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Abstract
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crisis because of deteriorating household balance sheets? This paper examines the
question using household data from the United States. It compares the responsiveness of
household consumption to monetary policy shocks in the pre- and post-crisis periods,
relating changes in monetary transmission to changes in household indebtedness and
liquidity. The results show that the responsiveness of household consumption has
diminished since the crisis. However, household balance sheets are not the culprit.
Households with higher debt levels and lower shares of liquid assets are the most
responsive to monetary policy, and the share of these households in the population grew.
Other factors, such as economic uncertainty, appear to have played a bigger role in the
decline of households’ responsiveness to monetary policy.
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I. INTRODUCTION

A common perception among many academics and policymakers is that monetary policy in
advanced economies has been less effective since the crisis because of higher household
debt, and associated credit constraints. Amir Sufi summarized this view in 2015 (Sufi, 2015):
“Monetary policy over the past seven years has been ineffective because it has channeled
interest savings and additional credit to exactly the households that are least likely to change
their spending in response. The households that would normally spend most aggressively out
of monetary policy shocks are heavily indebted or have seen their credit scores plummet,
rendering them either unwilling or unable to boost spending.”

To date, however, the issue has—to our knowledge—not been systematically assessed. While
a few studies have examined the role of household balance sheets in monetary transmission,
they have focused on the pre-crisis period, and have not directly analyzed whether post-crisis
debt levels have impeded transmission.? These studies suggest that more indebted and less
liquid households react more to monetary policy. The argument is that these households run
into collateral and liquidity constraints, which monetary policy directly affects (Aldangady,
2014; Cloyne, Ferreira, and Surico, 2018; Di Maggio and others, 2017; Flodén and others,
2017, emphasize households’ cash flows; Luo, 2017 focuses on households’ default risk).
Using aggregate data, Hofmann and Peersman (2017) also find a stronger impact of monetary
policy in economies with high private debt. One open question, however, is whether at very
high debt levels, effects are different. In these cases, monetary easing may do little to
alleviate credit constraints, and thus stimulate consumption (Alpanda and Zubairy, 2017; Sufi
2015).2 The responsiveness of households to monetary policy may thus display an inverted
U-shaped pattern, rising as debt levels grow below a certain threshold, and declining
thereafter.

In this paper we compare the transmission of monetary policy through household
consumption in the pre- and post-crisis periods, and ask whether changes therein can be
explained by the evolution of household balance sheets. To this end, we use quarterly
household-level data from the U.S. Consumer Expenditure Survey (CEX) from 1996 to 2014.
We first assess average changes in the responsiveness of household consumption to monetary
policy shocks, which we identify using exogenous instruments drawn from high-frequency
data, in the tradition of Bernanke and Kuttner (2005). We employ both synthetic cohort
analysis (which enable us to obtain longer times series and derive local projections), and
standard panel data methods that exploit the full micro data set. Next, we explore the role of

2 Without discussing monetary policy effects, Mian, Rao, and Sufi (2013) and Kaplan, Violante, and Weidner
(2014) find that leverage and liquidity significantly affect household’s propensity to consume.

3 Some empirical studies show adverse effects of high debt on consumption, although they do not examine
monetary policy effects (such as Alter and others, 2018; Drehmann and others, 2017; Mian and others, 2017;
Melzer, 2017; IMF, 2017; Dynan, 2012). Many studies highlight the adverse effect on aggregate demand from
debt deleveraging caused by the housing crisis during the U.S. Great Recession (such as Eggertsson and
Krugman, 2012; Mian and Sufi, 2014; Guerrieri and Lorenzoni, 2011; and Eggertsson and others, 2017).



two household balance-sheet variables in driving cross-sectional differences in the responses
to monetary policy shocks: indebtedness (mortgage balance relative to house value), and
liquidity (liquid assets to monthly income).*

We show that the response of household consumption to monetary policy shocks has
diminished since the global financial crisis. We also find that higher-indebted households
tend to respond more to monetary policy shocks—particularly relative to durable
consumption—in the pre- and post-crisis periods. While effects appear non-linear, they are
not U-shaped, as households with the highest indebtedness respond most to monetary policy
shocks. This suggests that household debt did not contribute to lessening the effects of
monetary policy over time, since the distribution of debt did not change markedly with the
crisis, while its average even increased somewhat.s

Similar results hold for household liquidity. Households with lower levels of liquid assets
react more strongly to monetary policy shocks, both pre- and post-crisis. Again, because the
distribution of liquidity across households remained stable over time, liquidity constraints
cannot explain the decline in monetary policy effectiveness. The explanation for the lower
effectiveness of monetary policy must therefore lie elsewhere, such as in the higher degree of
economic uncertainty brought about by the crisis. We find tentative evidence in favor of this
hypothesis.

Il. HYPOTHESES AND DATA

The main questions we explore in this paper are:

(1) Has the response of household consumption to monetary policy shocks declined since the
global financial crisis?

(2) Do households with greater indebtedness respond more strongly to monetary policy
shocks? Is there evidence of nonlinearities—in particular does the responsiveness decline
after a certain threshold?

(3) Do households with low levels of liquid assets react more to monetary policy shocks?
And again, are non-linear effects discernable?

(4) Can shifts in the distribution of household indebtedness and liquidity between the
pre- and post-crisis periods explain the observed changes in the average response of
household consumption to monetary policy?

4 Recent papers suggest that consumption responses to monetary policy should depend on the distribution of
households’ liquidity; see Heterogeneous Agent New Keynesian (HANK) models (such as Kaplan and others,
2018, Kaplan and Violante, 2018, Hedlund and others, 2016, and Francisco, 2018).

5 Justiniano and others (2015) and Yellen (2016) also suggest that debt overhang alone cannot explain the slow
recovery from the U.S. Great Recession. Also, Bernanke (2018) does not find strong predictive powers of
household balance sheets for economic conditions, although he argues that it does not dismiss the important role
of household balance sheets considering the empirical challenges in identifying macro effects.



A. Data: Variables of Interest, Sources, and Summary Statistics

We use the Consumer Expenditure Survey (CEX)® for household-level consumption, income,
and balance-sheet data between 1996Q1 and 2014Q4. The CEX data are well suited for our
analysis for three reasons. First, the survey offers rich cross-sectional variation, with about
7,500 households interviewed per quarter. Second, the quarterly frequency is helpful to study
the short-run effects of monetary policy on households’ consumption. Third, CEX data span
a sufficiently long period to compare household behavior before and after the crisis.

We construct measures of durable and non-durable consumption expenditures. This is to
allow for the impact of monetary policy to differ across each category of goods since theory
and empirics suggest that the marginal propensity to consume for durable and non-durable
goods are significantly different (Souleles, 1999; Parker and others, 2013; see Appendix | for
more details).

We consider two key characteristics of household balance sheets: indebtedness and liquidity.
Indebtedness is defined as the ratio of each household’s total mortgage balance (summed
over all the properties owned by the household) to the value of the houses it owns, as
reported by households. We exclude other liabilities like credit card balances, since fewer
households report these and because mortgage debt is the most significant liability for most
households.” We define liquidity as the ratio of liquid assets to monthly income, as reported
by households. Liquid assets include the total balance on households’ checking and savings
accounts, and income is after-tax. Details are provided in Appendix I.

Table 1 highlights key features of non-durable and durable consumption. On average,
households spend four times more on non-durable consumption relative to durable
consumption in any given quarter. However, the standard deviation of durable consumption
is notably larger than that of non-durable consumption, pointing to the lumpy nature of
durable goods purchases (Caballero, 1993). Consumption levels differ across housing tenure,
especially for durable consumption (see Appendix 1).8 The distribution of consumption
guarter-on-quarter growth changes little after the crisis for both durable and non-durable
categories, while the distribution of consumption levels shifts slightly to the left after the
crisis.

¢ CEX data available at: <https://www.bls.gov/cex/pumd_data.htm#stata>

" The CEX collects mortgage information in all interviews, while it collects other financial information (such as
credit card debt) only in the 2nd and 5th interviews. Therefore, we focus on mortgage debt, the largest
component of household debt, in examining the effects of indebtedness.

8 Housing tenure is a factor that has been found to be correlated with consumption decisions. See, for example
Aladangady (2014) and Cloyne and others (2018).



Table 1. Real Non-Durable and Durable Consumption

Percentiles Std.
25th 50th 75th Mean Dev. Obs.

Quarterly consumption, in 2000 Q1 (In U.S. dollars)

Non-durable 2,358 3,598 5,404 4,320 2,894 354,685

Durable 0 36 306 1,048 3,805 354,685
Growth rate (Q-on-Q) (In percent)

Non-durable -18.2 0.0 18.3 0.0 33.1 265,712

Durable -147.7 -3.6 140.7 -3.6 235.8 114,563

Sources: CEX and IMF staff calculations.

Note: Consumption variables are in constant dollars (2000Q1 = 100) and winsorized at 1 percent of each tail.

Homeowners take on varying, though generally high, levels of debt (Table 2).° On average,
74 percent of households own a house, of which almost two-thirds have mortgage debt (see
Appendix 1).1° Average indebtedness among households over the entire sample is high, at
nearly 60 percent, as is the standard deviation of consumption, at 42 percent. The distribution
is skewed to the right, however, and does not change particularly from pre- to post-crisis, as
discussed further in Section 4.

Table 2. Household Indebtedness

Leverage by Percentile

Share of
Underwater Std.
(In percent) 25th 50th 75th Mean Dev. Obs.
Homeowners
w/ mortgage 5.6 29.3 55.0 80.5 59.3 42.3 155,661

Sources: CEX and IMF staff calculations.

Note: Indebtedness is defined as the ratio of mortgage debt to house values and it is winsorized at 1 percent of each tail.
"Underwater" households are defined as those with a leverage ratio greater than one (i.e., a negative home equity).

Liquidity levels also vary significantly across households (Table 3). Median liquidity is
lowest for renters, and highest for homeowners without mortgages. The same is true of
standard deviations. The distribution is especially skewed towards lower liquidity levels due
to “hand-to-mouth” households whose liquid assets are less than a half of their monthly
income (Kaplan and others 2014). The share of such households is nearly 60 percent, of
which about two thirds are homeowners which can thus be considered as “wealthy hand-to-

% As also found in Kaplan and others (2014) and Hedlund and others (2016).

10 More than 80 percent of mortgage contracts in our sample are fixed rate mortgages.



mouth” households.** The distribution of liquidity does not change noticeably from pre- to
post-crisis, either, as reviewed in Section 4.

Table 3. Household Liquidity

Share of Hand-to-  Liquidity by Percentile
Mouth

(In percent) Std.
25th 50th 75th Mean Dev. Obs.
Homeowners 41.2 1.0 6.2 26.0 51.1 148.3 175,391
w/ mortgage 28.0 1.1 5.2 17.6 30.1 99.1 111,241
w/o mortgage 13.2 0.8 10.0 57.1 87.6 202.6 64,150
Renters 18.7 0.0 0.6 5.9 19.4 92.2 70,856
All 59.9 0.2 4.0 18.8 42.0 135.4 246,247

Sources: CEX and IMF staff calculations.

Note: Liquidity is defined as the ratio of liquid assets to monthly income, following Kaplan and others (2014) and
it is winsorized at 1 percent of each tail. The “hand-to-mouth” households are defined as those whose liquid assets
are less than a half of their monthly income, following Kaplan and others (2014).

B. ldentifying Monetary Policy Shocks

As typical in this literature, we face a tradeoff between overcoming endogeneity and
measuring a meaningful relationship between monetary policy and consumption. The former
pushes us to seek exogenous monetary policy shocks. However, as these tend to be small,
finding a stable and substantial effect on consumption can be difficult.

We identify monetary policy shocks using high frequency data at the time of monetary policy
announcements. We do so in the tradition of Bernanke and Kuttner (2005), by capturing
changes in asset prices closely correlated with monetary policy expectations. However,
unlike Bernanke and Kuttner, we do not use futures on Federal Fund Rates, since these
remained little changed (and close to zero) during the post-crisis period, despite repeated
steps taken to loosen monetary policy, such as through quantitative easing (QE) programs.

To find a measure that is equally suitable for pre- and post-crisis periods, we resort to
changes in 2-year bond yields, taking the cue from Girkaynak, Sack, and Swanson (2005 and
2007), and subsequently, Gilchrist and others (2015), Ferrari and others (2017), and Hanson
and Stein (2015), among others. The identifying assumption is that 2-year bond yields on the
day prior to a scheduled monetary policy announcement capture market expectations of
future policy interest rates, as well as perceptions of policy uncertainty as reflected in term
premia. Thus, changes in 2-year yields on announcement days reflect the surprise component

11 The share of hand-to-mouth households is likely overstated due to our narrow definition of liquid assets.
Kaplan and others (2014) find the share to be 31 percent based on a broader definition of liquid assets allowed
by granular balance-sheet data from the Survey of Consumer Finances for 1989-2010. However, the paper also
finds the share of “wealthy hand-to-mouth” households to be around two-thirds, as in our sample.



of monetary policy along both dimensions. We sum monetary policy surprises from all
announcements in a given quarter, as in Romer and Romer (2004), to construct measures
consistent with our quarterly data on consumption.

I111. HAS THE RESPONSE OF HOUSEHOLD CONSUMPTION CHANGED POST-CRISIS?

Households are only interviewed by the CEX survey for four consecutive quarters, and
subsequently drop out of the dataset. This limits the assessment of consumption reaction to
monetary shocks to a time horizon of three quarters. Therefore, for a first analysis of impulse
responses to monetary shocks, we construct synthetic cohorts to obtain longer time series.

Constructing synthetic cohorts amounts to categorizing households at any given quarter
according to pre-defined buckets, then linking the data between buckets to create longer
time-series. The underlying assumption is that households with similar characteristics—
belonging to the same bucket—respond similarly to monetary policy shocks. Obviously, such
an approach has its limitations, since households can differ along many characteristics which
are not controlled for.

We build cohorts using the head of household’s birth year and housing tenure. For the
grouping by birth year we define 14 groups using 5-birth year intervals, while for the
grouping by housing tenure we retain 3 groups: owners with mortgage, owners without
mortgage, and renters. As a result, we build 42 representative consumer units with data for
the whole sample period. More details on the construction of synthetic cohort panel data are
provided in Appendix II.

We then use the panel of synthetic cohorts to estimate the response of durable- and non-
durable consumption to monetary policy, estimating the impulse response function using
Jorda’s (2005) local projection method:

C:
In <Cf;+h> = éh) + ﬁl(h)Zyrt + ﬁz(h)'postGFC + ﬁéh)postGFC * 2YT¢
jt—1

h h
+B8X; + BEVS, + € 04n h=1,12 (D)

where [n (ﬁ> is the cumulative log change in real consumption by the synthetic cohort j
jt

between periods t and t+h, 2yr; is the 2-year yield, X; , is a cohort-specific vector of

controls that includes age and age squared, and S; is a set of macro controls that includes

inflation, GDP growth rate, and quarterly dummies.

To test the hypothesis that the effect of monetary policy has changed after the GFC, we
include a dummy variable, labeled postGFC in the above equation, for the post-crisis period

(2009Q1 and onwards) and interact it with the policy rate. The coefficients ﬂl(h) captures the
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pre-GFC effect of monetary policy and ﬁgh) captures the additional effect of monetary
policy added in the post-GFC.

We instrument the 2-year yield (2yr;) to address endogeneity—the possibility that bond
yields reflect monetary policy responses to changes in consumption. As instruments, we
adopt exogenous monetary policy shocks from high-frequency data, as discussed earlier. We
exploit overidentification to overcome weak instrument bias by using the contemporaneous
monetary policy shock and its lags as the instruments. We use the Generalized Method of
Moments (GMM) to obtain more precise estimates.*? 3

Turning to the results, the pre-GFC effect of monetary policy measured by ﬁl(h) IS negative
on both durable and non-durable consumption growth, while the additional effect due to the

post GFC ,83(") IS positive at most projection horizons (Figure 1).

These results suggest that the responsiveness of consumption to monetary policy has changed
and has likely weakened since the crisis. However, the change seems difficult to measure in a

precise and robust manner. The size and significance of ﬁgh) varies as the specification of
equation (1) is modified by, for example, changing the set of controls to include more lags.
The message we therefore take from this exercise is that it offers suggestive, but not
conclusive and precise evidence for a weakening of monetary policy effects on household
consumption in the post-crisis period.

12 See Ramey (2016) and Stock and Watson (2018).

13 We also experimented using more than one type of monetary policy shock (as explained in appendix I11).
Results are robust to instrumenting the policy rate with the signal shock and the risk shock described above.
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Figure 1. Response of Durable and Non-Durable Consumption to Monetary Policy

Direct Effect of Monetary Policy (th))
Durable Consumption Non-Durable Consumption
0.2 0.04
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Source: IMF staff estimates.

Note: GMM estimation, 1996Q1-2014Q4. Dependent variable is the accumulated quarterly growth rate in real consumption.
Individual data from CEX are aggregated in 42 synthetic cohorts according to housing status and 5-year birth year intervals. In
the first stage regression, the 2-year yield is instrumented by monetary policy shocks (see Appendix Il description of these
shocks). All regressions include a constant, aggregate macroeconomic controls (inflation and real GDP growth), and quarterly
seasonal effects. Standard errors are robust to heteroskedasticity and autocorrelation. Full line shows the estimated effect, while
the dotted lines show the 90 percent confidence interval.

We thus tackle the same question using the full micro-data set, without aggregating
households in cohorts—at the expense of only observing consumption growth for three
consecutive quarters for any single household. We run the following regression:

C:
In <%> = L, + B12yr; + B, (postGFC - 2yr,) + f3postGEC
it—1

+BZi,t + /15(1:) + ui’t (2)

where [n (Clﬁ> is the cumulative log change in real consumption for individual household i

Cit—1

(instead of a synthetic cohort as above). We focus on two-quarter growth rates in
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consumption to allow for lags in monetary policy transmission.** postGFC again denotes a
dummy variable that takes the value of one since 2009Q1, Z; , denotes household level
controls, which include race, education level, age, family size, and marital status. A, stands
for seasonal fixed effects.*s

We follow the same procedure as before in instrumenting 2-year yields (2yr;) using high-
frequency monetary policy shocks and their lags as instruments to overcome weak instrument
bias, and using GMM estimation.

The results confirm the earlier findings of a weaker impact of monetary policy after the
crisis. Overall, we find the expected response of both durable and non-durable consumption
to monetary policy shocks. In the pre-crisis period, an expansionary monetary policy shock
(a 10-basis point reduction in the 2-year yield) increases non-durable and durable
consumption by about 3 percent and 2 percent, respectively (Table 4, columns 3 and 4). In
the post-crisis period, the response of durable- and non-durable consumption to monetary
policy is clearly weaker (as seen by positive and significant values of £,). For durable

consumption, the effect is only marginally statistically significant (Table 4, columns 4 and 6).
16

Household-level controls have a significant and expected impact on households’ non-durable
consumption. College-educated, white, married, and older households display higher
consumption growth following looser monetary policy. However, these characteristics are
not found to be important determinants of durable consumption.

When we estimate equation (2) over the full sample, by removing the post-GFC dummy and
its interaction with monetary policy, results show that expansionary monetary policy boosts
both durable and non-durable consumption, as expected (Figure 2 and Table 4, column 1 and
2). The estimated effect is stronger for nondurables; a 10 basis-point increase in the 2-year
yield reduces non-durable consumption by 2.5 percent and durable consumption by

0.5 percent.*” Results for durable consumption are in general less robust, partly reflecting the

14 The rotating nature of data does not allow for a more dynamic analysis of consumption response to monetary
policy, an issue we explore using synthetic cohorts. We use 2-quarter ahead consumption growth in the panel
analysis to strike a balance between allowing for a transmission lag and not losing too many observations. The
results are broadly robust to the choice of 1,2, or 3 quarters.

15 See Table A.1 for correlations among consumption growth, household characteristics. and balance sheet
variables. Households’ balance sheet variables (liquidity and leverage) are not found to be highly correlated
with household level characteristics (family size, education, ethnicity, marital status, etc.).

16 Our main results are robust to adding income change as an additional control variable (table 4 (columns 5 and

6)).

17 These results are not directly comparable to those in the literature because this full sample includes the post-
GFC period. Moreover, to our knowledge, our novel approach, which uses monetary policy shocks as
instruments, has not been used in other studies with micro-level data; the literature tends to use monetary policy
shocks as regressors (e.g., Wong 2014) or use other variables to instrument a change in a relevant interest rate
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diminished response of durables consumption to monetary policy shocks post-crisis, as
shown above.'®

Table 4. Impact of Monetary Policy on Consumption: Has it Changed
After the Crisis?

1) 2) 3) (4) () (6)
Variables Non-durables  Durables Non-Durables Durables Non-Durables Durables

2-yryield -24.24%% -4.37* -28.60*** -17.81** -31.00*** -16.55*
(4.46) (2.27) (5.20) (8.57) (5.92) (8.76)

Family size -0.13 0.06 -0.13 0.07 -0.17* 0.04
(0.08) (0.74) (0.09) (0.74) (0.09) (0.75)

College education 0.85*** 0.41 0.88*** 1.33 0.95** 1.25
(0.24) (1.97) (0.24) (1.88) (0.24) (1.92)

White 0.74** 2.49 0.72** 2.15 0.71* 1.86
(0.29) (2.87) (0.29) (2.84) (0.30) (2.87)

Married 0.63*** 0.90 0.59** 0.55 0.54** 0.53
(0.25) (2.20) (0.25) (2.17) (0.25) (2.20)

Reference age 0.02%** 0.05 0.02%** 0.08 0.02*** 0.07
(0.01) (0.07) (0.01) (0.07) (0.01) (0.07)

postGFC -7.69%** -0.22 -8.44*** 0.33
(1.47) (5.56) (1.65) (5.74)
postGFC*2-yr yield 3.31%* 11.60* 3.64%** 11.46*
(0.92) (6.50) (0.99) (6.79)
Income growth 0.04*** 0.08**
(0.00) (0.03)
Observations 166,921 69,781 166,921 69,781 161,449 68,008

Source: IMF staff estimates.

Notes: GMM estimation, 1996Q1 - 2014Q4. Dependent variable is 2-quarter ahead consumption growth. In the first stage
regression, 2-year yield is instrumented by monetary policy shocks (see Appendix Ill for description of monetary policy shock).
All regressions include a constant, and quarter (seasonal) effects. Clustered standard errors (by households) are reported in
parenthesis. ***, ** and * indicate statistical significance at the 1, 5, and 10 percent lewels, respectively.

(e.g., Aladangady 2017). Further, while Wong (2014) estimates consumption elasticity to monetary policy
shocks, we focus on the consumption response to exogenous changes in policy-relevant interest rates, allowing
for making more meaningful and policy relevant conclusions.

18 Another reason may be the lumpy nature of durables consumption, which implies lags in responses to
monetary policy shocks. To partly account for potential lags, we use current and lagged monetary policy shocks
as instruments for the 2-year yield when estimating equation 2 for durable consumption growth.
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Figure 2. Consumption Response to 10-Basis Point Increase in 2-Year Yield
(In percentage points)

Effect of MP on Consumption (1996Q1-2014Q4)
(90 percent confidence Interval)

0 —
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Source: IMF staff estimates.

IV. DOES HOUSEHOLD INDEBTEDNESS MATTER?

In this section we ask whether household indebtedness affects the response of consumption
to monetary policy impulses. Next, we explore the role of non-linearities, and ask whether
the change in the distribution of household indebtedness post-crisis might help explain the
lower monetary policy impact on consumption detected earlier.

To tackle the first question, we estimate an equation of the form:

Cit+1
ln( o > = Bo + B12y7e + Bo(LTVir—1 - 2y;) + BsLTVir—y + BZip + Agey + i (3)

Cit-1

As earlier, the model is estimated using GMM, where the 2-year yield is instrumented by
monetary policy shocks. A negative value of 8, supports the hypothesis that households with
higher indebtedness respond more to monetary policy shocks. However, the total effect of
monetary policy loosening on consumption growth must be read from 3; + 3, * LTV.

The results show that £, has a negative sign, in line with the notion of a higher
responsiveness of more indebted households. The estimated coefficient is, however, only
significant for durable consumption. To understand further whether and how the
responsiveness of consumption to monetary policy shocks varies with household
indebtedness, we check for the joint significance of 8, and 8, along the spectrum of possible
values for indebtedness (Figure 3).
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Table 5. Impact of Monetary Policy on Consumption: The Role of Indebtedness

(1) (2) 3) 4) (5) (6)

Variables Non-Durables Durables Non-Durables Durables Non-Durables Durables
2-yr yield -22.41%** 5.66 -8.73*** -27.33 -18.93*** -41.46*

(7.19) (6.02) (2.81) (22.05) (4.30) (23.41)
Family size -0.15 -0.16 -0.07 -0.23 -0.10 -1.36

(0.14) (2.02) (0.12) (2.01) (0.14) (1.21)
College education 0.77* 0.81 0.97** 1.87 0.90** 2.45

(0.35) (2.71) (0.32) (2.55) (0.39) (3.06)
White 0.89* 0.31 1.19%** -0.63 0.72 -3.49

(0.53) (4.23) (0.45) (4.17) (0.56) (5.23)
Married 0.57 0.16 0.41 -1.26 0.39 -0.93

(0.42) (3.35) (0.38) (3.28) (0.48) (4.01)
Reference age 0.01 -0.15 0.03** -0.10 0.03 -0.13

(0.02) (0.14) (0.01) (0.11) (0.02) (0.14)
LTV 29.48 69.79**

(28.66) (29.68)
LTV*2-yr yield -10.67 -21.43**

(10.11) (10.04)
I.(LTV <0.9) -6.69%** -6.43 -40.22%** -78.48

(1.78) (14.65) (8.66) (48.50)
I.(LTV < 0.9)*2-yr yield 2.44%xx 5.02 9.74*** 19.79*
(0.67) (5.15) (2.10) (11.31)

Observations 73,184 36,866 73,307 37,225 51,272 26,713
No. of Households 37,576 24,351 37,644 24,517 26,075 17,346
Sample Full Full Full Full Pre-crisis Pre-crisis

Source: IMF staff estimates.

Notes: GMM estimation, 1996Q1 - 2014Q4. Dependent variable is 2-quarter ahead consumption growth. In the first stage regression, 2-
year yield is instrumented by monetary policy shocks (see appendix Il for description of monetary policy shock). All regressions include
a constant, and quarter (seasonal) effects. Clustered standard errors (by households) are reported in parenthesis. ***, **, and * indicate
statistical significance at the 1, 5 and 10 percent levels, respectively.
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Figure 3. Effect of Monetary Policy on Consumption Growth at Different LTV Levels

Non-Durable Consumption Durable Consumption
(90 percent confidence interval) (90 percent confidence interval)

-8 7
Source: IMF staff estimates.

Note: This graph shows the response of consumption to a 10-basis point increase in 2-year yield at different levels of household
indebtedness. X-axis denotes LTV ratio and Y-axis is the consumption response measured by B, + B, * LTV (based on equation
3), estimated at different LTV levels and corresponding 90 percent confidence intervals.

The confidence intervals widen at higher LTV levels. Furthermore, in the case of durable
consumption, the overall impact of monetary policy is found to be significant only at LTV
levels higher than 0.5, suggesting that monetary policy may be effective only beyond a
certain threshold. These results indicate that the response of consumption growth to monetary
policy may potentially be non-linear.

As discussed earlier, looser monetary policy would be expected to strengthen balance sheets
and reduce indebtedness by boosting house prices and reducing the net present value of
mortgage payments. In turn, these effects should relax credit constraints and favor higher
consumption. However, when indebtedness is especially high, the marginal improvement in
balance sheets may not be sufficient to restore access to credit or allow for debt refinancing.
We refer to this as the debt-overhang hypothesis.*

To study whether consumption growth responds non-linearly to household indebtedness, we
estimate a threshold regression of the form:

Citt1
In (CL_> = Bo + B12y1e + B2(Uirv<09 - 2Y7e) + Bslirv<oo + BZie + Agr) + Uiy, (4)
it-1

19 Moreover, as discussed in Alpanda and Zubairy (2017) high levels of debt may dampen the effectiveness of
monetary policy because “highly indebted households may be less willing, or less able, to borrow further in
response to a rate cut, especially during recessionary periods when agents are facing higher job insecurity and
income uncertainty.” After a shock, households may need to rebuild wealth and increase precautionary savings
(Mian and Sufi 2014, Carroll and Kimball 1996). A more specific channel refers to the mechanism by which
under-the-water-households may not invest in their homes in response to a monetary easing (Melzer 2017).
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where Iy <00 1S an indicator function that takes a value of 1 when indebtedness is less than
the 90™ percentile over the sample period 1996Q1-2014Q4. Therefore, a significant value of
B, implies that transmission is different across households with high and low indebtedness.
We find that higher indebtedness increases responsiveness to monetary policy shocks for
non-durable consumption over the full and pre-crisis samples (Table 5, columns 3 and 5,
respectively). Thus, effects of indebtedness appear to be non-linear. The results for durable
consumption are comparable over the pre-crisis sample (Table 5, column 6), and have the
expected sign though are not significant for the full sample (Table 5, column 4).

We further explore the responsiveness of consumption at other thresholds, namely at 70, 80,
95, and 99th percentiles. Results corroborate the above findings: the response to monetary
policy shocks increases with indebtedness, but there is no evidence that it diminishes above a
very high threshold (Table 6).% This is particularly evident for durable consumption which
shows a monotonically increasing coefficient on indebtedness as the threshold is raised.

Table 6. Response of Consumption Growth to a 10-Basis-Point Increase in the
2-Year-Yield at Different LTV Thresholds?

(In percentage points)

LTV<70 LTV>70 LTV<80 LTV>80 LTV<95 LTV>095 LTV<99 LTV>99

Full - sample

Non-durables -0.63*** -0.72%** -0.63*** -0.76%** -0.63*** -1.09%** -0.64*** -2.03***
(0.004) (0.002) (0.004) (0.002) (0.004) (0.002) (0.004) (0.001)

Durables -2.19 -2.35 -2.22 -2.55 -2.24 -3.49 -2.25 -6.55
(0.201) (0.203) (0.198) (0.185) (0.193) (0.204) (0.202) (0.21)

Pre - crisis

Non-durables -0.91*** -1.19%** -0.92%** -1.30%** -0.94%** -2.99%** -0.93*** -6.64%**
(0.000)  (0.000) (0.000)  (0.000) (0.000)  (0.000) (0.000) (0.000)

Durables -2.21* -2.50 -2.19* -2.93* -2.14* -6.77* -2.14 -15.67*
(0.085) (0.102) (0.087) (0.083) (0.085) (0.052) (0.1) (0.05)

Source: IMF staff estimates
1/ Figures in parenthesis are P-values.

In summary, our results suggest that more indebted households respond more to monetary
policy impulses. However, we do not find evidence of a debt overhang effect—that is, of a
weakened response at very high levels of indebtedness.

20 The results are robust to alternative specifications. For example, in a quadratic specification responsiveness of
consumption to monetary policy shocks is found to increase non-linearly with leverage.
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Thus, for indebtedness to explain the decrease
in the average response of household
consumption to monetary policy shocks, the
overall distribution of indebtedness must have )
shifted leftward post-crisis, toward less e
indebted households. However, if anything, "
the distribution of indebtedness shifted to the
right, though its mean decreased somewhat, as
shown in Figure 4. Using estimated °L - : — - -
coefficients from equation 3 (Figure 3), the | Loan o Yale
responsiveness of non-durable and durable

Figure 4. Density of Loan-to-Value
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consumption to a 10-basis-point rise in the 2-year yield is found to increase by 2 and 4 basis
points, respectively, due to shift in the distribution of household indebtedness post-crisis. The
proportion of households in the top 10 percentile of LTV distribution grew from 5 percent
before crisis to 8 percent in the post-crisis period. According to equation 4, this implies a 3-
and 6-basis-point increase in the responsiveness of non-durable and durable consumption,
respectively, to a 10-basis-point hike in the 2-year yield. Thus, both specifications indicate
that changes in the LTV distribution have per se contributed to a higher responsiveness of
consumption to monetary policy in the post-crisis period. We must therefore look elsewhere
to seek a plausible explanation for the drop in monetary policy effectiveness relative to
consumption.

V. DOES HOUSEHOLD LIQUIDITY MATTER?

We proceed in much the same way as in the earlier section. We ask whether the liquidity
position of households affects their consumption response to monetary policy impulses. We
further ask whether there are non-linearities, and whether the change in the distribution of
household liquidity post-crisis might help explain the lower monetary policy impact on
consumption detected earlier in this paper.

We begin by estimating the following equation:

C
In (Cl'Hl) = Bo + B12yry + Bo(LIQ—1 - 2y1e) + P3LIQ¢—1 + BZ; ¢ + Asiey + Ui (5)
it—1

In this specification, a positive value of S, supports the hypothesis that households with low
liquidity respond more to monetary policy shocks.

Estimates of 8, are however found to be insignificant (Table 7, columns 1 and 2). To
investigate the issue further, we examine whether the responsiveness of consumption to
monetary policy shocks varies with liquidity levels. For this purpose, we check for the joint
significance of B, and 3, along the spectrum of liquidity values (Figure 5). The results show
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that the responsiveness of non-durable consumption is only significant at relatively low
liquidity values (with liquid-assets-to-monthly income ratios of up to around one).

We explore the possibility that only households with liquidity below a certain threshold
respond more to interest rate shocks in a nonlinear setting. Specifically, we consider the
following threshold regressions:

Cits1
In <Cl_+> =By + B12yr: + o (ILIQ>.25 : Zyrt) + B3lLig>25 + BZi + Agr) + Uit (6)

it—1

where I}, 25 is an indicator function that takes a value of 1 when a household’s liquid-

assets-to-income-ratio is greater than the 25 percentile over the sample period 1996Q1-
2014Q4.

The results indicate that non-durable consumption responds most strongly when households
are liquidity constrained. We find qualitatively similar, but not statistically significant results
for durable consumption (Table 7, column 3 and 4).% Table 8 offers an interpretation of
results, listing the extent of the consumption response to a 10-basis point surprise hike in the
2-year interest rate. The response of non-durable consumption increases monotonically as
liquidity is lowered from the 20" to the 10" and 5™ percentiles. In the first case, consumption
of non-durables rises by 2.3 percentage points, while in the last it increases by 2.5 percentage
points—not an innocuous difference.

Overall, our results provide some support for the findings of Kaplan and Violante (2014) that
non-durable consumption of wealthy hand-to-mouth households (namely those with limited
liquid assets) responds more strongly to interest rate changes.

2L As in the case of leverage, we also estimated equation 6 for durable consumption for the pre-crisis period.
Liquidity continues to not matter for transmission of monetary policy to durable consumption even in the pre-
crisis period.
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Table 7. Impact of Monetary Policy on Consumption: The Role of Liquidity

1) (2) 3) (4) (5) (6)
Variables Non-durables  Durables Non-Durables Durables Non-Durables Durables
2-yr yield -25.58** -1.65 -23.41%** -14.98 -24.,92%** -18.62
(10.39) (6.12) (8.58) (18.26) (9.27) (21.55)
Family size -0.12 -0.84 0.01 0.16 -0.06 -0.18
(0.16) (1.36) (0.14) (1.15) (0.14) (1.15)
College education 1.56** 416 0.88** 3.21 1.08*** 4.17
(0.73) (3.48) (0.38) (2.92) (0.38) (2.90)
White 0.80 -1.99 0.90 1.11 0.91 1.61
(0.89) (5.98) (0.55) (4.84) (0.56) (4.84)
Married 0.56 -1.32 0.46 -1.19 0.54 -0.45
(0.55) (4.45) (0.45) (3.69) (0.46) (3.70)
Reference age 0.03 -0.17 0.02* -0.12 0.03* -0.12
(0.02) (0.16) (0.01) (0.13) (0.02) (0.13)
Liquid assets/Income -23.82 -1.85
(35.52) (14.13)
Lig*2-yr yield 7.39 0.99
(10.56) (3.15)
.(lig > 0.25) -4.00* 4.28
(2.25) (9.04)
I.(lig > 0.25)*2-yr yield 2.27%%* 1.21
(0.75) (2.61)
.(lig > 0.10) -9.16** -18.45
(4.55) (19.10)
I.(lig > 0.10)*2-yr yield 3.93%** 5.36
(1.51) (5.81)
Observations 52,344 20,874 52,345 28,892 52,345 28,892
No. of Households 26,885 18,820 26,885 18,821 26,885 18,821

Source: IMF staff estimates.

Notes: GMM estimation, 1996Q1 - 2014Q4. Dependent variable is 2-quarter ahead consumption growth. In the first stage regression, 2-
year yield is instrumented by monetary policy shocks (see appendix Ill for description of monetary policy shock). All regressions include
a constant, and quarter (seasonal) effects. Clustered standard errors (by households) are reported in parenthesis. ***, **, and * indicate
statistical significance at the 1, 5 and 10 percent levels, respectively.
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Figure 5. Effect of Monetary Policy on Consumption Growth at Different
Liquidity Levels

Non-Durable Consumption Durable Consumption
(90 percent confidence interval) (90% Confidence Interval)
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Source: IMF staff estimates.

Note: This graph shows the response of consumption to a 10-basis point increase in 2-year yield at different levels of household
liquidity. X-axis denotes liquid-assets-to-income ratio and Y-axis is the consumption response, measured by (B, + B, * LIQ
(based on equation 5), estimated at different liquidity levels and corresponding 90 percent confidence intervals.

Table 8. Response of Consumption Growth to a 10 Basis Point Increase in the

2-Year Yield at Different Liquid-Asset-to-Income Thresholds?
(In percentage points)

LIQ<25 LIQ>25 LIQ<20 LIQ>20 LIQ<10 LIQ>10 LIQ <5 LIQ >5

Non-durables -2.34%*  2.11%*  2.30%% 2 11%* 249%™  210%* 249" 2 0%
(0.006)  (0.007) (0.006)  (0.007) (0.007)  (0.007) (0.007)  (0.007)

Durables -1.50 -1.38 -1.72 -1.36 -1.86 -1.33 -1.86 -1.33
(0.412)  (0.399) (0.364)  (0.408) (0.387)  (0.419) (0.387)  (0.419)

Source: IMF staff estimates

1/ Figures in parenthesis are P-values.

Lastly, we ask whether the change in the

distribution of liquidity from pre- to post-
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in monetary policy effects on '
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coefficient estimates from equation 5, the responsiveness of non-durable consumption is
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found to marginally strengthen after the crisis due to the observed shift in the liquidity
distribution (a 10-basis-point increase in 2-year yields leads to an additional 0.1-basis-point
decline in non-durable consumption in the post-crisis period).

The share of households in the lower 25" percentile of liquidity distribution rose from 24
percent pre-crisis to 28 percent after the crisis, which according to the estimates from
equation 6 should also strengthen the responsiveness of non-durable consumption by 0.1
basis point (to a 10-basis-point increase in 2-year yield).

Hence, liquidity cannot explain the weakened response of consumption observed after the
crisis either. The widespread concern that a deterioration of household balance sheets after
the crisis hampered monetary policy effectiveness thus does not seem to hold.

What other factors may be responsible for the observed decline in monetary policy
transmission to consumption? Aastveit, Natvik, and Sola (2017) report that U.S. monetary
policy shocks affect economic activity less when uncertainty is high, in line with “real-
option” effects from theory. We tentatively explore this hypothesis by interacting monetary
policy shocks in our estimation with the index of economic policy uncertainty (denoted
below by Unc) developed by Baker, Bloom, and Davis (2016):

C
In <_Cl't+1> = Bo + B12yr + Bo(Unc, - 2yr) + BzUnce + BZ; ¢ + Asy Fuie  (7)
it—1

Transmission to household consumption is indeed found to be stronger when economic
policy uncertainty is low, at least for nondurables (Table 9). Figure 11 compares the strength
of monetary policy transmission in periods of high uncertainty (above the 90" percentile over
the period 1996Q1-2014Q4) versus low uncertainty (below the 10" percentile over the same
period). While results hold qualitatively for non-durable and durable consumption, they are
only significant for the former.

Using the estimates obtained from equation (7) and mean uncertainty levels for the pre- and
post-crisis periods, we can attempt to explain the weaker transmission noted earlier post-
crisis. The effects are quantitatively modest, with higher uncertainty explaining about one
fourth and one fifth of the reduction in non-durable and durable consumptions’
responsiveness to monetary policy, respectively. While this preliminary investigation
provides only suggestive evidence, further research on this issue seems worthwhile.
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Table 9. Impact of Monetary Policy on Consumption: The Role of Uncertainty

(1) 2
Variables Non-Durables Durables
2-yr yield -13.77%** -17.51
(2.70) (12.81)
Uncertainty*2-yr yield 0.01%** 0.04
(0.00) (0.03)
Uncertainty index -0.14%** -0.08
(0.03) (0.11)
Family size -0.12 0.05
(0.08) (0.74)
College education 0.92%** 1.22
(0.24) (1.88)
White 0.69** 2.15
(0.29) (2.84)
Married 0.55** 0.57
(0.24) (2.17)
Reference age 0.02*** 0.08
(0.01) (0.07)
Observations 166,921 69,781
No. of Households 85,246 47,356

Source: IMF staff estimates.

Notes: GMM estimation, 1996Q1 - 2014Q4. Dependent variable is 2-
quarter ahead consumption growth. In the first stage regression, 2-
year yield is instrumented by monetary policy shocks (see appendix
11l for description of monetary policy shock). All regressions include a
constant, and quarter (seasonal) effects. Clustered standard errors
(by households) are reported in parenthesis. ***, **, and * indicate
statistical significance at the 1, 5 and 10 percent levels, respectively.

V1. CONCLUSION

We find that the average responsiveness of U.S. household consumption to well-identified
monetary policy shocks has declined since the global financial crisis. However, this result
cannot be explained by higher indebtedness or lower liquidity levels. Households with higher
debt levels and lower shares of liquid assets are the most responsive to monetary policy, and
the share of these households in the population grew. The common notion that a deterioration
of household balance sheets after the crisis hampered monetary policy effectiveness is not
validated in the data.

Nevertheless, household balance sheets do matter for the strength of monetary policy
transmission, and our results underscore the notion that monetary policy makers need to pay
close attention to them. Moreover, given the presence of nonlinearities (the responsiveness of
more indebted households rises non-linearly with indebtedness), monitoring the distribution
of household balance sheet characteristics is important.
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Although a full investigation of the issue is beyond the scope of this paper, we tentatively
explored the role that higher economic uncertainty may have played in explaining the
diminished responsiveness of household consumption to monetary policy. Preliminary

evidence supports the notion that uncertainty may indeed have been an important factor, but
more research on the issue is warranted.
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APPENDIX |. DATA

The Consumer Expenditure Survey (CEX) is a survey conducted by the Census Bureau and is
primarily used by the Bureau of Labor Statistics to determine the weights assigned to different
goods and services in calculating the consumer price index (CPI). The CEX is a rotating panel
survey and each household is interviewed once per every three months for, at most, 15
consecutive months. In addition, the survey sample is designed to be representative of the U.S.
civilian non-institutional population.

Data cleanup

We take several steps to clean up the raw CEX data. We drop observations in which the CEX
records negative consumption for households. We also drop observations for households with
more than one consumption unit and households with less than four interview observations.
This cleanup results in roughly 5,000 quarterly household observations, of which 74 percent
are homeowners and 45 percent are homeowners with outstanding mortgage balance. On
average, households spend $4,320 on non-durable goods and $1,048 on durable goods. Some
summary statistics for housing tenure and consumption for the data are shown in Appendix |
Table 1 below.

One peculiar feature of the CEX survey is that the interview quarter and the consumption
quarters may not align perfectly. Each time a household is interviewed, they are inquired
about their consumption expenditures over the three months prior to the month of interview.
Since households may be interviewed during any month within a given quarter, the interview
quarter does not necessarily correspond with the months for which the consumption data are
acquired. We make the appropriate adjustments to the consumption data so that they align
with their respective calendar quarters.

Appendix | Table 1. Housing Tenure and Real Consumption

Average Level Average Growth
Share Non- Non-
(percent) Durable Durable Durable Durable
Homeowners 74 4,803 1,204 0.14 -3.44
w/ mortgage 45 5,286 1,397 0.02 -4.02
w/o mortgage 29 4,044 900 0.32 -2.25
Renters 26 2,935 601 -0.23 -4.26
All 100 4,320 1,048 0.04 -3.60

Sources: CEX and authors’ calculations.

Note: Consumption variables are in constant dollars (2000Q1 = 100) and winsorized at
one percent of each tail.
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Definitions of consumption variables

Following Aladangady (2014), non-durable consumption consists of food, alcohol, tobacco,
housing operations, utilities, gasoline, public transportation, personal care, reading,
entertainment, apparel, healthcare, and education expenses. Durable consumption consists of
expenditure on cars (new and used), furniture, and equipment. Appendix | Table 1 outlines
the CEX variables used to construct non-durable and durable consumption variables.

Details of the CEX variables used in constructing non-durable and durable consumption
variables are mentioned in Appendix | Table 2.

Leverage and liquidity

Most of the household balance sheet data are only available in the 5" interview, while
mortgage information is asked in every interview. Leverage is proxied by the ratio of
mortgage balance to the reported house value. We aggregate the mortgage balances reported
on all the properties owned by the household. The CEX variables used for constructing this
are QBLNCM1X or QBLNCM2X, which report the household’s mortgage balance at the
beginning of the month, three months prior to the interview or two months prior to the
interview, respectively. Our choice over which of the two variables to use depends on which
month corresponds to the first month in the consumption quarter. If a household refinances
its mortgage on a property, we adjust the household’s mortgage balance such that the
mortgage balances before and after refinancing are not double-counted. For property value
we use PROPVALX. We construct a house price index using this variable and it matches
well with the Case-Shiller Home Price Index, particularly the boom-bust in the house prices
although it is not shown here.

Liquid assets include the total balance a household has in their checking and savings
accounts. From 2013 onwards, liquid assets also include money market accounts and
certificates of deposits. The CEX variables used in constructing the liquid assets variable are
LIQUIDX for the period covering 2013-14 and CKBKACTX + SAVACCTX for 1994—
2012. Unlike balance-sheet variables, income is reported in both the second and the fifth
interview. We use the imputed after-tax income, FINCATXM from 2004 onwards. For the
prior years, we use the reported after-tax income, FINCATAX, and replace invalid missing
entries with imputed income data. Appendix Table 3 shows the correlation matrix among key
variables.

Cohorts and control variables

We construct the synthetic cohorts using housing tenure (CUTENURE) and the household
head’s birth year, which is determined by the interview date and the household head’s age
(AGE_REF) at the time of the interview. The control variables used in the panel analysis
include race (REF_RACE), education (EDUC_REF), age (AGE_REF), family size
(FAM_SIZE), and marital status (MARITALL1).
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Appendix | Table 2. Definitions of Key Consumption Variables

Variable Details CEX Name

C Total Expenditure TOTEXP

Non-durable Expenditure

Food FOOD
Alcohol ALCBEV
Tobacco TOBACC
Housing operations HOUSOP
Utilities UTIL
Gasoline GASMO
Public transportation PUBTRA
Personal care PERSCA
Reading READ
Entertainment ENTERT
Apparel APPAR
Healthcare HEALTH
Educational expenses EDUCA
Durable Expenditure

Cars & trucks, new CARTKN
Cars & trucks, used CARTKU
Other vehicles OTHVEH
Furnishing & equipment HOUSEQ

Annex Table 3. Correlation Matrix

Non Durable Durable Family College  Ethnicity Marital Reference
Consumption Consumption | Ty  Ljquidity Size Education (white=1) Status Age

Non durable consumption 1

Durable consumption 0.045 1

LTV -0.0068 -0.0068 1

Liquidity 0.0098 0.0039 -0.1774 1

Family size 0.0001 0.0004 0.2209 -0.1502 1

College education 0.0055 0.004 0.0839 0.0879 -0.0121 1

Ethnicity (white = 1) 0.0056 0.0028 -0.0481 0.0802 -0.0351 0.0374 1

Marital status 0.0055 0.0027 0.0821 -0.0056 0.4539 0.1051 0.1163 1

Reference age 0.0078 0.003 -0.4468 0.2449 -0.3801 -0.088 0.0589 -0.0947 1
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APPENDIX Il. SYNTHETIC COHORT PANEL DATA
Construction of Synthetic Cohort Panel

To measure the responsiveness of households’ consumption to monetary policy over time,
we need a panel data, although the CEX is designed as repeated cross-section data (Appendix
I). Therefore, we construct a synthetic panel, as in Attanasio and Davis (1996), Narita and
Narita (2011) and Cloyne and others (2017). We construct synthetic cohorts based on the
arguably time-invariant household characteristics, which are the birth year and housing
tenure of the household head. That is, we construct a panel data set of each representative
consumer unit with one of the combination of these characteristics.

The birth cohorts are defined by a 5-year band. The oldest cohort consists of people

who were born between January 1910 and December 1914. We focus on household heads

of age 25 to 75. The housing status is categorized into three levels: owners without mortgage,
owners with positive mortgage balance, and renters. This procedure yields an unbalanced
panel of 42 synthetic cohorts with a minimum of 20 CUs in each of them.

Our choice of a small set of characteristics is driven by the objectives of avoiding having few
CUs in some synthetic cohorts, and avoiding short time series. The number of CUs in a
synthetic cohort varies across cohorts. This variation in the number of CUs in synthetic
cohorts can be problematic. The time-series data of synthetic cohorts with few CUs tend to
be much volatile than that of synthetic cohorts with many CUs, because household-specific
changes in consumption are not averaged out. This leads to high standard errors for synthetic
cohorts with few CUs. Also, if the time-series of consumption and income are too short,
estimation may suffer from a small sample bias.

Estimation of Cohort-Level Variables

Given the definition of synthetic cohorts, we estimate durable and non-durable consumption
paths for each cohort. We consider a reduced form relationship between cohort-level
consumption and individual household-level consumption in the cohort as follows:

log(cjir) = log(cie) + €ier  &ir ~ 1.1.d.(0,07)

where c; ; . is consumption level of household j in cohort ¢ at time t, ¢; ; is cohort-level
consumption for cohort i at time t, and ¢; ; . is a household-specific idiosyncratic shock at
time t, which has mean zero and variance a/;. That is, we model log of individual
consumption as a random draw from a distribution with mean log(c;,) and variance o/;.

In this reduced form model, the simple average of log(c;;,) over households in cohort ¢ at
time t is a consistent estimate of log(c;,) by the law of large numbers. Since the CEXis a
random sample from U.S. population, we use the CEX sample weights in taking the average.
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We interpret the CEX sample weights as the number of off-sample households who are
represented by the consumer unit in the sample. Namely, we consider that there are w; ; ;

households who are similar to household i, and hence whose consumptions are equal to c; ; ;.

Therefore, our estimate of cohort-level logged consumption is the weighted average of
logged consumption expenditures over households in the cohort, using the CEX sample
weights. That is,

. 1
log(c,t) :i=— wjit Log(cjit)
Wi ¢

" jEIe
log(cie) :=1

where I; ; is the set of households in cohort i at time t, w; ; . is the CEX sample weights, and

Wi = Zjeli,t Wj ;¢
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