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1 Introduction

Shadow banks (i.e., non-depository mortgage companies) have become important players

in the U.S. residential mortgage market following the global finance crisis.1 They have not

only originated an increasingly larger share of mortgages but have also become influential

in the mortgage servicing market.2 This motivates the need to better understand how the

interaction between mortgage servicing and origination by shadow banks affects the mone-

tary transmission mechanism. While the existing literature (Xiao, 2020) provides a useful

conceptual framework of monetary policy transmission through nonbanks in money mar-

kets, the unique business model of nonbank mortgage companies requires a new conceptual

framework that incorporates the institutional features specific to mortgage lending.

Our paper contributes to the literature by proposing and testing a new channel through

which monetary policy affects shadow banks in the mortgage market, the mortgage servic-

ing channel. When a shadow bank owns the right to service a mortgage, it holds an asset

that appreciates when interest rates rise. This provides a hedge against higher borrowing

costs during periods of tight monetary policy because this asset can be pledged as collateral

and enables shadow banks to continue funding mortgages.

This channel emerges from two key differences between traditional banks and shadow

banks in the U.S residential mortgage market. First, unlike traditional banks which rely

mostly on deposit funding, shadow banks finance mortgages through secured lines of credit

(Jiang et al., 2020). This implies that the deposits channel of monetary policy (Kashyap

and Stein, 2000; Drechsler et al., 2017) may not be as relevant for shadow banks. Sec-

ond, the increasing involvement of shadow banks in the mortgage servicing industry and
1Following Buchak et al. (2018), we use the term “shadow bank” or “nonbank” to refer to non-depository

mortgage lenders, as defined by the Financial Stability Board.
2As of 2017, shadow banks originated more than 50% of the total volume of conventional mortgages and

70% of mortgages insured by the Federal Housing Administration (FHA) and the Department of Veteran
Affairs (VA). Similarly, from 2013 to 2016, the share of shadow banks servicing FHA loans increased
from 35% to more than 70% and the share of shadow bank servicers for loans eligible for purchase by
government-sponsored enterprises (GSEs) increased from 30% to 50%. See https://www.urban.org/
sites/default/files/042017_msc_factsheet.pdf.
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the negative relationship between interest rates and the value of mortgage servicing rights

(MSRs) imply shadow banks may be particularly affected by unexpected changes in mon-

etary policy and dampen the policy transmission.

In order to test the mortgage servicing channel of monetary policy transmission, we

require data on the balance sheets, funding, and mortgage origination activity of shadow

banks. We obtain balance sheet and funding data from Mortgage Call Reports (MCRs)

by submitting the Freedom of Information Act (FOIA) requests to state regulators in

Washington and Massachusetts.3 We merge these with data on loan originations from

the Home Mortgage Disclosure Act (HMDA) to see how shadow banks dampen monetary

policy transmission through their MSR exposure.

Estimating the effects of monetary policy suffers from a well known endogeneity prob-

lem: most changes in the Federal Reserve’s policy rate reflect the central bank’s systematic

response to macroeconomic variables (Cristiano et al., 1999; Romer and Romer, 2004). To

overcome this identification challenge, we follow Jarociński and Karadi (2020) in using the

high-frequency movement of the three-months-ahead federal funds futures around policy

announcements as our measure of monetary policy shock. This is important because, to

the extent that changes in monetary policy were anticipated by market participants, they

would have already been priced into the value of mortgage servicing rights.

Our main finding is that, in response to a contractionary monetary policy shock, shadow

banks curtail mortgage lending relatively less compared to traditional banks and that this

dampening effect is driven by shadow banks with a higher ex ante share of mortgage ser-

vicing rights in total equity. We hypothesize that the active participation of shadow banks

in mortgage servicing hedges their balance sheets against interest rate shocks through a

collateral effect. Shadow banks rely heavily on short-term warehouse funding for their

operations, and part of this funding can be collateralized by MSRs. When there is an

unexpected increase in interest rates, prepayment speeds slow as the propensity of bor-
3See Section 3.1 for details on this dataset.
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rowers to refinance their mortgages decreases (Eichenbaum et al., 2022; Greenwald, 2018).

The origination of new loans declines, but, because the expected duration of existing loans

increases, the value of their associated MSRs rise. As a result, shadow banks with a higher

share of MSRs find it relatively easier to originate new mortgages because they can access

secured funding more cheaply.

To provide further support to this hypothesis, we explore the heterogeneity in the

dampening effect of MSRs across three characteristics of shadow banks: liquidity, capital,

and risk exposure. The stock of liquid assets reflects shadow banks’ ability to use internal

funding, while the capital ratio and exposure to risky borrowers measure the intensity of

adverse selection frictions faced by shadow banks in raising external finance. We study

whether access to MSRs dampens monetary policy transmission by attenuating frictions

in raising external finance by shadow banks.

Shadow banks with more liquid assets such as cash or short-term securities should be

able to sell those assets to fund new mortgages when monetary policy is tightened. As a

result, the marginal value of MSRs should be lower for banks with liquid assets. However,

if a shadow bank does not have surplus liquidity to draw upon when interest rates rise,

using MSRs to obtain new funding can be highly valuable. Hence, exposure to MSRs

should matter more for shadow banks with low levels of liquid assets. Our results suggest

that this is indeed the case.

In the presence of information asymmetry between shadow banks and their financiers,

shadow banks with ex ante low capital and those with riskier portfolios may have to pay

a lemon’s premium in order to secure funding when interest rates rise. Having access to

MSRs attenuates the adverse selection problem that shadow banks face in the funding

market and allows them to access funding at a cheaper rate. Hence, the dampening effect

of MSRs should be stronger for banks with low ex ante capital ratio and riskier portfolios.

Our results provide support to this hypothesis.

Next, we exploit detailed information on credit lines secured by shadow banks to provide
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direct evidence on the link between shadow banks’ MSR holdings and their access to

funding. We find that, following a contractionary monetary policy shock, shadow banks

with high ex ante MSR exposure draw down their credit lines more, receive a higher limit

on their credit lines, and pay a lower cost on credit line funding. This evidence further

reinforces the role of MSRs in offsetting higher borrowing costs faced by shadow banks

during monetary tightening.

Our results are robust to alternate measures of exposure to MSRs, monetary policy

shocks, and definition of shadow banks. The main findings of the paper underscore the

need for policymakers to think about how monetary policy can be made more effective

given the large share of shadow banks in the mortgage market. Given that shadow banks

typically serve a different clientele compared to traditional banks, monetary policy can also

have unintended distributional effects.

Our paper adds to a growing literature that studies transmission of monetary policy

through nonbanks. Xiao (2020) provides a conceptual framework for monetary policy

transmission through nonbanks in money markets and argues that monetary policy trans-

mission should be weaker for nonbanks. A number of studies provide empirical support

for this prediction in a variety of consumer credit markets (Elliott et al., 2021; Cucic and

Gorea, 2021; Zink, 2020). However, given the unique institutional features of the U.S.

residential mortgage market, we need a new conceptional framework for understanding the

mechanisms behind such empirical results. In this context, our contribution is to develop

a new framework for monetary policy transmission in the mortgage market that incorpo-

rates the interaction between origination and servicing—a feature that is more salient for

nonbanks—and quantify the importance of this interaction using new data on mortgage

servicing.

Our paper is also related to the broader literature on shadow banks in mortgage mar-

kets. Recent studies have highlighted the growing importance of shadow banks in mort-

gage origination and differences in balance sheets of commercial banks and shadow banks
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(Buchak et al., 2018, 2020; Jiang et al., 2020). While the existing studies have emphasized

the importance of shadow banks in the loan origination business, our contribution is to

shed light on the growing share of shadow banks in the mortgage servicing industry and

to demonstrate the importance of linkages between servicing and origination.4

The rest of the paper proceeds as follows. Section 2 briefly describes the institutional

features of the mortgage servicing industry and the relevance of MSRs for shadow bank

funding. Section 3 presents sources of and summary statistics for the data used in the

empirical analysis. Section 4 presents our main findings on the role of MSRs in dampening

monetary policy transmission. Section 5 conducts robustness tests for our main results.

Section 6 concludes.

2 Institutional Background

A mortgage servicing right is an asset that is created when a primary lender sells a newly

originated mortgage. The lender can either retain the right to service the loan themselves

or sell it to a separate mortgage servicer. A servicer is responsible for collecting the monthly

payments of borrowers and distributing the funds to the appropriate agents (e.g., secondary

market investors, insurance companies, and tax authorities) in exchange for a servicing fee

equal to a fixed share of a monthly payment. A servicer may also earn revenue through

late payments fees, float income, and other ancillary income.5 The fair value of a MSR is

the present discounted sum of expected revenue from servicing the loan for its duration.

This value is decreasing in prepayment risk: if a borrower refinances their mortgage, future

cash flows associated with servicing the loan being prepaid necessarily go to zero. Because
4Existing studies on mortgage servicers (Aiello, 2021; Agarwal et al., 2017; Maturana, 2017) focus on

servicers’ foreclosure decisions and their subsequent impact on mortgage-backed securities investors and
mortgage borrowers. Our contribution is to highlight the growing importance of shadow banks in the
mortgage servicing industry and to think about the potential spillovers from shadow banks’ mortgage
servicing business to their origination business in the context of monetary policy.

5See https://www.federalregister.gov/documents/2021/12/23/2021-27641/mortgage-
servicing-assets.
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prepayment speeds typically fall when interest rates rise, mortgage servicing can act as a

“natural hedge” for mortgage origination.6

A distinct market for MSRs has existed since the early 1990s, when a legal framework

for separately pricing mortgage loans and mortgage servicing rights emerged through a

government-led effort to liquidate the assets of failed savings and loan associations (Ja-

cobides, 2005). Although nonbanks have participated in this market since its inception,

they have significantly increased their share of mortgage servicing relative to traditional

banks since the Great Recession. Among the top 25 servicers in the market, nonbanks

serviced 42% of mortgages in 2018 compared to 4% in 2008. This rise is attributed to a

revised capital rule that limits the quantity of MSRs that can be included in regulatory

capital; higher post-crisis regulatory risk associated with loan servicing; and nonbanks’

cost advantages in servicing due to specialization and the adoption of new technology.7

In addition to generating servicing income, mortgage servicing rights have value as

collateral for shadow banks. In order to fund newly originated mortgages, shadow banks are

heavily reliant on short-term funding in the form of warehouse lines of credit. Drawdowns

on these credit lines are collateralized by the mortgages they fund: the warehouse lender

holds the mortgage until the loan originator can find a buyer for it on the secondary market

and repay the drawdown. As noted by Kim et al. (2018), shadow banks therefore cannot

use mortgages held for sale—typically the largest asset on their balance sheet—to insure

against negative shocks and “have devised increasingly complex ways to use...MSRs as

collateral for various types of financing.”

Shadow banks use this financing to cover large costs associated with originating and

servicing loans. For instance, to ensure that mortgage originators have some skin in the

game, warehouse lenders will typically only fund 95% of the loan balance. Given the
6See https://www.federalreserve.gov/publications/2016-capital-rules-mortgage-

servicing-assets-Risks-to-Firms-Holding-Mortgage-Servicing-Assets.htm.
7See https://www.fdic.gov/analysis/quarterly-banking-profile/fdic-quarterly/2019-

vol13-4/fdic-v13n4-3q2019-article3.pdf.
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average shadow bank originates $1.6 billion in mortgage credit annually, financing secured

by MSRs or sales of MSRs can be an important source of liquidity.

In addition to directly using MSRs to partly fund mortgage originations, shadow banks

also use MSRs to finance working capital needs associated with mortgage origination. Ser-

vicers are heavily involved in the foreclosure process and must manage foreclosed properties

until they can be sold.8 Instead of using their own capital to fund these expenses—which,

particularly in the case of non-performing loans, can be considerable (Fuster et al., 2017)—

shadow banks can use credit lines secured by MSRs. The additional funding made possible

by MSRs is therefore an important input in the mortgage origination business of shadow

banks.9

3 Data and Summary Statistics

3.1 Shadow Bank Data

We obtain shadow bank balance sheet data and credit line data from Mortgage Call Re-

ports (MCRs) filed under the Nationwide Multistate Licensing System (NMLS). Pursuant

to the S.A.F.E. Mortgage Licensing Act of 2008, shadow banks that hold a state license

or state registration to conduct mortgage origination have been required to file a call

report in each state in which they perform lending activities on a quarterly basis since

2011. Following Jiang et al. (2020), we submit FOIA requests to the states of Washing-

ton and Massachusetts. As long as a shadow bank is registered in either Washington or

Massachusetts, i.e., it does business in these states, we can obtain its MCR data at the

mortgage company level irrespective of where the shadow bank is headquartered. Sampling
8See https://www.urban.org/sites/default/files/publication/77626/2000607-Servicing-

Costs-and-the-Rise-of-the-Squeaky-Clean-Loan.pdf
9In their annual 10-K report for 2020, United Wholesale Mortgage, LLC—the second largest direct

residential and largest wholesale mortgage lender in the U.S.—disclose a $400,000 line of credit used to
fund working capital that is secured by their MSRs, writing, “Advances are limited by the value of the
underlying MSRs.” See https://www.sec.gov/Archives/edgar/data/1783398/000119312521089716/
d143608dex992.htm.
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these two states allows for an extensive coverage of nearly 80% of total mortgage volume

originated by shadow banks in the U.S. (see Figure A.1 and Figure A.2).10

MCRs have two segments, Financial Condition (FC) and Residential Mortgage Loan

Activity (RMLA). FC provides data on standard balance sheet variables at the mortgage

company level while the RMLA collects application, closed loan, individual mortgage loan

originator (MLO), Line of Credit, servicing, and repurchase information by state for each

mortgage company. Both financial condition data and residential mortgage loan activity

data are available at the quarterly level.11 We obtain balance sheet variables for shadow

banks such as size, capital, liquidity, interest costs, mortgage servicing rights, etc., from the

FC segment; funding information such as credit limit, used credit, and credit line provider

names from the company-level RMLA segment; and the FICO distribution of closed loans

from the state-specific RMLA segment.12

To observe the origination behavior of shadow banks, we supplement Mortgage Call

Reports data with loan origination data from the Home Mortgage Disclosure Act (HMDA)

database. The HMDA data reports information on lender, borrower, and loan charac-

teristics at the application level. For example, for borrowers, we observe information on

their location, income, race, ethnicity, and gender. For lenders, we observe their name

and address, as well as a lender identifier. We define shadow banks as either “independent

mortgage bank” or “independent mortgage bank affiliated with a depository” following

“The Avery file.”13 We merge the MCR data with the HMDA data using the name and
10Each state has its own public disclosure law. Washington and Massachusetts are the two states that

allow disclosure of Financial Condition (balance sheet) data of shadow banks. Other states, e.g. Florida,
do not allow the disclosure of these data to the public.

11There are two types of Mortgage Call Reports, Standard and Expanded. The RMLA segment is
available at the quarterly level for both Standard MCR and Expanded MCR. The FC segment is available
at annual level for Standard MCR and at quarterly level for Expanded MCR. Fannie Mae and Freddie
Mac Seller/Servicers or Ginnie Mae Issuers must submit an Expanded MCR. Companies should complete
either the Expanded or Standard MCR, not both for any period. We use financial condition data from
Expanded MCR, which is at the quarterly level.

12The RMLA component reports Line of Credit and servicing data at the company level and other
information at the state level by company. We have the state-specific RMLA data for Washington and
Massachusetts.

13See https://sites.google.com/site/neilbhutta/data. Our results are robust to an alternative
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address of shadow banks. There are 426 unique shadow banks in the MCR data, of which

384 can be matched to the HMDA data. Our sample period is 2012–2017.

To shed light on the funding structure of shadow banks, we merge line of credit data

from the Residential Mortgage Loan Activity component of the MCR with the balance

sheet data from Financial Condition component. For each active of line credit that a

shadow bank has, the RMLA reports the lender name, credit limit, and the remaining

credit available. We assign a lender ID to the lender name by manually matching the

lender name with its FDIC ID from the FDIC website. We aggregate the credit line

data at shadow bank-lender bank pair-level and merge the credit line data with Financial

Condition data for shadow banks.

To assess the risk profile of shadow banks, we obtain the FICO distribution of closed

loans from the RMLA component. For each mortgage company, we can observe the amount

and count of mortgages originated in each FICO category in a state at a quarterly frequency.

We compute the fraction of mortgages with low FICO scores (≤ 650) at an annual frequency

and merge the risk measure with HMDA dataset.

Our sample covers major shadow banks operating in U.S. mortgage market, such as

Nationstar Mortgage and Quicken Loans. Table 1 reports the summary statistics for all

variables used in the empirical analysis. Panel A of Table 1 summarizes the balance sheet

variables for shadow banks. On average, shadow banks hold $0.44 billion in assets with

a standard deviation of $1.37 billion.14 Mortgage loans account for 67% of the average

shadow bank’s assets. Following mortgage loans held for sale, MSRs are the second largest

asset. More than 80% of shadow banks have some exposure to MSRs, and they account

for 7% of the assets of the average shadow bank. Shadow banks usually have low leverage,

with an average equity ratio of approximately 22%.

definition of shadow banks following Buchak et al. (2018).
14The size distribution of shadow banks is comparable to the size distribution reported in Jiang et al.

(2020), where the mean of the assets is $0.47 billion and the standard deviation of the assets is $1.51
billion.
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Panel B and C of Table 1 report summary statistics for the funding structure of shadow

banks. Panel B shows the summary statistics for funding-related variables aggregated at

the shadow bank level. In each year quarter, an average shadow bank in our sample has

a total credit limit from banks of $0.84 billion with an average utilization rate of 52.2%.

The average estimated annualized interest rate on credit lines is 2.7%.15 Panel C shows

the summary statistics for funding data at the shadow bank-lender bank pair level. During

the period 2012–2017, our data contains 20,823 lines of credit for 384 shadow banks and

224 banks. The average credit limit that a shadow bank can get from a bank in our sample

is $0.21 billion.

3.2 Monetary Policy Shocks

Higher interest rates affect borrowers’ incentives to refinance, which affects the valuation

of the MSR by increasing the expected duration of the loan. To the extent that market

participants anticipate future changes to the policy rate, those expectations should already

be reflected in the current value of the MSR and the observed change in the policy rate

should not affect its value. To capture this unexpected component of changes in monetary

policy, we use the surprise movement in the three-months-ahead federal funds futures

(FFF3m) from Jarociński and Karadi (2020) as our monetary policy shock.

This measure employs the high-frequency identification strategy based on the assump-

tion that monetary policy news dominates other factors within a 30-minute window around

the U.S. Federal Open Market Committee (FOMC) policy announcements.16 To match

the frequency of the shadow bank balance sheet data and HMDA data, we convert the sur-
15Following Jiang et al. (2020), we estimate the interest rate using the following formula:

WarehouseExpense i,q =
(

1 + rdaily
i,t + Qave Libor i,q

)90
× LineUsage i,q − LineUsage i,q, where

WarehouseExpense i,q is shadow bank i’s total warehouse interest expense in quarter q, Qave Libor i,q is
the quarterly average overnight LIBOR rate in quarter q, and LineUsagei,q is the sum of shdaow bank i’s
usage of all credit lines in quarter q. We annualize rdaily

i,t to obtain the annual interest cost for a shadow
bank i in quarter q.

16As a robustness check, we will use other high-frequency monetary policy shock measures, e.g. (NS)
constructed by Nakamura and Steinsson (2018).
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prises from a meeting-by-meeting frequency to a quarterly/annual frequency by summing

all meeting surprises within a quarter/year.

4 Empirical Analysis

In this section, we first use data on mortgage loan origination to understand the differential

credit supply response of shadow banks to monetary policy shocks compared with that of

traditional banks. We then explore the role of mortgage servicing rights in the transmission

of monetary policy to credit supplied by shadow banks. We further explore heterogeneity

in shadow banks’ liquidity and capital ratios in order to understand the role played by

MSRs in the transmission mechanism. Then we present evidence on the use of MSRs by

shadow banks to secure funding following contractionary monetary policy shocks.

4.1 Shadow Banks and Monetary Policy Transmission

We start our analysis with the loan-level data from HMDA to study whether shadow banks

dampen or amplify the transmission of monetary policy. The loan-level data allows us to

control for loan, borrower, and lender characteristics. It also allows us to control for county-

specific economic conditions that may affect demand for loans. Specifically, we estimate

the regression equation

Yi,l,c,t = βNonbankl,t × MPt + γXi,l,t + FEc,t + FEl + FEt + ϵi,l,c,t, (1)

Yi,l,c,t is either the loan origination indicator for an application i submitted to lender l in

county c in year t or the log mortgage amount of loan i originated by lender l in county c

in year t. Nonbankl,t is an indicator variable equal to 1 if the lender is a shadow bank as

defined in Section 3.17 MPt is the monetary policy shock aggregated at an annual level,
17We account for charter switching for these shadow banks.

12



measured using the change in the three-month federal funds futures in a 30-minute time

window around FOMC announcements following Jarociński and Karadi (2020). Xi,l,t is a

vector of controls that includes borrower characteristics (race, gender, income) and loan

characteristics (loan to income ratio). We saturate the model with lender fixed effects

(FEl) to control for differences in time-invariant lender characteristics and with county-

year fixed effects (FEc,t) to control for time-varying county-level characteristics, such as

economic conditions and house prices, that could affect demand for loans. We further

add year fixed effects (FEt) to control for other time-varying macroeconomic shocks. We

cluster standard errors at the lender-county level. The main coefficient of interest is β,

which captures the differential response of nonbanks to monetary policy shocks. If shadow

banks amplify the transmission of monetary policy to mortgage lending, we expect β to

be negative and, if they dampen it, we expect the coefficient to be positive.

Table 2 shows the estimated results for Equation (1). In columns 1–4, the dependent

variable is the loan origination indicator variable and, in columns 5–8, the dependent

variable is the log loan amount. The results indicate that, relative to banks, nonbank

lenders reduce credit less following contractionary monetary policy shocks. The relatively

weaker effect of monetary policy tightening on nonbanks’ credit supply holds at both the

extensive and the intensive margin. Conditional on a loan application being submitted,

nonbanks approve more applications than banks after a contractionary monetary policy

shock and they also originate larger mortgages.

The effect is similar in magnitude and remains statistically significant when we control

for lender fixed effects (column 2 and column 6), year fixed effects (column 3 and column

7), and county-year fixed effects (column 4 and column 8). Results from the most saturated

specification (columns 4 and 8) imply that, in response to a 25bp increase in the monetary

policy shock, shadow banks approve 7.8% more mortgage applications and supply 2.9%

higher volume of mortgage credit relative to traditional banks.

These results show that shadow banks dampen the transmission of monetary policy.
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This finding is consistent with the existing studies that have also documented that the

presence of shadow banks dampens the effect of monetary policy on mortgage credit (Elliott

et al., 2021). In the next section, we explore the role of mortgage servicing rights in

explaining the differential response of shadow banks to monetary policy shocks.

4.2 The Mortgage Servicing Channel

In this section, we present evidence on the role played by mortgage servicing rights in

explaining the attenuated effect of a contractionary monetary policy shock on credit sup-

plied by shadow banks. Because tighter monetary policy makes MSRs more valuable by

decreasing the prepayment risk, they allow shadow banks to continue receiving funding

to originate new mortgages. When interest rates rise, shadow banks can either sell their

existing MSRs for cash or they can pledge their MSRs as collateral to obtain secured fund-

ing. In either case, we should expect that shadow banks with a higher ex ante exposure

to MSRs should be less negatively affected by the monetary policy shock. To test this

hypothesis, we estimate the regression model

Yl,c,t = βMPt × MSREquityl,t−1 + γXl,t−1 + FEc,t + FEl + FEt + ϵl,c,t, (2)

where Yl,c,t is the log of loan count or loan amount of mortgages originated by shadow

bank l in county c in year t. MPt is the aggregated monetary policy shock at the annual

level as described in Section 3. MSREquityl,t−1 captures the exposure of shadow banks

to mortgage servicing rights and is constructed as the lagged share of mortgage servicing

rights in total equity. We add lender level controls Xl,t−1 from shadow bank balance sheet

data, including shadow bank size, ROE, liquidity ratio, etc. We saturate the model with

lender fixed effects (FEl), year fixed effects (FEt) and county-year fixed effects (FEc,t).

We further add lender-county fixed effects FEc,l to control for the selection of entry of

shadow banks in different counties. The standard errors are clustered at the lender-county
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level.

Table 3 reports the results. Dependent variables are the log number of loans originated

(columns 1–4) and log amount of loans originated (columns 5–8). The coefficient on the

interaction term between the monetary policy shock and MSR exposure is positive and

significant across all specifications, suggesting that credit supplied by shadow banks with

higher ex ante exposure to MSRs is less negatively affected by contractionary monetary

policy compared to shadow banks with low MSR exposure. The estimated coefficients

imply that, in response to a 25bp contractionary monetary policy shock, a shadow bank

with a median MSR to equity ratio increases their origination count by 9.1% (column 4)

and the size of each origination by 11.2% (column 8) compared to a shadow bank with

zero MSR exposure.18

4.3 Heterogeneity Tests

In this section, we conduct several heterogeneity tests to provide further support to the role

of shadow banks’ MSR exposure in dampening the monetary policy transmission. We con-

sider three characteristics of shadow banks that could make MSRs a useful hedge against

contractionary monetary policy shocks: (i) stock of liquid assets, (ii) capital to asset ratio,

and (iii) exposure to risky borrowers. The stock of liquid assets reflects shadow banks’ abil-

ity to use internal funding, while the capital ratio and exposure to risky borrowers measure

the intensity of adverse selection frictions faced by shadow banks in raising external finance.

We expect shadow banks with low levels of liquid assets and those facing higher adverse

selection frictions (i.e., shadow banks with ex ante low levels of capital and high exposure

to risky borrowers) to benefit more from MSR holdings during contractionary monetary
18It should be noted that, in addition to decreasing prepayment risk, an increase in interest rates should

all else equal increase discounting and default risk. During the sample period we study, default risk was
minimal, and therefore should not play a significant role in influencing our results. Higher discounting
could lower the value of MSRs, which would decrease their collateral value. This effect should work against
finding a significant effect for the mortgage servicing channel in our empirical analysis. A positive and
significant coefficient for this channel in our analysis indicates that the negative effect through discounting
is more than offset by the positive effect of a decrease in prepayment risk.
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policy periods. Hence, the dampening effect of MSRs on monetary policy transmission

should be higher for such banks.

4.3.1 Stock of Liquid Assets

When interest rates rise, external financing at market interest rate becomes more expensive

and may induce shadow banks to curtail lending. The negative effect of higher borrowing

costs during contractionary monetary policy on lending can be somewhat mitigated for

shadow banks with a high stock of liquid assets. These banks can easily sell their liquid

assets for cash and use this cash to finance new mortgages. For highly liquid shadow banks,

MSRs may not provide much additional insulation. However, for shadow banks that do

not have a large buffer of liquid assets, exposure to MSRs can be immensely valuable

during monetary tightening as these banks can sell their MSRs for cash or pledge them as

collateral to obtain secured funding and continue funding new mortgages. Hence, MSRs

enable shadow banks to originate more mortgages by serving as an imperfect substitute

for liquid assets on shadow banks’ balance sheets during monetary tightening.19 To test

this channel, we estimate the regression model

Yl,c,t = βMPt × MSREquityl,t−1 × LiquidityRatiol,t−1 + γXl,t−1 + FEc,t + FEl + FEt + ϵl,c,t,

(3)

where Yl,c,t is the log of loan count or loan amount of mortgages originated by shadow bank

l in county c in year t. LiquidityRatiol,t−1 is the lagged share of liquid assets over total

assets of shadow bank l at time t−1. We add the same set of lender controls that we used in

Equation (2). We saturate the model with lender-, year-, and county-year fixed effects. The

county-year fixed effects control for time-varying demand effects at the country level, and

lender-county fixed effects account for shadow banks’ market entry choices. The standard
19Anecdotal evidence suggests that MSR sales increase when monetary policy tightens. This sup-

ports our hypothesis that MSRs are more valuable for shadow banks with low ex ante liquid-
ity. See https://www.wsj.com/articles/the-hot-trade-in-the-housing-market-servicing-your-
mortgage-11550070000.
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errors are clustered at the lender-county level. The coefficient on the triple interaction term

captures how the liquidity ratio of shadow banks affects the mortgage servicing channel of

monetary policy transmission, and is our main variable of interest.

Table 4 shows the estimation results. Columns 1 and 2 show the results for loan count

and loan amount, respectively. The coefficient on the triple interaction term is negative and

significant, suggesting that the dampening effect of MSR exposure is weaker for shadow

banks with more liquidity. This finding provides support to the hypothesis that MSRs

dampen monetary policy transmission by providing an alternate source of financing to

shadow banks and relaxing their funding constraints.

4.3.2 Capital to Asset Ratio

Information asymmetry in the market for short-term debt implies that shadow banks that

try to raise external finance to fund mortgages will face adverse selection frictions and

should be more negatively affected by contractionary monetary policy. This is especially

true for banks with low capital, as these banks may have to pay a lemon’s premium in

order to secure funding when interest rates rise. Having access to MSRs attenuates the

adverse selection problem that shadow banks face in the funding market and allow them

to access funding at a cheaper rate. If this is true, we should expect the dampening effect

of MSRs to be stronger for banks with low ex ante capital ratio. To test this hypothesis,

we estimate the regression model

Yl,c,t = βMPt×MSREquityl,t−1×CapitalRatiol,t−1+γXl,t−1+FEc,t+FEl+FEt+ϵl,c,t, (4)

where CapitalRatiol,t−1 is the lagged share of capital over total assets. We add the same

set of lender controls that we used in Equation (2). We saturate the model with lender-,

year-, and county-year fixed effects. The standard errors are clustered at the lender-county

level. The estimated coefficient of the triple interaction term captures how capital ratio
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affects the dampening effect of MSRs on monetary policy transmission.

Table 4 reports the results. Columns 3 and 4 show the results for loan count and

loan amount, respectively. The coefficient of the triple interaction term is negative and

significant across all specifications. The negative coefficient implies that the dampening

effect of MSRs on monetary policy transmission is higher for banks with low capital to asset

ratio. This finding suggests that MSRs dampen monetary policy transmission by alleviating

adverse selection frictions faced by shadow banks in the external funding market.

4.3.3 Exposure to Risky Borrowers

Shadow banks that lend to more risky borrowers should face higher adverse selection fric-

tions while raising external finance. Since MSRs can attenuate adverse selection frictions,

we expect the dampening effect of MSRs to be higher for shadow banks that lend to more

risky borrowers. To test this hypothesis, we estimate the model

Yl,c,t = βMPt ×MSREquityl,t−1 ×LowFICOl,t−1 +γXl,t−1 +FEc,t +FEl +FEt + ϵl,c,t, (5)

where Yl,c,t is the log of loan count or loan amount of mortgages originated by shadow bank

l in county c in year t. LowFICOl,t−1 is the lagged share of low FICO score mortgages

originated by shadow bank l and captures the bank’s exposure to risky borrowers. We

add the same set of lender controls that we used in Equation (2). We saturate the model

with lender-, year-, and county-year fixed effects. The county-year fixed effects control for

time-varying demand effects at the country level and lender-county fixed effects account

for shadow banks’ market entry choices. The standard errors are clustered at the lender-

county level. The coefficient on the triple interaction term captures how the risk profile of

mortgages originated by shadow banks affects the mortgage servicing channel of monetary

policy transmission, and is our main variable of interest.

Table ?? reports the results. Dependent variables are the log number of loans originated
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(columns 1–2) and log amount of loans originated (columns 3–4). The coefficient on the

triple interaction term between the monetary policy shock, MSR exposure, and exposure

to risky borrowers is positive and significant across all specifications, suggesting that the

dampening effect of MSRs on monetary policy transmission is higher for shadow banks with

a riskier profile. These are the banks that expect to see higher adverse selection frictions in

the external finance market. Hence, our findings again provide support to the hypothesis

that MSRs dampen monetary policy transmission by alleviating adverse selection frictions

faced by shadow banks.

4.4 Evidence on Funding

The evidence presented so far supports the underlying hypothesis that mortgage servicing

rights dampen monetary policy transmission by mitigating frictions in raising external

finance and enabling shadow banks to continue receiving funding following contractionary

monetary policy shocks. In this section, we exploit the detailed credit line data from the

RMLA section of the MCRs to provide direct evidence on the link between shadow banks’

MSR exposure and their ability to secure funding during monetary tightening.

Over 70% of shadow bank funding comes from credit lines provided by banks (Jiang

et al., 2020). Credit lines can be secured by mortgages and mortgage servicing rights. Dur-

ing a contractionary monetary policy period, the value of MSRs increases, which makes

them more attractive as collateral. We hypothesize that shadow banks with more exposure

to MSRs experience an increase in their secured funding in the form of credit lines. This

increase in funding can be reflected in either an increase in the credit limit on existing

credit lines or drawdowns of existing credit lines. To the extent that collateral can miti-

gate adverse selection issues in the funding market, we also expect to see a lower cost of

borrowing on credit lines secured by shadow banks with exposure to MSRs.

We first present evidence on the link between shadow banks’ MSR exposure and their

funding using credit line data aggregated at the shadow bank level. We estimate the
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following regression model:

Yl,t = βMPt−1 × MSREquityl,t−1 + γXl,t−1 + FEl + FEt + ϵl,t, (6)

The dependent variable Yl,t is log total credit limit, log used credit, or estimated average

interest rate for shadow bank l at time t. MPt−1 is the monetary policy shock from the

previous period.20 We saturate the model using lender fixed effects FEl to control for

lender specific time-invariant characteristics and time fixed effects FEt to control for time

varying credit market conditions. The standard errors are clustered at the lender level.

Equation (6) is estimated using quarterly data for the period 2012–2017. The coefficient

on the interaction term captures the differential effect of a contractionary monetary policy

shock on the credit limit, used credit, and estimated funding cost for shadow banks with

heterogeneous exposure to mortgage servicing rights.

Panel A in Table 5 reports the results. Columns 1–3 and 4–6 report results for log

credit limit and log used credit, respectively. We add lender fixed effects in columns 2

and 5 and year quarter fixed effects in columns 3 and 6. The coefficient of the interaction

term remains positive and significant for credit limit and used credit after the inclusion

of these fixed effects. These results indicate that shadow banks with higher exposure to

mortgage servicing rights experience an increase in their overall credit limit and draw down

their existing credit lines more when monetary policy tightens. Because the draw down of

credit line is typically done to originate mortgages, it provides direct evidence that shadow

banks with more mortgage servicing rights are able to supply relatively more credit after

a contractionary monetary policy shock.

However, the non-random matching between shadow banks and banks may interfere

with the interpretation of lender-level regression results. Shadow banks select the banks

from which they borrow, and shadow banks with high exposure to mortgage servicing
20Since all variables for this regression are available at a quarterly frequency, we estimate this regression

at quarterly frequency. This allows us to use lagged monetary policy shocks.
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rights may borrow from a set of banks that experience positive credit supply shocks. To

address the selection problem, we conduct our analysis at the shadow bank-bank pair level.

We estimate the following equation:

Yl,b,t = βMPt−1 × MSREquityl,t−1 + γXl,t−1 + FEl + FEt + FEb,t + ϵl,b,t, (7)

The dependent variable Yl,b,t is log total credit limit, log used credit, or estimated average

interest rate for shadow bank l from its financier b at time t. We aggregate the credit limit

and total credit used at the shadow bank and bank pair level. Note that the estimated

interest rate does not vary across banks. We saturate the model using lender fixed effects

FEl to control for lender specific time invariant characteristics and time fixed effects FEt

to control for time varying credit market conditions. More importantly, we add bank-year-

quarter fixed effects FEb,t to controls for time varying supply of credit at the bank level.

In this regression, we are comparing shadow banks that borrow from the same financier.

The results are reported in Panel B, Table 5. The dependent variable in columns 1–3

is credit limit. We add lender and year quarter fixed effects in column 2 and add bank-

year-quarter fixed effects in column 3. The coefficient on the interaction term remains

positive and significant at 1% level and is similar in magnitude across the three columns.

These results indicate that, among multiple shadow banks that borrow from the same

bank, shadow banks with higher ex ante MSR exposure receive a higher credit limit and

draw down their existing credit lines relatively more when monetary policy is tightened.

Similarly, results in columns 7–9 show that the cost of borrowing increases by less for

shadow banks with higher ex ante MSR exposure. These results validate the underlying

mechanism: MSRs are able to hedge the balance sheet of shadow banks against monetary

tightening.
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5 Robustness Checks

5.1 Alternative Measures of MSR Exposure

We examine whether the results vary with the measure of mortgage servicing right expo-

sure. MSR holdings can be normalized by different company characteristics to measure the

company level exposure to mortgage servicing rights. In previous tests, we normalize MSR

holdings by equity to capture the importance of MSR relative to capital. Another natural

candidate for the denominator is asset, as large shadow banks may hold more MSRs than

small ones. We control for the effect of size on the level of MSR holdings by normalizing

MSR holdings using assets.

Using MSRs scaled by assets, we re-estimate Equation (2). Table 6 shows the results.

Columns 1 and 2 have log mortgage count as the dependent variable, columns 3 and 4

have log mortgage amount as the dependent variable. We add lender and county-year

fixed effects in column 1 and 3 and lender-county and county-year fixed effects in column

2 and column 4. The standard errors are clustered at the lender-county level.

The effect of mortgage servicing right exposure during monetary policy tightening is

robust to the choice of mortgage servicing right exposure measure. The coefficients of the

interaction term between MSR exposure and monetary policy shock are positive and sig-

nificant in all columns, indicating that shadow banks with higher MSR exposure originate

relatively more mortgages than those with lower MSR exposure during monetary policy

tightening.

5.2 Alternative Measures of Monetary Policy Shocks

In previous tests, we use the surprise movement in the three-months-ahead federal funds

future as a measure for monetary policy shock, which captures the informational component

of monetary policy shocks. To address the concern that the current measure only captures
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a specific aspect of the unanticipated change in monetary policy, we check if our results

are sensitive to our choice of monetary policy shock.

An alternative measure of monetary policy is the “policy news shock” from Nakamura

and Steinsson (2018). The policy news shock, denoted NS, is the scaled first principal

component of price changes over a 30-minute window around scheduled FOMC announce-

ments of five interest rate futures: the fed funds future for the current month; fed funds

future for the month of next FOMC meeting; and 3-month Eurodollar future at horizons

of 2Q, 3Q, and 4Q.

Table 7 shows the results when we estimate Equation (2) using NSt−1 as our mone-

tary policy shock measure. Our results remains robust to the choice of monetary policy

shock: the coefficient of the interaction term between the monetary policy shock and MSR

exposure remains positive and significant across all specifications.

5.3 Alternative Definition of Shadow Banks

We tests if our results are robust to our classification of shadow banks. However, classi-

fying mortgage lenders into depository versus non-depository institutions is a non-trivial

task, due to the complexity in the market structure of U.S. mortgage market. In previous

tests, we utilize the Avery file, which classifies financial institutions as bank, thrift insti-

tution, credit union, or independent mortgage bank based on their self-identification in

their HMDA filing and from a match to the National Information Center (NIC) structure

database. We classify a financial institution as shadow bank if it is classified as independent

mortgage bank in the Avery file.

For robustness, we follow the definition of shadow banks from Buchak et al. (2018)

and see if our main results are sensitive to this definition. The lender classification in

Buchak et al. (2018) is the most commonly used classification methodology. In Table 8, we

show estimated results for Equation (2) for the sample of shadow banks in Buchak et al.
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(2018).21 We find that the coefficient of the interaction term between MSR and monetary

policy shock is positive and significant, suggesting that our results are not dependent on

our definition of shadow banks.

6 Conclusion

This paper highlights the growing importance of shadow banks in the mortgage servicing

industry and proposes a new mortgage servicing channel of monetary policy transmission

for shadow banks. This channel offsets the negative effect of higher interest rates on

mortgage origination and therefore dampens the transmission of monetary policy. Since

traditional banks can rely on deposits to fund mortgages, the mortgage servicing channel we

document in this paper is likely to be more important for shadow banks. This implies that,

in counties with a larger presence of shadow banks, the negative effects of a contractionary

monetary policy on mortgage credit could be attenuated. Given the rising share of shadow

banks in the mortgage origination and servicing business, this finding has important policy

implications for the ability of the monetary policy authorities to influence real outcomes.

21There are 253 shadow banks in Buchak et al. (2018). We manually match shadow bank names to
their identifiers (NMLS ID) in Nationwide Multistate Licensing System Registry (NMLS). We can find
247 NMLS IDs for these shadow banks and the merged sample has 161 shadow banks.
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7 Figures and Tables

Figure 1: Shadow Banks’ Share of the U.S. Residential Mortgage Market

This figure shows the market share of shadow banks in mortgage origination (blue dashed
line) and servicing (red solid line) during 2010–2019 for the U.S. residential mortgage
market. The origination market share data comes from Inside Mortgage Finance and the
servicing market share data comes from the Urban Institute.
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Figure 2: Servicing Share of Banks and Shadow Banks

This figure shows the servicing market share of nonbanks (red line), banks (blue line), and
other servicers (green line) during 2012–2017 constructed using single-family loan-level
data from Freddie Mac. Other servicers are those financial intermediaries that cannot be
classified as banks or nonbanks.
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Table 1: Summary Statistics

This table reports summary statistics for all variables used in the empirical analysis for the period 2012-
2017. Panel A shows the summary statistics for balance sheet variables from the Financial Condition
segment of the MCRs while Panel B and C show summary statistics for funding-related variables for
shadow banks from the RMLA segment of the MCRs. Panel B shows the summary statistics at the
shadow bank level while Panel C shows the summary statistics at the shadow bank-lender bank pair-level.

Panel A: Shadow Bank Balance Sheet Variables
count mean std 25% 50% 75%

Assets (Billions) 1,561 0.436 1.370 0.037 0.082 0.237
Equity (Billions) 1,561 0.078 0.247 0.007 0.016 0.042
Amount of mortgages (Billions) 1,561 1.598 3.568 0.278 0.627 1.472
Number of mortgages 1,561 6,749 16,069 1,060 2,700 6,405
MSR to Asset ratio 1,561 0.069 0.101 0.000 0.021 0.104
MSR to Equity ratio 1,561 0.381 0.382 0.003 0.142 0.492
Capital Ratio 1,561 0.223 0.142 0.129 0.180 0.270
Liquidity to Asset ratio 1,561 0.090 0.099 0.035 0.061 0.108
Return on Equity (ROE) 1,561 0.065 0.115 0.011 0.049 0.112
Share of prime conforming mortgages 1,525 0.501 0.250 0.366 0.527 0.648
Mortgage UPB to Asset ratio 1,561 0.672 0.231 0.599 0.738 0.821
Share of mortgages with FICO≤650 353 0.214 0.255 0.053 0.112 0.250

Panel B: Shadow Bank Funding
count mean std 25% 50% 75%

Credit Limit (Billions) 5,676 0.839 6.509 0.052 0.112 0.310
Used Credit (Billions) 5,676 0.395 2.422 0.026 0.063 0.183
Utilization Rate 5,676 0.522 0.210 0.376 0.522 0.675
R 4,648 0.027 0.021 0.016 0.024 0.035

Panel C: Shadow Bank - Lender Bank Pair Funding
count mean std 25% 50% 75%

Credit Limit (Billions) 20,823 0.212 3.436 0.020 0.035 0.075
Used Credit (Billions) 20,823 0.093 1.228 0.006 0.018 0.044
Utilization Rate 20,823 0.508 0.283 0.295 0.520 0.733
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Table 2: Shadow Banks and Monetary Policy Transmission

This table reports estimates from Equation (1) which tests whether shadow banks dampen the transmission
of monetary policy in the US residential mortgage market. The sample contains 25% randomly selected
mortgage originations and applications from Home Mortgage Disclosure Act (HMDA) over the period 2012–
2016. The dependent variable is the origination dummy (1 if a mortgage is originated and 0 otherwise)
in columns 1–4 and the log loan amount of originated mortgages in columns 5–8. The main independent
variable is FFF3mt × NonBankl,t, the interaction between the monetary policy shock (FFF3mt) and a
nonbank dummy (NonBankl,t). The monetary policy shock is the high-frequency surprise in 3-month
federal funds rate future from Jarociński and Karadi (2020) aggregated at the annual level. The nonbank
dummy is 1 if the financial institution is an independent mortgage company as defined in Section 3.
Borrower and loan characteristics controls include gender, race, log income, and loan to income ratio.
Loan type and loan purpose fixed effects are included in all columns. Column 2 and column 6 add lender
fixed effects, column 3 and column 7 add year fixed effects, column 4 and column 8 add county-year fixed
effects. Standard errors clustered at the lender-county level are reported in parentheses. ***: p < 0.01,
**: p < 0.05, *: p < 0.1.

Dependent Variables: Origination Log Loan Amount
(1) (2) (3) (4) (5) (6) (7) (8)

FFF3mt ×NonBankl,t 0.4451∗∗∗ 0.2198∗∗∗ 0.2222∗∗∗ 0.3095∗∗∗ 0.1205∗∗∗ 0.1495∗∗∗ 0.1556∗∗∗ 0.1140∗∗∗

(0.0356) (0.0331) (0.0326) (0.0384) (0.0092) (0.0080) (0.0080) (0.0078)
NonBankl,t 0.0221∗∗∗ -0.0670∗∗∗ -0.0714∗∗∗ -0.0724∗∗∗ 0.0384∗∗∗ 0.0017 0.0017 -0.0021

(0.0032) (0.0112) (0.0112) (0.0179) (0.0008) (0.0036) (0.0036) (0.0036)
(0.0356) (0.0331) (0.0326) (0.0384) (0.0092) (0.0080) (0.0080) (0.0078)

FFF3mt 0.0646∗∗ -0.0207 -0.0393∗∗∗ -0.1004∗∗∗

(0.0285) (0.0305) (0.0076) (0.0068)
Fit statistics
Observations 8,744,043 8,744,043 8,744,043 8,744,043 5,495,053 5,495,053 5,495,053 5,495,053
R2 0.05770 0.17273 0.17286 0.18577 0.89865 0.90740 0.90741 0.90856
Fixed-effects
Loan Type Yes Yes Yes Yes Yes Yes Yes Yes
Loan Purpose Yes Yes Yes Yes Yes Yes Yes Yes
Lender Yes Yes Yes Yes Yes Yes
Year Yes Yes Yes Yes
County-Year Yes Yes
Borrower & Loan characteristics Yes Yes Yes Yes Yes Yes Yes Yes
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Table 3: The Mortgage Servicing Channel

This table reports estimates from Equation (2) at the lender- county level for the sample of U.S. shadow
banks for the period 2012–2017. The dependent variables are the annual log loan count (columns 1–
4) or loan amount (columns 5–8) of mortgages originated by shadow banks in a given county. The
main independent variable is FFF3mt × MSREquityt−1, the interaction between monetary policy shock
(FFF3mt) and nonbank exposure to mortgage servicing rights (MSREquityt−1). The monetary policy
shock is the high-frequency surprise in 3-month federal funds rate future from Jarociński and Karadi
(2020) aggregated at the annual level. The nonbank exposure to mortgage servicing rights is measured
as the ratio of mortgage servicing rights to equity. Lender controls include log assets, log equity, ROE,
share of unpaid balance of prime conforming loans, share of unpaid balance of mortgages over assets,
liquidity–asset ratio and capital ratio. Column 2 and column 6 include county-year fixed effects, column
3 and column 7 add lender fixed effects, column 4 and column 8 add lender-county fixed effects. Standard
errors clustered at the lender-county level are reported in parentheses. ***: p < 0.01, **: p < 0.05, *:
p < 0.1.

Dependent Variables: Log Loan Count Log Loan Amount
Model: (1) (2) (3) (4) (5) (6) (7) (8)
FFF3mt × MSREquityt−1 0.0150∗∗∗ 0.0152∗∗∗ 0.0132∗∗∗ 0.0260∗∗∗ 0.0185∗∗∗ 0.0212∗∗∗ 0.0163∗∗∗ 0.0322∗∗∗

(0.0012) (0.0011) (0.0010) (0.0011) (0.0017) (0.0014) (0.0014) (0.0014)
MSREquityt−1 -0.0005∗∗∗ -0.0006∗∗∗ 0.0019∗∗∗ 0.0024∗∗∗ -0.0019∗∗∗ -0.0019∗∗∗ 0.0022∗∗∗ 0.0028∗∗∗

(0.0002) (0.0001) (0.0001) (0.0001) (0.0002) (0.0002) (0.0002) (0.0002)
FFF3mt -1.217∗∗∗ -2.045∗∗∗

(0.0661) (0.0899)
Fit statistics
Observations 336,914 336,914 336,914 336,914 336,914 336,914 336,914 336,914
R2 0.03962 0.36285 0.46070 0.91588 0.03218 0.45325 0.53710 0.91095
Fixed-effects
County-Year Yes Yes Yes Yes Yes Yes
Lender Yes Yes
Lender-County Yes Yes
Lender controls Yes Yes Yes Yes Yes Yes Yes Yes
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Table 4: Heterogeneity Tests: Liquidity, Capital and Risk Exposure

This table reports estimates from Equation (3), (4) and (5) at lender county level for U.S. shadow banks
from 2012–2017. The dependent variables are the log count (column 1, column 3 and column 5) and log
amount (column 2, column 4 and column 6) of mortgages originated by a shadow bank in a county year. The
main independent variable in column 1 and column 2 is FFF3mt × MSREquityt−1 × LiquidityRatiot−1,
the triple interaction between monetary policy shock, nonbank exposure to mortgage servicing rights
and nonbank liquidity ratio. The main independent variable in column 3 and column 4 is FFF3mt ×
MSREquityt−1 ×CapitalRatiot−1, the triple interaction between monetary policy shock, nonbank exposure
to mortgage servicing rights and nonbank capital ratio. The main independent variable in column 5 and
column 6 is FFF3mt × MSREquityt−1 × LowFICO%t−1, the triple interaction between monetary policy
shock, nonbank exposure to mortgage servicing rights and the fraction of low FICO score (≤ 650) mortgages
originated by shadow banks. The monetary policy shock is the high-frequency surprise in 3-month federal
funds rate future from Jarociński and Karadi (2020) and aggregated at the annual level. The nonbank
exposure to mortgage servicing right is measured as the ratio of mortgage servicing rights and equity.
Lender controls include log asset, log equity, ROE, share of unpaid balance of prime conforming loans,
share of unpaid balance of mortgages over asset and capital ratio. All columns include lender-county fixed
effects and county-year fixed effects. Standard errors clustered at the lender-county level are reported in
parentheses. ***: p < 0.01, **: p < 0.05, *: p < 0.1.

Dependent Variables: Liquidity Capital Risk
Log Count Log Amount Log Count Log Amount Log Count Log Amount

Model: (1) (2) (3) (4) (5) (6)
FFF3mt × MSREquityt−1 × LiquidityRatiot−1 -0.0015∗∗∗ -0.0010∗∗∗

(0.0002) (0.0003)
FFF3mt × MSREquityt−1 × CapitalRatiot−1 -0.0014∗∗∗ -0.0019∗∗∗

(0.0001) (0.0001)
FFF3mt × MSREquityt−1 × LowFICO%t−1 0.1412∗∗∗ 0.1595∗∗∗

(0.0122) (0.0163)
FFF3mt × MSREquityt−1 0.0442∗∗∗ 0.0504∗∗∗ 0.0509∗∗∗ 0.0658∗∗∗ 0.0149∗∗∗ 0.0205∗∗∗

(0.0015) (0.0020) (0.0022) (0.0029) (0.0023) (0.0030)
Fit statistics
Observations 336,914 336,914 336,914 336,914 147,518 147,518
R2 0.91643 0.91141 0.91616 0.91120 0.92128 0.91996
Fixed-effects
Lender-County Yes Yes Yes Yes Yes Yes
County-Year Yes Yes Yes Yes Yes Yes
Lender controls Yes Yes Yes Yes Yes Yes
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Table 5: MSR Exposure and Shadow Bank Funding

This table reports estimates from Equation (6) and (7) for U.S. shadow banks for the period 2012–2017
in Panel A and Panel B, respectively. Panel A shows the results at shadow bank-level and Panel B shows
the results at credit line-year level. The dependent variables are the log credit limit (column 1–3), log
used credit (column 4–6) and estimated interest rate on credit lines (columns 7–9). The main independent
variable is FFF3mt−1 × MSREquityt−1, the interaction between monetary policy shock (FFF3mt−1) and
nonbank exposure to mortgage servicing rights (MSREquityt−1). The monetary policy shock is the high-
frequency surprise in 3-month federal funds future from Jarociński and Karadi (2020) aggregated at the
annual level. The nonbank exposure to mortgage servicing right is measured as the ratio of mortgage
servicing rights to equity. Lender controls include log assets, log equity, ROE, share of unpaid balance
of prime conforming loans, share of unpaid balance of mortgages over assets, liquidity ratio, and capital
ratio. In Panel A, columns 2, 5, and 8 add lender fixed effects, columns 3, 6, 9 add year-quarter fixed
effects; in Panel B, columns 2, 5, and 8 add lender fixed effects and columns 3 6, 9 add bank-year-quarter
fixed effects. Standard errors clustered at the lender level are reported in parentheses. ***: p < 0.01, **:
p < 0.05, *: p < 0.1.

Dependent Variables: Log CreditLimit Log UsedCredit R
Model: (1) (2) (3) (4) (5) (6) (7) (8) (9)

Panel A: Shadow Bank-Level Analysis
FFF3mt−1 × MSREquityt−1 0.0280∗∗ 0.0208∗∗ 0.0165∗ 0.0390∗∗∗ 0.0269∗∗∗ 0.0312∗∗∗ -0.0009∗∗∗ -0.0009∗∗∗ -0.0008∗∗∗

(0.0124) (0.0092) (0.0084) (0.0106) (0.0085) (0.0088) (0.0002) (0.0002) (0.0002)
MSREquityt−1 0.0043∗ -0.0003 -0.0010 0.0016 0.0006 0.0008 0.0000 0.0000∗∗ 0.0000

(0.0024) (0.0013) (0.0013) (0.0012) (0.0012) (0.0011) (0.0000) (0.0000) (0.0000)
FFF3mt−1 -0.2117 -0.9027∗∗ -2.037∗∗∗ -2.472∗∗∗ 0.0560∗∗∗ 0.0533∗∗∗

(0.6268) (0.4334) (0.5342) (0.4608) (0.0120) (0.0113)
Fit statistics
Observations 4,603 4,603 4,603 4,487 4,487 4,487 4,251 4,251 4,251
R2 0.64842 0.92506 0.92634 0.73090 0.88117 0.88767 0.05206 0.39660 0.42909
Fixed-effects
Lender Yes Yes Yes Yes Yes Yes
YearQuarter Yes Yes Yes
Lender controls Yes Yes Yes Yes Yes Yes Yes Yes Yes

Panel B: Credit Line-Level Analysis
FFF3mt−1 × MSREquityt−1 0.0186∗∗∗ 0.0193∗∗∗ 0.0173∗∗∗ 0.0264∗∗∗ 0.0336∗∗∗ 0.0290∗∗∗ -0.0008∗∗∗ -0.0008∗∗∗ -0.0007∗∗∗

(0.0067) (0.0056) (0.0062) (0.0080) (0.0074) (0.0079) (0.0002) (0.0002) (0.0002)
MSREquityt−1 0.0023∗∗ -0.0004 -0.0003 0.0012 0.0003 0.0000 0.0000 0.0000 0.0000

(0.0011) (0.0011) (0.0010) (0.0009) (0.0012) (0.0011) (0.0000) (0.0000) (0.0000)
FFF3mt−1 -0.3263 -1.531∗∗∗ 0.0521∗∗∗

(0.3399) (0.4722) (0.0125)
Fit statistics
Observations 14,638 14,638 14,638 13,999 13,999 13,999 13,668 13,668 13,668
R2 0.44768 0.60850 0.79469 0.39994 0.51183 0.67509 0.04222 0.39718 0.48776
Fixed-effects
Lender Yes Yes Yes Yes Yes Yes
YearQuarter Yes Yes Yes Yes Yes Yes
Bank-YearQuarter Yes Yes Yes
Lender controls Yes Yes Yes Yes Yes Yes Yes Yes Yes
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Table 6: Robustness: Alternative MSR Exposure Measure

This table reports estimates from Equation (2) at lender-county level for U.S. shadow banks for the period
2012–2017. The dependent variables are the log loan count (columns 1–2) or loan amount (columns 3–4)
of mortgages originated by a shadow bank in a given county and year. The main independent variable is
FFF3mt × MSRAssett−1, the interaction between monetary policy shock (FFF3mt) and nonbank exposure
to mortgage servicing rights (MSRAssett−1). The monetary policy shock is the high-frequency surprise
in 3-month federal funds future from Jarociński and Karadi (2020) aggregated at the annual level. The
nonbank exposure to mortgage servicing right is measured as the ratio of mortgage servicing rights to
assets. Lender controls include log assets, log equity, ROE, share of unpaid balance of prime conforming
loans, share of unpaid balance of mortgages over asset, liquidity ratio, and capital ratio. Column 1 and 3
include lender and county-year fixed effects, columns 2 and 4 include lender-county and county-year fixed
effects. Standard errors clustered at the lender-county level are reported in parentheses. ***: p < 0.01,
**: p < 0.05, *: p < 0.1.

Dependent Variables: Log Count Log Amount
Model: (1) (2) (3) (4)
FFF3mt×MSRAssett−1 0.0547∗∗∗ 0.1017∗∗∗ 0.0623∗∗∗ 0.1223∗∗∗

(0.0040) (0.0042) (0.0053) (0.0055)
MSRAssett−1 0.0023∗∗∗ 0.0029∗∗∗ 0.0030∗∗∗ 0.0038∗∗∗

(0.0005) (0.0006) (0.0007) (0.0007)
Fit statistics
Observations 336,914 336,914 336,914 336,914
R2 0.46064 0.91583 0.53704 0.91089
Fixed-effects
Lender Yes Yes
County-Year Yes Yes Yes Yes
Lender-County Yes Yes
Lender controls Yes Yes Yes Yes
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Table 7: Robustness: Alternative Monetary Policy Shock

This table reports estimates from Equation (2) at the lender-county level for U.S. shadow banks from
2012–2017. The dependent variables are the log loan count (columns 1–2) or loan amount (columns 3–4)
of mortgages originated by a shadow bank in a given county and year. The main independent variable
is NSt × MSREquityt−1, the interaction between monetary policy shock (NSt) and nonbank exposure to
mortgage servicing rights (MSREquityt−1). The monetary policy shock is from Nakamura and Steinsson
(2018) aggregated at the annual level. The nonbank exposure to mortgage servicing right is measured as
the ratio of mortgage servicing rights to equity. Lender controls include log assets, log equity, ROE, share
of unpaid balance of prime conforming loans, share of unpaid balance of mortgages over assets, liquidity
ratio, and capital ratio. Columns 1 and 3 include lender and county-year fixed effects, columns 2 and 4
include lender-county and county-year fixed effects. Standard errors clustered at the lender-county level
are reported in parentheses. ***: p < 0.01, **: p < 0.05, *: p < 0.1.

Dependent Variables: Log Count Log Amount
Model: (1) (2) (3) (4)
NSt×MSREquityt−1 0.0092∗∗∗ 0.0149∗∗∗ 0.0117∗∗∗ 0.0184∗∗∗

(0.0006) (0.0006) (0.0008) (0.0008)
MSREquityt−1 0.0009∗∗∗ 0.0012∗∗∗ 0.0011∗∗∗ 0.0014∗∗∗

(0.0001) (0.0001) (0.0002) (0.0002)
Fit statistics
Observations 442,204 442,204 442,204 442,204
R2 0.45820 0.90275 0.53579 0.89795
Fixed-effects
Lender Yes Yes
County-Year Yes Yes Yes Yes
Lender-County Yes Yes
Lender controls Yes Yes Yes Yes
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Table 8: Robustness: Shadow Bank Definition from Buchak et al. (2018)

This table reports estimates from Equation (2) at the lender-county level for U.S. shadow banks for the
period 2012–2017. We define shadow banks following Buchak et al. (2018). The dependent variables are
the log loan count (columns 1–2) or loan amount (columns 3–4) of mortgages originated by a shadow
bank in a given county and year. The main independent variable is FFF3mt × MSREquityt−1, the
interaction between monetary policy shock (FFF3mt) and nonbank exposure to mortgage servicing rights
(MSREquityt−1). The monetary policy shock is the high-frequency surprise in 3-month federal funds future
from Jarociński and Karadi (2020) aggregated at the annual level. The nonbank exposure to mortgage
servicing right is measured as the ratio of mortgage servicing rights to equity. Lender controls include log
assets, log equity, ROE, share of unpaid balance of prime conforming loans, share of unpaid balance of
mortgages over assets, liquidity ratio, and capital ratio. Columns 1 and 3 include lender and county-year
fixed effects, column 2 and column 4 include lender-county and county-year fixed effects. Standard errors
clustered at the lender-county level are reported in parentheses. ***: p < 0.01, **: p < 0.05, *: p < 0.1.

Dependent Variables: Log Count Log Amount
Model: (1) (2) (3) (4)
FFF3mt × MSREquityt−1 0.0117∗∗∗ 0.0267∗∗∗ 0.0135∗∗∗ 0.0324∗∗∗

(0.0013) (0.0012) (0.0016) (0.0016)
MSREquityt−1 0.0016∗∗∗ 0.0022∗∗∗ 0.0017∗∗∗ 0.0024∗∗∗

(0.0002) (0.0002) (0.0002) (0.0002)
Fit statistics
Observations 248,681 248,681 248,681 248,681
R2 0.49237 0.92057 0.55812 0.91464
Fixed-effects
Lender Yes Yes
County-Year Yes Yes Yes Yes
Lender-County Yes Yes
Lender controls Yes Yes Yes Yes
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A Appendix

Figure A.1: Sample Coverage by Year

This figure shows the number of mortgages originated by banks, shadow banks and shadow
banks in our sample by year. The blue bar shows the number of mortgages originated by
banks, the orange bar shows the number of mortgages originated by shadow banks, and
the green bar shows the number of mortgages originated by shadow banks covered in our
sample.
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Figure A.2: Sample Size Distribution

This figure compares the size distribution of shadow banks in our sample and in HMDA.
The x axis is the log total dollar amount of mortgages originated by shadow banks during
2012–2017. The gray bar shows the size distribution of shadow banks in HMDA and the
green bar shows the size distribution of shadow banks that are in our sample.
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Table A.1: Variable Definitions

Variable Definition Source
FFF3m The change in the three-month fed funds

future. We aggregate the shocks at the
annual or quarterly level

Jarociński and
Karadi (2020)

Nonbank Nondepository institutions in mortgage
market. We classify a financial institution
as shadow bank if it has a TYPE code of
40 (Independent mortgage bank) or 41(In-
dependent mortgage bank affiliated with
a depository) in the Avery file.

The Avery File

MSREquity The share of mortgage servicing right
value over equity value

FC

MSRAsset The share of mortgage servicing right
value over total asset

FC

Capital Ratio The share of capital over total asset FC
Liquidity Asset The share of liquid asset over total asset.

Liquid asset include cash and
FC

ROE The share of income over equity FC
Prime Conforming
Share

The share of unpaid balance of prime con-
forming loans over the total unpaid bal-
ance of mortgages

FC

UPBAsset The share of unpaid balance of mortgages
over total asset

FC

Credit Limit The amount of credit limit shadow banks
have on their credit lines in a year quarter.
We aggregate this variable at either the
shadow bank level or shadow bank-lender
bank pair-level

RMLA

Used Credit The amount of credit shadow banks draw
out of a credit line in a year quarter.
We aggregate this variable at either the
shadow bank level or shadow bank-lender
bank pair-level

RMLA

Utilization rate The fraction of total used credit over total
credit limit

Authors’ own calcu-
lation

To be continued
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Variable Definition Source
R Estimated interest rate. We fol-

low Jiang et al. (2020) to estimate
the interest rate using the following
formula: WarehouseExpense i,q =(
1 + rdaily

i,t + Qave Libor i,q

)90
×

LineUsage i,q − LineUsage i,q, where
WarehouseExpense i,q is shadow bank

i’s total warehouse interest expense in
quarter q, Qave Libor i,q is the quarterly
average overnight LIBOR rate in quarter
q, and LineUsagei,q is the sum of shdaow
bank i’s usuage of all credit lines in
quarter q. We annualize rdaily

i,t to obtain
the annual interest cost for a shadow
bank i in quarter q.

Authors’ own calcu-
lation

LowFICO% The fraction of amount of mortgages with
FICO scores lower than 650. We obtain
the FICO distribution data from State-
specific RMLA and aggregate the value
at an annual level.

Authors’ own calcu-
lation

FC represents Financial Condition component of Mortgage Call Reports
RMLA represents Residential Mortgage Loan Activities component of Mortgage Call Reports
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