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Abstract

Has the significant increase in fixed-rate, non-refinanceable student loan debt in the United
States over the last 20 years affected the transmission of monetary policy to household consumption?
Several studies have emphasized the importance of refinancing as a key mechanism through which
households fund consumption in response to expansionary monetary policy. In this paper, I estimate
consumption responses to expansionary monetary policy shocks for households with different types
of debt to study the implications of the increased share of student loan debt in the household
balance sheet. I find that households with fixed-rate, non-refinanceable student loan debt have a
muted consumption response compared to mortgagors and households with variable-rate student
loan debt. Mortgagors and variable-rate student loan holders have significantly larger consumption
responses, approximately $4000, or 40% more over four years. I then calculate the implied effect
on average household consumption responses given the composition of the household balance sheet
in 2007 versus 2019. I find that the reallocation of household debt has reduced average monetary

policy responses by around 10% two years following an expansionary monetary policy shock.
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1 Introduction

Over the last 20 years in the United States, unsecured, fixed-rate student loan debt has more than
doubled, rising from 4% of total household debt in 2007 to over 10% by 2020. During this period
balances have nearly quadrupled, with borrowers carrying an average of $40,000 in student loan debt
in 2020. The rise in student loan debt has shifted the composition of the household balance sheet away
from refinanceable mortgage debt and toward non-refinanceable! student loan debt. The secular rise
of student loan debt may interfere with the refinancing mechanism, an essential channel through which
households fund consumption in response to expansionary monetary policy (Wong 2021; Beraja et al.
2019; Berger et al. 2021; Eichenbaum et al. 2022).

This paper shows that the increase in student loan debt over the last 20 years has attenuated
the transmission of monetary policy to household consumption. I use detailed quarterly consumer
credit panel data from the California Policy Lab (UC-CCP) to estimate differential monetary policy
responses for households with student loans and mortgages. I find that households with fixed-rate
student loan debt have smaller consumption responses compared to those with mortgages. I also
exploit a change in U.S. student loan policy that moved from variable interest rates to fixed interest
rates in the Federal Direct Student Loan program. I show that borrowers with variable-rate student
loans respond more to monetary policy shocks than those with fixed-rate student loans. These results
highlight the importance of the refinancing channel, and suggests that the differing responses between
mortgagors and fixed-rate student loan borrowers are also likely driven by refinancing and not due to
differences between these groups. I then provide a back-of-the-envelope calculation to illustrate that
these effects are quantitatively important. Using my estimated household responses, I find that the
changing composition of household debt has resulted in a decrease in the average household consumption
response of approximately 10%. This may significantly impact monetary policy effectiveness going
forward if trends continue.

Rising tuition costs in the United States, paired with an increasing reliance on student loans, have
led to a significant increase in student loan debt across demographic groups. The share of households
with student loan debt increased from 12% to over 22% between 2007 and 2019, while the average
student loan balance for borrowers has grown from $21,000 to $40,000 over the same period. Student
loans are now the second largest debt category, surpassing motor vehicle and credit card debt. At the
same time, there has been a fall in the share of households with mortgage debt from 49% at the peak
in 2007 to just over 40% in 2019.

Determining the implications of these trends for monetary policy transmission is challenging. A

1To refinance federal student loans, individuals must go through private lenders. This is not generally a viable option
for most households, as private student loans are subject to risk-based pricing, so rates can be significantly higher, and
individuals lose most of the benefits of the federal student loan program, such as relatively generous income repayment
plans, forbearance, and forgiveness for select professions.



key constraint is finding data that tracks individual consumption and contains reliable information
on household balance sheet items. The benefit of using credit bureau data is the detailed informa-
tion on household debt for individuals over time, along with detailed loan information, which can be
used to construct measures of spending in crucial consumption categories, such as vehicle purchases.
The measures of household debt from the UC-CCP corresponds closely with aggregate trends in both
mortgage and student loan debt. I can infer the interest rate type for specific student loans using the
history of interest rates in the student loan program, a feature that is not available in other higher
frequency datasets with both balance sheet information and consumption, such as the Consumer Ex-
penditure Survey. This added benefit allows me to test the importance of the refinancing mechanism
more directly.

While consumption is not observed directly in the UC-CCP data, I construct a proxy of household-
level consumption using auto loan originations following Aruoba et al. (2022). I find that this auto loan
proxy variable from credit bureau data closely matches aggregate spending on vehicles from the Bureau
of Economic Analysis (BEA). Therefore, changes in these loans can approximate increased spending on
cars and other vehicles, which account for a sizable portion of consumer durable spending, and while
only a subset of total household spending, consumer durables are particularly responsive to monetary
policy (McKay and Wieland 2021).

To measure the effect of student loan and mortgage debt on household responses to monetary
policy, I estimate individual-level local projections (LP) (Jorda 2005), in which the future values of
consumption are regressed on current changes in interest rates interacted with an indicator for debt
status. This allows me to estimate impulse response functions (IRFs) for individuals with different
types of debt. I isolate the heterogeneous consumption responses for households with different types of
debt by taking the coefficients on the interaction terms from these regressions to capture the dynamic
effect of monetary policy on household consumption at each horizon.

Monetary policy is conducted in response to current and future expected conditions of the economy,
which poses issues for casual identification. To identify the causal effects of interest rate changes
induced by monetary policy, I use monetary policy shocks to isolate exogenous movements in the real
interest rate. I take the monetary policy shock series from Bauer and Swanson (2023), who estimate
monetary policy surprises by taking high-frequency interest rate changes around the Federal Reserve’s
Federal Open Market Committee (FOMC) announcements. These shocks work well over the relatively
short time frame of my panel (2004-2019). The identifying assumption for my results is that there are
no additional variables that are driving differential responses to the monetary policy shocks that are
correlated with debt status, such as demographic differences between individuals with different types of
debt. I therefore include a limited set of controls, including age and age interacted with the monetary

policy shocks to account for differential monetary policy responses over the life-cycle.



The main specification tracks the additional consumption response of households with fixed-rate
student loans and mortgage debt over the non-debtor? response. I find that the response to a one-
standard-deviation expansionary monetary policy shock for individuals with fixed-rate student debt is
only slightly lower than the non-debtor response, and this effect dissipates entirely after four years,
resulting in a cumulative response that is not significantly different from the non-debtor response of
$10,000 after 16 quarters. On the other hand, mortgagors will, on average, spend an additional $4000
on vehicles over four years, 40% more than the non-debtors.

To more directly test the affect of fixed-rate versus variable-rate debt, I exploit a 2006 policy change
in the federal student loan program to compare households with variable-rate and fixed-rate student loan
debt directly. I find that households with variable-rate student loans also have a significantly higher
response, spending an additional $4000 over four years, almost identical to the mortgage response.
Both of these results suggest that the refinancing mechanism is an essential driver of monetary policy
responses.

Next, I present further evidence in support of the refinancing and interest rate exposure mecha-
nisms and address any threats to identification. First, I assess the importance of the level of debt in
driving the differential responses that I observe. The level of debt should correspond to the strength
of the refinancing channel as individuals with large balances should see larger decreases in interest rate
payments in response to lower rates, and thus increased cash flow. To test this assumption, I estimate
additional specifications that directly test the importance of the level of debt. I find that the size of
debt is a crucial driver of the household response for those with mortgages and variable-rate student
loans, as the consumption response is increasing in the level for both. Conversely, the level of fixed-rate
student loan debt does not appear to affect the consumption response. This is consistent with the refi-
nancing mechanism, as higher levels of debt will increase the incentives of refinancing. I also show that
mortgage refinancing increases and mortgage payments decrease in response to expansionary monetary
policy shocks in the credit panel data, consistent with the existing literature.

Second, I test the robustness of my results to the inclusion of age controls.®> As debt is not ran-
domly assigned in the population, an ideal empirical design would include a number of individual and
household-level fixed effects to account for selection into different loans. One limitation of the data is
the overall lack of demographic variables. To assess how significant this concern is for my results, I
estimate the main specification with and without the available age variables and find that the results are
not sensitive to the inclusion of age controls. I also test the use of auto loan originations as the primary
measure of consumption by looking at alternate consumption measures and find that the results do not

significantly change.

2Here, non-debtor is defined as households without mortgage or student loan debt. They may hold other types of debt.
31 show, using data from the Survey of Consumer Finances, that age is the most significant characteristic where
households with mortgages and student loans differ.



Finally, I construct a back-of-the-envelope calculation to quantify the implied effect of the changing
balance sheet on average monetary policy responses and use a “Three-Agent” New Keynesian Model
(ThANK)* to show that this back-of-the-envelope calculation can be informative for the aggregate mone-
tary policy response. First, I weight the estimated impulse response functions by the share of households
with each type of debt in 2007 and 2019, respectively, to generate average consumption responses and
compare the weighted IRFs. These estimates suggest a decrease in the average household response of
approximately 10% after two years. I then provide further context for the back-of-the-envelope cal-
culation, using a stylized two-period ThANK model to examine how the micro-level estimates of the
household consumption response aggregate to macro-level monetary policy responses. I find that under
standard assumptions, the back-of-the-envelope is a good approximation of the aggregate effect. This
suggests that the rise in student loan debt has significantly impacted the transmission of monetary
policy to household consumption.

My empirical work relates to a growing theoretical literature that calls for the inclusion of hetero-
geneity in macroeconomic models, laid out extensively in the heterogeneous agent (HANK and TANK)
literature (Kaplan et al. 2018; Ahn et al. 2018; Luetticke 2021; Debortoli and Gali 2017; Gali et al.
2007; Bilbiie 2008). Specifically, my paper builds on the work of Auclert (2019), who shows that the
ability to adjust loan terms in response to changes in interest rates matters for the transmission of
monetary policy, which Auclert terms the interest-rate exposure channel. I directly test the importance
of fixed versus variable-rate debt in the transmission of monetary policy in the U.S. context, providing
an empirical test of this important theoretical transmission mechanism and contributing to the growing
literature on how monetary policy is transmitted through household debt (Slacalek et al. 2020; Jappelli
and Scognamiglio 2018; Flodén et al. 2021).

This literature highlights the importance of this net interest rate exposure channel. In the U.S.
context, where most mortgages are fixed rate, the literature has focused on refinancing as the primary
driver of the consumption response in the U.S. (Wong 2021; Berger et al. 2021; Beraja et al. 2019;
Eichenbaum et al. 2022). Cloyne et al. (2020) also find that mortgagors drive most of the aggregate
monetary policy response in the U.S. and U.K., although the authors focus on the differences across the
housing tenure status in MPCs and not on refinancing. My research adds to this literature by comparing
the mortgage response to the response of those with student loan debt to measure the importance of
this interest rate exposure channel for the transmission of monetary policy and to understand the
implications of the increasing trend in student loan debt. I verify the the importance of mortgage
refinancing, using credit panel data, which, to my knowledge, has not previously been used in this

setting. I then provide evidence that those with fixed-rate student loan debt do not respond as strongly

41 extend the standard two-period version by including two hand-to-mouth agents, each of which holds exogenous debt
with either variable-rate interest payments or fixed-rate interest payments, along with the Ricardian agent.



to expansionary monetary, suggesting that the rise in student loan debt has broader implications for
effective monetary policy.

My work also relates to several studies in the household finance literature examining the connection
between rising student loan debt and the housing market, and how the trends in student loan debt and
mortgage debt may be inherently linked (Mezza et al. 2020; Amromin et al. 2017; Black et al. 2023,
Cooper and Wang 2014; Houle and Berger 2015). This is still an active area of research with many
questions still left unsettled, which may be important mechanisms for my setting.

In the context of monetary policy, mortgage debt and refinancing play an essential role in the
transmission of monetary policy to real economic activity. The rise in student loan debt and the
changing composition of household balance sheets may limit the ability of households to take advantage

of favorable interest rates through refinancing, thus muting the impact of monetary policy.

The rest of the paper will proceed as follows: In section 2, I discuss the composition of household
balance sheets and the relevant empirical setting. In section 3, I describe the data. I then lay out the
estimation strategy and results in section 4 and present evidence of refinancing in section 5. In section

6, I then present a simple model to help contextualize my results and then conclude.

2 Empirical Setting

In this section, I lay out the relevant details for my empirical setting. I show how the composition of
the household balance sheet has changed over time and the underlying dynamics of household debt that
explain the relevant trends. I then briefly discuss the history of student loan policy with a particular

focus on how interest rates have evolved over time and how they relate to other similar loan types.

2.1 Household Balance Sheet

For decades, mortgage debt has been the most important component of household debt. Recently,
student loan debt has become a more prominent component, particularly for young households, as the
share of households with student loans and average balances have increased relative to other types of
debt. Figure 1 plots the trend in both student loan debt as a share of total household debt (left panel)
and mortgage debt as a share of total household debt (right panel). Mortgage debt has fallen as a share
of total household debt from its peak of 78% in 2007 to about 67% of total household debt in 2020. This
decrease in the share of mortgage debt has been matched by a sharp increase in the share of student
loan debt, which increased from around 4% in 2007 to over 10% of total household debt in 2020.
While Figure 1 shows that mortgage debt and student loan debt have been on offsetting trends,

mortgage debt remains the single largest debt category, making up just over two-thirds of total household



Figure 1: Student Loan and Mortgage Debt as a Share of Total Household Debt, 2007-2019
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Notes: The figures show the quarterly change in the percent of total household debt that is student loan debt (left panel)
and mortgage debt (right panel). The vertical axis is percent and the horizontal axis is quarters between 2007q1 and
2019g4. Source: Federal Reserve Board; Z.1 Financial Accounts of the United States, and G.19 Consumer Credit Release.

debt in 2020.> However, student loans over this 13-year period have passed auto loans and credit cards
to become the second largest source of debt in the United States, topping 1.76 trillion dollars by the
beginning of 2023.5 Other loans, including credit cards and auto loans, stayed relatively constant
throughout this period.”

For a clearer picture of the underlying dynamics behind these trends in household debt, in Appendix
A, T include figures showing the share of households with student loan and mortgage debt, and average
and median balances for borrowers of each type of debt. The share of households with student debt
has more than doubled between 1989 and 2019 and the average balance has nearly quadrupled. On the
other hand, the share of households with mortgage debt has fallen from its peak during the housing
bubble in the mid-2000s. While the average student loan balance has grown consistently, the average
mortgage balance has less than doubled over this period and has remained fairly constant since the

Great Recession.

2.2 Student Loan Details

One way in which debt is important for the transmission of monetary policy is that changes in interest
rates can change payments on debt. If interest payments decrease in response to monetary policy
shocks, this opens up additional funds that can be used to finance consumption. Fixed-rate debt or
non-refinanceable debt will shut down this interest rate channel, as interest payments on fixed-rate loans
will not respond to interest rate changes.

Student loan debt, relative to other types of debt, is unique in that most of these loans are provided

5In Appendix A, Figure 10 plots the composition of total household debt over the 13 years from 2007 to 2020.
6Source: Federal Reserve Board, G19 Consumer Credit Outstanding
7See Appendix A for individual plots of changing shares.



through the federal government, and interest rates on all loans are set by Congress annually.?? The
early federal student loan program began in 1965 and provided subsidized loans through partner lenders,
backed by the federal government. In 1992, with the re-authorization of the 1965 Higher Education
Act, the direct student loan program was piloted. This new direct loan program switched, for the first
time, to variable-rate student loans.!® Some years later, interest rates in the direct loan program were
reverted back to fixed rate, taking effect in 2006 (Delisle 2012). While the rates do vary from year to
year, an individual’s rate is fixed once the loan is taken out. Figure 2 shows the history of interest rates

in the direct lending program since 2006.

Figure 2: Federal Student Loan Interest Rate History SY2006/07 - SY2024/25
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Notes: The figure shows the history of interest rates in the Federal Student Loan program, along with the 10-year
Treasury Auction rate. The horizontal axis is school years, and the vertical axis is percent. Source: the U.S. Department
of Education and the U.S. Department of the Treasury.

These rates are generally favorable, as rates are determined by loan type and not credit score,
therefore students do not face risked-based market pricing as they would for private student loans, or
for other kinds of unsecured loans. Table 1 shows these rates for the 2023-24 and 2024-25 school years,
along with average mortgage rates, and quotes for some private student loans and personal loans.

There is almost no ability to refinance or discharge these loans. It is not possible to refinance federal
loans with government lenders. You can consolidate your loans at the average of your current interest

rates but this will not lower rates. To refinance student loans, individuals must go through private

8Details on the history of student loan interest rates and servicers is available through the U.S. Department of Edu-
cation.

9These rates are determined using the 10-year Treasury note auction yield plus an add-on margin, and they apply to
new federal loans disbursed from July 1st of the current year to July 1st of the following year (Cox 2017). The add-on
margin is calculated so the government breaks even.

10The variable rates reset once a year based on the interest rates on short-term U.S. Treasury securities plus 3.1
percentage points, capped at 9.0 percent (Delisle (2012)).



Table 1: Interest Rates on Different Types of Loans

Type of Loan Interest Rate
Undergraduate 5.50%
Graduate & Professional 7.05%
Parent, Graduate & Professional PLUS 8.05%

(a) Panel A: Federal Student Loan Rates SY23-24.

Type of Loan  Interest Rate

30-Yr FRM 6.89%
15-Yr FRM 6.17%
5/1-Yr ARM 6.64%

(b) Panel B: Average Mortgage Rates as of July 2024.
Type of Loan Interest Rate
Private Fixed Rate Student Loan 4.19% - 14.83%
Private Variable Rate Student Loan 5.74% - 15.86%
Personal Loans 12.35% - 13.74%

(c) Panel C: Average Rates on Other Loans as of July 2024.

Notes: The tables report various interest rates on different types of (a) federal student loans, (b) mortgage loans, and (c)
other private student loans and personal loans. Source: the U.S. Department of Education, Freddie Mac, and SoFi.

lenders.!! Tt is not clear how many borrowers are refinancing with private lenders, but we do know that

less than 9% of student loan debt is held at private lenders.

3 Data

In this section, I discuss the data used in my analysis. I describe how I construct the relevant measures

of consumption and debt, and then briefly discuss the choice of monetary policy shock.

3.1 Credit Panel Data

There is limited data in the United States linking household balance sheet items and consumption.
The Consumer Expenditure Survey (CEX), the largest and most commonly used survey of household
consumption, has detailed information on consumption and income for households but has limited
information on debt and assets. The level of detail required to accurately identify liabilities and precisely
classify loan types as required in my setting, is not available in the CEX data.

One alternative is to use detailed data on household debt, available in consumer credit panel data,

and construct alternate measures of consumption to capture household responses to monetary policy.

HThis is not generally a viable option for most households, as private student loans are subject to risk-based pricing
and are not collateralized so rates can be significantly higher. Individuals may also lose most of the benefits of the federal
student loan program such as relatively generous income repayment plans for certain professions.



Therefore, T use data from the University of California Consumer Credit Panel (UC-CCP), a quarterly
database of consumer credit bureau records. The data include two samples, a comprehensive sample of
all California records, and a national sample, made up of a random 2% anonymized sample of all U.S.
consumers with a bureau record.!'?

Using the UC-CCP data, I can get information on current and starting balances for most loans
held by consumers including mortgages, student loans, auto loans, credit cards, and other secured and
unsecured loans. There are limited demographic variables but I do observe the age and birth date of

individuals in the credit panel, allowing for some household-level controls.

3.1.1 Consumption

There is no direct measure of household consumption in the credit panel data. I proxy for consumption
using auto loan origination, following Aruoba et al. (2022),' to capture vehicle purchases. The use of
vehicle purchases to capture consumption expenditures is not new. Mian et al. (2013) rely on aggregated
zip-code level information on new car registrations, along with aggregated credit card transaction data,
to overcome the difficulty in finding appropriate data sources with both reliable information on con-
sumption and household balance sheet information. Aruoba et al. (2022) expand on this, using credit
panel data and constructing an auto loan origination series to look at the role of household financial
constraints in explaining the observed decline in aggregate consumption.

One downside to using auto loan originations to measure vehicle purchases is that it only captures
the share of vehicle purchases that are financed; I do not observe cash purchases. In figure 3, I plot
my constructed auto loan origination series against the Bureau of Economic Analysis’ total vehicle
expenditures series over the sample period (2004-2019) to show that the credit bureau data capture
aggregate vehicle expenditures. The red line shows the evolution of vehicle purchases as measured in the
UC-CCP (normalized to the 2006 value) against the BEA equivalent series, shown in blue. The series
align reasonably well over the sample. There are discrepancies following the financial crisis, including a
slightly delayed trough in the UC-CCP series, but the general trends match well. The primary concern
would be the impact that interest rate changes may have on auto loan financing decisions. Interest rates
may be affecting the series in two ways. First, interest rates may change the incentives for financing
vehicle purchases instead of paying in cash. Given the results of the above comparison with aggregate
sales data (which include cash and financed auto sales), it appears that a change in the percentage of
households financing new vehicle purchases is not a significant factor in the aggregate, but could still

be a concern at the individual level.1*

12For my analysis, I use a 2% random sample of the national dataset.

I3 Aruoba et al. (2022) use auto loan origination to calculate the average probability of auto loan origination and
calculate the dollar value by combining this probability and the average price of a car in the relevant year. I use the
origination value of the loan. The key difference is that my series does not include down payments or trade-ins.

MImportantly for my setting, any change in financing behavior would only be relevant if it were differentially affected

10



Figure 3: UC-CCP Auto Loan Origination Series versus BEA Total Vehicle Purchases Series, 2004-2019
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Notes: The figure shows the yearly total consumption expenditures on vehicles from the National Income and Product
Accounts (blue), and the auto loan origination series constructed from the University of California, Consumer Credit
Panel data (red). Each series is indexed to the value of vehicle expenditures in 2006, shown on the vertical axis. The
horizontal axis is years. The BEA series is the sum of new motor vehicles and net purchases of used motor vehicles from
NIPA table 2.4.5U, Personal Consumption Expenditures by Type of Product.

The second related concern is auto loan refinancing, changes in interest rates may incentive house-
holds to refinance existing loans. In my data this would appear as a new auto loan, but would not
map to an actual consumption expenditure. To address this issue, I exclude any new auto loans opened
within a 30-day window of the last reported date of an old auto loan closed due to refinancing. I also
look at alternate measures of consumption in the UC-CCP, such as credit card balances, to supplement
the main specifications.

Now that I have a well-measured variable for vehicle purchases, I can use changes in this loan
series to approximate increased spending on cars and other vehicles. Vehicle purchases account for a
sizeable share of consumer durable spending. While only a subset of total household spending, consumer
durables are particularly responsive to monetary policy (McKay and Wieland 2021), suggesting that,

while I am only capturing a portion of consumption spending, I am observing a spending category that

by whether you have fixed-rate or variable-rate student loans or mortgages. The choice to finance is dependent on the
current interest rate and an individual’s personal credit history which will determine what financing options are available.
However, to what extent fixed-rate versus variable-rate debt will factor into this calculation is unclear. Interest rates on
existing loans are not included in credit reports and they do not directly influence an individual’s credit score, so there
should not be differential access to credit based solely the type of interest rate you have on existing debt. The clearest way
the change in interest rates may differentially impact the financing decision based on interest rate type is if the increased
cash flow from mortgage refinancing or the reduction in variable-rate loan payments causes households who otherwise
would have financed their vehicle to purchase the vehicle with cash. In the scenario where an individual has the ability
to pay in cash or finance, the choice to finance would likely indicate a preference for liquidity. Potentially, for those with
variable-rate or refinanceable debt, the increased cash flow may ease the individual’s liquidity constraint, incentivizing
them to pay in cash instead of financing. In that case, I would miss that increase in consumption, thereby biasing my
estimates downward.

11



is particularly important to the overall household response to monetary policy. The benefit of this
approach is the ability to link vehicle purchases and detailed information on debt balances directly at
the borrower level using the UC-CCP data.

Due to data restrictions, I am only able to track individuals in the credit panel data starting in 2004
and to avoid complications from changes in the student loan program during the Covid-19 pandemic, I

end my sample in 2019.

3.1.2 Debt Variables

To measure the composition of household balance sheets, I look at the total balances of current loans
for each individual. Each unique loan is observed quarterly in the data, and the total quarterly level of
debt is simply the sum of current balances for all individual loans by debt type.

For student loan debt, I must define two separate types of debt: fixed and variable rate. Loans
opened between July 1992 and June 2006 are classified as variable-rate, and loans opened after July
2006 are classified as fixed-rate.'®> In order to confirm that the credit panel data is capturing the
dynamics of the student loan debt in the United States over the last 15 years, I compare the UC-CCP
total student loan debt series against the outstanding student loans series from the Federal Reserve’s
G.19 Consumer Credit statistical release, both indexed to their respective 2006 level.'® The two series
are nearly identical over the time period.

Calculating quarterly household mortgage balances is much simpler. I simply aggregate all loans
which are classified as mortgages by quarter for each individual in the primary sample. I similarly plot
my UC-CCP total mortgage series against the equivalent series from the Federal Reserve’s Financial
Accounts statistical release.'’” The calculated mortgage series matches the aggregate trend almost
exactly. The UC-CCP series is only slightly higher than the Financial Accounts series but otherwise

captures the evolution of mortgage debt.

3.2 Monetary Policy Shocks

In order to determine the effect of monetary policy on household consumption, I must first isolate
exogenous unanticipated shocks to interest rates. The measurement of macroeconomic shocks is an
ongoing area of research, and there is much debate about the best way to approach measurement. The
aim of this paper is not to evaluate individual shock series. One issue with this setting is the timing

of the panel dataset. For my purposes, I will use high-frequency shocks from Bauer and Swanson

15In Appendix B, I plot the evolution of average balances (left panel) for both borrowers with variable and fixed rate
debt and the total level of debt (right panel) for both types. Although variable-rate student loans were phased out in
2006, there is still a significant amount of variable-rate debt throughout the sample.

16See appendix B for the figure.

17See Appendix B for the figure.
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(2023). These shocks measure high-frequency changes in interest rates around FOMC announcements.
This approach ensures that the series is plausibly exogenous, as the short window around the FOMC
announcements rules out endogeneity issues, like reverse causality, etc. The main benefit of the Bauer

and Swanson (2023) shocks is that the time period is well suited to my study.'®

4 Impact of Monetary Policy By Debt Type

To measure heterogeneous monetary policy responses, I utilize a local projection (LP) framework (Jorda
2005), in which the projected future values of an outcome variable are regressed on current changes
in the interest rate, to estimate impulse response functions (IRF). Since monetary policy is conducted
in response to current and future expected conditions of the economy, to identify the causal effects
of interest rate changes induced by monetary policy, I must use monetary policy shocks to isolate
exogenous movements in the real interest rate. Using these shock series, which identify unanticipated
changes to the Federal Funds rate, I can estimate the IRF for household-level consumption by estimating
a series of simple regressions where the left-hand side variable is consumption projected h horizons in
the future, and the right-hand side has indicators for different types of household debt interacted with
the monetary policy shocks, along with a set of individual level controls.

The main regression captures the differential responses of different groups of households based on

their debt status. Specifically, I estimate the following equation:

L L M
Ajtrn = ZOéf@-D + Z ZﬁhD,l (067 x i) + Zﬁ/h,lﬁtfl + Z On,mAit—m
D =0 m=1

=0 D ; (1)
+onAgeis + Z Ani[Ageis X €] +viy
1=0

where A;;ip is auto purchases of individual, i, h horizons in the future, 6 is a binary indicat-
ing whether household 7 holds debt of type D € [fixed rate student loan, variable rate student loan,
mortgage]. €; are the Bauer and Swanson (2023) monetary policy shocks, Age; ; is age of individual ¢
in time ¢t. A key identifying assumption for my results is that there are no additional variables that
are driving differential responses to the monetary policy shocks that are correlated with debt status,
such as demographic differences between individuals with different debts. I therefore include a set of
controls, including age and age interacted with the monetary policy shocks to account for differential
monetary policy responses over the life-cycle. I also include lags of the shock and lags of the outcome

variable as recommended in Montiel Olea and Plagborg-Mgller (2021).7

181 discuss the choice of shocks further in Appendix F.
191n the main specification, I include 16 lags of both the shock and outcome variable. I show in appendix ?? the results
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The coefficients of interest are the BhD s, the interaction terms, or the additional consumption of
households with debt D over the non-debtor response. These coefficients capture the dynamic effect of
monetary policy on household consumption at horizon h; IRFs are created by taking each coefficient
over the entire time horizon. Since the shock series are interacted with indicators for debt holding, I
can isolate the heterogeneous consumption responses for households with different types of debt.

In my sample, the non-debtor response is the response of individuals with a credit bureau record
who do not have mortgage or student loan debt. Ideally, I would observe all individuals regardless of
credit history, but in reality, this type of credit panel data will miss individuals who do not have any
credit history. There have been efforts to quantify how large this population of “credit invisibles” is and
in 2015 the Consumer Financial Protection Bureau estimated that some 26 million U.S. adults had no
credit record with any of the three major credit bureaus, representing approximately 11% of the U.S.
adult population.?’ So while my results capture a vast majority of U.S. households, there are some

individuals who will, by definition, be excluded from the non-debtor responses.

4.1 Mortgagors vs. Fixed Rate Student Loan Holders

In Figure 16, I show the additional consumption response for households with fixed rate student loan
debt (top panel) and households with mortgage debt (middle panel) to an expansionary monetary policy
shock.?! These should be interpreted as the additional response of these households relative to the non-
debtor response. For those with fixed-rate student loan debt, the response is generally lower than the
non-debtor response. This can be seen in the middle panel of Figure 4, which plots the cumulative
interaction effect.?? Here we can see that the fixed rate student loan response is significantly below the
non-debtor response until the end of the 16 horizons. Mortgagors on the other hand have a consistently
higher response peaking at a cumulative increase in consumption above the non-debtor of around $4000.
Importantly, these two responses are statistically different from each other at the 95% level.

The response of mortgagors is consistent with the literature suggesting that mortgage debt is an
important channel through which monetary policy is transmitted to household consumption. The
comparatively weaker response of individuals with fixed-rate student loan debt is also consistent with
the theory that individuals with fixed-rate debt are less responsive to monetary policy.

These results are not a direct test of the importance of interest rate type in the transmission
of monetary policy, and one could come up with a number of alternate explanations as to why we
may observe these differential responses between mortgagors and student loan holders. The main

alternate explanation for why the responses may differ is that mortgagors and student loan holders are

with different lag lengths
20https:/ /files.consumerfinance.gov/f/201505_cfpb_data-point-credit-invisibles.pdf
21The Federal Funds Rate response is shown in Appendix F.
22Cumulative responses are the integral under the impulse response of the level of consumption.
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fundamentally different groups and therefore the differential responses are likely driven by differences
between groups instead of the interest rates or refinancing mechanism. Another alternate explanation
could be that since the average mortgage is larger than the average student loan, the additional response
for mortgagors is driven more by the size of the debt, and individuals with larger student loan burdens
would likely respond similarly. I show evidence below that neither of these explanations seem to hold
in the data, firstly by exploiting the change in interest rate policy in the federal student loan program
and comparing the responses of student loan borrowers with fixed rate debt versus those with variable
rate student loan debt. I also show alternative specifications which more directly test the importance
of the size of debt in generating the differential responses, these results suggest that those with higher

student loan balances do not necessarily have higher responses.

4.2 Variable vs. Fixed Rate Student Loan Holders

Again in figure 16, I plot the additional consumption response for households with fixed-rate student loan
debt (top panel) and households with variable-rate student loan debt (bottom panel) to an expansionary
monetary policy shock. Here we can see that the households with variable rate student loan debt have
higher responses relative to those with fixed rate student loan debt, and from Figure 4 we can see that
the variable rate student loan response is similar in magnitude to the mortgage response. These results
provide a much more direct test of the interest rate mechanism, suggesting that there are important

implications for fixed versus variable rate debt on the transmission of monetary policy.
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Figure 4: Cumulative Consumption Response to an Expansionary Monetary Policy Shock by Debt
Group Relative to Non-Debtor Response
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Notes: The figures show the cumulative impulse response of consumption to an expansionary monetary policy shock
for households with different types of debt relative to the non-debtor response. Consumption is defined as auto loan
originations. The shock is a one standard deviation decrease in the monetary policy shock series. 90% confidence bands
shown. The vertical axis represents 2006 U.S. dollars, and the horizontal axis is quarters following the shock. Cumulative
responses are the integral under the impulse response of the level of consumption.
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4.3 Total Household Responses

Given these differential responses, the overarching question is whether these results have broader im-
plications for the conduct of monetary policy. To explore this question further, I look at the total
responses for these different households and then explore what the shifting distribution of household
debt would imply for average monetary policy responses.

In Figure 5, I plot the total cumulative responses for each type of household in my setting.?® From
Equation 1 this is the sum in each period h, of B{? , which captures the additional response to monetary
policy driven by holding debt D, and v, which captures the effect of the monetary policy shocks
which is common to all households. They all have large and significant responses, suggesting strong
general equilibrium effects driving monetary policy responses during this period. But, importantly, the
mortgagors and variable rate student loan holders, have higher responses than the fixed rate student

loan holders.

Figure 5: Total Cumulative Consumption Response to an Expansionary Monetary Policy Shock by
Debt Type
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Notes: The figure shows the total cumulative impulse response of consumption to an expansionary monetary policy shock
for households with different types of debt. The total response is constructed by summing the non-debtor response and
the additional interaction term at each horizon for each of the three types of debt. Consumption is defined as auto loan
originations. The shock is a one standard deviation decrease in the monetary policy shock series. 90% confidence bands
shown. The vertical axis represents 2007 U.S. dollars, and the horizontal axis is quarters following the shock. Cumulative
responses are the integral under the impulse response of the level of consumption.

I then calculate the implied average response given the distribution of household debt in 2007 and
2019. In this calculation, I focus solely on the effect of the shift in the household balance sheet away from
refinanceable and variable-rate debt, towards a balance sheet with a larger share of non-refinanceable
debt, ignoring other economic factors that may have influenced monetary policy responses and assuming
that the general equilibrium effects are constant between the two periods. In equation 2, I take the

non-debtor response () and add the additional response for mortgagor and student loan borrowers

23Cumulative responses are the integral under the impulse response of the level of consumption.
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using the cumulative interaction coefficients (8) weighted by the share of households with each type

of debt in 2007 and 2019 respectively.

_ FizedSl FizedSL VariableSl1 VariableSL Mortgage Mortgage
9?455”” =7 + 5year * 5 + 5year * 5 + 5yea7‘ 99 % B 949 (2)

556M represents the share of U.S. households holding each type of debt D, from the Survey of
Consumer Finances. Taking the difference between the 2007 and 2019 implied responses gives an
estimate of how the changing composition of the household balance sheet has affected the transmission
of monetary policy to household consumption. In Figure 6, I plot the percent change in the cumulative
average household response in each horizon, to show how the changing composition affects the overall
response to monetary policy over the four-year horizon.

From this back-of-the-envelope calculation, I estimate that the changing composition of household
balance sheets corresponds to, all else equal, a decrease in the average monetary policy response of
around 10% after two years. This represents a significant change in the overall monetary policy response,
and if trends in student loan and mortgage debt continue on the same path, there could be even greater
implications going forward.

Figure 6: Percent Change in the Implied Average Household Response to an Expansionary Monetary
Policy Shock at Each Horizon, given the Distribution of Household Debt in 2007 and 2019

Quarters

Notes: The figure shows the percent change in the calculated average household response given the distribution of
household debt in 2007 and 2019. The implied average response is the non-debtor response (v) plus the additional
response for mortgagor and student loan borrowers using the cumulative interaction coefficients () weighted by the
share of households with each type of debt in 2007 and 2019 respectively. The vertical axis is percent, and the horizontal
axis is quarters following the shock.
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5 Validating the Mechanism

Below I provide a variety of alternate specifications to further validate the refinancing mechanism and

address some of the limitations of the main specification.

5.1 Debt Levels Results

To asses whether the size of the loans is driving the monetary policy response, I estimate an alternate
version of the main specification without the binary variable capturing debt types and instead include
the level of debt directly. Equation 3 is nearly identical to Equation 1 just with slight modifications.
I substitute Xil?t in for 67, where Xil?t captures the total quarterly balance of household ¢’s debt in

category D in time t.

L L M
Airn =Y oR X5+ D BRIXS x el + D vmaci-i+ Y OnmCitm
D 1=0 D 1=0 Lm:l 3)
+onAgeis+ Y MalAgeis x )]+ vig
1=0

In Appendix D, I show the cumulative interaction effect of households for an additional $10,000
in fixed-rate student loan debt (top panel), mortgage debt (middle panel), and variable-rate student
loan debt (bottom panel). Having an additional $10,000 in variable-rate student loan debt leads to an
increase in consumption following an expansionary shock. By contrast, an additional $10,000 in fixed-
rate student loan debt or mortgage debt does not appear to have significant effects on the household
response to consumption.

While the above regression is the most straightforward approach to incorporating debt levels into
the regression, the linear nature of the specification allows for large outliers in the data to drive the
response. To address this concern, I also estimate a non-parametric version of the specification with
households separated into quartile bins based on their debt balances in student loan and mortgage debt.
I plot the results of these binned regressions in Figure 7. Here I include the coefficients for each quartile
in only select horizons.?* The consumption response for mortgagors (middle panel) and variable rate
student loan holders (bottom panel) is monotonic in the level of debt. This is again consistent with the
refinancing mechanism, as higher levels of mortgage debt should increase the incentives to refinance,
and would lead to higher reductions in payments when loans are refinanced. Similarly, for variable-rate
student loan holders, there should be a direct relationship between the size of the loan and the reduction
in payments from changes in rates. For the fixed-rate student loans (top panel), there is not the same

monotonic effect.

24The full-time horizon plots are included in appendix D.
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Figure 7: Cumulative Consumption Response to an Expansionary Monetary Policy Shock by Debt
Type Relative to Non-Debtor Response - Quartile Regression, Select Horizons
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Notes: The figures show the cumulative impulse response of consumption to a one standard deviation expansionary
monetary policy shock for households with different levels of debt relative to the non-debtor response. Households are
divided into quartile bins according to their level of debt. Consumption is measured as auto loan originations. 90%
confidence intervals are shown. The vertical axis represents 2006 U.S. dollars, and the horizontal axis is quarters following
the shock. Cumulative responses are the integral under the impulse response of the level of consumption.
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5.2 Effect of Household Controls

The goal of this paper is to assess the importance of fixed-rate student loan debt versus refinanceable
mortgage debt, and accounting for differences between households with these types of debt is a major
challenge. The additional analysis comparing households who got variable-rate student loans before the
transition to fixed-rate federal loans in 2006 against households who got student loans after the policy
change, acts as a check on the validity of the specification in light of these concerns. The heterogeneous
monetary policy response literature often handles this type of issue by controlling for these household
demographic characteristics. However, some other key demographic features that can drive monetary
policy responses including income, education, and family size are not universally available in the credit
bureau data. Limited reliable household controls are a downside of the data, but importantly the
differences between households will only cause issues if they cause the households to respond differently
to monetary policy shocks.

Looking at the overall composition of mortgagors and student loan holders in the Survey of Consumer
Finances (SCF) shows that they are similar along the dimensions which are likely most important for
the transmission of monetary policy from the theory, mainly both groups are higher income and more
highly educated than the overall population. The key demographic factor where they differ is age. Both
mortgagors and student loan holders are younger on average, but the average student loan holder is
younger still than the average mortgagor, consequently, the family structure also differs between the
groups. Both are factors that likely contribute to any income discrepancies in the data, conditioning

on age and marital status in the SCF data brings the two groups closer together (see table 2).

Table 2: SCF Income Comparison - Mortgagors, Student Loan Borrowers, and All Households

Med. total Med. wage M'ed..total Med. Wage
Group family income ‘ncome family income, income,
couples btw. age 30-40 | couples btw. age 30-40
Mortgage $81,000 $64,000 $92,000 $87,000
Student Loan $59,000 $49,000 $85,000 $80,000
All HHS $50,000 $31,000 $74,000 $66,000

Notes: The table shows the median total family income (column 2) and median wage income (column 3) from the SCF
for households with mortgage debt, student loan debt, and for all households. Columns 4 and 5 show the median total
family income and median wage income for couples between the ages of 20 and 40 years old. Source: the Federal Reserve
Board; Survey of Consumer Finances.

Age accounts for over half of the difference in median household incomes shown above, and given
there is reason to believe that monetary policy responsiveness varies over the life-cycle, it is important
to control for age. Fortunately, age or birth cohorts can be constructed using the data, I therefore
control directly for these life cycle effects in the main specification by including age and age interacted

with the monetary policy shocks. To evaluate how important these age controls are for my results,

21



I include a version of the main specification excluding the controls for age and age interacted with
the shocks. The results without age controls are nearly identical to the main results. The mortgage
response is almost unchanged, and while both the fixed-rate and variable-rate student loan responses
are both marginally higher, the mortgage response and variable-rate student remain significantly larger
at the 95% confidence level. Suggesting that the differential responses I observe in the main results are

not driven by demographic differences across households.

5.3 Evidence of Refinancing

While the effect of monetary policy on refinancing is well established (Wong 2021; Berger et al. 2021;
Beraja et al. 2019; Eichenbaum et al. 2022), to further support the interest rate mechanism I provide
some evidence that mortgage refinancing increases in response to the monetary policy shocks in the
credit panel data. The scope of the data is more limited in this setting but for mortgage loans, I have
the necessary information to estimate directly the impact of monetary policy shocks on refinancing and

mortgage payments.

5.3.1 Mortgage Rate Results

First, I estimate the response of mortgage rates to the monetary policy shocks. Specifically, I estimate

the following regression,
L

ARy = a+ pmps; + Z'Vh,lRtfl + 1. (4)
=1

Where AR, is the change in the weekly mortgage rates from Freddie Mac, retrieved from the Federal
Reserve Bank of St. Louis. I include 30-year and 15-year fixed-rate mortgages, along with 5/1-year
adjustable-rate mortgages. mps; is the monetary policy surprise as measured by Bauer and Swanson
(2023). T also include lags of the interest rate, R:, and v; is the residual.

The B coefficients show the two-week change in the mortgage rate from a one standard deviation
monetary policy shock, following Wong (2021).%° T find that there is a positive relationship between
the monetary policy shocks and mortgage rates over, meaning an expansionary monetary policy shock

will cause mortgage rates fall.

251 also include the change in the daily Market Yield on U.S. Treasury Securities at 10-Year Constant Maturity retrieved
from FRED, Federal Reserve Bank of St. Louis.
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Table 3: Mortgage Rate Responses to Monetary Policy Shock

Interest Rate | 30-Yr FRM | 15-Yr FRM | 5/1-Yr ARM | 10-Yr Treasury
MPS 0.431* 0.677+** 0.851%** 0.404***
(.300) (.301) (.226) (.1817784)

Notes: The table shows the response of mortgage rates and the 10-year treasury yield to a one standard deviation monetary
policy shock. Standard errors in parentheses.
* p<0.32, ** p<0.10, *** p<0.05

5.3.2 Refinancing

Mortgage loans in the United States tend to be fixed rate but with an option to refinance.?® As interest
rates fall households have an incentive to refinance their existing mortgage debt to reduce payments.
In the credit panel data, there are indicators for refinancing, so I can directly measure the effect of the
monetary policy shock on refinancing behavior. For the next results, I estimate the following regression

on a limited sample including only individuals with mortgage debt.

16 16
Aityn =0+ Z’Yh,l €p— + Z Onm - Ait—m + Vit (5)
=0 m=1

In the refinancing version of the specification, A; ;1 is simply an indicator for whether a household
refinanced in quarter ¢+ h. The right-hand side includes the monetary policy shocks (€) and lags of the
shock and outcome variable. I find that a one standard deviation monetary policy shock leads to a two

percentage points increase in mortgage refinancing over two years.

5.3.3 Mortgage Payments

Additionally, estimating the above specification with mortgage payments on the right-hand side, sug-
gests that the monetary policy shocks leads to a cumulative decrease in mortgage payments of $3000
over the eight horizons. The total reduction in payments on mortgage loans over the two shown here
seems to match the cumulative increase in consumption after eight quarters from the main results.
The similarity in magnitudes suggests that the additional consumption response for individuals with

mortgages may be driven by the reduction in payments on mortgage loans.

26During the subprime mortgage crisis in the lead-up to the Great Recession, there was also a substantial amount of
variable rate mortgage debt. I cannot identify the type of loan in my data, but the inclusion of variable-rate mortgage
debt does not impact the interpretation of my results.
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Figure 8: Cumulative Response of the Mortgage Refinancing Rate to an Expansionary Monetary Policy
Shock

Refinancing
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Notes: The figure shows the cumulative impulse response of the mortgage refinancing rate to an expansionary monetary
policy shock for households with mortgage debt. The shock is a one standard deviation decrease in the monetary policy
shock series. 90% confidence bands shown. The vertical axis represents percentage points, and the horizontal axis is
quarters following the shock.

Figure 9: Cumulative Response of Mortgage Payments to an Expansionary Monetary Policy Shock
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Notes: The figure shows the cumulative impulse response of mortgage payments to an expansionary monetary policy
shock for households with mortgage debt. The shock is a one standard deviation decrease in the monetary policy shock
series. 90% confidence bands shown. The vertical axis represents dollars, and the horizontal axis is quarters following the
shock.

5.4 Robustness Checks

In Appendix G, I include versions of the main results with different lag lengths to check the sensitivity
of the main regression to alternate specifications. The results are broadly similar, and changing the
number of lags included does not meaningfully change the response.

Then, in Appendix H, I test the robustness of my results to alternate consumption measures and

find that the results do not significantly change. I first use credit card debt and test the changes in
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balances. Mortgagors and households with fixed-rate student loan debt have slightly lower consumption
than the non-debtor when measured using credit cards. Households with variable rate student loan
debt have a similar, if not slightly higher, credit card response relative to the non-debtor households.
However, measuring consumption with credit card balances in the credit panel data is subject to several
measurement concerns. I, therefore, include some potentially relevant additional results, including
estimating the same regressions with other loan types, such as other secured and unsecured loans,
which are not subject to the same measurement issues as credit card balances. These analyses are
consistent with the main results that mortgagors and those with variable-rate student loans are more
responsive. Since the auto loan origination series is better measured and is more likely to capture
contemporaneous consumption without interference from other factors that might impact the current
balance on loans, such as refinancing, changes in payments, etc., I use only the auto loan series in the

main specification.

6 Model

The cross-sectional results above provide an estimate for the differential micro-level consumption re-
sponses and the back-of-the-envelope calculation attempts to quantify the broader implications by cal-
culating the change in the average effect induced by the shift away from variable-rate or refinanceable
debt. However, how these estimates correspond to changes in aggregate demand is less clear, as this
approach excludes the general equilibrium dynamics and any other aggregate impacts from the changing
household balance sheet. In this section, I lay out a simple New Keynesian model with heterogeneity
to show under what assumptions the results from my empirical section can be extended to aggregate
monetary policy responses.

I find that under standard assumptions, mainly if we believe that labor market and household income
responses are not differentially affected by whether you hold fixed-rate or variable-rate debt, then the
aggregate consumption response to monetary policy will be determined by a standard Keynesian cross
type multiplier, which is independent of the type of household debt. In this case the back-of-the-envelope
calculation is a good approximation of the aggregate effect. In fact, in the stylized version of the model

below the back-of-the-envelope calculation exactly captures the aggregate effect.

6.1 Three-Agent New Keynesian Model

To model my empirical setting, I write down a stylized “Three-Agent” New Keynesian model, an
extension of the standard two-agent version (Gali et al. 2007; Bilbiie 2008). These models typically
assume that some fraction (e) of households are constrained and act as hand-to-mouth consumers while

the remaining (1 — €) households are unconstrained.
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The unconstrained households correspond to the non-debtors in my empirical setting. These un-
constrained households are standard optimizing agents who will consume out of their lifetime income,
borrowing and saving over the life-cycle to smooth consumption. Variables for these households are
denoted with a superscript s for “savers.” The constrained agents in my setting are the borrowers. In
the model, these households are at their borrowing constraint because of their existing debt and, there-
fore, do not have access to the credit market. These households then act as hand-to-mouth consumers,
consuming all of their income in each period.

I alter the standard TANK model by splitting the constrained households into two categories:
fraction of fixed-rate borrowers and (1 — \) fraction of variable-rate borrowers. The fixed-rate borrowers
in my setting correspond to households with fixed-rate student loan debt, and the variable-rate borrowers
correspond to households with mortgage and variable-rate student loan debt.?” Variables for these

households are denoted using superscript f and v, respectively.

6.2 Production

Going forward, I will simplify the model to a two-period version. While I lose some generality, the
intuition for my empirical setting remains in the simplified version, and the model can be easily extended
to an infinite horizon version.

The production side of the model is mostly standard, but instead of the usual fixed price assumption,
I assume fixed wages and flexible prices. In the derivation of the equilibrium, I will impose perfectly
rigid wages in period one.

The firm produces a single good using labor, N, as their only input.
Y, = N;. (6)
Each household provides labor to the firm, and total labor is the sum of labor for each of the households,
N; = Nj + N + N/ (7)

Firms do not differentiate between agents. I assume that total labor for each household type is equal

to that type’s share of the total population of households. Total labor can then be rewritten as:
Nt = (1 — €)Nt + 6(1 — A)Nt + €ANt. (8)

The firm chooses its optimal price given the market wage. In the first period, I assume perfectly

27This is a simplification as mortgage debt is generally fixed with an option to refinance. The intent here is not to
model the refinancing decision, so I present instead a case where the refinancing rate is equal to 1.

26



rigid wages, so employment is fully demand-determined. In this specific case the wage setting condition
simply becomes W7 = W, for all households.

From the firm’s first order condition, the labor demand curve is,
W, = P,. (9)

Since wages are not changing, the firm’s profit-maximizing price in the first period is equal to

W1 = W() and thus P1 = R].

6.3 Households
Total consumption in the model is simply the sum of consumption for the three agents.

Cr=Ci+CP+Cf (10)

6.3.1 Saver Households

The saver households in my model are the same as in the standard New Keynesian model, with the

following utility function,

Ns)1+x N$)1+x
(ct, 03,87 39) = tow(©) - 52 4 5 nog(cg) - o L (1)

Savers in this model hold the debt of the borrowers and receive interest payments along with their wage
income. Unconstrained households are able to borrow and save in the form of bonds with a return equal

to the nominal policy rate.?® The resulting budget constraints are,

BC, : P,C§ + By = WiN¢ +ioD" 4+ 1D/

BCy : P,C5 = WoN;5 + (1 +1i1)B; + D" + D’

The unconstrained households maximize total lifetime utility subject to their intertemporal budget
constraint, with the standard first-order conditions for optimizing households. The two-period Euler
equation is:

P,C5 = B(1+4141)CiPy. (12)

In the first period, when wages are fixed, households adjust labor to meet current demand. In the

28B; =0 in equilibrium.
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second period, households are back on their labor-supply curve:

: s W.
0°C5(NSX = 2. (13)
Py
Unconstrained households choose consumption according to their Euler equation, resulting in stan-

dard permanent income hypothesis consumption based on the discounted present value of lifetime

wealth.
1 . - WaN3 + DY + Df}
P,C; = ———|WiN; +ioD” +iD’ + , 14
€1 = gy P D"+ (i) )
5(1+¢1){ . . W2N§+D“+Df}

P,C5 = 2 |{WN; +ioD” +i/ DI] + ‘ : 15

i R AR A+ (15)
6.3.2 Variable-Rate Debt
The utility function for variable-rate borrowers is:

NV 1+x N2 1+x
(et c3. N7 v) = [ os(ct) - o T | o) - 00 (16)

Variable-rate borrowers are constrained and, therefore, consume their entire disposable income in
each period. These households do not have Euler equations, but they do have the same labor supply
conditions as the unconstrained households. In the first period, labor is completely demand determined,

but their second-period labor supply curve is,

0°C3 (N3)X = B

(17)

The main feature of the model is the existing exogenous debt D held by borrowers for which they
must pay an interest payment in the first period. They must then repay the loan in its entirety in period
two. I define D¥ = (1 — A)D, so that the level of variable-rate debt is a fixed portion of exogenously
determined total debt.

Below are the nominal budget constraints for these households. Variable-rate borrowers work and
receive wage income, W; N/, and in the first period pay interest on their debt equal to ic.D". In the
second period, borrowers must pay back the loan in full. The interest rate on variable-rate loans is

exactly equal to the nominal policy rate in the previous period?® and will therefore adjust in response

29This is an assumption made to simplify the algebra and the final expressions, but can be rationalized if we believe
there is some time between the change in the policy rate and the updating of the variable interest rate faced by borrowers.
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to changes in the lagged nominal interest rate.

P,CY = Wi NV — igD" (18)

PyCY = WoNY — D* (19)

6.3.3 Fixed Rate Debt

The fixed-rate borrowers are identical to the variable-rate borrowers with utility function:

Nf 14+x Nf 14+x

vtefof v ) = [toa(c) 07 T s gy - o 2 (20)
1+ IT+x
and with a labor supply curve equal to,
of (NS x = W (21)
Py
Consumption in each period for the fixed-rate borrowers is:

pcf =wiN] —iDf (22)
P,CJ = WyoNJ — DY (23)

where Df = AD. The main difference between fixed-rate and variable-rate borrowers is that the interest
rate for fixed-rate loans is not directly tied to the policy rate and, therefore, will not adjust in response

to monetary policy changes.

6.3.4 Monetary Policy Responses

Following a monetary policy shock in the previous period (a change in i,), the consumption response
will work through the budget constraint, affecting the households’ cash on hand. I focus on the lagged
interest rate in order to abstract away from the standard intertemporal substitution effects. These and
other general equilibrium effects will, of course, be present in the empirical setting, but they are not
required to capture the key intuition, and therefore, I exclude them from the model.
The partial derivative of first-period consumption with respect to the interest rate for the savers is,
ocy 1 1

=——_—_D" 24
Oio 1+6 P (24)

The partial derivatives presented only capture changes in the nominal interest rate. I am not considering

how other variables, like income, are changing in general equilibrium. In response to expansionary
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monetary policy, saver households will receive a slight reduction in their wealth from the reduction in
interest payments on the variable-rate debt that they own. Since optimizing households would like to
smooth consumption over the life-cycle, their demand decreases by the change in payments times their
marginal propensity to consume out of the temporary change in income. The reduction in consumption
should then be less than the reduction in interest payments.

For variable-rate borrowers, the partial derivative of first-period consumption with respect to the
lagged interest rate is

acy 1
=——D" 25
iy P (25)

In response to expansionary monetary policy, demand for these households will increase by exactly the
decrease in interest payments in the first period.

Finally, for the fixed-rate borrowers, the partial derivative of first-period consumption with respect
to the lagged interest rate for households with fixed-rate debt is,

oc{ _
Do =0. (26)

These households do not respond to changes in interest rates.

Relating the empirical results from my main specification (Equation 1) to the model, the micro-level
demand responses from the model correspond most closely with the total household responses shown
in Figure 5. The partial derivatives from the model can be linked to the estimated household responses

by the following expressions:

aCs
oip |
20
acf _ ﬁVaTiableSL _~_,7 or BMortgage +'Y
810
880{ _ BFimedSL _|_,‘)/7
20

where 7 captures the omitted category (non-debtor) response, or the effect of the monetary policy
shocks which is common to all households, and 8P captures the additional response to monetary policy
driven by holding debt D. As discussed in section 4, all of the households have large and significant
responses, suggesting strong general equilibrium effects, but the model abstracts from most of the
GE effects. Therefore, the interaction term maps most closely with the micro responses in the model
with the “saver” households as the omitted category, and the relative treatment effect captured by the

interaction term, B in Equation 1, represents the additional response induced by holding each type of
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6.4 Micro-level Demand Response

The change in total consumption in response to the monetary policy shock in period zero can be written
as the sum of the partial derivatives of individual consumption for each agent.

0C, _9Cy oy | aq{

Tio B Oip Odig Oig

(27)

Substituting equations 24, 25, and 26 into the expression for the change in household consumption

gives:

oC, [ 1 1} Dv (28)

i |1+ | P
where DV can be expressed as (1 — \)D, the variable rate share of total debt. The response of demand
in this model depends on the debt structure (variable vs. fixed rate) and the marginal propensities to
consume (MPCs) of the different households.

In the model, the constrained households have an MPC = 1 by definition. The MPC for the saver
household in the model is equal to ﬁ In an infinite horizon setting, this converges to (1 — 3) with
0 < B <1, the familiar MPC in most representative agent New Keynesian models. When discount rates
are calibrated appropriately, the MPC is generally close to zero. To match that in my setting, I can

set 8 sufficiently large, as § can be greater than one in the two-period setting. Using these definitions,

equation 28 can be expressed in terms of MPCs,

oC, DY
a—ioz MPC?® — MPC® B (29)
If the MPC for the unconstrained households is equal to one (8 = 0), then the presence of variable-
rate debt acts as a redistribution channel between borrowers and savers, and the movement toward
fixed-rate debt merely shuts down this channel. If we assume that the MPC for the saver households
in the model is less than one, then there will be implications for aggregate demand.
Standard models with rational expectations and no credit frictions predict low MPCs as uncon-

strained households consume according to their permanent income. There is empirical evidence to

support heterogeneity in MPCs across borrowers and savers. Generally, savers will be wealthier, older,
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and have higher incomes, all of which generally result in lower sensitivity to small changes in temporary
income. In my empirical analysis, I find large relative responses for the variable-rate student borrowers,

corresponding to,

o0t _9Ct _ —(MPC” + MPCS)% >0
1

Oio Oio

and little to no significant difference between the fixed-rate borrowers and the non-debtors.

ac{ acy oDV
T B (0+MPC?) - ~0.

In the model, the lack of response for the fixed-rate borrowers is expected as their debt payments
are unaffected by monetary policy. If the non-borrower response is similar to that of the fixed-rate
borrowers in the model, this would imply that the MPC of the saver households is close to zero. This
suggests that the large differential response between the variable-rate borrowers and the savers has
implications for aggregate demand as M PC® — M PC" # 0.

To estimate the implications for aggregate monetary policy responses in my empirical setting, I use
the back-of-the-envelope calculation (equation 2) to estimate the effect of the changing distribution on
aggregate demand. The back-of-the-envelope calculation uses the estimated relative treatment effects,
holding fixed the share of non-debtors, weighted by share of households with each type of debt in 2007
versus 2019, to capture the effect of the changing distribution of household debt towards more fixed-
rate debt. This is equivalent to increasing A and thus decreasing the level of DV present in the model.
The question is, then, how good of an approximation is the back-of-the-envelope calculation for the
aggregate effect?

There is a large literature on how to take micro estimates of consumption responses and derive
macro estimates of aggregate demand. Generally, in these models, the general equilibrium effect would
be given by,

dy; 0Cy

L _ oy
die  Dig |

where ¥ is a GE multiplier. The total derivative of Y; will capture both the effect of the change in
the interest rate on consumption and the general equilibrium effect on income as a result of increased
household demand. In Appendix I, I derive ¥ in the model and give a parameterization of the full
model to show under what assumptions the back-of-the-envelope calculation fully captures the general

equilibrium effects.
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Taking the derivative of Y7 with respect to iy results in the expected general equilibrium response,

ay; 1 1 Dv
bt - —1)=. (30)
dip  (1-7)1—-¢) \1+5 Py
—_—
Multiplier, ¥ o

In my setting, the back-of-the-envelope calculation is not scaling the household-level responses to con-
struct a level estimate of the aggregate effect but instead is meant to show the change in the aggregate

response from the shift from variable-rate to fixed-rate debt. As long as the type of debt held by the

New

borrowers does not directly affect the GE multiplier, then ‘I\;,(W = 1, and the change in aggregate
demand will be equal to the change in household consumption.
dyNew acNEw
ds 1
dyzc())ld -1= 66%)“1 -1 (31)
d'i() 8'L.U

In Equation 30, we can see that the multiplier does not depend on the composition of fixed versus
variable rate debt in the economy. It depends only on the fraction of saver households. Therefore, In
this simplified version of the model, the back-of-the-envelope calculation for the change in the average
monetary policy response would be a good approximation of the aggregate effect.

There are alternate closures of the model that would generate GE multipliers where the composition
of household debt would directly affect aggregate demand. For instance, if the type of debt differentially
impacted the household’s labor supply curve or if labor productivity was introduced and was dependent
on the type of debt. While this might be relevant when thinking about mortgages versus fixed-rate
student loan debt, it seems less reasonable when thinking about fixed-rate versus variable-rate federal
student loan debt, where the debt type is determined by government policy and not by differences across
households. Therefore, the intuition from this simple model can be informative for thinking about the

implications of increasing fixed-rate student loan debt on the aggregate monetary policy response.

7 Conclusion

In summary, I find that households with fixed-rate student loan debt are less responsive overall to
monetary policy shocks compared to households with mortgage debt, consistent with the theory that
the structure of debt and the interest rate exposure of households is a key driver of monetary policy
responses. I also find that those with variable-rate student loan debt are more responsive to expansionary
monetary policy shocks than those with fixed-rate student loan debt, further suggesting that interest
rate exposure is an important mechanism for explaining overall responses to monetary policy shocks.

Why should we care about these differential responses by debt holding? Over the last 20 years,
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the United States has experienced a meaningful upward trend in the share of student loan debt and a
parallel decrease in the share of mortgage debt. If these consumption effects are quantitatively important
then, combined with the changing composition of household debt, they imply a dampening of aggregate
responses to monetary policy. And if these trends continue then the conduct of monetary policy could
look very different going forward.

The rising cost of college and the unprecedented growth in student loan debt have led to many
discussions around the future shape of student loan policy. Many of these discussions have centered
around individual outcomes at the borrower level, but much less attention has been paid to the macroe-
conomic implications of increasing student loan debt. Understanding the ways in which student loan
debt affects household consumption behavior can help to shed light on the unintended consequences
of student loan debt. In the context of monetary policy, mortgage debt, and refinancing play an im-
portant role in the transmission of monetary policy to real economic activity. The rise in student loan
debt, and the changing composition of household balance sheets, may limit the ability of households
to take advantage of favorable interest rates through refinancing thus muting the impact of monetary
policy. Differential access to refinancing in response to monetary stimulus can also result in substantial
consumption inequality (Beraja et al., 2019), increasing existing inequity and further disadvantaging
already marginalized groups who are more likely to hold student loan debt. Through this paper, I hope
to provide some new insight into the macroeconomic consequences of student loan debt and provide a
new perspective to help inform discussions on student loan policy including interest rates, repayment

plans, and debt forgiveness, as well as speaking to broader debates on college affordability and access.
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A Appendix: Debt Composition Detail

Figure 10: Composition of Total Household Debt, 2007-2020
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Notes: This figure shows the change in the composition of household debt from 2007 through 2019. Each segment
represents the cumulative share of total debt starting from largest debt category to smallest: mortgage debt, student loan
debt, auto debt, credit card debt, and all other debt respectively. The vertical axis is percent and the horizontal axis is
quarters between 2007ql and 2019q4. Source: Federal Reserve Board; Z.1 Financial Accounts of the United States and
the G.19 Consumer Credit Release.
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Figure 11: Student Loan and Mortgage Debt in the Survey of Consumer Finances (SCF), 1989-2019
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(b) Average and Median Balances for Borrowers with Student Loan and Mortgage Debt

Notes: (a) Figures show the percentage of U.S. households with student loan debt (left panel) and mortgage debt (right
panel) between 1989 and 2019. The vertical axis is percent and the horizontal axis is years. (b) Figures show the average
(blue) and median (red) balances for households with student loans (left panel) and households with mortgage loans (right
panel). Source: Federal Reserve Board, Survey of Consumer Finances. The observations are triennial SCF waves.
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Figure 12: Auto Loan and Credit Card Debt as a Share of Total Household Debt, 2007-2019
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Notes: The figures show the quarterly share of total household debt that is auto loan loan debt (top panel) and credit
card debt (bottom panel). The vertical axis is percent and the horizontal axis is quarters between 2007ql and 2019q4.
Source: Federal Reserve Board; Z.1 Financial Accounts of the United States, and G.19 Consumer Credit Release.
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B Appendix: Household Debt in the UC-CCP

Figure 13: Fixed-Rate and Variable-Rate Student Loan Debt in the UC-CCP, 2004-2019
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(b) Total Fixed-Rate and Variable-Rate Student Loan Debt

Notes: (1) The figure shows the average fixed-rate student loan balance (orange) for borrowers and variable-rate student
loan balance (green) for borrowers in the UC-CCP sample. The vertical axis represents 2006 U.S. dollars. (2) Figure
shows the value of total debt in the UC-CCP sample for fixed-rate student loan debt (orange) and variable-rate student
loan debt. The vertical axis represents millions of 2006 U.S. dollars.
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Figure 14: UC-CCP Student Loan Series and G.19 Student Loan Series
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Notes: This figure shows the growth of student loan debt in the UC-CCP (blue) and the aggregate measure of student
loan debt from the Federal Reserve Board (black). Each series is indexed to the value of vehicle expenditures in 2006,
shown on the vertical axis. The horizontal axis is years.

Figure 15: UC-CCP Mortgage Series and Financial Accounts Mortgage Liability Level Series

300 400
L L

Index (2006 = 100)
200
1

|

2005 2010 2015 2020
Year

Mortgages - UCCCP Mortgages - FOF

Notes: The figure shows the growth of mortgage debt in the UC-CCP (blue) and the aggregate measure of mortgage debt
from the Federal Reserve Board (black). Each series is indexed to the value of vehicle expenditures in 2006, shown on the
vertical axis. The horizontal axis is years.
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C Appendix: Additional Results

Figure 16: Consumption Response to an Expansionary Monetary Policy Shock by Debt Group Relative
to the Non-Debtor Response
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Notes: The figures show the impulse response of consumption to an expansionary monetary policy shock for households
with different types of debt relative to the non-debtor response. Consumption is defined as auto loan originations. The
shock is a one standard deviation decrease in the monetary policy shock series. 90% confidence bands shown. The vertical
axis represents 2006 U.S. dollars, and the horizontal axis is quarters following the shock.



Figure 17: Consumption Response to an Expansionary Monetary Policy Shock by Debt Group Relative
to Non-Debtor Response - No Age Control

Student Loan Holders - Fixed

1000 1500
L L

500
L

Dollars

1D V2R VA

o
o
©
o
o
S |
< T T T T
0 5 10 15
Quarters
o Mortgage Holders
o |
©
o
o
e
o
S4
w0
s
°
[ /__—\
°7 \/ \
o
o 4
©
o
o
S
< T T T T
0 5 10 15
Quarters
Student Loan Holders - Variable
(=3
o
w0
(=3
o
S
o
»w o+
5©
]
a
7 \/A\
o
o 4
©
o
o
S
Al T T T
0 5 10 15

Quarters

Notes: The figure shows the impulse response of consumption for households with different types of debt relative to the
non-debtor response, without the controls for age and age interacted with the monetary policy shock. Consumption is
defined as auto loan originations. The shock is a one standard deviation decrease in the monetary policy shock series,
which generates a 25 basis point expansionary shock to the Federal Funds Rate. 90% confidence bands shown. The
vertical axis represents 2006 U.S. dollars, and the horizontal axis is quarters following the shock.
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D Appendix: Level Specification Results

Figure 18: Cumulative Consumption Response to an Expansionary Monetary Policy Shock - Effect of
an Additional $10,000 in Debt
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Notes: The figure shows the cumulative impulse response of consumption for an additional $10,000 in each type of
debt. Consumption is defined as auto loan originations. The shock is a one standard deviation decrease in the monetary
policy shock series. 90% confidence bands shown. The vertical axis represents 2006 U.S. dollars, and the horizontal
axis is quarters following the shock. Cumulative responses are the integral under the impulse response of the level of
consumption.
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E Appendix: Quartile Bin Specification Results - All Horizons

Figure 19: Cumulative Consumption Response to an Expansionary Monetary Policy Shock by Debt
Type Relative to Non-Debtor Response - Quartile Regression,All Horizons
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Notes: The figure shows the cumulative impulse response of consumption to a one standard deviation expansionary
monetary policy shock for households with different levels of debt relative to the non-debtor response. Households are
divided into quartiles bin according to their level of debt. Consumption is measured as auto loan originations. 90%
confidence intervals are shown. The vertical axis represents 2006 U.S. dollars, and the horizontal axis is quarters following
the shock. Cumulative responses are the integral under the impulse response of the level of consumption.
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F Appendix: Monetary Policy Shocks

There are several monetary policy shock series available, but many of the most popular ones do not
cover my time period. For this reason, I explore two newer shock series that are well suited to the
sample period, the Bauer and Swanson (2023) shocks (BSO) and the Bu et al. (2019) shocks (BRW).
To evaluate the monetary policy shock series, I use aggregate time series data to estimate standard
local projections. I also test the shock on the UC-CCP auto loan origination series by estimating simple
panel-data local projections (the main specification without any interaction terms) to capture the overall
consumption response in the credit panel data. In Figure 20, I show the impulse response of vehicle
purchases in the credit panel data to a one standard deviation expansionary monetary policy shock in
both the BSO series (left) and BRW series (right). The BSO shocks generate the appropriately signed
response, while the BRW shocks generate a counter-intuitive consumption response in my sample. In

response to expansionary monetary policy shocks, I observe a decline in overall consumption.
Figure 20: Panel Data Consumption Response
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In Figure 21, I also show the impulse responses of various aggregate time series to a one standard
deviation expansionary monetary policy shock in both the BSO series (left) and BRW series (right).
I include the Federal Funds Rate, GDP, and PCE consumption. The responses of the aggregate time
series data are consistent with the results in Figure 20, with the BSO shocks generating a fall in the
federal funds rate and a subsequent increase in both consumption and GDP. The BRW shocks do not
produce strong consumption or GDP responses over my sample period. Given the responses of the
aggregate data, I focus on the Bauer and Swanson (2023) monetary policy shocks for my cross-sectional

analysis of the differential monetary policy responses by debt type.

Interest Rate Responses

The Bauer and Swanson shocks use the first four quarterly Eurodollar futures contracts, ED1-ED4, to
capture monetary policy surprises, which they rescale so that a one-unit change in the series corresponds

to a one percentage point change in the ED4 rate, arguing that Furodollar futures are a good predictor
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Figure 21: Time Series Results: 2004-2020 (Panel Data Sample)
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of future values of the federal funds rate. In Table 4 I include the response of interest rates to the BSO

monetary policy surprises to verify that the shocks generate the expected movements in rates over the

sample period, 2004-2019. The specification is identical to Equation 29, but here I use daily data on

the market yield on U.S. Treasury Securities.

Table 4: Mortgage Rate Responses to Monetary Policy Shock

Interest Rate | FFR | 2-Yr Treasury | 5-Yr Treasury | 10-Yr Treasury
MPS 0.348* 0.404*+* 0.653*** 0.597#+*
(.232) (.182) (.186) (.203)

Notes: The table shows the change in daily U.S. treasury yields in response to a 1 standard deviation monetary policy
shock. Standard errors in parentheses. Source: Federal Reserve Board, retrieved from FRED, Federal Reserve Bank of

St. Louis.
* p<0.32, ¥ p<0.10, *** p<0.05
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G Appendix: Robustness Checks - Lag Length

Figure 22: Consumption Response to an Expansionary Monetary Policy Shock by Debt Group Relative
to Non-Debtor Response - 4 Lags

Student Loan Holders - Fixed Mortgage Holders

5000 7500
5000 7500

Dollars
2500

Dollars
2500

0
0

2500
-2500

-5000
5000

1
Quarters Quarters

Student Loan Holders - Variable

7500

5000

2500

Dollars

0

-2500

-5000

Quarters

Figure 23: Consumption Response to an Expansionary Monetary Policy Shock by Debt Group Relative
to Non-Debtor Response - 8 Lags
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Figure 24: Consumption Response to an Expansionary Monetary Policy Shock by Debt Group Relative
to Non-Debtor Response - 12 Lags
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Figure 25: Consumption Response to an Expansionary Monetary Policy Shock by Debt Group Relative
to Non-Debtor Response - 16 Lags
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Notes: The figures shows the impulse response of consumption for households with different types of debt relative to the
non-debtor response with different lag length controls. Consumption is defined as auto loan originations. The shock is
a one standard deviation decrease in the monetary policy shock series. 90% confidence bands shown. The vertical axis
represents 2006 U.S. dollars, and the horizontal axis is quarters following the shock.
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H Appendix: Robustness Checks - Alternate Consumption
Measures

One potential concern with the empirical setting is the use of auto loan origination as the primary
measure of consumption. As described above, using vehicle purchases as a measure of consumption is
not new to this paper. Vehicle purchases capture the dynamics of durable spending well, but in using
auto loans to proxy for consumption, I miss out on any changes in expenditures on non-durable goods
and services. One way to overcome this lack of non-durable consumption is to use information on credit
card balances available in credit reports. For the following results, I re-estimate the main regression in
equation 1, but I change the left-hand side variable. Specifically, I utilize the following definition for

consumption:
AB;+h = Bit+n — Bijtvn—1,

where B, ; is the total outstanding balance on credit cards in time ¢.

Using credit card balances in consumer credit data presents three major issues: (1) credit reports
capture only a screenshot of the individual’s card balances on specific dates potentially missing a large
portion of consumption spending, (2) credit bureaus do not collect information on the interest rates on
individual credit lines, meaning there is no way to separate accruing interest from current consumption,
and (3) measuring consumption using balances may also be affected by the very channel that I am
attempting to measure. Mainly, the mechanism for the increased consumption is changes in cash flow
deriving from lower interest rates, individuals who receive this increase in cash flow may substitute
contemporaneous consumption with paying down old debt, which would show up as a fall in balances
for credit cards or other loans.

Credit cards in the US generally serve three purposes to households: consumption smoothing, allo-
cating life-cycle consumption, and means of payment. Fulford and Schuh (2023) find that about 50% of
households use credit cards simply as a means of payment and therefore do not carry balances. These
households charge their everyday consumption purchases to their credit cards and then pay down the
balance over the course of the month. For these households, the main issue with measuring their con-
sumption through credit card balances is that the relatively granular nature of the credit bureau reports
means that I might miss a substantial portion of their consumption. Credit card companies generally
report account balances to credit bureaus on specific days throughout the month, and these statement
days are not always the same as the payment due date for the individual. So if someone chooses to make
payments on their credit cards before this or chooses to pay their entire balance, not just the minimum

payment or the statement balance, I will miss a significant portion of their consumption purchases.
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This issue is enhanced by the quarterly frequency of the data. This would likely cause me to understate
the true value of quarterly consumption.

For the other 50% of households who routinely carry a balance and usually pay only the minimum
balance, the timing issue is not as severe. However, there is an additional issue with separating out new
consumption spending and accrued interest on previous balances. Since credit card companies do not
report interest rates or payments, I cannot identify what portion of the changes in credit card balances

are coming from interest and what is new consumption.

Figure 26: Cumulative Consumption Response to an Expansionary Monetary Policy Shock by Debt
Type Relative to Non-Debtor Response - Consumption Measured using Credit Card Balances
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Notes: The figure shows the cumulative impulse response of consumption to an expansionary monetary policy shock for
households with different types of debt relative to the non-debtor response. Consumption is measured as the change in
credit card balances. The shock is a one standard deviation decrease in the monetary policy shock series. 90% confidence
bands shown. The vertical axis represents 2006 U.S. dollars, and the horizontal axis is quarters following the shock.
Cumulative responses are the integral under the impulse response of the level of consumption.

Figure 26 shows the cumulative interaction effect for the three different types of debt. It appears
that both mortgagors and households with fixed-rate student loan debt have slightly lower consumption
compared to the non-debtor when measured using credit cards, although the mortgagors eventually
increase credit card balances relative to the non-debtor response. Households with variable rate student
loan debt have a similar, if not slightly higher, credit card response relative to the non-debtor households.

There is very little that I can do to test the implications of the measurement error discussed above,
but I do include some potentially relevant additional results in Figures 28 and 29 below. Including,

estimating the same regressions with other loan types, including other secured and unsecured loans,
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Figure 27: Cumulative Consumption Response to an Expansionary Monetary Policy Shock by Debt
Type Relative to Non-Debtor Response - Consumption Measured Using Changes in All Other Loan
Balances
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Notes: The figure shows the cumulative impulse response of consumption to an expansionary monetary policy shock for
households with different types of debt relative to the non-debtor response. Consumption is measured as the change in
all other debt balances, including credit card balances, and other secured and unsecured loan balances. The shock is a
one standard deviation decrease in the monetary policy shock series. 90% confidence bands shown. The vertical axis
represents 2006 U.S. dollars, and the horizontal axis is quarters following the shock. Cumulative responses are the integral
under the impulse response of the level of consumption.

which are not subject to the same measurement issues as credit card balances. Both of these analyses
are consistent with the main results that mortgagors and those with variable-rate student loans are
more responsive. I also look at the effect on total balances for these other types of debt combined
(credit cards, other unsecured, and secured). I estimate the specification with the change in total debt
balances, excluding auto loan, mortgage, and student loan debt. I show the results of this specification
in Figure 27. Here the results are consistent with the auto loan origination measure. Since the auto
loan origination series is better measured and is more likely to capture contemporaneous consumption
without interference from other factors that might impact the balance of loans, such as refinancing,

changes in payments, etc., I use only the auto loan series in the main specification.
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Figure 28: Cumulative Consumption Response to an Expansionary Monetary Policy Shock by Debt
Type Relative to Non-Debtor Response - Consumption Measured using Other Secured Loans Balances
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Figure 29: Cumulative Consumption Response to an Expansionary Monetary Policy Shock by Debt
Type Relative to Non-Debtor Response - Consumption Measured using Other Unsecured Loans Balances
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Notes: The figures above show the cumulative impulse response of consumption to an expansionary monetary policy shock
for households with different types of debt relative to the non-debtor response. Consumption is measured as the change
in other secured loan balances (Figure 28) and other unsecured loan balances (Figure 29). The shock is a one standard
deviation decrease in the monetary policy shock series. 90% confidence bands shown. The vertical axis represents 2006
U.S. dollars, and the horizontal axis is quarters following the shock. Cumulative responses are the integral under the
impulse response of the level of consumption.
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I Appendix: Model Derivations

I.1 General Equilibrium Effect
Equilibrium Conditions

The unknown variables in the model are: Cy, C7, C7, th, Ny, Wy, Py, Yy, C°. The equations for the

individual consumption variables are defined above, and the rest of the conditions are:

Production Function: Y; = N, for t € 1,2

Aggregate Labor Supply: = CyNY
2
Wage Setting: W1 = Wy
Labor Demand: % =1lfortel,?2
t

Market Clearing: Y; = Cy for t € 1,2
Total Consumption: Cy = CF + CY + C{ for t € 1,2

Total Labor: Ny = Ni + N¥ + N/ = (1 — €)N, + (1 — A)N, + AN, for t € 1,2
The remaining variables, g, i1, €, A, and x are exogenous.

Aggregate Demand

To derive aggregate demand, I start with the definition of aggregate consumption. Using the market

clearing conditions Y7 = C7, and W7 = Py, I get the following expression for first period output:

C,=C;+Cy+0f

Vi =C{+CY+0f
11

1= 755\

1+8) P

- N§ + DV + DY 1
{Wle+ioD“+in+W22+ + }Jr—

v v i f_pnf
(1 +i1) 2) |:W1N1 0D ] + j2) |:I/V1]\/vl 1D :| (32)
From the firm’s first order condition we have W7 = P, so the real wage %1 = 1. Now taking the
labor market clearing condition N§ = (1 —€)Ny, N} = e(1— ANy, and N{ = eAN; and the production

function, Y7 = Ny,

1 . DY _Df 1 WaPs D’ Df . Dv _D’
Yi=— (1 —€)Yitio— +i— 1 — €)Y = 1—NY; —dig— Y —i—
1 (1+5){( itiop +ip +(1+i1){P2P1( ot pot po| el =) —io e + AVt —iy
(1—e) 1 { Dp* _DJ 1 { DY Df} . D" DS
Y — Yi—eV1=——lio— +i— + ——— |woll2(1 — €)Ya + + = —do—+i—.
() R ()} IR 2(1-9)Ys PP P P
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Now I have an expression for Y7 in terms of exogenous parameters, the interest rates, and second period
income.
D° DI

BT CY

1
(1-5)0 -9

1
1+8

(33)

oDV iD7 1 pDv D
le 10 (2 :|

Y unTla(1— ) Ya + 4+
o) 2 +(1+i1) walla( €)Y + 2 + 2

In order to pin down second period output and income, I assume flexible prices and wages and solve
for the natural level of output.

From the firm’s first-order conditions,

W,

R - -1 34
P, w2 (34)

firms hire labor until the marginal product is equal to the real wage.

Combining Equation 34 and the aggregate labor supply curve (derived below) % = CyN}* T get,
CoNY =1

Then combining this with the market clearing condition Yo = C5 and the production function Y5 = Ny

gives, No = 1. Thus, output in period two will be equal to
Yo =1.

Finally, to pin down second period inflation, I assume the central bank follows a simple monetary
policy rule implementing an inflation target, P, = IIP;. Therefore, second period output and inflation

are independent of the shock to the monetary policy in period 0.

1.2 Aggregate Labor Supply

The individual labor supply curves for the three agents are:

S S S W
0 Cz (NQ)X = 722
v v v W2
0 C2 (Nz)x = ?2
ofcf (Vi) = 32
P
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Assuming Ny, = (1 — ¢)Ny, I can set 6° = ﬁ, where n = 3, the total number of agents in the

economy. The labor supply curve simplifies to,

3 W
q )X(1 — €)XNXC3 = 3N)C§ = -2
— €

5 (39)

Similarly, using N, = €(1 — v)N;, and N,, = eyN; and setting #* and 6/ accordingly, results in the

following:
3 Wy
1— XNX fo— NX v__ 4
(6(1 _ 7)))( (6( ’Y)) 2 CZ 3 2 CQ Pg (36)
3 W
2 (ey)XNyCf =3NyCf = =2 37
(efy)X(W) 22 Y2 = p (37)
The aggregate labor supply curve is simply the sum of the individual labor supply curves.
X (s X xf Wa
3N2 02 + 3N2 Cz + 3N2 C2 = 3(?)
2
W.
BNY(C5 + O3 + CF) = 3())
2
Wa
NYCy = —=
2 02 P2 (38)
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