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Abstract

This paper uses a unique new data set to empirically examine bank-level expectations regard-
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those banks that are more active in providing liquidity to borrowers anticipate suffering reduced
profitability through declines in interest income on short-duration assets. The opposite is true of
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1 Introduction

In the years since the financial crisis a number of central banks, including the European Central
Bank, the Danish National Bank, the Swedish Riksbank, the Swiss National Bank, and the Bank
of Japan, have all implemented negative interest rate policies with the aim of generating monetary
stimulus to affect real economic activity and inflation.! In the United States, the possibility of
negative interest rates, though not implemented, has been a point of discussion amongst academic
economists and in broad policy circles.?

In principle, the transmission of monetary policy as implemented through negative interest rates
can work through a number of possible transmission channels, but one that has received particular
attention operates through the banking sector. The idea is that by charging a fee for holding
excess reserves at the central bank, a negative interest rate policy can be used to encourage banks
to substitute out of reserves and into other assets. Under a certain set of assumptions, doing so
can influence the loan supply schedule such that the resulting increase in bank credit lowers the
cost of capital for bank-dependant borrowers. This, in turn, has a stimulative effect on the rest
of the macroeconomy. The bank lending channel of monetary policy transmission is articulated
in Bernanke and Blinder (1988) and discussed more generally in Bernanke and Gertler (1995).
Empirical support is provided by Bernanke and Blinder (1992), Kashyap and Stein, (1995, 2000)
and Jimenez, Ongena, Peydro, and Saurina (2012), among others.

However, this transmission channel may be complicated by the effect of negative interest rates
on bank profitability.? Bank profits are determined, in part, by the net interest margin—the
difference between interest income and interest expenses. When the policy rate goes negative, a
common concern expressed in policy circles is that banks might not be willing to pass this cost on
to their deposit base. In this case, incomplete pass-through to deposit rates leads to compression

of the net interest margin which erodes bank profits. In turn, reduced profitability makes it more

'Bech and Malkhozov (2016) point to a desire to manage inflation and inflation expectations as a key motivation
behind the ECB and the Riksbank implementing negative interest rates, while the the Swiss and Danish National

Banks were motivated by a desire to mitigate appreciation pressure on their respective currencies.
2From an academic perspective, Goodfriend (2000) is an early contribution on the implementation of negative

interest rates and Goodfriend (2015) provides a discussion of the evolustion of the literature since that time. From
the policy perspective, a number of prominent economists have commented on implementing negative interest rates

in the U.S. including Bernanke (2106), Blinder (2010), Buiter (2009), Kocherlakota (2016), and Mankiw (2009).
3Concerns regarding negative interest rates extend beyond bank profitability. Bernanke (2016) points to potential

adverse effects on money market funds as well as legal and operational constraints on the implementation by the
Federal Reserve. Hannoun (2015) raises additional concerns regarding the potential to influence risk-taking behavior
via the search for yield in a low rate environment as well as the adverse impact on non-bank financial institutions
which offer long-term liabilities at fixed nominal rates, such as life insurance contracts. See also McAndrews (2015)

for additional discussion of the complications associated with negative interest rates.



difficult to raise capital from retained earnings and this can dampen monetary transmission through
the bank lending channel. Kishan and Opiela (2000), Gambacorta and Mistrulli (2004), and more
recently, Berrospide and Edge (2016) present empirical evidence suggesting that bank’s willingness
to supply new loans is importantly influenced by bank capital. Even if banks do allow full pass-
through to deposit rates, a negative interest rate policy can still pose complications because retail
and wholesale depositors might not be willing to pay to hold deposits and may instead substitute
into other assets (i.e., cash). This potential for deposit flight undermines financial stability by
increasing liquidity risk in the banking sector.

The impact on the strength of monetary transmission as well as on financial stability, more
generally, makes it clear that a more complete understanding of how bank profitability might
evolve in a negative interest rate environment is important. However, experience with negative
interest rate episodes is limited. At best we can look to a short period of recent history for a subset
of (mainly European) foreign banks. We are even more limited by lack of historical experience in
trying to understand how U.S. banks might be affected.

The main contribution of this paper is to use a unique data set to shed light on how U.S. banks
view themselves as being affected by negative interest rates. We use newly available confidential
supervisory data from the Comprehensive Capital Analysis and Review (CCAR) stress tests to
empirically assess how individual banks view their own profitability—specifically through the lens
of net interest margins (INIMs)—evolving in a hypothetical negative interest rate environment.?
The data used in the analysis covers 22 bank holding companies (BHCs) which, taken together,
constitute roughly 75 percent of total assets in the U.S. banking system over three consecutive
years (2014, 2015, and 2016) of stress test vintages.

Our identification strategy exploits the fact that negative rates were introduced by the Federal
Reserve as an explicit scenario design feature in the supervisory severely adverse scenario of the
2016 vintage of CCAR.5 This design feature allows us to isolate how individual banks view their net
interest margins as evolving in a negative rate environment, even after controlling for underlying
macroeconomic developments and bank-specific characteristics.

The main results reveal considerable differences across the BHCs in our sample. All banks
anticipate reduced profitability in response to the macroeconomic conditions that give rise to the

negative rate environment. After controlling for these effects, we find that roughly one-third of the

4Negative interest rates can potentially affect bank profitability through a number of different channels beyond
net interest margins. For example, negative rates could boost earnings through increased lending volumes or through
stronger demand for capital management and investment banking services owing to a low rate environment. Alter-
natively, negative interest rates may boost profits through asset valuation changes. Our specific focus in this paper

on net interest margins owes to data availability, as will be described in greater detail in Section 7?7 below.
5The supervisory severely adverse scenario is a hypothetical macroeconomic and financial environment that forms

the basis of a forward-looking stress test.



banks view themselves as exposed to lower profits through NIM compression owing to a negative
policy rates per se. In contrast, an additional one-third have the opposite view; they believe that
the incremental effect of negative rates will expand their NIMs. The remaining banks in our
sample do not believe that negative rates will have a material impact on profitability beyond what
can be explained by the underlying macroeconomic environment.

To explain these cross-bank differences we present a simple decomposition of the NIM and use
it to highlight some potential nonlinearities that may arise as the policy rate turns negative. The
deposit margin channel suggests that imperfect pass-through to deposit rates will amplify NI1M
compression. The yield curve compression channel suggests that as the level of the policy rate
moves lower and eventually turns negative, the yield curve becomes progressively flatter. This
flattening of the yield curve amplifies NIM compression as interest income on long-maturity assets
falls more sharply when short rates go below zero. Finally, drawing on Kashyap, Rajan, and Stein
(2002), we examine a liquidity management channel whereby exposure to negative interest rates is
driven by how active a bank is in providing liquidity to borrowers relative to providing liquidity to
depositors. In contrast with the deposit margin channel, the liquidity management channel relies
on unimpeded pass-through to interest rates on a wide set of short-duration assets and liabilities.

This decomposition allows us to test the empirical relevance of each channel using publicly
available balance sheet data. The results do not point to a significant role for either the deposit
margin or the yield curve compression channel. However, we do find strong support for the liquidity
management channel. The results indicate that BHCs with high exposure to short-maturity assets
(interest bearing balances, federal funds sold, and securities purchased under agreement to resell)
view themselves as most exposed to amplified NI M compression through depressed interest income
on these assets as a result of negative rates. In contrast, BHCs with high exposure to short-term
liabilities (deposits, federal funds purchased, and securities sold under agreement to repurchase)
anticipate a benefit to NIMs from reducing funding costs.

These findings suggest that, contrary to much of the policy discussion, incomplete pass-through
to deposits rates is not what concerns banks the most about a negative interest rate environment.
Instead, because pass through through to interest rates on both short-maturity assets as well as
short-maturity liabilities is largely expected, those banks with the highest exposure to reduced
profitability are the ones most heavily engaged in liquidity provision to borrowers. Those banks
that are heavily exposed to liquidity provision to depositors may find it easier to increase lending
due to a boost to profitability through lower funding costs.

An additional implication is that the impact of negative rates on the banking system is expected
to be largely distributional. Some banks will suffer while others benefit; however, at the aggregate

level these distributional effects wash out. Aggregating across all banks, there is sufficient diversity



in liquidity provision services for the banks in the sample as a whole such that the reduction in
interest income from short-maturity assets is offset by the reduction in funding costs from short-
maturity liabilities. From a policy perspective, one interpretation is that policy makers should be
less concerned about negative rates undermining the strength of monetary transmission and more
focused on the financial stability concerns. In particular, the focus on should be greatest on the
soundness of those institutions more heavily engaged in liquidity provision to borrowers through
short-maturity lending.

It is worth stating explicitly that these results are not based on actual data; instead, they are
based on projections provided by the BHCs themselves conditional on hypothetical macroeconomic
scenarios. The CCAR process is designed to ensure that the bank-provided stress test projections
are a reasonably accurate representation of how an individual bank views itself as faring in a
particular macroeconomic scenario. Indeed, scenario design and internal review plays an important
role in the qualitative review for CCAR and the penalties for failing to pass this aspect of the stress
test—in the form of restrictions on planned capital actions—can be quite severe.

In terms of related literature, this paper compliments a small, but emerging body of research
on negative interest rates. Two recent theoretical contributions are Brunnermeier and Koby (2016)
and Rognlie (2016), both of which develop micro-founded models which show that the effective
lower bound for monetary policy is not necessarily zero. Brunnermeier and Koby (2016) is more
closely due to its focus on how negative interest rates affect profitability through NIMs through
the degree of pass-through to short-maturity assets and liabilities. A recent empirical study is
Heider, Saidi, and Schapens (2016). Using data from European banks, these authors find that, due
to a reluctance to pass negative rates on to depositors, banks that rely more heavily on deposit
funding tend to engage in riskier lending. The results presented here offer little role for incomplete
pass-through for U.S. (as opposed to European) banks, yet this is not necessarily inconsistent with
Heider, Saidi, and Schapens (2016) because this paper does not address bank risk-taking behavior.
One important similarity is that both papers conclude that negative rates have a large distributional
impact on the banking system. More broadly, this paper relates to a wide body of existing research
seeking to understand bank exposure to interest rate risk.® Although a few papers have empirically
examined the impact of low levels of interest rates on bank profitability, this paper stands out
because the focus here is exclusively on negative interest rates.”

The remainder of this paper is organized as follows. The next section discusses how scenario

SFlannery and James (1984) is an early paper in this literature. More recently see Begeneau, Piazzesi, and

Schneider (2012), English, van den Huevel, and Zakrajsek (2012), and Landier, Sraer, and Thesmar (2013)..
"Claessens, Coleman, and Donnelly (2016), Borio, Gambacorta, and Hofmann (2015) find evidence of nonlinear

effects of low interest rates on net interest margins. In addition, Saunders (2000), Busch and Memmel (2015), and

Genay and Podjasek (2014) consider the impact of low interest rates on profitability through net interest margins.



design fits in with the broader objectives of stress testing. Section 7?7 describes the data and
methodology. Section 77 presents the main results and section 77 examines some explanations for

the heterogeneity of outcomes in our main results. Finally, section ?? concludes.

2 The Role of Scenario Analysis in Stress Testing

The Federal Reserve conducts stress tests of the largest bank holding companies in two separate, but
related, forms: (1.) the Dodd-Frank Act stress tests (DFAST); and (2.) the Comprehensive Capital
Analysis and Review (CCAR).® In DFAST, the Federal Reserve specifies scenarios (the general
macroeconomic background that forms the basis for the stress tests), gathers data from participating
bank holding companies, and publishes estimates of their income, losses, and capital ratios in the
scenarios. Firms in DFAST are effectively assumed to follow a simple rule in making capital
distributions. In contrast, CCAR is a supervisory exercise with both a quantitative component—to
evaluate the adequacy of firms capital buffers under a macroeconomic scenario specified by the
Federal Reserve—and a qualitative component to evaluate their capital planning processes. Under
CCAR, each participating BHC submits a capital plan to the Federal Reserve describing how it
measures and manages risk as well as its governance and controls processes. Each participating BHC
also submits its planned capital actions over the scenario horizon. The quantitative component of
CCAR is similar to DFAST, but instead of assuming that capital distributions follow the simple
rule, the capital actions (i.e. share repurchases and dividend payments) in firms own capital plans
are used.

These differences aside, DFAST and CCAR are similar in that forward-looking scenarios are
a critical component of assessing capital adequacy under both sets of stress tests. A forward-
looking scenario consists of a set of variables that, taken together, detail a macroeconomic and/or
financial event that forms the basis of the stress test. More specifically, a macroeconomic stress
scenario consists of hypothetical paths for different macroeconomic variables (for example: GDP,
unemployment, etc.), various interest rates (short- and long-term treasury rates, corporate yields,
etc.) and other financial variables (equity prices, the VIX, etc.).? Each bank is required to project
net income over a nine-quarter forward horizon conditional on the macroeconomic and financial
market conditions assumed into the scenario. These net income projections along with assumptions
about dividend, share repurchases, and other capital actions, are combined to assess equity capital

and regulatory capital adequacy.

8 A detailed overview of stress testing can be found in Hirtle and Lehnert (2014).
9The CCAR stress test also has a market shock as well as a counterpart default component for a subset of the

largest participating firms. The set of variables and assumptions that comprise these aspects of the stress test are

different from those underlying the macroeconomic scenarios.



All told, participating BHCs will project their capital ratios under five scenarios. The Dodd-
Frank Act calls for the Federal Reserve to evaluate participating firms under three scenarios: a
supervisory baseline scenario; a supervisory adverse scenario; and a supervisory severely adverse
scenario. All three of these scenarios are provided by the Federal Reserve and typically consists of a
set of roughly 28 macroeconomic and financial variables accompanied by a narrative that describes
how the variable paths are plausibly tied together by a common underlying macroeconomic and/or
financial shock. Supervisory scenarios, as well as the underlying narrative, are made available to the
public at the start of the CCAR process. In addition to the supervisory scenarios, each participating
BHC is also required to develop two additional scenarios on their own: a BHC baseline and a
BHC severely adverse scenario. BHC-provided scenarios are developed internally using models
augmented by expert judgment and are designed in such a way as to comprehensively stress the
bank given its unique business model and idiosyncratic risk profile.

This paper exploits the fact that the Federal Reserve varies the supervisory stress scenarios
in response to changing macroeconomic conditions and risks. Scenarios can stress risks seen as
being particularly salient for the health of the banking sector. Alternatively, even if the risk is
deemed unlikely to actually materialize, building a particular feature into a scenario can be a
useful opportunity to learn about exposures within the regulated banking system.

Design features introduced into scenarios in previous years include, for example, different con-
figurations for the yield curve. In some scenarios, an adverse macroeconomic event is assumed to
lead to a lower, flatter yield curve. In others it is assume to lead to a steepening as short rates
decline while long rates either stay flat or increase. Stress loss projections under different yield
curve configurations reveal information about how different BHCs view their exposure to interest
rate risk. Alternatively, in other instances scenarios have featured disproportionate stress playing
out in certain markets in order to address potentially worrisome exposures in the banking system.
For example, the supervisory severely adverse scenario in 2015 featured a sharp widening of spreads
on assets such as high yield corporate debt, leveraged loans, or collateralized debt obligations to
assess the exposure of the banking system to risky corporate lending.

In this paper, we focus on a design feature introduced into the 2016 supervisory severely adverse
scenario at a time when sovereign bond yields around the world were turning negative. This scenario
assumed a severe global recession which resulted in short-term Treasury rates falling to negative
1/2 percent shortly after the onset of the initial shock and staying at that negative level over the
remainder of the nine-quarter horizon. The adjustment to negative short-term rates was assumed
to proceed without additional financial market disruption.

The grey shaded region in Figure 1 shows the distribution of scenario paths for the three month

Treasury rate for all five scenarios across three consecutive years of CCAR (2014 through 2016)
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1. We substitute the 3 Month Libor rate for bank scenaric submissions which do not report the 3 Month Treasury.

2. Average across all BHC and Supervisory Baseline scenarios for 3 CCAR vintages (2014, 2015, 2016).

3. Average across all BHC and Supervisory Adverse and Severely Adverse scenarios in 3 CCAR vintages (2014, 2015, 2016), excluding scenarics
with negative rates.

4. Average across all scenarics with negative rates (2016 Supervisory Severely Adverse and select BHC Severely Adverse scenarios).

5. Range indicates the 90th and 10th percentile of all superviscry and BHC scenarios, excluding those with negative rates.

Figure 1: Projected CCAR short rates across all scenarios, 2014-’16

for all participating BHCs. The black line plots the path of the three month Treasury in the 2016
supervisory severely adverse scenario (which is excluded from the distribution in the grey shaded
area). The lower edge of the distribution never goes below zero, suggesting that up until the
2016 supervisory severely adverse scenario, the banks operated under the implicit assumption that
the zero lower bound would a binding constraint for interest rates. In this sense, negative interest
rates—and the fact that the zero lower bound might not be a binding constraint for policy—appears
to have come as a surprise to the banks.

The analysis that follows centers on empirically identifying the degree to which BHCs viewed
their profitability as being affected, either favorably or unfavorably, through potential nonlinear

effects of negative interest rates on net interest margins.

3 Methodology

In this section, we discuss the data used in the analysis as well as the empirical methodology used

to identify how individual banks view the effect of negative interest rates on net interest margins.

3.1 Data

We use data from three consecutive years (henceforth, “vintages”) of CCAR stress test exercises.

A vintage consists of five different scenarios for every BHC: (1.) the supervisory baseline scenario



(SB); (2.) the supervisory adverse scenario (SA); (3.) the supervisory severely adverse scenario
(SSA); (4.) the BHC baseline scenario (BHC-B); and (5.) the BHC severely adverse scenario
(BHC-SA). Supervisory scenarios are designed and published by the Federal Reserve.!'? The BHC-
B is typically similar to the SB, largely because both are based on the consensus view of economic
forecasters. In contrast, banks are given explicit instructions to tailor the BHC-SA to their own risk
profiles and unique vulnerabilities.'’ The motivation behind tailoring stems from the recognition
of considerable diversity among the CCAR banks. Hence, a generic macroeconomic downturn
as captured by the SSA is unlikely to deliver comprehensive stress to all banks participating in
the exercise. Tailoring of the macroeconomic scenario helps alleviate this problem. To ensure
compliance, the Federal Reserve has increased its scrutiny of the appropriateness of the BHC-SA
through the qualitative reviews of the annual CCAR exercise.

For every scenario-vintage, each BHC is required to provide a nine-quarter projection for its
NIM conditional on the underlying macroeconomic environment that defines the scenario. In what
follows let 7 € [1,33] index bank; let j € [SB, SA, SSA, BHC-B, BHC-SA] index scenario; and,
let k£ € [2014, 2015, 2016] index CCAR vintage. Finally, let ¢ index time over the nine-quarter
projection period for each bank-scenario-vintage.

For each scenario-vintage, bank 7 submits a nine quarter horizon NIM projection, where each
quarterly observation is denoted m i,j.k,t- The BHC-provided projection is derived from models—
statistical, judgmental, or otherwise—that are internal to the bank. While we do not observe
these models, we do observe the underlying macroeconomic data (which are submitted to the
Federal Reserve as a requirement of CCAR) upon which the BHC’s projection is conditioned. This
information is critical because it allows us to construct a model-based projection for bank 's NIM,
denoted mmﬁ, which can be used to purge the BHC-provided projection, mwm, of its
dependance on macroeconomic and bank-specific factors. 2

We do this in three steps. The first is to estimate individually for every bank in our sample the

The SB is based on surveys of economic forecasters and is chosen to be representative of economic outcomes
under normal conditions. The SA is typically a moderate downturn, potentially coupled with some other feature
that sets is apart from the SSA. Finally, the SSA is characterized by a severe recession in the United States which

propagates globally and is coupled with large declines in asset prices and increases in risk premiums.
" The preamble to Capital Plan Rule (See 77 Fed. Reg. 74631, 74636 (December 1, 2011)) states that ”the bank

holding company-designed stress scenario should reflect an individual company’s unique vulnerabilities to factors that
affect its firm-wide activities and risk exposures, including macroeconomic, market-wide, and firm-specific events.”
12T our notation, a hat denotes a model-based projection estimated specifically for bank i, whereas a tilde denotes

a projection taken from a BHC-provided scenario-vintage.



empirical model of Claessens, Coleman, and Donnelly (2016) given by:

L L
NIM;; = By+BiNIMip 1+ 05 3MT,_+ Y B3, SPREAD,_, (1)
=1 =1
+BIAGDP, + 5 X1 + €y

where: NIM;; is the historic net interest margin data for bank 7; 3MT, ; is the three month
Treasury rate; SPREAD,_,; is the spread between the 10-year and 3-month Treasury; AGDP, is
quarterly GDP growth; and X;; is a vector of bank specific controls. Specifically, X;; includes
total securities over total assets, deposits over total liabilities, and total equity capital over total
assets. The assumed number of lags on the three month treasury and the spread is four quarters, so
L = 4. The model is estimated using quarterly data over the period 1996Q4 to 2016Q4 to get a set
of bank-specific coefficients conditioned on the general macroeconomy (captured by interest rates
and output growth, which is obviously common to all banks) as well as bank-specific characteristics
and bank i’s own historic NIM data. Historic NIMs are obtained from the Call Report data,
merger-adjusted and aggregated up to the bank holding company level.

Once we have these bank-specific coefficients, the second step is to use the bank-specific esti-
mated model along with the bank—provided paths for the macro variables in a given scenario vintage
(?Tmﬂi’j’k’t, SP/R\EZXDM’,C’“ and Aa]_\)?i’j’k’t) to project the model-based NIM path, mmjk,t.
In generating this conditional model-based projection, we assume that bank’s balance sheet stays
constant, so that X, ; is held constant at the last observed value over the entire projection period.

The final step is to construct the difference between the model-based and the BHC-provided
projections:

&ivjikt = mi,j,k,t ~ NIM, s, (2)

—_~—

The model-based projection, mmk’t, as well as the BHC-provided projection, NIM; ;. ;,
both internalize the same underlying macroeconomic environment and, at least to some degree, the
same broad bank-specific characteristics. Thus, the difference between the two should be purged
of these effects. However, this does not necessarily mean that E[§; ;1 +] = 0. One reason why &; j 1+
may differ from zero is that bank ¢ might have an understanding of how its particular business
model might amplify or dampen the impact of a given macroeconomic environment on its net
interest margins in a way that it not easy to quantify through the simple linear empirical model as
given by equation 77 above. For example, if & jx; > 0 the bank projection is more optimistic with
regard to how its NIM s will evolve relative to what the simple linear model would predict. On
the other hand, if &; ; »; < 0 the bank projection is pessimistic.

The analysis that follows builds on the fact that negative interest rates have a potentially

nonlinear effect on NIMs that will not be captured in our simple linear model-based projection. In

10



contrast, the banks themselves understand very well the nuances of their own particular business
model and balance sheet exposures and, as such, the BHC-provide projections should internalize
these nonlinear effects. This crucial difference suggests that we can identify the impact of negative
interest rates on NIMs by using the qualitative feature of negative interest rates as a scenario design
element to explain systematic projection differences for a given bank across different scenario-

vintages.

3.2 Empirical Model

The following regression tests the sensitivity of the earnings of bank ¢ to potential nonlinear effects

of negative interest rates:

ikt = i + BiZ; j gy + ViDg—oo16 + €ijkt (3)

where: Z; kot 1S an indictor function that takes on the value of one if negative short term interest
rates are a qualitative feature of the given bank scenario-vintage in quarter ¢ and zero otherwise.
As shown in Figure 1, negative rates are a feature in only the 2016 scenario vintage, so to ensure
that Z; et is not inadvertently capturing a vintage-specific effect we include D, _o,;4, which is
an indictor function that takes on the value of one if the scenario is from the 2016 vintage. The
equation also allows for bank-specific fixed effects, «;, to control for time-invariant differences in
the NIM projections for a given bank. Finally, €; j is an error term.

Our main results focus on the parameter of interest, (3;, which gages how bank ¢ views its
profitability being influenced through the NIM by negative interest rates. Specifically, we are
interested in whether or not the scenario design feature of negative interest rates leads bank 4 to
adjust its internal NIM projection beyond that which can already be explained through our linear
model conditional on the general macroeconomic environment and bank-specific characteristics.

If we find that 3; is not statistically different from zero then it suggests bank ¢ does not have
a strong view on how negative rates might affect profitability beyond that which can be explained
using our linear framework. On the other hand, if we find §; # 0 this suggests that bank ¢ has some
internal view on potential nonlinear effects that are not being picked up by our simple linear model.

At this point in the paper, conditional on finding evidence of nonlinearities, we remain agonistic

131n principle, we have we have a maximum of 20 vectors of model residuals (each of length nine quarters) for every
bank in the sample with five scenarios for each of four CCAR vintages per bank. In practice, we will have less than

this because not every bank participated in every CCAR vintage.
Notice that Z; j.r is not indexed by ¢, so it effectively ignores time series variation. We are not losing much by

making this assumption because, in practice, there is very little time series variation in the sense that once short-term

rates go negative in a scenario they tend to stay flat at that negative level over the entire projection period.
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on whether the effects are expected to be positive or negative for the profitability of a given bank.

We will return to this issue in the next section.

3.3 Estimation

The model is estimated using generalized least squares (GLS) to allow for the possibility that cross-
sectional observations may be linked through the error terms. Specifically, we use the following
regression specification

§=X0B+e (4)

where: £ = [ & --- &) and & is a (JKT x 1) stacked vector of projection differences for bank i
across each nine quarter scenario vintage; X is a (IJKT x 3I) diagonal matrix whose i** diagonal
element is the (JKT x 3) matrix X; = [1 Z; Di—2016), where the first element is a vector of ones and
Z; and Dy—_901¢ are vectors of the dummy variables defined above for each bank 7 across each nine
quarter scenario vintage; 5 = [$1 B2 -+ 01 and B; = [o; [; v]'. Finally, e = [e1 €2 --- €7] and ¢;
is a (JKT x 1) vector of errors for bank i. We assume Fe;e; # 0. This assumption is motivated
by the fact that projection differences may be correlated across banks; for example, different banks
may use similar NIMs models.

15 The total number of observations

The data set is a balanced panel that includes 25 banks.
is 3,375 (25 banks, 3 vintages, 5 scenarios per bank-vintage; each scenario is 9 quarters long).
Negative interest rates feature in 252 of these observations (that is, one nine quarter scenario—the
supervisory severely adverse—for the 2016 vintage for each bank plus an additional three banks

featured negative rates in the nine quarter BHC severely adverse scenario for that year).

4 Main Results

The main results are presented in Figure 2, which shows the estimated coefficient, Bi, for each bank
along with 90% confidence intervals. The results are presented for a total of 25 banks, increasing
in the magnitude of the point estimate going from left to right.'6

Starting on the left, ten banks have coefficient estimates that are negative and statistically

significant. These banks believe that negative interest rates would lead to a compression of their

15To be more precise, we have 25 scenarios for 22 banks—three banks included multiple scenarios. As of 2016.
a total of 33 BHCs participated in CCAR. We dropped data from 11 banks largely for one of two reasons: (1.) A
firm only became a BHC in recent years and, hence, had no record of historic NIMs data with which to derive a
model-based estimate for NI1M ; or (2.) A BHC did not participate in three complete vintages of CCAR between

2014 and 2016.
16Note that there are only 24 bars because one bank is not shown in the figure as it is a significant outlier. For

presentational purposes we simply reference the point estimate and confidence bounds in a note at the bottom.
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NIM above and beyond what would otherwise be explained by the underlying macroeconomic
environment, even taking into account bank level controls. The point estimates range from —0.06
to —1.03, implying that the NIM is permanently lower over the nine-quarter projection period
by between 6 and 103 basis points. On the far right, there are eight banks (including the one
in the footnote) that have coefficients that are positive and statistically significant. These banks
have a very different view regarding how they will fare in a negative rate environment in the sense
that they anticipate improved profitability through an expansion in the NIM by between 6 and
618 basis points. The later estimate comes from a single bank and is six times greater (in absolute
value) than the next largest point estimate in the sample. If we exclude it as an outlier, the range of
estimates is between 6 and 48 basis points. Finally, the remaining one-third of banks in the middle
of the figure all have coeflicients that are not statistically different from zero. Our interpretation is

that these banks do not have strong views on how negative rates might affect their profitability.

Estimated Effect of Negative Interest Rates for CCAR Banks

Coefiicient Estimate

= Coefficient Estimate
— 90% Confidence Interval

. I +.|.i---.' o

i

CCAR BHCs

Not shown: One BHC with an estimated coefficient of 6.18 +/- 2.46

Figure 2: Estimated effect of negative interest rates on NIM projections

To gage the economic significance of these results, we express the estimated coefficient for each
bank in the sample as a ratio of the historic volatility of that bank’s own historic NIMs data.
To preserve the anonymity of the banks in the sample (recall that these estimates are based on
confidential supervisory data), the results are reported in Table 1 as averaged across all banks that
fall within one of three bins depending on whether negative rates increases, decreases, or has no
anticipated impact on NIMs.

For the ten banks that anticipate negative rates will lead to NIM compression, the average
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Estimated Coefficient
Relative to Volatility
Estimated Coefficient of Historic NIMs Observations

Anticipated NIM Compression —0.35 —1.13 10

Anticipated NIM Ezxpansion 0.98 2.45 8
(Ezxcluding Outlier) 0.23 0.55

No Anticipated Effect 0.01 0.02

Table 1. Average coefficient estimate and economic significance, by anticipated

effect of negative interest rates on NIMs.

estimate, shown in the first column, is 35 basis points. When expressed as a ratio of historic NIM
volatility, the resulting ratio averages 1.13 across these ten banks. This means that, on average,
these banks believe negative rates would introduce a persistent (o