (2005). The wage parameter w̄ is implied by the steady state

unemployment rate. Given the steady state unemployment rate and death

probability, the law of motion for limited, unemployed agents, equation (8),

implies an unemployment probability around 4%. Both the calibrated death

probability and implied unemployment probability are in line with Shimer

(2005).

18A drawback of this estimation method is that the ZLB is matched by a series of
unexpected shocks to the Taylor Rule and households do not expect the interest rate to
stay at that level. This approach has been used by other papers as well, see Challe and
Ragot (2016).
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The fraction of limited agents is 60% given the relative proportions of the

middle and high income groups in the data. The wage premium is set to

1.5 following Challe and Ragot (2016). Lastly, the discount factor of limited,

employed agents, βe, is difficult to pin down since SCF data on saving is

only available every three years, starting in 1989. Matching the average

checking account balance to income ratio for that period leads to a discount

factor of 0.945. Following the estimation, however, the model implied path

of this ratio is quantitatively too low. I thus choose a discount factor of 0.96

which leads to a close match between the model ratio and SCF data. This

adjustment does not alter the qualitative result but increases the amount of

saving at every point in time by roughly the same amount, as shown in figure

A.6 in the Appendix.

Table 3: Estimated parameters

Parameters Prior [bound] Mode Posterior

Model Description 10% Median 90%

γw wage inertia beta [0.5,0.1] 0.7708 0.7339 0.7712 0.8040

φw wage adjustment gamma [1,0.2] 1.2614 1.1053 1.2930 1.5191

b habit persistence beta [0.7,0.1] 0.5389 0.3973 0.5144 0.6389

τ investment cost normal [1,0.5] 1.0047 0.7909 1.0996 1.4462

φp calvo probability beta [0.5,0.1] 0.6746 0.6365 0.6659 0.6924

ζp inflation index beta [0.5,0.2] 0.1386 0.0804 0.1739 0.2957

φy output Taylor normal [0.125 0.05] 0.2094 0.1558 0.2133 0.2694

φπ inflation Taylor normal [1.5,0.1] 1.8635 1.7821 1.8746 1.9843

ρi inertia Taylor beta [0.9,0.05] 0.7803 0.7531 0.7786 0.8016

ρw AR(1) wage shock beta [0.9,0.05] 0.9242 0.8455 0.9158 0.9606

ρa AR(1) TFP shock beta [0.9,0.05] 0.9535 0.9291 0.9532 0.9698

ρg AR(1) gov shock beta [0.9,0.05] 0.9744 0.9637 0.9731 0.9806

ρz AR(1) invest cost shock beta [0.9,0.05] 0.9129 0.8856 0.9086 0.9309

σw sd wage shock inv gamma [0.01,0.002] 0.0520 0.0460 0.0529 0.0602

σi sd Taylor shock inv gamma [0.002,0.002] 0.0015 0.0014 0.0015 0.0017

σa sd TFP shock inv gamma [0.01,0.002] 0.0052 0.0048 0.0052 0.0056

σg sd gov shock inv gamma [0.01,0.002] 0.0071 0.0065 0.0072 0.0079

σz sd invest cost shock inv gamma [0.01,0.002] 0.0137 0.0124 0.0143 0.0166
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The estimated parameters are shown in table 3. The third column details

the prior distribution and parameters, while the last four columns show the

estimation results. The estimated parameters align well with the literature.

There are two prominent exceptions, however, which are the key difference

between the benchmark model and canonical NK models: the capital adjust-

ment cost parameter and the habit parameter. Both are markedly lower in

the benchmark model. Furthermore, the benchmark model allows for more

price and wage flexibility. These results indicate that the transmission mech-

anism of monetary policy does not solely work through the intertemporal

substitution channel here. I will return to this issue after first evaluating

how well the benchmark model can match the observed data on precaution-

ary saving.

4.2 Model implied saving

The benchmark model fits the data on precautionary saving quantitatively

well until the mid 2000s but overestimates the savings ratio in the run up

to and time since the Great Recession. Across all available years, however,

the same trend in savings is clearly visible in the model implied savings ratio

and the SCF data.

Following the discussion in part 2, I compare the model implied average

checking account balance to quarterly income ratio of the limited, employed

households to the values derived from the Survey of Consumer Finances for

the middle income group of households. For the model outcome, I use end-

of-period savings per agent xet divided by 2 over wage income wt as target

variable:

chkinct =
xet
2

wt

I retrieve the time series for this savings ratio by feeding the shocks that

were extracted at the estimation stage back into the model. From the SCF I
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Figure 3: Comparison of model implied checking account balance to income ratio vs. SCF
data, period 1982Q2 to 2017Q1.

take the values calculated in the data section which are available every three

years for the period 1989 - 2013.

The resulting comparison is shown in figure 3. The model matches the

long-run business cycle variation of savings quite well. The drop in savings

during the 1990s and eventual increase around the dotcom bust and following

short recession as well as the decrease during the housing boom and sharp

increase during and after the Great Recession are clearly visible.

In addition, during the nineties and up until around 2004, the implied

savings ratio is quite close to the SCF data points. For the last 10 years of

the sample, however, the model implies a much larger magnitude of precau-

tionary saving, starting just before the Great Recession.

Two recent papers that estimate medium scale NK models with a pre-

cautionary saving motive are Challe and Ragot (2016) and Ravn and Sterk

30



(2017). Both papers include hiring cost which amplify the labor market

movements but in the case of Challe and Ragot (2016) the authors use the

ratio of consumption of the bottom 60% of households to the top 40% as a

target in their estimation while Ravn and Sterk (2017) compare the implied

vacancy rate to the data. The benchmark model, abstracting from any am-

plification mechanism already overestimates the amount of household saving.

One implication of my result is that the powerful feedback loop between labor

market outcomes and aggregate demand found by these two papers might be

overestimated.

Further evidence that this model fits the data better than a standard

representative agent model is the movement of the real interest rate. In

Appendix A.10 I show that this model is able to reproduce the result of

Canzoneri, Cumby and Diba (2007). The estimated real interest rate in this

model moves counter to the implied aggregate interest rate.

4.3 Transmission of Monetary Policy

The precautionary saving motive links consumption of limited, employed

agents to the labor market. This link breaks the dominance of the direct effect

of monetary policy via the intertemporal substitution channel in standard NK

models and strengthens the importance of the impact monetary policy has

on the labor market.

A strong indication of the strength of the indirect effect can be seen in the

estimated parameters of the benchmark model compared to a representative

agent version19 in which the share of limited agents is set to 0. Standard NK

models rely on strong real and nominal frictions to inhibit the consumption

smoothing motive of the representative agent. Capital adjustment costs and

consumption habits increase the cost of using capital to save and dissave,

see Rupert and Sustek (2016) for a detailed discussion. Furthermore, sticky

prices and wages prohibit the immediate response of prices to changes in

19See Appendix A.5 for a description of the model and the estimation result.
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monetary policy.

All of these frictions are lower and therefore less important in the esti-

mated benchmark model. The capital adjustment cost and habit parameters

are 1 and 0.54, respectively, compared to 1.6 and 0.78 in the representative

agent economy. Prices are also more flexible in the benchmark model. The

estimated calvo and inflation indexation parameters are 0.67 and 0.14, lower

than 0.7 and 0.07 in the representative agent model. The same is true for

wages. Nominal wage inertia is estimated at 0.77 and the labor market tight-

ness adjustment parameter is 1.26 in the benchmark economy, whereas these

are estimated at 0.8 and 1 in the representative agent model. Since both

models were estimated with the same data these results indicate that the

benchmark model relies less on frictions and more on an indirect transmis-

sion mechanism for monetary policy.

I highlight the relative importance of the indirect effect in two steps20:

First, the direct effect of monetary policy on limited, employed households

is given in figure 4. The IRFs depict the response to a monetary policy

shock for the benchmark model and an augmented benchmark economy in

which the non-interest income for limited, employed households is held con-

stant. Second, in figure 5 I compare the IRFs for a monetary policy shock in

the benchmark model and a cash version of the benchmark model in which

limited, employed households do not earn interest income.

The separation of the direct from the total effect of monetary policy for

limited, employed agents is clearly visible when all real non-interest income is

held constant. Specifically, government expenses and thus taxes, the unem-

ployment rate and real wages are fixed at their respective steady state values.

Figure 4 shows that the response of limited, employed agents is an order of

magnitude larger than the response of traders in this model and the response

of traders is very similar in both models, despite different paths of output and

20The result of Werning (2015) holds and the total effect of a monetary policy shock is
the same as in the representative agent model, see figure A.11 in the Appendix.
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Figure 4: Comparison of IRF after monetary policy shock in the benchmark model com-
pared with a fixed labor market. When labor income, unemployment and taxes are fixed,
only the interest rate channel remains. The response of limited, employed agents is very
different in this scenario while traders respond similarly in both models.

inflation, highlighting the strengths of the direct effect of monetary policy on

these agents.

The reaction of limited, employed agents shows that absent a change in

labor market risk, they increase their savings initially but following strong

deflation dissave their additional real savings. In the benchmark model that

includes labor market risk, the economy takes longer to return to the steady

state and the additional saving of limited agents decreases the initial drop

of inflation and associated drop in output (since real costs increase less for

firms that cannot adjust prices). The indirect effect softens the impact of

the direct effect and extends the transition back to the steady state.

To investigate how strongly the precautionary saving channel dominates
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Figure 5: Comparison of IRF after monetary policy shock in the benchmark model com-
pared to the cash model in which limited, employed households do not earn interest on
their saving. The IRF to a monetary policy shock are virtually identical and show that
the labor market channel dominates the interest rate channel for limited, employed house-
holds. Traders do not hold cash but invest into bonds instead, a condition that is verified
ex post.

the intertemporal substitution channel for limited, employed agents I com-

pare the benchmark model in which all agents earn interest on their savings

to a ”cash” model21 in which limited, employed agents save in cash which

does not earn interest22. Importantly, the interest rate is not part of the

Euler Equation for limited agents in the cash economy and they only react

to the path of inflation and the labor market. Figure 5 shows the IRFs fol-

lowing a positive shock to the interest rate for both models. These paths are

21Described in Appendix A.4.
22Since cash is dominated by bonds, traders do not invest into cash, a condition I

verify ex-post using the multiplier on the non-negativity constraint for cash savings. This
constraint is binding for traders but not binding for limited, employed households.
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virtually the same23.

The implication for monetary policy in a model with a strong indirect

transmission channel is that, following aggregate shocks, interest rate changes

need to overcome movements of demand into the opposite direction. For ex-

ample, if the economy is pushed into a recession through a aggregate demand

shock, an application I will look at in the next section, the response of mon-

etary policy has to be more forceful. The initial shock is amplified when

households increase savings in response to greater labor market uncertainty.

At first, only households that directly react to the interest rate will adjust

consumption and this adjustment has to be strong enough to cancel the am-

plified drop in demand.

4.4 Missing Inflation since the Great Recession

Inflation since the Great Recession has been persistently below the 2% tar-

get of the Federal Reserve Bank despite strong output growth and decreasing

unemployment. Evidence that the saving mechanism might play an impor-

tant role in answering this question can be seen in the data. Both middle

and low income households strongly increased their savings during and after

the Great Recession. Especially the data of the 2013 Survey of Consumer

Finances shows that even several years after the recession, household savings

were at a record high.

I simulate the Great Recession through a shock to government demand.

This shock both lowers output and inflation, and, intuitively, is a shift of the

aggregate demand curve to the left. In a model of precautionary saving, this

shift is amplified when households reduce consumption to save, in response

to an increase in the unemployment probability.

The optimal response of monetary policy is to lower interest rates to stim-

ulate household consumption and increase demand. The dominating indirect

effect of monetary policy on limited households’ savings behavior implies,

23Saving in the benchmark economy is higher in the steady state.
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Figure 6: Comparison of IRFs in benchmark and representative agent model after a government spending shock which
is both deflationary and reduces output. Both models use the same process for government spending and Taylor Rule.
The reduction in output causes a rise in unemployment and in turn increases savings. Despite similar paths for output
and unemployment, in the benchmark economy inflation drops more despite a lower interest rate. The benchmark interest
rate stays below the representative agent model rate until after output and unemployment return to the steady state.

however, that traders have to adjust consumption even more than in a rep-

resentative agent NK model to overcome the additional drop in aggregate

demand due to the precautionary savings motive. The lower the fraction of

traders in the economy, the more the target rate has to be adjusted. Figure 6

illustrates this effect. I compare IRFs of the estimated benchmark economy

to the estimated representative agent model24.

Following the same shock to government spending, the initial impact is

the same in both models. Output and unemployment follow similar transition

paths, but limited agents increase their savings in the benchmark economy.

The initial impact on inflation is therefore stronger despite a lower interest

24The parameters governing the AR process for government spending and the Taylor
Rule are the same and as estimated in the benchmark model to ensure that the comparison
is valid.
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rate. The optimal policy rate in the benchmark economy stays below the

representative agent model rate until after output and unemployment return

to the steady state.

The IRFs show that the precautionary saving channel is a promising can-

didate to explain the consistently low inflation rate since the Great Recession

as it aligns well with observed household saving behavior in the data and im-

plies both a lower inflation rate and lower interest rates. Other factors such

as the zero lower bound constraint on the ability to lower the target rate

as well as the strong increase in unemployment duration will amplify this

channel even more. Models with hiring frictions, however, also imply much

stronger precautionary saving during and after the financial crisis, and may

overestimate the saving response to the Great Recession. I therefore explore

a different extension of the benchmark economy, downward rigid nominal

wages.

4.5 Downward Rigid Nominal Wages

The benchmark model abstracted from any mechanism that would intensify

or weaken the precautionary saving channel. This abstraction allowed me to

analyze how the saving channel itself changes the workings of standard New

Keynesian models. I now extend the model with downward rigid nominal

wages, a defining feature of the data during the Great Recession in many

countries.25 This fact is important in the context of precautionary saving be-

cause the strength of saving motive increases with wage rigidity since more

rigid nominal wages lead to a larger variation in unemployment. The previous

discussion has shown that the effectiveness of a given monetary policy inter-

vention weakens the more households respond to labor market movements

and save. Downward rigid nominal wages therefore imply an asymmetric

response of the labor market and thus higher saving in downturns compared

to the benchmark model. In turn, one would expect monetary policy to be

25Schmitt-Grohé and Uribe (2013) provide a good overview.
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Figure 7: Comparison of IRFs in benchmark model and extended model with downward
rigid wages. The red line is identical to the IRFs of the benchmark model shown in figure
6. Nominal wages fall for 6 periods, and the economy follows the augmented model. Note
that the wage graph displays real wages. The black line, shows that the impact of the
constraint continues even after the constraint does not bind anymore. While the initial
impact on inflation is lower in the beginning, higher unemployment leads to more saving
and a longer and lower transition path of inflation during the recovery.

less effective during recessions. Empirical evidence in Tenreyro and Thwaites

(2016) supports this hypothesis.

To capture this asymmetry, I augment the benchmark economy with a

second wage equation that has a higher γAw = 0.95 parameter, compared to

the estimated γw = 0.7708. The higher this value, the more nominally rigid

is the wage. The augmented wage equation takes effect when nominal wages

are falling in the model, while the economy behaves as in the benchmark

model when nominal wages are rising. Apart from this change in the wage

parameter, the two economies are identical.

To solve the model under two different wage setting regimes, I use the
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method of endogenously binding constraints, developed by Guerrieri and Ia-

coviello (2015). An advantage of the piecewise linear solution method is

that it can accommodate a large state space. I exploit this feature to solve

the medium scale NK model under varying wage equations. The algorithm

switches between the two models based on whether the nominal wage is in-

creasing or decreasing. As shown in their paper, the solution of this algorithm

approximates closely the solution found using fully nonlinear models26.

Figure 7 shows the response of the extended and benchmark models to the

same government demand shock as in the previous section. The red, dotted

line is the same as shown in figure 6 for the benchmark model. The black

line depicts the response of the augmented model. Following a government

demand shock, nominal wages fall for 6 periods27 and the rigid wage equation

takes effect. The slower wage adjustment leads to higher unemployment and

saving, but the path of output is virtually identical28.

The largest difference between the benchmark model and the augmented

model is the path of inflation. While the initial drop is not as large as in the

benchmark economy, it now takes longer to return to the steady state and

at a lower level during the transition29.

A second difference between the benchmark economy and the extended

model is the path of investment. Even though interest rates are slightly

26One criticism of the piecewise linear solution method is that households do not expect
the change between models. This drawback might be problematic in the case of binding
borrowing constraints that affect household decisions directly, but is unlikely to change the
outcome in this model. Households never reach the borrowing constraint and households
do not take the effect of their decision making on wages into account directly. In addition,
Guerrieri and Iacoviello (2017) use this method to solve a model with an occasionally
binding leverage constraint and show that the piecewise linear solution approximates the
global solution well.

27See the bottom right graph in figure A.13.
28Since government spending is a share of output, the slightly different path of output

explain why the response of government spending is not exactly the same in both models.
29Interestingly, this result might be a compromise between economists that argue infla-

tion has not been low enough and economists who wonder why inflation is not higher, see
Hall (2011).

39



higher, investment is actually lower. Monetary policy is less potent in stimu-

lating investment during the simulated recession, in line with recent evidence

of asymmetric effects of monetary policy by Tenreyro and Thwaites (2016).

5 Conclusion

Standard New Keynesian models rely almost exclusively on the intertemporal

substitution channel which is responsible for 95% of the total effect of mon-

etary policy. The fact that most households do not own financial assets that

are directly exposed to the target interest rate and exhibit a counter-cyclical

saving behavior indicate that models of precautionary saving and incomplete

markets might resolve this issue.

I define as measure of precautionary saving the average monthly checking

account balance to income ratio and find that an estimated medium scale

New Keynesian model in which a large fraction of households are not insured

against permanent income loss through unemployment matches this statistic

well. I further show that in such a model the direct effect of monetary policy

is dominated by the state of the labor market for these agents. In a simulation

of the Great Recession, the benchmark model both implies a lower inflation

rate and longer transition back to the steady state compared to an estimated

representative agent version of the model. This result is strengthened when

the model is extended with downward rigid nominal wages.

Precautionary saving, therefore, is a promising extension of the canonical

NK model. The measure of precautionary saving presented in this paper can

be a valuable guide to evaluate how well other extensions can improve the

match between the model and data.

For example, one possible explanation of the low quantitative match be-

tween the model implied savings ratio and the data the last 10 years is

unemployment duration. As shown in figure A.7, average unemployment du-

ration is quite volatile, but fixed in the benchmark model. The model both
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implies a lower savings ratio in the mid-90s when unemployment duration

was above average and a higher savings ratio in the mid-2000s when unem-

ployment duration was low. In addition, the benchmark model presented

in this paper assumes that firms cannot discriminate between high and low

productive workers. Unemployment, however, increases much more sharply

for less productive workers and it takes longer for these jobs to reappear after

a recession.

Furthermore, Carroll, Sommer and Slacalek (2012) find that fluctuations

in net worth and access to credit are important determinants of the aggregate

savings rate, in addition to labor market risk. Few households in the data

hold liquid assets but house ownership and mortgage debt increased greatly

before the Great Recession. The house price boom and expanded subprime

mortgage sector in the mid 2000s would imply a much lower savings ratio

in that period as households bought real estate, while binding borrowing

constraints and leverage shocks can explain why this ratio did not increase

to the degree that the model suggests.

Another factor is the role of automatic stabilizers. During the Great Re-

cession, the Obama administration extended unemployment benefits from

26 weeks (depending on the State) to 99 weeks, see Rothstein (2011). A

combination of varying unemployment duration and unemployment bene-

fits might well explain why despite an increase in average unemployment

duration, savings did not increase as much as the benchmark model would

indicate. As Gaĺı, Vallés and López-Salido (2007) show, the presence of non-

Ricardian hosueholds strongly increases the effect of government spending

on consumption.

Beyond that, the extension of the benchmark model with downward rigid

nominal wages also fits the evidence on asymmetric effects of monetary policy

found by Tenreyro and Thwaites (2016).

Lastly, models with precautionary saving can potentially answer the issue

raised in King and Watson (2012), namely that traditional NK models have
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difficulty matching the inflation rate starting in the early 2000s and heavily

rely on cost shocks to do so. According to the Survey of Consumer Finances,

saving behavior became very volatile around that time compared to the 90s

and will therefore have impacted the inflation rate in a way that cannot be

captured with a representative agent model.
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A Appendix

A.1 Total liquid investments by income quintile

The following graphs shows the ratio of total liquid investment, average

checking account balance in the month prior to the survey date, as well as the

amount invested into stocks, bonds and money market mutual funds for the

same income groups as in the data analysis section. As figure A.1 shows, the

few households that own financial investments dominate after aggregation

and hide the business cycle variation in saving of all other households.

Figure A.1: Ratio of liquid investment to quarterly income. While few households hold any
such investments, their amount dwarfs the savings of all other households after aggregation
into income groups, and hides the business cycle variation of savings of households that
do not own any financial assets.

The results presented in section 2 are robust to the exclusion of households

that hold financial assets. The pattern of saving changes a bit, but not

fundamentally, as shown in figure A.2. The main difference is a stronger
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increase of saving for middle income households in the mid 90s, a period of

high unemployment duration.

Figure A.2: Average monthly checking account balance to quarterly income ratio excluding
households with financial assets.
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A.2 Interest Rates on illiquid debt

The following graphs show the distribution of interest rates on credit card

debt, car loans and mortgages paid by all households in the SCF for the

period of 2007 - 2013. For most of 2007, the Federal Funds target rate was

5.25% and it was lowered to 0-0.25% in December 2008.

The rates shown here were calculated based on SCF data. In the SCF, for

each household up to three mortgages, four credit cards and four car loans are

given, with the interest rate on each. I use the total amount outstanding and

the current annual rate at the time of the interview to generate a weighted

interest payment for all loans of the same type per household. To give a

simple example: two loans ($100,$20) with i-rate (10%,5%) and thus annual

payments ($10,$1). Then, total debt = $120, total payment = $11, weighted

i-rate = $11 / $120 * 100% = 9.17%.

What these graphs show is that despite a very low Federal Funds Rate,

rates paid by households only decreased slowly over a period of 6 years. While

investments that are directly exposed to the Federal Funds Rate might be

adjusted in response FFR changes, this kind of debt that usually constitutes

a large part of a household’s financial portfolio does not exhibit a strong

short-term reaction to the FFR. Household consumption therefore can be

assumed to respond less to FFR changes if they mainly hold this kind of

debt, in line with Vissing-Jørgensen (2002).
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(a) Interest Rate on Credit Card
Debt 2007

(b) Interest Rate on Credit Card
Debt 2010

(c) Interest Rate on Credit Card
Debt 2013

Figure A.3: Distribution of Interest Rates on Credit Card Debt 2007 - 2013 in SCF data
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(a) Interest Rate on car loans 2007 (b) Interest Rate on car loans 2010

(c) Interest Rate on car loans 2013

Figure A.4: Distribution of Interest Rates on car loans 2007 - 2013 in SCF data
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(a) Interest Rate on Mortgage
Debt 2007

(b) Interest Rate on Mortgage
Debt 2010

(c) Interest Rate on Mortgage
Debt 2013

Figure A.5: Distribution of Interest Rates on Mortgage Debt 2007 - 2013 in SCF data
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A.3 The Benchmark Model

A.3.1 Final Good Firms

The final goods firm aggregates the intermediate products into one final good.

Each intermediate good is sold at price Pt(j) and the final good has price Pt.

yt =

(∫
yt(j)

ε−1
ε dj

) ε
ε−1

Cost minimization gives the demand function for intermediate good yt(j):

min
yt(j)

(∫
Pt(j)yt(j)dj

)
− Pt

(
yt −

(∫
yt(j)

ε−1
ε dj

) ε
ε−1

)
(32)

∂

∂yt(j)
= Pt(j)− Pt

(
yt(j)

ε−1
ε
−1

(∫
yt(j)

ε−1
ε dj

) ε
ε−1
−1
)

= 0 (33)

Plugging back in the expression for yt gives:

Pt(j) = Ptyt(j)
− 1
ε y

1
ε
t (34)

Solving for yt(j) yields the demand function:

yt(j) =

(
Pt(j)

Pt

)−ε
yt (35)

To find an expression for the price level Pt, substitute the demand function

(35) back into the resource constraint:

yt =

∫ ((Pt(j)
Pt

)−ε
yt

) ε−1
ε

dj


ε
ε−1

=

((∫ (
Pt(j)

−ε) ε−1
ε dj

)
P ε−1
t y

ε−1
ε

t

) ε
ε−1

(36)

and solve for Pt
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yt =

(∫ (
Pt(j)

−ε) ε−1
ε dj

)
P ε
t yt

0 =

(∫ (
Pt(j)

−ε) ε−1
ε dj

)
P ε
t

Pt =

(∫
Pt(j)

1−εdj

)− 1
ε−1

which yields

Pt =

(∫
Pt(j)

1−ε
) 1

1−ε

(37)

A.3.2 Intermediate Good Firms

A continuum of identical intermediate good firms use utilized capital K̂t(j)

and effective labor N̂t(j) (both defined further below) as well as technology

At to produce output yt(j). They minimize cost and maximize profit by

choosing the optimal inputs and price Pt(j) given the demand function (1)

and factor prices . Price setting follows Calvo (1983). Firms can reset their

prices with probability 1−φ every period. Those who cannot optimize price

Pt(j) index their prices to the inflation rate. The production function is:

yt(j) = AtK̂t(j)
αN̂t(j)

1−α

where α is the share of capital in production.

Cost minimization given factor prices and subject to the demand function

of the final goods producer leads to the following first order conditions:

min
N̂t(j),K̂t(j)

PtwtN̂t(j) + PtRtK̂t(j)

s.t. AtK̂t(j)
αN̂t(j)

1−α ≥
(
Pt(j)

Pt

)−ε
yt

(38)

Forming the Lagrangian and maximizing the negative of the cost function:
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max
N̂t(j),K̂t(j)

Lt(j) = −PtwtN̂t(j)−PtRtK̂t(j)+Ptmct(j)

(
AtK̂t(j)

αN̂t(j)
1−α −

(
Pt(j)

Pt

)−ε
yt

)

where Ptmct(j) is the Lagrangian multiplier, i.e. the marginal cost of

producing one extra unit of output. wt and Rt are the real factor cost for

each input good.

The FOCs are, in real terms (dividing by Pt):

∂

∂N̂t(j)
= −wt +mct(j)(1− α)ytN̂

−1
t (j) = 0

∂

∂K̂t(j)
= −Rt +mct(j)αytK̂

−1
t (j) = 0

(39)

The real marginal cost is thus the ratio of the real wage to the marginal

product of labor. Under competitive markets, this cost is equal to 1.

Total cost of production:

N̂t(j)wt + K̂t(j)Rt = mctyt(j)

Profit for each intermediary thus given by

Πt(j) =
Pt(j)yt(j)

Pt
−mct(j)yt(j) (40)

Under Calvo pricing, firms can reset their price Pt(j) with probability

(1 − φ) every period. With probability φ, prices can only be adjusted by

an inflation index. This indexation to lagged inflation (πt−1)is governed by

parameter ξp ∈ [0, 1]. Intermediate firms are owned by traders and future

profit is discounted by their SDF βs λt+s
λt

, defined in the household problem

below. Intermediate firms maximize expected future profit given the demand
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function:

max
Pt(j)

Et
∞∑
s=0

(βφ)s
λt+s
λt

(
π
ξp
t−1,t+s−1Pt(j)

Pt+s
yt+s(j)−mct+s(j)yt+s(j)

)

s.t. yt(j) =

(
Pt(j)

Pt

)−ε
yt

(41)

Substituting for yt+s(j), the problem becomes (and splitting it into two

terms to make it easier to read):

max
Pt(j)

Et
∞∑
s=0

(βφ)s
λt+s
λt

(
π
ξp
t−1,t+s−1Pt(j)

Pt+s

(
π
ξp
t−1,t+s−1Pt(j)

Pt+s

)−ε
yt+s

)

− Et
∞∑
s=0

(βφ)s
λt+s
λt

(
mct+s(j)

(
π
ξp
t−1,t+s−1Pt(j)

Pt+s

)−ε
yt+s

)

Simplifying:

max
Pt(j)

Et
∞∑
s=0

(βφ)s
λt+s
λt

(
π

(1−ε)ξp
t−1,t+s−1P

1−ε
t (j)P

−(1−ε)
t+s yt+s

)
− Et

∞∑
s=0

(βφ)s
λt+s
λt

(
mct+s(j)π

−εξp
t−1,t+s−1P

−ε
t (j)P ε

t+syt+s

)
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Taking the FOC with respect to Pt(j) results in:

∂

∂Pt(j)

= (1− ε)P−εt (j)Et
∞∑
s=0

(βφ)s
λt+s
λt

(
π

(1−ε)ξp
t−1,t+s−1yt+sP

−(1−ε)
t+s

)
+ εP−ε−1

t (j)Et
∞∑
s=0

(βφ)s
λt+s
λt

(
mct+s(j)π

−εξp
t−1,t+s−1yt+sP

ε
t+s

)
= 0

(42)

Next, multiply by λt and divide by P−εt (j):

(1− ε)At + εP−1
t (j)Bt(j) = 0

where

At = Et
∞∑
s=0

(βφ)s λt+s

(
π

(1−ε)ξp
t−1,t+s−1yt+sP

−(1−ε)
t+s

)
Bt(j) = Et

∞∑
s=0

(βφ)s λt+s

(
mct+s(j)π

−εξp
t−1,t+s−1yt+sP

ε
t+s

)
And finally solve for Pt(j)

ε

ε− 1

B(j)

A
= P#

t (j) (43)

Since the optimal choice for P#
t (j) does not depend on individual firm

characteristics j (mct(j) is the homogeneous across firms, as can be seen from

firm FOCs in equations (39)), it is the same for all intermediaries: P#
t .

Further, At and Bt can be written in recursive form (dropping j):

At = λtytP
ε−1
t + βφπ

ξp(1−ε)
t EtAt+1

Bt = λtmctP
ε
t yt + βφπ

−εξp
t EtBt+1
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Since the price level is not stationary, define Ât = At
P ε−1
t

and B̂t = Bt
P εt

:

We get:

Ât = λtyt + βφπ
(ε−1)
t+1 π

ξp(ε−1)
t EtÂt+1

B̂t = λtmctyt + βφπεt+1π
−εξp
t EtB̂t+1

Equation (43) thus becomes:

P#
t =

ε

ε− 1

B̂t

Ât

P ε
t

P
(ε−1)
t

And optimal price inflation π#
t =

P#
t

Pt−1
is:

π#
t =

ε

ε− 1

B̂t

Ât
πt (44)

If firms could adjust prices every period, i.e. φ = 0, then the optimality

condition reduces to P#
t = ε

ε−1
mctPt. The optimal price is a markup over

nominal marginal cost mctPt.

Since all intermediate firms are homogeneous, we can integrate across all

intermediaries to get aggregate output yt. As a reminder, individual firm

production is given by:

AtK̂
α
t (j)N̂1−α

t (j) =

(
Pt(j)

Pt

)−ε
yt (45)

All intermediaries hire capital and labor in the same ratio, and this ratio

has to hold in the aggregate. Plugging in:

At
K̂α
t (j)

N̂α
t (j)

N̂t(j) = At
K̂α
t

N̂α
t

N̂t(j) =

(
Pt(j)

Pt

)−ε
yt

Next, integrate over all firms:

At
K̂α
t

N̂α
t

∫
N̂t(j)dj = yt

∫ (
Pt(j)

Pt

)−ε
dj
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By labor market clearing,
∫
N̂t(j)dj = N̂t and define a measure of price

dispersion vpt =
∫ (Pt(j)

Pt

)−ε
dj to get an expression for aggregate output:

yt =
AtK̂

α
t N̂

1−α
t

vpt
(46)

Next, we need to solve for vpt . A fraction of (1 − φ) intermediary firms

choose optimal price P#
t (j), whereas all other firms index their price to in-

flation with parameter ξp. Thus, we can split the integral in vpt into two

parts:

vpt =

∫ 1−φ

0

(
P#
t (j)

Pt

)−ε
dj +

∫ 1

1−φ

(
Pt(j)

Pt

)−ε
dj

Pt(j) is indexed to lagged inflation by π
ξp
t−1Pt−1(j). Plugging in and solv-

ing the first term:

vpt = (1− φ)
(
P#
t

)−ε
P ε
t +

∫ 1

1−φ
π
−ξpε
t−1 P

−ε
t−1(j)P ε

t dj

Adding P−εt−1, P ε
t−1 as factors to the integral simplifies the problem:

vpt = (1− φ)
(
P#
t

)−ε
P ε
t + π

−ξpε
t−1

∫ 1

1−φ
P−εt−1(j)P ε

t P
−ε
t−1P

ε
t−1dj

= (1− φ)
(
P#
t

)−ε
P ε
t + π

−ξpε
t−1 π

ε
t

∫ 1

1−φ

(
Pt−1(j)

Pt−1

)−ε
dj

= (1− φ)
(
P#
t

)−ε
P ε
t + π

−ξpε
t−1 π

ε
tφv

p
t−1

Last, this equation can be written recursively in terms of inflation (since

the price levels are not stationary):

vpt = πεt

(
(1− φ)(π#

t )−ε + π
−ξpε
t−1 φv

p
t−1

)
(47)
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A.3.3 Traders

Traders are similar to the standard representative agent setup in NK mod-

els as in Christiano, Eichenbaum and Evans (2005) and Smets and Wouters

(2007). I assume that these agents belong to one large family, fraction np of

all agents, and within that family are fully insured against unemployment.

The family head maximizes utility by choosing consumption, investment,

capital utilization, next period’s capital stock and saving in real bonds sub-

ject to investment adjustment cost and utilization cost for each agent. When

employed, an agent provides labor of 1 and 0 otherwise.

Investment is subject to quadratic investment cost St(It, It−1) when τ > 0

which is paid in consumption units for changes in the level of investment per

unit of investment, and includes an investment adjustment cost shock ez
I
t .

These cost follow the form in Christiano, Eichenbaum and Evans (2005).

Existing capital depreciates at rate δK . Investment per period is thus given

by:

Kt+1 − (1− δK)Kt = ez
I
t

(
1− τ

2

(
It
It−1

− 1

)2
)
It (48)

Investment cost play a key role in representative agent NK models and as

I will discuss later, one implication of adding households with a precautionary

saving motive is that the importance of these costs decreases substantially.

Capital Kt is utilized at rate ut to yield effective capital K̂t = utKt.

Utilization cost ηK(ut) are paid in consumption units and are calibrated

that in steady state uss = 1 and ηK(uss) = 0. In addition, ηK
′
(uss) > 0 and

ηK
′′
(uss) > 0. These are modeled as in Christiano, Trabandt and Walentin

(2010), chapter 7.

ηK(ut) = χ1(1− u) +
χ2

2
(ut − 1)2 (49)

Traders maximize utility given prices, saving in bonds from last period,

the capital stock, the previous level of investment, the previous level of con-
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sumption as well as the level of employment:

Vt = max
ct,It,ut,bt+1,Kt+1

ln(ct − bct−1) + βEtVt+1

subject to

ct + It + bt+1 ≤ RtutKt + wtωNt − η(ut)Kt + (1 + rit)
1

πt
bt +

1

np

Πt

Pt
+ TGt

Kt+1 − (1− δK)Kt = ez
I
t

(
1− τ

2

(
It
It−1

− 1

)2
)
It

Nt = (1− uratet)

where, Πt is the profit of the intermediaries, (1+rit) is the nominal interest

rate and TGt are lump sum taxes.

Let λt and µt be the multipliers on the budget constraint and capital

accumulation equation. The Lagrangian is:

Lt = ln(ct − bct−1)

+ λt

(
RtutKt + wtωNt − η(ut)Kt + (1 + rit)

1

πt
bt +

1

np

Πt

Pt
+ TGt − ct − It − bt+1

)
+ µt

(
ez
I
t

(
1− τ

2

(
It
It−1

− 1

)2
)
It −Kt+1 + (1− δK)Kt

)
+ βEtVt+1

The FOCs are:
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∂Vt
∂ct

=
1

ct − bct−1

− λt + βEt
[
∂Vt+1

∂ct

]
= 0

∂Vt
∂Kt+1

= −µt + βEt
[
∂Vt+1

∂Kt+1

]
= 0

∂Vt
∂bt+1

= −λt + βEt
[
∂Vt+1

∂bt+1

]
= 0

∂Vt
∂It

= −λt + µte
zIt

((
1− τ

2

(
It
It−1

− 1

)2
)
− τ It

It−1

(
It
It−1

− 1

))
+ βEt

[
∂Vt+1

∂It

]
= 0

∂Vt
∂ut

= λt (RtKt − η′(ut)Kt) = 0

Where η′(ut) = χ1 + χ2 (ut − 1). The envelope conditions are:

∂Vt
∂ct−1

= −b 1

ct − bct−1

∂Vt
∂Kt

= λt (Rtut − η(ut)) + µt(1− δK)

∂Vt
∂bt

= λt(1 + it)
1

πt

∂Vt
∂It−1

= −µtez
I
t τ

I2
t

I2
t−1

(
It
It−1

− 1

)
Iterating the envelope conditions forward and plugging in yields the fol-

lowing optimality conditions:

λt =
1

ct − bct1
− βEt

[
1

ct+1 − bct

]
(50)

Rt = χ1 + χ2(ut − 1) (51)

62



λt = (1 + it)βEt
[
λt+1

1

πt+1

]
(52)

λt = µte
zIt

((
1− τ

2

(
It
It−1

− 1

)2
)
− τ It

It−1

(
It
It−1

− 1

))

− βEt
[
µt+1z

I
t+1τ

(
It+1

It
− 1

)
I2
t+1

I2
t

] (53)

µt = βEt
[
λt+1 (Rt+1ut+1 − η(ut+1)) + µt+1(1− δK)

]
(54)

Equation 14 is the stochastic discount factor. Since traders are also firm

owners, the SDF was used in the optimization problem of intermediaries.

Equation 15 shows the role of capital utilization. By adjusting the utilization

rate, interest rate shocks are not transmitted directly to the return on capital

services. Equation 16 is the Euler Equation. And the last two equations are

the optimality conditions for investment and capital utilization.

A.3.4 Employed, limited Households

The family head then solves the following problem (in real terms):

V e
t = max

cet ,x
e
t

net ln(cet ) + βeE
[
V e
t+1 + σut+1n

e
tV

u
t+1

]
subject to

net (c
e
t + xet − TGt ) ≤ Xe

t + netwt

Xe
t+1 = (1− σut+1)net

1

πt+1

(1 + it)x
e
t +Du

t+1

xet ≥ 0

where xet represents savings during the consumption period, and TGt is a

lumpsum tax. Assuming that the BC constraint holds with equality, that

xet > 0 and substituting for Xe
t and in the BC, the first order conditions and

envelope conditions are:
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∂V e
t

∂cet
= net

1

cet
− netλt = 0

∂V e
t

∂xet
= −netλt + βeEt

[
∂V e

t+1

∂xet
+ σut+1n

e
t

∂V u
t+1

∂xet

]
= 0

∂V e
t

xet−1

= λt(1− σut )net−1

1

πt
(1 + it−1)

∂V u
t

∂xet
=

1

cut

1

πt
(1 + it−1)

Where the last envelope condition is given by equation (55) of the prob-

lem for unemployed agents. Iterating forward the envelope conditions and

substituting we get:

λt =
1

cet

netλt = βe(1 + it)Et
[
λt+1(1− σut+1)net

1

πt+1

+ σut+1n
e
t

1

cut+1

1

πt+1

]
which together give the Euler Equation for employed, limited households:

1

cet
= βe(1 + it)Et

[
(1− σut+1)

1

cet+1

1

πt+1

+ σut+1

1

cut+1

1

cπt+1

]
A.3.5 Unemployed, limited Households

Limited households are of two types: employed and unemployed. Unem-

ployed households face fixed death probability σd and do not receive any

income These unemployed households solve the following problem:
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V u
t = max

cut ,x
u
t

ln(cut ) + βe(1− σd)EV u
t+1

subject to

cut + xut ≤
1

πt
(1 + rit−1)xut−1

xut ≥ 0

where xut are real savings in bonds in period t and there is a no-borrowing

limit. Bonds pay nominal interest rate rit. The FOCs are (with λ on the

budget constraint30):

∂V u
t

∂cut
=

1

cut
− λt = 0

∂V u
t

∂xut
= −λt + βe(1− σd)Et

[
∂V u

t+1

∂xut

]
= 0

The envelope condition is:

∂V u
t

∂xut−1

= λt(1 + rit−1)
1

πt
(55)

Iterating forward the envelope condition:

λt =
1

cut

λt = βe(1− σd)Et
[
λt+1

1

πt+1

(1 + rit)

]
Combining both results in the Euler Equation:

1

cut
= βe(1− σd)(1 + rit)Et

[
1

cut+1

1

πt+1

]
From the Euler Equation and the lifetime budget constraint, the perfect

foresight solution becomes:

30A binding no-borrowing constraint implies zero consumption, and therefore it will
never bind
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cut = (1− βe(1− σd))
1

πt
(1 + rit−1)xut−1 = ku

1

πt
(1 + it−1)xut−1

Thus, unemployed households consume a constant fraction of their in-

come. This result allows me to aggregate all unemployed households.

A.3.6 Aggregate unemployment variables

Aggregate dynamics are described by three variables: consumption, C̄u
t , sav-

ing, S̄ut , and transfers from the deceased households, D̄u
t .

Consumption consists of the newly unemployed agents’ consumption (no

death probability in first period) and consumption of the surviving, previ-

ously unemployed agents.

C̄u
t = σut n

e
t−1c

u
t + (1− σd)ku 1

πt
(1 + rit−1)S̄ut−1

Aggregate saving combines the saving of the newly unemployed with the

saving of the surviving unemployed:

S̄ut =
1

πt
(1 + rit−1)(1− ku)

(
xet−1n

e
t−1σ

u
t + (1− σd)S̄ut−1

)
And, lastly, transfers are the real savings of the deceased agents, out of

the group of previously unemployed households:

D̄u
t = σd

1

πt
(1 + rit−1)S̄ut−1

A.3.7 Monetary Policy and Government

Monetary policy follows a Taylor rule that reacts to deviations of inflation

from the target of steady state inflation and to economic growth (see e.g.

Guerrieri and Iacoviello (2017)).
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(1 + rit) = (1 + rit−1)rR
(
πt
πSS

)(1−rR)rπ ( yt
yt−1

)(1−rR)ry

(1 + riSS)1−rRεr,t

where εr,t is the monetary policy shock.

Government spending is an exogenous fraction of output:

Gt = ωtyt

where ωt is follows an AR(1) process:

ωt = ρgωt−1 + (1− ρg)ω̄ + εGt

The government levies lumpsum taxes on traders and employed, limited

households according to a balanced budget rule:

Gt = netT
G
t + npT

g
t

A.3.8 Aggregation and Equilibrium

In equilibrium, effective labor and capital markets clear:

N̂t = net + (1− uratet)ηnp
K̂t = nputKt

The bond market clears:

netx
e
t + Sut = npbt+1

The aggregate resource constraint is:

yt = Gt + netc
e
t + Cu

t + np(ct + It + ηK(ut)Kt)

The law of motion for capital is
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Kt+1 − (1− δK)Kt = ez
I
t

(
1− τ

2

(
It
It−1

− 1

)2
)
It

The law of motion for limited, unemployed agents is:

nut = (1− σd)nut−1 + σtn
e
t−1

The price index is given by equation (37):

Pt =

(∫
Pt(j)

1−ε
) 1

1−ε

Since all intermediate firms are identical, we can rewrite this equation

using the optimal price derived from Calvo pricing:

P 1−ε
t =

∫
Pt(j)

1−ε

=

∫ 1−φ

0

P
#(1−ε)
t dj +

∫ 1

1−φ
π
ξp(1−ε)
t−1 Pt−1(j)1−εdj

= (1− φ)P
#(1−ε)
t + φπ

ξp(1−ε)
t−1

∫ 1

0

Pt−1(j)1−εdj

= (1− φ)P
#(1−ε)
t + φπ

ξp(1−ε)
t−1 P 1−ε

t−1

In the last step, I substituted in the term for the aggregate price level

last period. Dividing both sides by P
(1−ε)
t−1 yields an equation for inflation:

π1−ε
t = (1− φ)π

#(1−ε)
t + φπ

ξp(1−ε)
t−1 (56)

where π#
t is defined in equation (44).

The real wage is determined by the wage equation:

wt =

(
wt−1

πt

)γw (
w̄ez

w
t

[
nt
nss

]φw)(1−γw)

The shock processes are:
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zIt = ρIz
I
t−1 + εIt

zwt = ρwz
w
t−1 + εwt

ωt = ρGωt−1 + (1− ρG)ω̄ + εGt

At = ρAAt−1 + (1− ρA)Ā+ εAt

Therefore, an equilibrium in this economy is a set of value and policy

functions, a set of prices and a set government policies, such that given prices

and state variables, (1) the policy functions solve the household problems of

traders, limited and employed as well as limited and unemployed households,

(2) firms maximize profits, (3) the bond, labor and capital markets clear and

(4) government policy is given by the balanced budget equation and monetary

policy rule.

A.4 The Cash Model

The firm side of this model is the same as in the benchmark economy, only

some household equations and the market clearing conditions change.

A.4.1 Traders

Traders can also choose to hold cash, with an associated no-borrowing con-

straint. In addition, they are the sole recipients of transfers from the mone-

tary authority TMt .
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Vt = max
ct,It,ut,bt+1,Kt+1

ln(ct − bct−1) + βEtVt+1

subject to

ct + It + bt+1 +mt ≤ RtutKt + wtωNt − η(ut)Kt + (1 + rit)
1

πt
bt +

1

πt
mt−1 +

1

np

Πt

Pt
+ TGt +

1

np
TMt

Kt+1 − (1− δK)Kt = ez
I
t

(
1− τ

2

(
It
It−1

− 1

)2
)
It

Nt = (1− uratet)

mt ≥ 0

The additional FOC is:

∂Vt
∂mt

= −λt + µMt + βEt
[
∂Vt+1

∂mt

]
= 0

and the envelope condition is:

∂Vt
∂mt−1

= λt
1

πt

Together with the other FOCs there is an additional cash Euler Equation:

λt = βEt
[

1

πt+1

λt+1

]
+ µMt (57)

Since cash is dominated by bonds as long as the interest rate is non-zero,

mt = 0. When I solve the cash model I verify that this condition holds true.

A.4.2 Employed, limited Households

The problem of the household head for employed but limited agents changes

to:
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V e
t = max

cet ,x
e
t

net ln(cet ) + βeE
[
V e
t+1 + σut+1n

e
tV

u
t+1

]
subject to

net (c
e
t + xet − Tt) ≤ Xe

t + netwt

Xe
t+1 = (1− σut+1)net

1

πt+1

xet +Du
t+1

xet ≥ 0

where xet represents cash savings during the consumption period and Tt

are lumpsum taxes. Assuming that the BC constraint holds with equality,

that and that xet > 0, the first order conditions and envelope conditions are:

∂V e
t

∂cet
= net

1

cet
− netλt = 0

∂V e
t

∂xet
= −netλt + βeEt

[
∂V e

t+1

∂xet
+ σut+1n

e
t

∂V u
t+1

∂xet

]
= 0

∂V e
t

xet−1

= λt(1− σut )net−1

1

πt
∂V u

t

∂xet
=

1

cut

1

πt

Where the last envelope condition is given by equation (58). Iterating

forward the envelope conditions and substituting we get:

λt =
1

cet

netλt = βeEt
[
λt+1(1− σut+1)net

1

πt+1

+ σut+1n
e
t

1

cut+1

1

πt+1

]
which together give the Euler Equation for employed, limited households:

1

cet
= βeEt

[
(1− σut+1)

1

cet+1

1

πt+1

+ σut+1

1

cut+1

1

cπt+1

]
This Euler Equation does not feature the interest rate.
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A.4.3 Unemployed, limited Households

As with limited, employed households, the problem of unemployed agents

does not contain the interest rate.

V u
t (xut−1, c

u
t , x

u
t ) = max

cut ,x
u
t

ln(cut ) + βe(1− σd)EV u
t+1(xut )

subject to

cut + xut ≤
1

πt
xut−1

xut ≥ 0

where xut are real savings in cash in period t and there is a no-borrowing

limit. The FOCs are (with λ on the budget constraint31):

∂V u
t

∂cut
=

1

cut
− λt = 0

∂V u
t

∂xut
= −λt + βe(1− σd)Et

[
∂V u

t+1

∂xut

]
= 0

The envelope condition is:

∂V u
t

∂xut−1

= λt
1

πt
(58)

Iterating forward the envelope condition:

λt =
1

cut

λt = βe(1− σd)Et
[
λt+1

1

πt+1

]
Combining both results in the Euler Equation:

1

cut
= βe(1− σd)Et

[
1

cut+1

1

πt+1

]
31A binding no-borrowing constraint implies zero consumption, and therefore it will

never bind
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From the Euler Equation and the lifetime budget constraint, the perfect

foresight solution becomes:

cut = (1− βe(1− σd))
1

πt
xut−1 = ku

1

πt
xut−1

Thus, unemployed households consume a constant fraction of their in-

come. This result allows me to aggregate all unemployed households.

A.4.4 Aggregate unemployment variables

The aggregate laws of motion for unemployed agents become:

C̄u
t = σut n

e
t−1c

u
t + (1− σd)ku 1

πt
S̄ut−1

S̄ut =
1

πt

(
xet−1n

e
t−1σ

u
t (1− ku) + (1− σd)(1− ku)S̄ut−1

)
D̄u
t = σd

1

πt
S̄ut−1

A.4.5 Equilibrium

In addition to the equilibrium conditions of the benchmark model, the fol-

lowing changes apply:

Bond market clearing ∫ np

0

bitdi = 0

Money market clearing

netx
e
t + Sut + npmt = Mt

where Mt is the aggregate real money supply which evolves according to:
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Mt =
1

πt
Mt−1 + TMt

with TMt is the transfer from the monetary authority.
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A.5 Representative Agent Model

The representative agent version of the benchmark model essentially sets the

fraction of limited agents to 0 and therefore np = 1. The representative agent

solves the same problem as traders in the benchmark model. Substituting

net = nut = 0 into the benchmark model yields the representative agent model.

A.5.1 Estimation

The representative agent model is calibrated as the benchmark model and

estimated with the same priors. The result is shown in table 4:

Table 4: Estimated parameters

Parameters Prior distribution [bounds] Mode

Parameter Description

γw wage inertia beta [0.5,0.1] 0.8058

φw wage adjustment gamma [1,0.2] 1.0053

b habit persistence beta [0.7,0.1] 0.7761

τ investment cost normal [1,0.5] 1.6071

φp calvo probability beta [0.5,0.1] 0.7071

ζp inflation index beta [0.5,0.2] 0.0697

φy output Taylor normal [0.125 0.05] 0.1797

φπ inflation Taylor normal [1.5,0.1] 1.6905

ρi inertia Taylor beta [0.9,0.05] 0.8280

ρw AR(1) wage shock beta [0.9,0.05] 0.9243

ρa AR(1) TFP shock beta [0.9,0.05] 0.9588

ρg AR(1) gov shock beta [0.9,0.05] 0.9790

ρz AR(1) investment cost shock beta [0.9,0.05] 0.9163

σw sd wage shock inv gamma [0.01,0.002] 0.0590

σi sd Taylor shock inv gamma [0.002,0.002] 0.0014

σa sd TFP shock inv gamma [0.01,0.002] 0.0052

σg sd gov shock inv gamma [0.01,0.002] 0.0046

σz sd investment cost shock inv gamma [0.01,0.002] 0.0147
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A.6 Steady State

The steady state wage is derived as follows: Prices are constant in steady

state and real marginal cost are given by equation (43) as mc = ε−1
ε

, where

I set ε = 10. As discussed in the data section, the share of traders is set

to np = 40%. Next, the equilibrium unemployment rate of 6.28% gives

ne = (1 − np)Nagg
SS and the effective labor supply as N̂ = ne + npωNagg

SS . I

follow Challe and Ragot (2016) and set ω = 1.5.

From here, the steady state wage is:

wss = (χ1(mcαN̂1−α)−1)1/(α−1)

with α = 1/3.

Figure A.6: Comparison of model implied checking account balance to income ratio with
beta of 0.96 and 0.945. The higher beta helps to quantitatively match the SCF data, but
does not change the qualitative result

The limited, employed household discount factor is set to βe = 0.96 to

match the average checking to income ratio in the data to more closely align

the implied time series of this ratio with the data. Figure A.6 shows that the

76



higher value of beta mainly reduces the magnitude of this ratio but not the

trend.
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A.7 Time Series

All time series were extracted from the St.Louis Fed FRED data base fred.stlouisfed.org

for the time 1982Q1 to 2017Q1.

Table 5: Time Series

Name Description

CLF16OV Civilian Labor Force, Thousands of Persons, Quarterly, Seasonally Adjusted

GDPC1 Real Gross Domestic Product, Billions of Chained 2009 Dollars, Quarterly, Seasonally

Adjusted Annual Rate

GDPDEF Gross Domestic Product: Implicit Price Deflator, Index 2009=100, Quarterly, Sea-

sonally Adjusted

UEMPMEAN Average (Mean) Duration of Unemployment, Weeks, Quarterly, Seasonally Adjusted

UNRATE Civilian Unemployment Rate, Percent, Quarterly, Seasonally Adjusted

TB3MS 3-Month Treasury Bill: Secondary Market Rate, Percent, Quarterly, Not Seasonally

Adjusted

PCDG Personal Consumption Expenditures: Durable Goods, Billions of Dollars, Quarterly,

Seasonally Adjusted Annual Rate

DDURRD3Q086SBEA Personal consumption expenditures: Durable goods (implicit price deflator), Index

2009=100, Quarterly, Seasonally Adjusted

PNFI Private Nonresidential Fixed Investment, Billions of Dollars, Quarterly, Seasonally

Adjusted Annual Rate

A008RD3Q086SBEA Gross private domestic investment: Fixed investment: Nonresidential (implicit price

deflator), Index 2009=100, Quarterly, Seasonally Adjusted

The following time series were used in the estimation of the model:

1. Change in log real GDP per capita: GDPC1 divided by CLF16OV and

then demeaned. Model variable: ∆yt.

2. Inflation: GDPDEF demeaned and divided by 400. Model variable:

πt − 1.

3. Unemployment rate UNRATE. Model variable: 1−Nt.

4. Interest Rate: TB3MS divided by 400 and minus average inflation.

Model variable: rit − 1.
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5. Change in log real investment per capita: Weighted average of PCDG

and PNFI. Both time series were converted to real terms with DDURRD3Q086SBEA

and A008RD3Q086SBEA respectively and to per capita terms with

CLF16OV. The weights are the one period lagged share of nominal

PCDG (D) and PNFI (FI):

ln∆It = ∆lnDt

(
DN
t−1

DN
t−1 + FINt−1

)
+ ∆lnFIt

(
FINt−1

DN
t−1 + FINt−1

)

where the superscrip N indicates nominal variable. All variables are in

per capita terms and demeaned. Model variable: ∆It.

To calibrate the death probability of limited, unemployed agents I convert

UEMPMEAN to quarters and take the average. Figure A.7 shows the 5 time

series used as well as unemployment duration.

Figure A.7: Final time series used in estimation and calibration of the model, period
1982Q2 to 2017Q1.
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A.8 Estimation Plots

The following figures show the posterior distributions and estimated shocks

of the benchmark model.

Figure A.8: Posterior Distributions 1

80



Figure A.9: Posterior Distributions 2

Figure A.10: Smoothed Shocks
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A.9 IRF Monetary Policy Shock

The result of Werning (2015) holds in the benchmark economy and the re-

sponse of inflation to a policy shock is very similar in the estimated repre-

sentative agent model compared to the benchmark model.

Figure A.11: Comparison of IRFs after a monetary policy shock in the benchmark model
and representative agent version.
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A.10 Comparison of Aggregate and Actual Real Inter-

est Rate

Canzoneri, Cumby and Diba (2007) show that for representative agent mod-

els, the model implied real interest rate is negatively correlated with the real

interest rate in the data. The benchmark model is able to partially solve

this puzzle. While the correlation of real interest rates is not negative, the

actual interest rate in the model moves in opposite direction from the interest

rate that is implied by aggregate consumption in this model especially at the

beginning and end of recessions.

After estimating the benchmark model, I feed the shocks back into the

model and calculate the implied aggregate interest rate following Canzoneri,

Cumby and Diba (2007) by feeding aggregate consumption growth as well as

inflation into a representative agent version of the Euler Equation: 1
Caggt

=

β(1 + rit)
1

Caggt+1

1
πt+1

. Figure A.12 plots the resulting (1 + rit)
1

πt+1
together with

the actual real interest rate of the benchmark model. The graph looks similar

to figure 1 in their paper (which covers the period 1966 to 2004).

A.11 Downward Rigid Wages

To simulate downward rigid wages, I change the wage parameters γw to 0.95.

The algorithm switches between both models based on whether the nominal

wage is increasing or decreasing. The more rigid wage equation takes effect

when nominal wages are decreasing. The two criteria are as follows. When

the economy is in the benchmark model, wt <
1
πt
wt−1 and under the more

rigid regime: wflext > 1
πt
wt−1, where wt and wflext are determined by the

more flexible wage equation. When the economy is in the more rigid state,

however, wt is determined by the rigid wage equation.
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Figure A.12: Comparison of the Aggregate (dashed) and Actual Real Interest Rate (dot-
ted).
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Figure A.13: Comparison of IRFs in benchmark model and extended model with downward
rigid wages. The bottom right graphs shows that the constraint binds for the first six
periods.
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