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Executive Summary

Starting in 2012 several central banks introduced negative interest rate
policies (NIRP) that brought up many important questions: To what extent
would negative policy rates be transmitted to other interest rates? Would
there be counterproductive effects, with economic agents hoarding cash and
financial intermediaries reducing lending? Would the introduction of NIRP
bring about disruptions in the functioning of money markets? Moreover,
NIRP was and remains politically controversial, partly because it is often
misunderstood. Because the COVID-19 crisis emerged in an environment
wherein many central banks lack conventional monetary policy space, NIRP
is back in the forefront.
This departmental paper aims to take stock of the experience with NIRP
so far. It summarizes the evidence accumulated since the discussion in IMF
(2017) and complements several existing surveys of unconventional monetary policies. This paper focuses on NIRP and covers a broad range of its
effects, with a detailed discussion of findings in the academic literature and of
broader country experiences.
The transmission of NIRP has been effective in money market rates, longterm yields, and bank rates. In particular, NIRP has contributed significantly
to the fall in longer-term yields following the initial rounds of cuts pushing
policy rates below zero. Rates on corporate deposits have dropped more than
those on retail deposits because it is costlier for companies to switch into
cash. Bank customers have not markedly shifted to cash.
Bank lending volumes have generally increased, and overall, bank profits have
so far not significantly deteriorated. In jurisdictions where banks increased
lending, introduced fees on deposit accounts, or benefited from capital gains,
bank profits have not suffered. It is conceivable, however, that the absence
of a significant impact on profitability mostly reflects shorter-term effects,
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which could potentially be reversed over time. And for banking systems with
a heavier reliance on deposit funding and larger holdings of very liquid assets,
or with smaller and more specialized banks, the impact of NIRP on lending
has been weaker, and the negative impact on profitability larger.
NIRP has likely supported growth and inflation. The effects of NIRP on
inflation and output may be comparable to those of conventional interest
rate cuts or of other unconventional monetary policies. It remains an open
question how much further interest rates could go negative before seriously
impairing financial intermediation or inducing other negative side effects.
However, since there is no evidence that the negative interest rates implemented thus far have triggered these problematic effects, there may well be
latitude to push interest rates more negative.
Although a low-for-long environment creates significant financial stability
concerns, NIRP per se does not appear to have compounded the problem.
The accommodative monetary policy reaction to a lower equilibrium real rate
(r*, which itself is driven by structural factors) tends to induce a search for
yield and lower bank profitability. The evidence so far does not indicate that
NIRP as such exacerbates these effects. However, these side effects may still
arise if NIRP remains in place for a long time or policy rates go even more
negative.
The reasons why some central banks adopt NIRP while others resist it are
likely related to institutional and other country characteristics. First, institutional and legal constraints may play a role (for example, some central banks
may not have the authority to charge interest on bank reserves). Second, specific aspects of the financial system may heighten financial stability concerns
related to NIRP. Finally, from a political economy point of view, it is likely to
be difficult to introduce or deepen NIRP in economies with important constituencies that may stand to lose—in reality or in perception—from negative
nominal interest rates.
The evidence so far also suggests that central banks should not rule out
NIRP and keep it as part of their toolkit, even if they are unlikely to use it.
If markets internalize that rates can be cut below zero, the shift in market
expectations is likely to induce declines in longer horizon yields. This suggests
a greater loosening effect of NIRP for countries that currently have low but
positive rates. Ultimately, given the low level of the neutral real interest rates,
many central banks may be forced to consider NIRP sooner or later, even if
there are material adverse side effects.
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Introduction

Starting in 2012 several central banks introduced negative interest rate policies (NIRP) that brought up many important questions. Central banks in
Denmark, the euro area, Japan, Sweden, and Switzerland turned to NIRP as
their economies faced cyclical headwinds and, in the cases of Denmark and
Switzerland, strong upward pressure on their currencies even after short-term
policy rates had been pushed to about zero. These moves were accompanied
by many questions. To what extent would negative policy rates be transmitted to deposit and lending rates? Might the effects be counterproductive,
with financial intermediaries reducing lending? Would banks, companies,
and households switch massively to cash holdings? What would be the effects
on the yield curve as a whole? Would the introduction of NIRP bring about
disruptions in the functioning of money markets? Concerns were also raised
about financial stability implications stemming from a potentially significant
shift to risky assets by financial intermediaries. Beyond these concerns, NIRP
was and remains politically controversial, partly since it is novel, counterintuitive, and often misunderstood. The economic effects of the COVID-19
crisis, and associated prospects of a protracted recovery in an environment
where many central banks have exhausted conventional monetary policy
space, have brought the issue back to the forefront.
This paper aims to take stock of the experience with NIRP so far. It summarizes the evidence accumulated since the discussion in IMF (2017). Several
existing good surveys also cover NIRP as part of broader assessments. These
either discuss the effects of unconventional monetary policies (UMP) more
generally, including quantitative easing (QE) and forward guidance (Bhattarai
and Neely 2016; Dell’Ariccia, Rabanal, and Sandri 2018; and CGFS 2019),
cover low interest rates more broadly (CGFS 2018), or zoom in on one
aspect of NIRP (for example, Brown [2020] on NIRP and bank lending).
However, the specific aspects of NIRP deserve a deeper discussion, and an
overall assessment of the effectiveness or desirability of NIRP should be based
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on its effects on the decisions of households, banks, and firms, in addition
to asset prices and the overall economy. Hence, in contrast to other surveys,
this paper focuses on NIRP, and covers a broad range of its effects. It comprises both a discussion of detailed findings in the academic literature and of
broader country experiences, and points to open issues.
Overall, NIRP has likely supported growth and inflation. The evidence on
the macroeconomic effects of NIRP remains sparse, partly because it is challenging to separate the effects of NIRP from those of other concurrent UMP
measures. Still, for the euro area, NIRP seems to have had small but positive
effects on inflation and growth (Rostagno and others 2019) and boosted corporate investment (Altavilla and others 2019b). In addition, in Japan, NIRP
may have supported the economy through the exchange rate channel (Honda
and Inoue 2019). Overall, the available evidence so far suggests that effects of
NIRP on inflation and output may be comparable to those of conventional
interest rate cuts or of other unconventional monetary policy.
The transmission of NIRP has been most visible in money market rates,
but long-term yields have also responded. Across jurisdictions, money market rates have tracked policy rates closely as the latter moved below zero
(Eisenschmidt and Smets 2019). NIRP also has contributed to the fall in
longer-term yields, especially following the initial rounds of cuts pushing policy rates below zero, though some of the decline in long yields probably also
reflects the coincident implementation of asset purchase programs (APPs)
and enhanced forward guidance. No substantial disruption in money markets
have been observed to date.
Deposit rates for non-retail customers and some lending rates have also
fallen. In Denmark, the euro area and Sweden, where central banks cut
interest rates multiple times into negative territory, these rates slowly dropped
following each easing round. The decline in deposit rates has been more
pronounced for corporate deposits, in line with the notion that, compared
to retail depositors, it is costlier for companies to switch into cash (CGFS
2019). However, banks reacted by raising fees on retail deposits. There also is
evidence that these cuts have helped to lower lending rates in the euro area
and Switzerland, even if it is difficult to measure the effects because of many
confounding factors (for example, the simultaneous announcement of targeted longer-term refinancing operations [TLTROs] in the euro area).
For the most part, bank lending volumes have also responded positively.
However, for banking systems with a heavier reliance on deposit funding
and larger holdings of very liquid assets, the impact of NIRP is weakened.
This implies less stimulus to investment, consumption, and economic
activity in general.
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In general, bank profits have not significantly deteriorated. This is due to
an increase in lending, the introduction of fees on deposit accounts, and
the realization of capital gains. However, the evidence is not fully conclusive, since smaller and more specialized banks appear to have been adversely
affected and some uncertainty about the effects of NIRP over the long
term persists. That being said, the fact that NIRP has now been in place
for five or more years without significant adverse effects on bank profitability is reassuring.
So far, there has not been a marked shift toward cash, although euro area
banks have increased their cash-in-vault holdings. All in all, there is no
evidence of a widespread increase in the use of cash in countries that have
implemented NIRPs. Moreover, there is no clear indication that the introduction of NIRPs has been followed by an increase in vault cash in most
countries. One exception, however, is the euro area, where vault cash held by
monetary financial institutions (MFIs) remained stable during initial NIRPs
announcement but started to rise significantly from 2016 when the European
Central Bank (ECB) lowered a key policy interest rate to –40 basis points.1
Overall, NIRP appears to have been effective, but it remains unclear how
much further negative rates could go before inducing adverse effects. Estimates of how low policy rates can be before encouraging a wholesale switch
to cash (typically referred to as the effective lower bound, ELB) have been
revised downward across countries. In addition, the limit on NIRP after
which financial intermediation by banks becomes seriously impaired (often
referred to as the reversal rate) is still unknown. However, differences across
countries in the structure of their financial systems play an important role in
determining the degree to which NIRP can be deepened (Tenreyro 2021).
For example, the scope for reducing rates further in negative territory will be
more limited in banking systems with more retail-oriented deposit funding,
given that retail deposit rates, especially those held by households, appear to
have a zero lower bound (ZLB). And politically, introducing or deepening
NIRP in financial systems with an important presence of financial intermediaries that may stand to lose from nominal interest rates becoming negative
(for example, money market funds) is likely to be more difficult.
Although a low-for-long environment creates significant financial stability
concerns, NIRP per se does not appear to have compounded the problem.
The accommodative monetary policy reaction to a lower equilibrium real rate
(r*, which itself is driven by structural factors) tends to induce a search for
yield and lower bank profitability. The evidence so far does not indicate that
NIRP as such exacerbates these effects.
1Vault

cash has been increasing in the United States as well, despite the fact that policy rates have remained
in positive territory.
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The evidence so far also underscores the notion that central banks should
not rule out NIRP and should keep it as part of their toolkit. This is true
even if they are unlikely to use it: when markets internalize that rates can
be cut below zero, this is likely to translate into declines in longer horizon
yields. This would suggest a greater loosening effect of NIRP for countries
that currently have low but positive rates. Ultimately, given the low level of
the neutral interest rate, many central banks may be forced to consider NIRP
sooner or later, even if there are material adverse side effects.
The paper first discusses the conceptual underpinnings of NIRP and then,
based on those, summarizes the existing empirical evidence and discusses specific implementation challenges. In Chapter 1, the paper attempts to derive
a set of predictions about the effects of NIRP. Focusing on recent results,
Chapter 2 reviews the fast-growing academic literature that attempts to
quantify the effects of NIRP. Chapter 3 covers two operational challenges of
NIRP: reserve tiering and communication. The concluding chapter identifies
the shortcomings in the existing empirical evidence and suggests directions
for future work. Details on country experiences are provided in the Annex 1.
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CHAPTER

1

Conceptual Issues

Negative Interest Rates as a Policy Option
Why Seek Negative Policy Rates?
Central banks adopted NIRP against the backdrop of low neutral real interest rates, when the room for conventional policy easing had been exhausted.
The neutral real rate of interest—the level of real rates at which demand
equals potential output, and therefore there are no inflationary or deflationary pressures—has been declining globally, and in many advanced economies
(AEs) is estimated to be close to zero (among others, see Del Negro and others 2019).1 With inflation targets of about 2 percent, this has resulted in very
low nominal interest rates as well. Whereas the median policy easing for AEs
prior to the global financial crisis, after which neutral rates declined markedly was about 5 percentage points, in the following decade central banks
implemented only small cuts when recessions struck (Figure 1). Achieving
sufficient stimulus when neutral rates are low can require policy rates to be
set below zero. Therefore, central banks turned to NIRP as part of a range of
unconventional policy measures (Dell’Ariccia and others 2018).
NIRP and Other Unconventional Policies
An attractive characteristic of NIRP: it can reinforce the effects of forward
guidance. Unconventional monetary policies such as forward guidance and
APPs have frequently been deployed in concert with NIRP. One of the
reasons is that these measures may often have mutually reinforcing effects,
1The

average level of the neutral rate over long periods is thought to be influenced principally by real economic forces—in particular, the economy’s rate of technological progress, demographic trends, and factors
affecting the global balance of saving and investment. Monetary policy itself is not thought to be a principal
determinant of the neutral real rate.
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Figure 1. Median Policy Easing during AE Recessions, 1990–2019
(Percentage points)
3
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Source: Haver Analytics; IMF staff.
Note: The ﬁgure shows changes (median, minimum, maximum) in policy interest rates around business cycle peaks between 1990 and
2019, for Canada, euro area (Germany until 1999), Japan, the United Kingdom, and the United States. Business cycle peaks (according to
jurisdictional business cycle dating committees): Canada = 1990:Q1, 2008:Q4; EA = 1992:Q1, 2008:Q1, 2011:Q3; Japan = 1991:Q1,
1997:Q2, 2000:Q4, 2008:Q1, 2012:Q1; UK = 1990:Q2, 2008:Q1; US = 1990:Q3, 2001:Q1, 2007:Q4. “Pre-lower bound” recessions are
taken to be those prior to 2009, aside from Japan, for recessions prior to 1999.

even if this was not always clear at first. The complementarity in the case of
forward guidance is particularly direct, as both policies influence beliefs about
the path of interest rates. By influencing beliefs about the lower bound of
interest rates (Grisse, Krogstrup, and Schumacher 2017), NIRP reinforces
the effect of forward guidance announcements that aim to lower long-term
yields. By reducing the perceived asymmetry in possible future interest rate
paths—through indicating that rates can go lower as well as higher—NIRP
can lower the expected path of future rates and so long rates.2
NIRP can also be seen as a substitute for forward guidance when the credibility of the latter is imperfect. Forward guidance has been deployed when
private sector expectations for rate hikes were running ahead of policymakers’
own expectations, with announcements inducing a flattening of the yield
curve. The efficacy of these announcements hinges on their credibility, which
is not observable. NIRP, however, is an observable action and could be more
credible and, thus, more effective (Sims and Wu 2020). Furthermore, forward
guidance is often viewed as a way to overcome the ZLB and NIRP, by allow2The

Federal Reserve Board’s August 9, 2011 announcement had precisely this effect (FOMC 2011).
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ing the central bank to track more closely the natural rate of interest, in part
removes the need for such forward guidance (Rognlie 2016).
The interaction between NIRP and APPs is likely to be more complex. Just
like NIRP, APPs also work through a “signaling channel” (Krishnamurthy
and Vissing-Jorgensen 2011).3 Therefore, to the extent that the signaling
channel of NIRP is material, negative rates may reinforce the effectiveness
of APPs in the same manner that they reinforce that of forward guidance.
In addition, since APP flattens the yield curve, NIRP may mitigate APP’s
negative effect on bank profits from maturity transformation by removing the
ZLB constraint on policy rates, as long as they remain above the reversal rate.
However, there are circumstances under which APPs may detract from NIRP.
This is because APPs increase the amount of bank reserves and, hence, the
burden of NIRP on bank profits. Thus, for a sufficiently large central bank
balance sheet, the contractionary bank lending channel may offset the expansionary signaling channel of NIRP (Sims and Wu, 2020).

What Are the Limits to Negative Policy Rates?
The Effective Lower Bound
The existence of cash means that zero is a special number for nominal,
but not for real, returns. Real interest rates routinely fall below zero, often
because inflation is higher than expected. Consequently, in general, zero has
no special status when it comes to real rates of return on assets (Bernanke
2016). But a negative return in nominal terms is special thanks to the existence of physical cash, which is technologically constrained to maintain a
constant face value.4 This constraint means that the return on cash dominates
the return on assets that are close substitutes, such as central bank reserves
and bank deposits, and pay negative nominal interest rates. Hicks (1937)
used this observation to argue that the existence of cash placed a lower bound
of zero on nominal rates, and the same basic assumption has been embedded
in much subsequent analysis. However, storage and insurance costs mean that
the nominal return to large amounts of cash can be negative.
3In

this view, financial markets may in part interpret APPs as a commitment by the central bank to keep
policy rates low. The signal is credible, so the argument goes, because raising rates while holding a large portfolio of long-duration assets would lead the central bank to take losses, which may lead to political or reputational costs.
4Various schemes have been suggested to relax the technological constraint on constant face value through
varieties of tax or other administrative measures, or by the abolition of physical cash itself, including through
the adoption of central bank digital currencies (Rogoff 2017a, 2017b; Assenmacher and Krogstrup 2018;
and Agarwal and Kimball 2019). If successful, such schemes would lower the ELB, but this paper does
not evaluate them.
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Negative rates may induce banks to move reserve holdings to cash in vaults.
Banks demand central bank reserves because they need it to settle transactions, and in some jurisdictions because of regulation.5 An overnight deposit
with the central bank is an extremely close substitute for cash: both are
liabilities of the central bank; are riskless in nominal terms; and are liquid,
in the sense of being immediately available. Indeed, central banks typically
guarantee the convertibility of central bank reserves into cash. This very close
substitutability means that a policy rate below zero generates an incentive for
banks to switch from central bank deposits into cash.6 However, the incentive
for banks to switch out of reserves as nominal rates fall below zero is tempered by the practical difficulties of a wholesale move into cash. For example,
shifting to cash settlement on the scale needed in large economies would be a
vast logistical undertaking.
Negative rates would also make cash attractive for some households and
firms. However, bank deposits offer obvious advantages over cash: deposits
offer the convenience of electronic payments and holding large quantities of
cash securely is costly. But for households and firms with smaller liquid asset
balances, and less-frequent needs to make larger transactions, deposits may be
flightier. Nonlinear effects may be conceivable, with massive cash withdrawals
occurring if rates become sufficiently negative (IMF 2007).
Therefore, interest rates cannot be reduced below a technical minimum,
known as the ELB, which may be below zero in many economies. The ELB
is the interest rate below which there would be a move away from assets that
carry nominal interest charges into cash, which is always redeemable at its
nominal face value. Its primary determinant is generally taken to be the cost
of storing and holding physical cash, which, given a zero nominal return,
locates the ELB at or below zero interest rates in AEs,7 although it could be
higher in emerging market and developing economies (EMDEs).8 So far no

5In a system with reserve requirements (a minimum ratio of reserves to certain types of commercial bank
deposit), those requirements may be met with vault cash rather than deposits in some jurisdictions. This was
mostly the case in the United States prior to the global financial crisis, for example. But in other important
jurisdictions, such as the euro area, cash is ineligible for meeting reserve requirements. Recent liquidity regulation means that banks must hold “high quality liquid assets: such as reserves and government bills in proportion to certain short-term wholesale liabilities. When policy rates are negative, the rates on government bills are
likely to be negative too.
6For example, Federal Reserve Board staff estimated that short-term rates could not be driven below –30/–35
basis points without triggering large withdrawals of reserves by banks (Burke and others 2010).
7Although this cost has likely remained stable over time, financial innovation may cause to fluctuate. For example, the dissemination of privately sponsored digital currencies as an alternative to cash
could raise the ELB.
8For example, the Central Bank of Chile recently stated that the “technical minimum for its policy rate was
50 basis points.” See Central Bank of Chile (2020).
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Table 1. Estimates of the Effective Lower Bound
Country
Canada
Czech Republic
Denmark
Euro area
Sweden
Switzerland
United States

Estimate
(percent)
20.25 to 20.75
20.2 to 20.6
21.5
20.7
21.6
20.5
20.35

Source
Witmer and Yang (2015)
Kocunová and Havránek (2018)
Rostagno and others (2016)
Rostagno and others (2016)
Rostagno and others (2016)
Rostagno and others (2016)
Burke and others (2010)

Source: IMF staff.

jurisdiction appears to have set a rate low enough to precipitate a material
shift into cash.9
Estimates of the ELB vary and reflect different assumptions about storage,
transportation, and insurance costs associated with holding large amounts of
currency. The costs associated with holding and using cash are likely to vary
across countries. For instance, storage costs depend on the largest denomination banknote available in each jurisdiction during the implementation of
NIRP. Estimates for Canada, for example, imply an ELB between –25 and
–75 basis points, with a midpoint estimate of –50 basis points.10 Similar
estimates hold for the Czech Republic, euro area, and the United States and
are somewhat lower for Denmark and Switzerland (Table 1).
The Effective Lower Bound in Emerging Market and Developing
Economies
In EMDEs, policy could be constrained by a positive ELB. There are a few
reasons why the ELB in EMDEs may be positive. First, emerging market
economies are typically more exposed to higher risks of currency substitution
and capital flight, with investors demanding a risk premium on domestic
currency assets (that is, in this context, the relevant concept of ELB is not the
switch to banknotes but to foreign currencies). Second, financial inclusion
is lower, cash usage more common, and households may more readily move
away from bank deposits into domestic cash (that is, a higher ELB).11 Therefore, despite low inflation and subdued economic activity, emerging mar9Since, as mentioned above, retail deposits may be flightier the lower bound for these deposits may be higher
than the lower bound on reserves.
10Witmer and Yang (2015) look at data on the costs to store and insure precious metals and find that the
cost of holding cash ranges between 25 and 50 basis points. If cash is used to settle payments twice a month,
the same authors estimate that transportation costs would amount to 25 basis points.
11It is usually accepted that efforts consisting in lowering the usage of cash and promoting access to financial
products are important to boost financial inclusion and limit informality. NIRPs could be counterproduc-
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kets’ central banks may be willing to keep a positive interest rate differential
with AEs’ interest rates. This, in turn, could prevent emerging markets from
adopting NIRP.12
Reversal Rates and Other Technical Minima
Even above the ELB, central banks may be unwilling to cut rates below a
certain level for fear of adverse effects on financial intermediaries and credit
dynamics. The interest rate below which these adverse effects could seriously
impair or even reverse the pass-through of policy rates to lending and deposit
rates is the “reversal rate.”13 The reversal rate may lie above, at, or below the
ELB.14 Unlike the ELB, the reversal rate depends on the composition of
financial intermediaries’ balance sheets and income, including their capitalization (Darracq Pariès, Kok, and Rottner 2020). Consequently, policy measures that affect the structure of intermediaries’ balance sheets (for example,
micro- and macroprudential regulations) or the marginal returns to lending,
such as TLTRO, as well as implementation details, such as tiering, contribute
to determining the location of the reversal rate. For example, for jurisdictions wherein a material share of credit is provided by banks that rely heavily
on retail deposits (which are thought to be sticky at zero), NIRP may have
adverse effects on bank profitability, thus increasing the reversal rate. Such
arguments were made for the UK case when interest rates there were cut to
50 basis points in 2009. However, the reversal rate may well be subject to
change as the financial positions of key intermediaries change, as illustrated
by the Bank of England’s subsequent reduction in rates to 10 basis points in
the wake of the 2016 Brexit referendum.
The terms ELB and reversal rate are often used interchangeably, even in
central bank communications. As discussed, the ELB and the reversal rate
represent two different economic concepts. The confusion between the two
hinders an informed debate regarding how low policy rates can go in negative
territory. The term ELB is often used to denote a threshold below which the
tive in this context since they may increase the role of cash as a store of value and lower the opportunity cost
of tax evasion.
12Another reason could be that most EMDEs are running persistent current account deficits and need to
attract capital flows to finance these deficits. Notably, so far, countries that have implemented NIRPs have been
AEs with current account surpluses.
13In principle, the reversal rate could be positive, although this appears to be unlikely in practice for jurisdictions currently implementing NIRP. However, in EMDEs, the reversal rate could be positive (that is, there
could be a positive interest rate below which monetary easing can be contractionary) because of the way capital
flows and collateral constraints interact (Cavallino and Sandri 2020).
14That is, central banks may estimate that they will reach the reversal rate before reaching the “technical”
minimum represented by the ELB. Alternatively, the reversal rate may be so low as to be unreachable (as policy
would lose traction because of a shift to cash before hitting it).
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central bank deems it undesirable, rather than infeasible, to cut policy rates
beyond, which is instead the reversal rate. However, central banks usually
refer only to the ELB, without distinguishing between technical minima, and
“reversal” rates.

The Expected Effects of Negative Interest Rates
NIRP is expected to provide substantial monetary accommodation and to
boost aggregate demand. NIRP supports economic activity and inflation
through the same channels as conventional interest rate cuts. However, NIRP
may induce discontinuities in the behavior of households, firms, and financial
intermediaries which may yield different effects compared to rate cuts above
zero. One example is the increased demand for cash by the private sector,
which was discussed above. Other potential discontinuities are discussed next.
Effects on The Yield Curve, Bank Rates, and Exchange Rates
Central banks can affect the entire term structure of interest rates by changing the expectations of future short-term interest rates or by influencing
term premiums. Indeed, long-term rates reflect expectations about future
short-term rates and the level of risk premiums, which amount to the compensation that investors demand for holding a nominal bond with an uncertain payoff. Changes in the central bank’s policy rate (a very short-term rate)
will affect interest rates at longer maturities to the extent that they are interpreted to be persistent and, thus, affect market expectations about the future
path for policy rates.15 Unconventional monetary policy, through forward
guidance and other unconventional measures, can also affect term premiums.
If term premiums are positive, the presence of a lower bound on short-term
nominal interest rates places a similar constraint on interest rates all along
the term structure. But IMF estimates show that since 1998, across the major
bond markets, term premiums, at their lowest point, have fallen to about
–1 percent (IMF 2019, Figure 1.2). Therefore, longer-term bond yields
would likely remain in positive territory if the long-term nominal neutral rate
is above (positive) 2–3 percent. At the same time, with a natural rate below
this threshold, long-term nominal rates may fall below zero even without
policy rates going negative.

15There

is the possibility that central banks reduce uncertainty about future policy rates through forward
guidance and, as a consequence, reduce the term premium (Bundick, Herriford, and Smith 2017). Conversely,
if the reductions in term premiums achieved via quantitative easing-induced portfolio rebalance affect the economic outlook, they can also affect the expect path of future policy rates (Bernanke 2020).
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A one-time revision in investor beliefs about negative rates could produce an outsized effect on long-term yields. If an announcement of negative policy rates causes investors’ expectations of future rates to be revised
down, longer-term yields will tend to fall too. The extent of the fall naturally depends on how long policy rates were expected to be at their lower
bound. But where the removal (or reduction) of the bound is unexpected,
and causes expectations of the path of rates to be materially lower over the
medium term, the impact is likely to be stronger and likely be felt further
along the term structure (Grisse, Krogstrup, and Schumacher 2017; de Groot
and Haas 2020).
The degree of pass-through of negative policy interest rates to bank lending and deposit rates is likely to differ from country to country. In theory,
pass-through should depend on a host of factors, including the relative
importance of retail and wholesale deposits for bank funding, the competitive
environment in which banks operate (for example, the degree of contestability of the markets for bank deposits and loans), the degree of adjustment
costs, the prevalence of fixed-rate relative to variable rate loans, and the elasticities of demand for loans and deposits (Cottarelli and Kourelis 1994, Borio
and Fritz 1995, van Leuvensteijn and others 2013). The speed and extent of
pass-through will also tend to change over time as those factors vary (Hristov,
Hülsewig, and Wollmershäuser 2014).
Generally, exchange rates are expected to respond to interest rate cuts below
zero as they do when interest rates are positive. However, it is possible that
the sensitivity of the exchange rate to interest rate differentials increases when
rates become negative. One reason could be that the adoption of NIRP
affects not only the level but also the distribution of the expected policy
rates over the medium term.16 Another reason could be that “preferred
habitat” effects (Vayanos and Vila 2009) cause exchange rates to behave
differently once central banks adopt NIRP: suppose that only cross-border
flows by mutual funds and other institutional investors are sensitive to interest rate differentials when rates are positive. However, when central banks
adopt NIRP, it may be the case that a broader class of cross-border flows,
including bank flows, also become sensitive to interest rate differentials. If
these assumptions were true, they would imply an increased sensitivity of
cross-border flows and exchange rates to interest rate differentials once rates
become negative.
However, the literature seems to have largely overlooked the role of NIRP
in the context of monetary regimes that target exchange rates. By contrast, a
growing number of papers study whether central banks that hit the ELB can
16Rostagno

and others (2019) find that a similar mechanism can contribute to explaining the increased effectiveness of forward guidance in the euro area.
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resort to foreign exchange intervention (FXI) to provide additional monetary
stimulus (for example, Svensson 2003, Adrian and others 2020). These findings further support the view that FXI and NIRP could work as substitutes.17
How Might Negative Nominal Rates Affect Households’ Portfolio
Choices?
The introduction of negative nominal rates may induce discontinuities in
households’ behavior. Households may suffer from some degree of money
illusion (confusing real and nominal quantities), or be extremely uncertain
over the rate of inflation, which will make them dislike negative nominal
rates more than negative real rates.18 Or they may see an explicit and visible “penalty,” in the form of negative rates, as unfair in a way that a more
obscure “fee” or “charge” on their bank deposit or mutual fund is not. Such
attitudes may combine with preferences that are not in line with standard
expected utility theory. One example of such preferences is given by prospect
theory (Kahneman and Tversky 1979) whereby the response to losses is more
intense than the response to gains—in this case nominal losses and gains—a
situation known as “loss aversion.” Another related example is aspiration-level
theory whereby individuals want to reduce the probability of losses (that is,
not meeting a level of aspiration)—a behavior called “loss probability aversion” (Diecidue and Van de Ven 2008). Under both theories, the introduction of negative rates could induce a sudden shift in household portfolios (for
example, into more risky assets).19

17However, these results may not necessarily apply for countries where, for instance, the monetary regime
differs from inflation targeting.
18In surveys of household inflation expectations, sizable proportions of respondents choose “Don’t
know” as a response to questions about near-term inflation rates (for example, Coibion, Gorodnichenko,
and Weber 2019).
19In both prospect theory and aspiration-level theory, zero is a special number—a reference point—for portfolio allocation. Both theories predict large changes in the composition of portfolios—risky vs. safe assets—for
small changes of the risk-free rate around the reference point. However, prospect theory would require a high
level of loss aversion (that is, a much steeper value function for losses than for gains) to generate significant
changes in portfolio allocations once risk-free rates turn slightly negative. Alternatively, aspiration-level theory
can produce large shifts in allocations by introducing a discontinuity in the value function around the reference
point. Although similar, these two theories have slightly different implications: while prospect theory predicts
the effect of interest rate cuts on portfolio choice to be the same when going from positive to negative and
from negative to further negative, aspiration-level theory predicts the first cut into negative territory to have the
largest effect. In contrast, under expected utility theory, a decline in the risk-free interest rate could discourage
risk-taking via wealth effects.
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How Might Negative Nominal Rates Affect Commercial Bank Profits
and Lending?
Banks’ net interest margins (NIM) may suffer. If bank reserves pay a negative
nominal interest rate, then bank income will decline if they cannot pass on
the cost to their own depositors. Banks typically have some market power
because retail customers value the safety and convenience of bank deposits,
and because switching accounts to take advantage of better rates is seen as
troublesome.20 But if retail customers are strongly resistant to negative rates,
for the reasons discussed above, banks that wish to maintain deposit funding
must accept lower profits.21
On the other hand, negative rates may support banks’ net worth by boosting
asset values and improving loan quality. The direct impact of NIRP on banks’
NIM may be offset by positive effects on other sources of income. If NIRP
has the intended effect of easing economic conditions, the extent of provisioning charges declines along with borrowers’ improved ability to repay their
loans. For tradeable assets, a similar revaluation may occur, and is reflected in
mark-to-market gains. The equity value of the bank is potentially improved
through both of these channels. But this benefit is transitory—capital gains
are a one-off, and new loans will be priced to reflect better conditions.
When the negative net income effect outweighs the positive net worth effect,
cuts in rates may hurt lending (Figure 2). A rich literature examines how
incentive problems of various types can constrain the extent to which bank
creditors are willing to fund their activities (see for example, Kashyap and
Stein 1995, and Holmström and Tirole 1997). More recently, Brunnermeier
and Koby (2019) have developed a simple model in which optimizing banks
may respond to rate cuts with higher (rather than lower) loan rates, causing
credit volumes to fall rather than to rise. The effect comes about because
banks face constraints on their leverage and on their holdings of liquid assets.
If negative rates cause bank net worth to decline too much, that leverage constraint becomes binding.22 To increase profits, banks then optimally choose
20In

many jurisdictions, some form of deposit insurance scheme provides safety to retail depositors.
alternative action on the part of banks would be to allow deposit funding to flow out. When deposits
are transferred from one bank to another, reserve balances shift along with them, leaving the aggregate amount
unchanged. Allowing deposits to leave would therefore allow the bank, but not the banking sector as a whole,
to save on the costs associated with reserves that pay negative rates. In countries where reserves are abundant,
such as the United States, such a policy may be feasible (for an individual bank, although not for banks as a
whole) but probably not desirable. Liquidity regulations such as the Basel III Liquidity Coverage Ratio require
banks to hold high-quality liquid assets in proportion to certain types of market funding, and reserves are preferred by large banks as they provide the most readily available form of liquidity.
22The link between bank net worth and policy rates drives this bank-capital channel of monetary policy (Van
den Heuvel 2001, Disyatat 2011). When rates are not too low and as long as banks have positive duration gaps
(that is, the duration of their assets is longer than that of their liabilities), rate cuts should increase banks’ mar21An
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Figure 2. Potential Effects on Bank Net Worth
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Source: IMF staff.

to charge a higher rate than otherwise on the marginal loan. At the same
time, a binding liquidity constraint leads them to choose a higher deposit
rate than otherwise, reflecting the elevated shadow value of liquid assets.
However, other mechanisms may lead banks to lend more or make riskier
loans in response to shrinking profitability and low policy rates. On the one
hand, when banks have significant market power (the key ingredient of a
“deposits channel of monetary policy”), they may respond to lower intermediation margins caused by a policy rate cut by increasing lending (Drechsler,
Savov, and Schnabl 2017, 2018).23 On the other hand, banks may increase
risk-taking and lend to riskier borrowers if NIRP reduces banks’ net worth
(see Dell’Ariccia, Laeven, and Marquez 2014).24
Therefore, the net effect of negative rates on bank profits and lending is
mostly an empirical question. The impact of NIRP on banks should be
greater, the larger the retail deposits in overall liabilities, the greater the overall dependence on net interest income, the larger their share of liquid assets,
and the lower the pricing power. On the other hand, banks should benefit
from higher asset values and improved loan performance. The balance of
ket value of equity and, consequently, their ability to lend. This may be reversed, however, when rates are below
the reversal rates, as previously discussed.
23The effect of NIRP on this deposits channel of monetary policy hinges on banks maintaining market power
over depositors and facing an inelastic supply of deposits. However, a ZLB on retail deposit rates suggests some
weakening of banks’ market power and of the deposits channel under NIRP (Brown 2020).
24Dell’Ariccia, Laeven, and Marquez’s (2014) risk-shifting argument applies to interest rate hikes because
those are perceived as having adverse effects on bank profitability. However, the argument also applies to NIRP
(but not necessarily to low-but positive rates) if indeed it reduces bank profits.

15

Negative Interest Rates

these effects is uncertain, with more extended periods below zero tending to
raise the likelihood that profitability could suffer.
What Could Be the Effects on Nonbank Financial Intermediaries?
Negative rates could potentially induce large outflows from money market
funds (MMFs). Just like for banks, negative nominal interest rates are special
for MMFs. This is because, in many jurisdictions, MMFs are in fact a form
of narrow banks that issue short-term liquid liabilities and invest in liquid
safe assets. Thus, like commercial banks, MMFs face the risk of redemptions
when interest rates near the effective cost of holding cash. However, unlike
commercial banks, MMFs work with very narrow interest margins because
they have a limited ability to tilt the composition of their assets toward riskier, illiquid higher-yield assets.25 A further complication arises for MMFs that
offer constant net asset value or CNAV (for example, a constant 1 euro per
share) with negative rates: such MMF models are either not sustainable, or
forced to recur to share-cancelling mechanisms.26 Finally, NIRP can encourage MMF exits because of the effect it may have on fund manager compensation, especially if management fees are a percentage of fund gross yields and
these remain negative for a long time (Dwyer and others 2008).
Importantly, MMFs are likely to evolve and adapt their business model if
interest rates become very negative and remain so for long. Faced with the
risk of mass withdrawals, MMFs may start searching for yield to preserve
their profitability and attractiveness to investors. Within the constraints set
by regulation, MMFs will be able to adjust the composition of their portfolio and restructure the remuneration of their liabilities instead of exiting the
market. This could in principle transform the industry, potentially making
these intermediaries less liquid and riskier than they are now. These considerations are of primary importance in countries such as the United States,
where MMFs represent a cornerstone of the financial system; a significant
change in their balance sheet structure toward less-safe assets could threaten
financial stability.27 For instance, the functioning of short-term credit and
Treasury markets could be affected if MMFs modified their business model.
25This

limited ability to reach for yield could either be because of regulatory and supervisory action or
because of market discipline, whereby end investors redeem their MMF shares if they believe they have become
too risky. However, this is not really a problem solely of NIRP but more generally of low interest rates (Di
Maggio and Kacperczyk 2017).
26CNAV funds are now disallowed in many jurisdictions, including the European Union. In the United
States, CNAVs are not allowed for prime MMFs, but are still allowed for retail and Treasury-only MMFs
(McAndrews 2015).
27These funds are relatively more important in the United States and significant outflows could trigger funding disruptions for the financial and nonfinancial sectors (Burke and others 2010).
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NIRP could exacerbate the search for yield and associated risk-taking by
other nonbank financial institutions. In particular, life insurance companies
and other institutional investors may have an incentive to increase risk-taking
because of guaranteed positive nominal returns to their policyholders and
requirements to hold a certain fraction of their assets as liquid (potentially
negative yielding) government securities. It is not clear, however, that this
would imply a discontinuity at negative rates in the behavior of these investors, rather than being a problem with low interest rates in general. In addition, especially for liability-driven investors such as life insurance companies,
low and negative yields may have the opposite effect and cause them to
increase their demand for negative-yielding safe assets (even to the detriment
of cash) as they try to hedge duration risk (Domanski, Shin, and Sushko
2017; Shin 2017).

Cross-Border Spillovers
As with other unconventional monetary policies, NIRPs could have
cross-border spillover effects. Unconventional monetary policies in AEs support the world economy by boosting asset prices globally and benefit trade
via increased economic activity. At the same time, as they create a low return
environment for investors, they could also cause excessive capital flows into
emerging markets, appreciating their currencies and easing financial conditions. These effects could, in turn, lower the competitiveness of recipient
countries and, at the same time, threaten their financial stability by fueling
an excessive buildup of leverage.
The nature and channels of international spillovers could be different when
interest rates are negative. One potential reason why NIRPs could have a
different spillover effect is the possibility that the behavior and the sensitivity of capital flows and exchange rates to interest rate differentials could
be different than when interest rates are positive, as mentioned previously.
Alternatively, the different nature and combination of shocks that lead to
the adoption of NIRP could influence the nature of spillovers. Cross-border
bank lending may also be impacted by NIRP, if, for example, it leads to a
decline in banks’ lending activities, including cross-border bank lending.
These effects could depend in part, however, on the currency denomination of international banking flows. For instance, although euro area and
Japanese banks play an active role in extending credit to emerging markets,
they mainly do so in US dollars (IMF 2019). Negative rates in jurisdictions
such as the euro area or Japan could create an incentive to switch from US
dollar-denominated foreign debt instruments issued in emerging markets
to euro- or yen-denominated ones. This effect could be potentially stronger
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if NIRPs tended to increase the interest rate differential between US dollar
assets and those denominated in other major currencies.

Summary
All in all, several frictions could cause the adoption of NIRP to have different
effects from those observed when rates are cut in positive territory. As illustrated earlier, the existence of cash and financial constraints of various nature
could induce agents in the economy to react differently when facing negative
nominal interest rates. Bounded rationality may also imply that household
change their behavior when nominal rates turn negative. In other words,
the adoption of NIRP and further rate cuts below zero could have nonlinear
effects on a vast set of financial and macroeconomic variables.
The potential adverse side effects of negative rates may intensify over time. It
is possible that the erosion of bank profits is gradual because potential losses
in net interest income are initially compensated by trading and fee income.
In addition, firms and households may be slow in switching out of bank
deposits into cash. Thus, the benefit of the policy may be outweighed by its
cost as time passes by (see Balloch and Koby 2020).28 Consequently, NIRP
would likely be seen as temporary, and therefore less effective.
The empirical question is whether these effects have materialized in the economies where central banks have adopted NIRP. Box 1 reports a summary of
key potential implementation problems of NIRP.

28In

addition, the circumstances that cause the need for monetary easing may themselves be short-lived
(for example, see Lane (2020) on the use of NIRP to counteract the COVID shock), even if this is not
exclusive to NIRP.
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Box 1. Potential Implementation Problems

Interest rate cuts into (or in) negative territory may produce responses in output and
inflation that are different to those in conventional (positive) territory. Differences in
the transmission of NIRP may occur for the following main reasons.
1. Agents, including households and banks, may avoid paying negative interest rates
by increasing their use of physical cash. This may happen at rates not far below
zero, limiting the implementation of negative rates.
2. Banks may be unwilling to pass negative rates on to depositors or borrowers.
3. Bank interest margins may shrink, and balance sheets may weaken over time.
4. The response of households and firms to rate cuts may be weaker than with cuts in
positive territory, particularly if bank lending is materially affected.
5. There may be a reversal rate at which policy rate cuts become contractionary for
bank lending; the reversal rate may lie above, or below, the ELB.
6. A prolonged period of negative interest rates may amplify financial stability concerns (for example, excessive risk-taking by financial intermediaries
or exit of MMFs).
7. The effect of the first rate cut below zero on the yield curve may be larger than the
effect of subsequent cuts to the extent that the introduction of negative rates caused
agents to revise down their beliefs about the policy path.
8. The effects on the exchange rate may be stronger than rate cuts in positive territory.
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2

Overview of Empirical and
Quantitative Evidence

This chapter provides an overview of the quantitative evidence on NIRP in
Denmark, the euro area, Japan, Sweden, and Switzerland.1 It covers several
academic studies that try to quantify the effects of NIRP on cash usage,
financial variables, the behavior of households, nonfinancial firms, banks, and
MMFs, as well as on output and inflation. It also draws on the descriptive
analysis of raw data and on technical studies published in policy reports.
The quantification of the effects of NIRP on financial variables and the macroeconomy is difficult for a variety of reasons. First, it is difficult to disentangle the effect of NIRP from other UMP measures. This is because almost all
NIRP announcements have been accompanied by other UMP measures. Second, there are not many instances of policy rate changes in or into negative
territory, which reduces the power of empirical approaches. Third, identification of causal effects is difficult. Those studies that allow clean identification
(for example, by examining the high-frequency response of asset prices or
using micro data) only provide indirect evidence. By contrast, studies that try
to measure aggregate effects directly face important identification challenges.
Fourth, the analysis of NIRP suffers from a selection problem: if countries
that expect high costs from NIRP do not implement it and only economies
that expect low costs do, empirical studies may underestimate potential side
effects. Finally, NIRP has only been adopted in high-income economies with
deep financial markets, which limits the scope for exploiting cross-country
heterogeneity to identify the role of structural factors in shaping the transmission of NIRP.

1These

are the only countries so far wherein a key monetary policy rate has turned negative. Other central
bank rates, but not key policy rates, have been at times negative in other countries (for example, Hungary) but
these do not constitute examples of NIRP (see Jobst and Lin 2016).
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Cash Usage
There is no evidence of a widespread increase in the use of cash in countries
that have implemented NIRPs. In some countries the use of cash has grown
over the last two decades, but there is no indication that these increases coincide with the introduction of NIRPs (Figure 3). In the euro area and Japan,
the ratios of banknotes in circulation to nominal GDP have been trending
up over the last two decades.2 Sweden, by contrast, has seen a significant
downward trend driven by a shift to digital transactions.3 In Denmark, the
ratio has been stable but started to decline recently, driven by the fall in the
highest denomination banknotes. In Switzerland, there had been an increase
in the use of cash starting 2008, but the trend has reversed recently. Trends in
the usage of cash have not shown significant changes in countries that have
not adopted NIRP.
In most countries, the introduction of NIRP has not been followed by an
increase in the vault cash (Figure 4). However, in the euro area, vault cash
held by MFIs remained stable during the initial NIRP announcement but
increased significantly after 2016 when the ECB lowered interest rates to
–0.40 percent. However, this was mostly driven by German MFIs (ECB
2018). Vault cash has been increasing in the United States as well, despite the
fact that policy rates have remained in positive territory.

Financial Variables
Have the effects of monetary policy on the price of financial assets become
different when central banks adopt NIRP? In the presence of a properly
functioning transmission mechanism, changes in monetary policy rates are
reflected in short-term money market rates and passed from there to the
entire yield curve of risk-free rates. The term structure, in turn, works as a
benchmark to price risky assets, stocks, and corporate bonds. Despite many
confounding factors, the data can provide clues as to whether NIRP involves
significant changes in monetary policy spillovers to financial assets. This is
discussed next.
Money Market Rates
The impact of NIRP has been most visible in short-term money market rates.
Across jurisdictions, they have tracked policy rates closely as the latter moved
into negative territory (Figure 5 and Bech and Malkhozov 2016). NIRP
2The

fall in 500 euro notes may be driven by the decision to discontinue issuance by the end of 2018.
recent rise in banknote usage was related to the end of the banknote and coin changeover initiative that
took place between 2015 and in 2017 and had depressed cash usage (Armelius, Claussen, and Reslow 2020).
3A
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Figure 3. Cash-to-Consumption Ratio
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3. Japan: Cash-to-Consumption Ratio
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5. Switzerland: Cash-to-Consumption Ratio
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has not weakened the pass-through of policy rates to money market rates in
Denmark (Jensen and Spange 2015), the euro area (Eisenschmidt and Smets
2018), Japan, Sweden (Angrick and Nemoto 2017), and Switzerland (Grisse
and Schumacher 2018).
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Figure 4. Vault Cash Held by Monetary and Financial Institutions (MFIs)
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3. Japan: MFI Vault Cash
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Figure 5. Money Market Rates
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Yield Curves
Yield curves have shifted downward after NIRP announcements (Figure 6).
Government bond yields tend to exhibit an immediate and persistent negative response to the introduction of NIRP (Christensen 2019). Moreover,
since the introduction of negative interest rates, a large amount of short- and
medium-term government bond yields have turned negative, consistent with
investors revising down their beliefs about the ELB. Similarly, Arteta and others (2016), in a cross-country event study analysis, find that both short- and
long-term yields dropped significantly after policy announcements, with the
maximum effects of NIRP occurring on two-year yields. The case of Japan,
however, seems to have been somewhat different, with NIRP leading to a
significant flattening of the yield curve, and explains the subsequent adoption
of yield curve control (YCC) by the Bank of Japan (Westelius 2020).4
Once rates are negative, the impact of interest rate cuts on the yield curve
appears to be similar to interest rate cuts in positive territory. The response
of the yield curve in the euro area to changes in the policy rates before and
after NIRP was qualitatively similar (Arteta and others 2016), especially in
the short end of the yield curve (Wu and Xia 2020). Wu and Xia also suggest that successive cuts of already negative rates affect medium-term yields
more strongly, possibly because of the use of forward guidance. Alternatively,
the smaller effect of initial policy rate cuts on medium- and long-term yields
when compared to later cuts could also reflect changing market expectations
about the duration of NIRP.5
Exchange Rates
The empirical studies regarding the effects of NIRP on exchange rates find
mixed evidence. Some argue that the impact of NIRP on exchange rates
appears to have been short-lived because other domestic and international
developments dominated the evolution of exchange rates (Arteta and others
2016; Hameed and Rose 2018; and Viñals, Gray, and Eckhold 2016). Others
conclude that negative interest rates did not have any substantial impact on
the behavior of exchange rates (Hameed and Rose 2018). However, Thornton
and Vasilakis (2019) found NIRP to have contributed to weaker currencies
and reduced exchange rate volatility. Moreover, the data on both the Danish
krona and the Swiss franc suggest that NIRP contributed to depreciating

4YCC

aims to shape the yield curve by targeting both short-term and long-term interest rates.
similar argument explains the reduced sensitivity of medium- and long-term yields to macroeconomic
news after 2011 (Swanson and Williams 2014a).
5A
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Figure 6. Government Bond Yields
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the exchange rate, allowing central banks to reduce their reliance on FXI
(Figure 7).6
6Faced

with the challenge of avoiding appreciation, the Danmarks Nationalbank (DN) and the Swiss
National Bank (SNB) intervened in the FX market after 2010. Although FXI was successful in ensuring
exchange rate stability, the required size of these interventions turned out to be very large, which increased the
size the central banks’ balance sheet and their exposure to exchange risk. The DN—which was able to maintain
the peg with the euro—and the SNB eventually decided to adopt NIRP and reduce the size of its FXI.
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Figure 7. Exchange Rates
2. Euro Area: Nominal Effective Exchange Rate
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NIRP may have increased the sensitivity of exchange rates to interest rate
differentials by changing the investor base in currency markets. Some
country-specific studies suggest a greater sensitivity of exchanges rates to
interest rates under NIRP. In particular, Lane (2019) presents evidence that
the sensitivity of the euro/dollar exchange rate to monetary policy expectations has risen since the introduction of NIRP in the euro area (see also
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references in Eisenschmidt and Smets 2019).7 In Denmark, NIRP may have
led to higher banking outflows and depreciation pressures, as banks switch to
holding more foreign assets to offset the costs of their reserves receiving negative interest rates (Khayat 2018). Moreover, the adoption of NIRP seems to
have provided domestic banks in Switzerland with an incentive to raise their
foreign currency exposure (Basten and Mariathasan 2018).
Other Assets
NIRP does not seem to have had a significant impact on equity prices in
general, but bank equities may have suffered. Stock market indexes kept
rising after policy rate cuts in negative territory (Figure 8). However, while
reporting an overall positive reaction of stock prices to NIRP in Japan, Hong
and Kandrac (2018) find the opposite for Japanese banks’ stocks. For the
euro area, while announcements of UMP (including NIRP) on average benefited banks by increasing their stock prices and reducing their credit default
swap (CDS) spreads (Altavilla and others 2018), there is some evidence that
the effects of policy rate cuts on bank equity prices have turned negative since
official rates went to or below zero (Ampudia and Van den Heuvel 2018;
Heider, Saidi, and Schepens 2019; Balloch and Koby 2020; Bats, Giuliodori,
and Houben 2020).8 Importantly, the more banks rely on deposit funding,
the more their stock prices suffer from rate cuts in low or negative territory.
This suggests that markets perceive the existence of a ZLB on deposits rates
as harming bank profitability and provides indirect support for the reversal
rate hypothesis.
The evidence on corporate bonds is mixed. In some countries, price indices
on investment grade corporate bonds stopped rising or even started falling
following the introduction of NIRP. Besides the caveats listed above, it is
important to stress how these indices suffer from composition effects. If,
within the investment grade category, the relative weight of firms with a low
rating increases, the overall quality and thus the price of bonds in the index

7There

is evidence that with low interest rates, the exchange rates of major currencies became more sensitive to changes in monetary policy expectations already before rates became negative (see Ferrari, Kearns,
and Schrimpf 2017) and at least since the 2007–09 crisis (Curcuru 2017). Also, Swanson and Williams
(2014b) found that the exchange rates of the euro and British pound against the dollar were not constrained by the ZLB.
8Ampudia and Van den Heuvel (2018) use intraday, tick-by-tick data on interest rate swaps, sovereign bond
yields, and individual bank stock prices to estimate the effects of monetary policy in the euro area. Altavilla,
Boucinha, and Peydró (2018) also use bank-level data to estimate the reaction of bank equity prices and
CDS spreads to conventional and unconventional monetary policy, but do not look at the effects of NIRP in
isolation. Based on aggregate data, Varghese and Zhang (2018) also find significant effects on sovereign CDS
spreads, equity and bank equity, government bond yields, exchange rate, and inflation swap rates.
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Figure 8. Corporate Bond and Equity Prices
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falls. This is likely to happen because one of the intermediate objectives of
NIRP is to incentivize firm access to capital markets for external funding.

Household and Firm Behavior
Empirical studies of the response of household savings and portfolio choices
to NIRP are largely absent. The authors are not aware of any empirical study
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of changes in investor behavior using microdata. At the macro level, Aizenman Cheung, and Ito (2019) find that the effect of low real interest rates
on private savings could be negative, depending on economic and structural
factors (for example, output volatility, old-age dependency ratio, and financial
development) but their study is not specifically about NIRP.
Experimental evidence of the effects of NIRP on household saving and
investment decisions is mixed. At least one study in which investors can
choose between a risk-free and a risky asset, reductions in the risk-free rate
can cause investors to increase the share of risky assets in their portfolios
when rates turn negative, but a similar reduction does not occur when rates
remain positive (Baars, Cordes, and Mohrschladt 2020). However, Bracha
(2020) finds no change in risk-taking behavior in a similar experiment. Furthermore, experiments where investors can choose to withdraw (and spend)
or keep a bank deposit with a negative nominal return suggest that investors
seem tolerant of negative interest rates (Efendic and others 2019, Corneille
and others 2020). Tolerance for negative rates seems to decline with the size
of the deposit, the time horizon, and the size of negative rates. Tolerance for
negative rates seems to be higher for regular savers or when savers know that
interest rates will become positive later.
The evidence on how NIRP affects firm behavior is also mixed. On the one
hand, in the euro area, firms with relationships with banks that pass through
negative interest rates to corporate deposits increase their fixed investment
(Altavilla and others 2019b). This effect comes mostly from firms with high
cash holdings. Moreover, a survey by Commerzbank (2019) suggests that
nonfinancial companies tend to change their (fixed and financial) investment
strategies when interest rates turn negative: 37 percent of respondents said
that they would switch to other types of assets, and 32 percent responded
that they would increase (fixed) investment in their own company. Also, in
Denmark, nonfinancial firms more exposed to negative deposit rates increase
fixed investment and employment and reduce their leverage and bank deposit
holdings (Abildgren and Kuchler 2020).9 On the other hand, micro-evidence
for Japan suggests that nonfinancial firms curtail investment if they borrow
from banks with greater exposure to negative rates (Inoue, Nakashima, and
Takahashi 2019). In addition, a 2017 survey by the ifo Institute found that
about 30 percent of firms affected by negative deposit interest rates reallocated their financial portfolios to other investments and repaid loans, but
only 11 percent increased their fixed investment (Hainz, Marjenko, and
Wildgruber 2017).

9In

Denmark, at least initially, firms did not lower their total bank deposit holdings but shifted away from
demand deposits into higher-yielding time deposits (Jensen and Spange 2015).
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Bank Behavior
Overall, the evidence suggests that the effects of rate cuts below zero on bank
lending and bank lending rates largely resemble those of cuts in positive
territory. Although the magnitude of the effects depends on the intensity of
NIRP, the responses of bank credit are qualitatively similar across banks. This
notion applies in particular to volumes, while the response of lending rates is
less clear cut. However, the impact of NIRP on bank funding costs appears
different from that of conventional monetary policy: particularly for households, banks tend to raise fees and commissions rather than impose negative
rates. However, there is some (but not conclusive) evidence that the impact
of NIRP on lending is weakened for banking systems with a heavier reliance
on deposit funding and larger holdings of very liquid assets. For such banking systems, NIRP would be less stimulative for investment, consumption,
and economic activity in general.
Deposit and Lending Rates
Banks seem to respond to NIRP by increasing fees on retail deposits, while
passing on negative rates partly to firms. For retail customers, banks try to
overcome the ZLB on deposit rates and reduce their interest expenses by
charging higher fees and commissions on retail depositors (Arce and others
2018, Bottero and others 2019 for the euro area; Basten and Mariathasan
2019 for Switzerland). In contrast, for corporate customers, negative rates are
transmitted to rates on firm deposits (Altavilla and others 2019b; Deutsche
Bundesbank 2020). For European banks, Klein (2020) finds no evidence for
a nonlinear relation between policy and deposit rates at negative policy rates,
or for a slower pass-through, contrary to what is expected in the presence of a
ZLB for retail deposit rates.
The responsiveness of bank deposit rates to successive policy rate cuts after
NIRP does not seem to have changed significantly. Deposit rates generally
adjust slowly to lower policy rates. A substantial body of evidence shows
that this was the case in the euro area prior to the 2007–09 financial crisis
(Andries and Billon 2016). This may also be true for rate cuts below zero,
as Figure 9 suggests (that is, successive rounds of rate cuts have produced
smaller and slower reductions in deposit rates). There is little evidence that
the short-term pass-through from policy to deposit rates slowed after the
adoption of NIRP in Denmark and Sweden (Madaschi and Pablos-Nuevo
2017). The authors of this departmental paper do not find that the association between policy rates and deposit rates has changed after the adoption of NIRP in any of the countries surveyed here, except perhaps for
Denmark (Box 2).

32

Overview of Empirical and Quantitative Evidence

Figure 9. Bank Deposit Rates
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6. UK, US, Australia: Bank Deposit Rates
UK
Australia
US

3-month term deposits
NIRP

7
6
5
4
3
2
1

10

12

14

16

18

2000

02

04

06

08

10

12

14

16

Source: Haver Analytics.

NIRP seems to have lowered interest rates on new mortgages and corporate
loans. Bank lending rates fell in Denmark after the NIRP, even if the immediate pass-through from policy rates may have declined (see Adolfsen and
Spange 2020). Still, it is not clear whether the lower pass-through to lend-
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ing rates in Denmark is due to NIRP or to the aftermath of the 2007–09
financial crisis, and Madaschi and Pablos-Nuevo (2017) do not corroborate
such a decline in pass-through following NIRP for Denmark or Sweden.
Floating rate mortgage rates fell substantially across the euro area and Sweden after policy rates turned negative (Figure 10). Similarly, new corporate
lending rates in the euro area dropped sharply after the ECB cut the deposit
facility rate (DFR) into negative territory. The pass-through to corporate
lending rates from the ECB’s first 10 basis point rate cut was more than 30
basis points after three months; however, the cut was accompanied by the
announcement of TLTROs, which clouded the picture. A simple analysis
does not support the notion that the association between policy rates and
average bank lending rates in the countries covered in this survey has changed
after the adoption of NIRP (Box 2).
There is substantial heterogeneity across banks in the effects of NIRP on
lending rates. Bottero and others (2019) report that NIRP did lower loan
rates amongst Italian banks and increased lending—particularly among banks
holding larger shares of liquid assets. Similar results have been obtained for
Switzerland by Basten and Mariathasan (2018), although they are at odds
with Danthine (2018). In Denmark, there is no evidence that banks theoretically more exposed to NIRP (that is, with a higher reliance on deposit funding) responded differently than other banks (Adolfsen and Spange 2020). By
contrast, Italian banks with a relatively high reliance on retail deposits tend to
increase rates on loans to the nonfinancial private sector (Amzallag and others
2019), while Japanese banks that are more exposed to NIRP did not lower
lending rates as much as other banks (Hong and Kandrac 2018).
Bank Profits
On average, bank profits have not significantly deteriorated, thanks to an
increase in lending, the introduction of fees on deposit accounts, and the
realization of capital gains.10 For banks in the European Union, Japan, and
Switzerland, NIRP only had a small overall effect on profitability because
losses in interest income were offset by gains in non‐interest income, such as
fees, capital gains, and insurance income (Lopez, Rose, and Spiegel 2020),
or because of lower loan-loss provisions (see Urbschat 2019 for evidence on
German banks).11 Larger were also likely to have made use of hedging strategies to protect margins (IMF 2020). Other studies find that overall bank
profitability in the euro area has been largely unaffected by the introduc10Before

NIRP, the literature on the effects of monetary easing on bank profitability found that interest rate
cuts depressed bank profits (for example, Hancock 1985).
11In relative terms, the income of large banks and those that rely relatively less on deposits performs
better under NIRP.
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Figure 10. Bank Lending Rates
2. Euro Area: Bank Lending Rates
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tion of NIRP once the total effects of this policy on asset quality are taken
into account (Hong and Kandrac 2018, Altavilla and others 2019a, Stráský
and Hwang 2019).
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However, the evidence is not conclusive, and it could be capturing only the
short-term effects of NIRP, which may be reversed over time. For positive
interest rates, Alessandri and Nelson (2015) and English, van den Heuvel,
and Zakrajšek (2018) find evidence that rate cuts initially increase bank
NIM and profits, but after some time the effect is reversed, consistent with
loan pricing frictions. In line with this finding, at least one study shows that
NIRP squeezed bank profits through a significant contraction in the NIM,
which more than offset capital gains on security holdings (Molyneux, Reghezza, and Xie 2019). Also, Klein (2020) finds that a policy rate cut in negative
territory implies a larger drop in NIM for European banks than an equivalent cut above zero. Finally, the expectation of large adverse medium- to
long-term effects on bank profitability, potentially offsetting any temporary
increase in profits, could explain the evidence discussed earlier on bank stock
prices falling after NIRP.
Still, smaller and more specialized banks appear to have been adversely
affected.12 In particular, banks that are small, are not engaged in cross-border
lending, face significant competition, are real estate and mortgage specialists, or operate in countries where floating loan rates predominate, see the
biggest declines in profits and NIM after the introduction of NIRP (Molyneux, Reghezza, and Xie 2019).13 However, Coleman and Stebunovs (2019)
find that NIRP adversely affected the profitability of all euro area banks,
regardless of their business models, but this policy seems to have accounted
for only a small fraction of the difference in profitability between US and
European banks.
Lending Volumes and Asset Quality
According to some studies, banks with more liquid assets and greater access
to wholesale funding are able to increase lending more after NIRP. Studies
that use different cross-sectional characteristics to measure the exposure to
NIRP find a stronger increase in lending by banks with a larger share of liquid assets (Bottero and others 2019) and more excess reserves with the central
bank (Basten and Mariathasan 2019). Moreover, banks with a lower share
12Several

studies have used bank heterogeneity to better identify the effects of NIRP on banks’ net interest
income and profitability. Some have relied on exploiting exogeneity in banks’ reliance on retail deposits to
make inferences on the importance of the ELB for NIRP. Similarly, many researchers have used the amount of
cash-like assets as a proxy for how banks are affected by NIRP. Other approaches classify banks based on their
size, business model, or responses to dedicated surveys. Finally, some studies simply compare the impact of cuts
in official rates to low, but still positive, levels with that of cuts in negative territory.
13The literature offers conflicting findings relating bank capital and the effect of rate cuts on bank profits. For example, Molyneux, Reghezza, and Xie (2019) find that well-capitalized banks see bigger declines
in profits, but Arce and others (2018) find that the net interest revenue of banks with low capital is more
adversely affected.
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of deposit funding increase their supply of credit more (Heider, Saidi, and
Schepens 2019; Lopez, Rose, and Spiegel 2020) or as much as (Bottero and
others 2019) other banks.14 In addition, Inoue, Nakashima, and Takahashi
(2019) and Eggertson and others (2019) find that in Japan and Sweden,
respectively, a larger share of retail deposits is actually associated with lower
lending.15, 16 The finding that banks that rely more on wholesale funding
increase lending more than those that depend more on deposits is in line
with the bank lending channel.
Some other studies, however, find that banks that rely more on deposits
increase their lending as much, and often more so, than their peers with
lower shares of deposit funding. For example, Tan (2019) and Schelling and
Towbin (2020) find that banks increase lending, but the effect is stronger for
banks with high deposit ratios and which rely more on retail deposits. One
explanation for this finding is that banks try to compensate the decline in
interest income by increasing lending volumes (Klein 2020),17 which would
be consistent with Drechsler, Savov, and Schnabl’s (2017) deposits channel of
monetary policy.
Banks take on more (but not necessarily excessive) risk following the adoption of NIRP. This result holds in particular for loans (Basten and Mariathasan 2019; Bottero and others 2019; and Heider, Saidi, and Schepens
2019), with some evidence pointing to banks terming out loans (IMF 2020),
but also for securities (Bubeck, Maddaloni, and Peydró 2020). Furthermore,
smaller banks that are more reliant on deposits for funding seem to become
riskier (Nucera and others 2017; Heider, Saidi, and Schepens 2019; Schelling and Towbin 2020), as do those banks with lower capital ratios (Inoue,

14The

only study that ranks banks in terms of retail deposits and excess liquidity simultaneously also finds a
positive impact of NIRP on lending (Demiralp, Eisenschmidt, and Vlassopoulos 2019).
15Eggertsson and others (2019) describe a theoretical model of the transmission of monetary policy through
the banking system. In their model, banks may respond to negative policy rates by raising the spread between
their lending and borrowing rates. The wider spread tends to depress output and inflation, rather than stimulating them as intended. However, this result rests on assumptions that (1) there is one type of liability (deposits)
subject to the ELB, (2) the marginal benefit to holding reserves in terms of reduced intermediation costs can be
driven to zero, (3) the marginal cost of issuing loans rises as bank profits fall, and (4) the central bank attempts
to set a policy rate below the ELB. The consequence is that when the central bank sets rates below –0.01 percent, the assumed ELB, it causes bank profits to be lower, and so leads to a contraction in loan supply. See also
Ulate (2021) for a similar exercise that reaches very different conclusions.
16There is only one study that does not find any effect of NIRP on bank lending growth (Michail 2019).
17Klein (2020) finds that the positive relationship between NIM and new lending to the nonfinancial private
sector disappears in the presence of NIRP. In line with this finding, Hong and Kandrac (2018) find that banks
more adversely exposed to NIRP (based on stock price reactions) increased lending more. But, according to
Arce, Rose, and Spiegel (2018), the behavior of banks that identify themselves as negatively affected by NIRP is
not different from the response of other banks.

37

Negative Interest Rates

Nakashima, and Takahashi 2019)18 or with stocks that have experienced
larger drops in prices following the adoption of NIRP (Hong and Kandrac
2018). These findings are consistent with Dell’Ariccia, Laeven, and Marquez’s
(2014) risk-taking channel of monetary policy. However, the increase in ex
ante risk-taking does not translate into higher nonperforming loans (ex post
risk) and is probably not excessive. This is consistent with additional lending
by banks to financially constrained firms which lack access to credit but are
otherwise profitable (Bottero and others 2019), but it can also be consistent
with NIRP improving the ex post creditworthiness of borrowers, or simply
with nonperforming loans being a lagged indicator of credit quality.
Bank Funding Structure
Countries differ sharply in terms of the importance of retail deposits as a
source of bank funding. The country-level heterogeneity in the funding
structure of banking sectors matters because the degree of reliance on retail
deposits plays a key role in determining the effects of NIRP. Figure 11 shows
the evolution of the share in bank deposits held by the nonfinancial private
sector in total bank liabilities over the last two decades for the five economies where NIRP was implemented. The figure also reports the dynamics
of household and firm deposits separately, because these two types of agents
may respond differently to NIRP in terms of portfolio decisions. At the time
of the introduction of NIRP, the share of deposits held by the nonfinancial
sector ranged from 15 percent in Denmark to nearly 70 percent in Japan.
Thus, the effects and transmission of NIRP in Scandinavian and euro area
countries are more likely to resemble the impact of conventional cuts than in
Japan or Switzerland.
NIRP does not seem to have affected bank reliance on retail deposits. Specifically, the share of household or nonfinancial corporation deposits over
total liabilities has not fallen in any of the relevant economies following the
adoption of NIRP. In some cases, for instance the euro area, the reliance on
this source of funding has even risen since the policy rate moved into negative territory (Eisenschmidt and Smets 2019, Deutsche Bundesbank 2019).
This is also found by Lopez, Rose, and Spiegel (2020) for banks in economies
that have adopted NIRP.
However, many confounding factors may be at work. Among other factors,
the evolution of deposits may reflect the adoption of unconventional monetary policy measures, such as QE. When the central bank purchases assets
directly from households or firms, this mechanically causes an increase in
18However,

Arce and others (2020) find the opposite for euro banks in general and Spanish banks in particular: banks with NIM more adversely affected by NIRP reduce risk-taking in lending to shore up their capital.
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Figure 11. Bank Funding
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bank deposits held by these sectors. However, this descriptive evidence suggests that neither households nor nonfinancial firms have significantly rebalanced their portfolios away from bank deposits.
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Money Market Funds
Overall, MMFs have weathered NIRP relatively well. Although MMFs saw
an increase in MMF redemptions following the introduction of NIRP, at
least for the euro area, assets under management (AUM) by MMF recovered
quickly (ECB 2015). And, because the assets held by MMFs were generally
safe and liquid, redemption-induced liquidations were not disruptive to funding markets. Moreover, the empirical evidence suggests that the level of policy
rates is not the key driver of MMF performance. In fact, the profitability
of MMFs mainly depends on the difference between the rate on the central
bank deposit facility and the yield on short-term debt securities, which typically represent a large share of MMF holdings (see Bua, Dunne, and Sorbo
2019 for evidence on Irish funds). These results point to the importance of
the policy mix, since the gap between the relevant policy rates and short-term
government bond yields is influenced by other unconventional monetary
policy measures, such as QE.
There were, however, some changes in behavior. As interest rates and
yields turned negative in the euro area, several MMF managers waived
managements fees and the extended maturities of their investments.19 Initially, CNAV funds in Europe also used the so-called Reverse Distribution
Mechanism—whereby shares are cancelled and then distributed across
remaining shares—to maintain a unit share price when interest rates are
negative. This practice has now been halted by the European Securities and
Markets Authority.20 However, these changes in behavior are not exclusive
to NIRP. In fact, in response to policies that kept money market rates close
to or at zero for a long period of time, MMFs in the United States have
also reached for yield, reduced fees, or exited the market (Di Maggio and
Kacperczyk 2017).
However, if policy rates were allowed to go below the ELB, the ensuing flight
for cash would be detrimental not just to banks but also to MMFs. The
evidence so far on the absence of important redemption pressures or many
MMF closures under NIRP may be the outcome of policy rates remaining
only mildly negative. The same is true for bank profits’ observed resilience
to NIRP being specific to the current environment of moderately negative
interest rates. It is possible, therefore, that both industries are significantly
disrupted if policy rates become very negative.
19These changes were not without precedent. Between August and November 2003, repo rates in the United
States were sometimes negative and low rates remained low (but positive) even for uncollateralized lending
until 2004. As a consequence, MMF yields fell and AUM by MMFs fell by about 15 percent during 2003–04.
However, the decline was very gradual and did not disrupt funding markets (Dwyer and others 2008).
20The EU adopted a far-reaching reform of its money market regulation (Regulation (EU) 2017/1131, fully
implemented in March 2019), further confounding the analysis of the effects of NIRP on the MMF industry.
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Other Nonbank Financial Institutions
There are very few studies of how life insurance companies and pension funds
have fared after the introduction of NIRP. In Denmark, they have seen their
profit margins fall since 2012 (Danmarks Nationalbank 2018). This could be
because NIRP depresses current interest income,21 or because legacy policies
with significantly positive guaranteed returns have dragged down profitability
in a low-return environment.22 However, in Switzerland, where a majority
of pension funds pay negative interest on their bank deposits, the negative
effect of NIRP on current interest income has been outweighed by the positive effects on capital gains in fixed income, equity, and real estate (Bauer,
Bee, and Weisser 2019). And, in Japan, following the introduction of NIRP
investment in foreign securities by insurers and pension funds experienced a
large increase (Honda and Inoue 2019).

Impact on Inflation and Output
Judging by its effect on long-term yields, there is some indication that NIRP
stimulated economic activity and inflation. For example, Rostagno and others
(2019) find a large impact of negative interest rates on macroeconomic outcomes in the euro area. Those authors separately identify the effects of NIRP,
forward guidance, and asset purchase programs and find that the cumulative
impact of negative interest rates on the yield curve has been almost one to
one across the maturity structure. This is substantially more than the estimates of the effect of conventional policy rate cuts (that is, in positive territory) on long-term yields for the United States (–42 basis points for a 100
basis point policy rate cut; Hanson and Stein 2015), the euro area (–17 to
–45 basis points; Brand, Buncic, and Turunen 2010), and Japan (–40 basis
points; Braun and Shioji 2006). Moreover, it compares well with the effect
on 5-year yields of QE between 2008 and 2012: –130 basis points for the
United States, –90 for the United Kingdom, –25 for Japan, and –13 for the
euro area (Hausken and Ncube 2013).23
21There

are two reasons for this. First, banks have increasingly passed on negative rates to insurers and
pension funds’ deposits, and to a much larger extent than to nonfinancial corporations or households. Second, among domestic investors, Danish life insurers and pension funds are only second to banks as holders of
Danish mortgage bonds, and these bonds compose 33 and 44 percent of their assets, respectively. Returns on
investment for life insurers and pension funds, since January 2018 has been between –1.10 and 1.86 percent.
For Danish krone-denominated mortgage bonds, return on investment has been between –0.09 and 0.66 (data
from Danmarks Nationalbank Statbank).
22Bloomberg Law. 2019. “A $440 Billion Pension Market Sounds Alarm as Liabilities Swell.” October 7. https://news.bloomberglaw.com/employee-benefits/a-440-billion-pension-market-sounds-alarm-as
-liabilities-swell.
23These estimates are similar to those of D’Amico and others (2012) and Christensen and Rudebusch (2012)
for the United States and the United Kingdom. The size of ECB purchases relative to GDP (3.5 percent) was
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Still, direct evidence on the overall effects of NIRP on inflation and output
is scarce. On the one hand, Rostagno and others (2019) report that unconventional monetary policies have had a substantial combined effect on output
and inflation over the period 2015–18 (about 2.7 percent on GDP and
one-third of a percentage point on inflation). Further, their decomposition
of the effects of various unconventional policies assigns about a fifth of the
overall impact to NIRP. This suggests that a staggered 50 basis point rate cut
yields about 0.5 percent increase in GDP and 0.07 percent point increase in
inflation. Boucinha and Burlon (2020) corroborate these findings. For Japan,
Honda and Inoue (2019) present evidence that NIRP may have supported
the economy through the exchange rate channel. On the other hand, Michail
(2019) uses a counterfactual estimation technique and finds that the impact
of NIRP did not have a significant effect on inflation in in Denmark, Sweden, and Switzerland.
The estimated effect of interest rate cuts on output under NIRP is comparable to those of conventional policy rate cuts and quantitative easing,
but the effects on inflation may have been modest. The estimates of the
effect of a 100 basis point policy rate cut based on pre-GFC data (that is,
away from the ZLB) suggest an increase in output of 0.5–1 percent in the
United States (Ramey 2016) and the United Kingdom (Cloyne and Hurtgen 2016), 0.3–0.7 percent in the euro area (van Els and others 2003), and
0.7–0.8 percent in Japan (Miyao 2002).24 In addition, the effect of a 100
basis point drop in long-term rates caused by QE is estimated to have been a
rise of 1.1–1.4 percent in GDP and of 0.9–1.5 percent in CPI in the United
States, a 2.5–3 and 1.5–4.2 percent rise in GDP and CPI, respectively, in the
United Kingdom, and a 0.75–1 percent increase in GDP and 0.35–0.6 rise
in CPI in select euro area countries (Kapetanios and others 2012; Baumeister and Benati 2013; Altavilla, Giannone, and Lenza 2016; and Weale and
Wieladek 2016).25 Overall, these results suggest that all countries that have
implemented NIRP have yet to reach the reversal rate, which may be at or
below –1 percent (see Darracq Pariès, Kok, and Rottner 2020).

Cross-Border Spillovers
Few studies have examined cross-border spillovers of NIRP, and no comprehensive, systematic assessment exists. For example, the authors were not
much smaller than that of the Federal Reserve, Bank of Japan, and Bank of England (22.1, 37.3, and 26.3 percent, respectively; Fawley and Neely 2013).
24Ulate (2021) uses a DSGE model to conclude that the relative efficiency of a 100 basis point cut into negative rate territory in welfare terms is between 60 and 90 percent of that of the same sized cut in conventional
positive territory.
25See Dell’Ariccia, Rabanal, and Sandri (2018) for a summary of these effects.
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able to find any empirical study on the effect of NIRP on cross-border flows
to and from non-NIRP economies. Still, there is some evidence that NIRP
in Japan had positive spillovers to equity markets in other Asian countries
(Fukuda 2018). In addition, the adoption of NIRP by the ECB had significant positive spillovers to financial markets in the Czech Republic, Poland,
Romania, and Sweden (Varghese and Zhang 2018) and to bond yields in
Asia (Feldkircher, Huber, and Punzi 2020). However, Arteta and others
(2016) find that, although the adoption of NIRP by central banks in AEs
had positive spillovers to asset prices in EMDEs, they were in line with those
of other expansionary monetary policy announcements.
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Box 2. Pass-Through of Policy Rate Changes to Bank Rates

The authors tested the hypothesis that the association between monetary policy rate
changes and changes in bank deposit or lending rates has changed after the adoption of
NIRP. For this purpose, they ran a regression of changes in the policy rate on changes
in the bank rate as follows:
Δ it  b   = β  0  + β  1  Δ it  p   + β  2  Δ it−1
  p  + 
 β  3  Δ it−2
  p  + 
 ε  t,
in which ib is either a bank deposit or lending rate, ip is the policy rate (premeasured
with a very short-term money market rate, which is the operational target of the central
bank), and t denotes the month. The authors included lagged values of the explanatory variable as there may be some inertia in the transmission of changes in policy
rates to deposit and lending rates. The authors then tested whether the coefficients on
changes in policy rates are stable over the sample using Ploberger and Krämer’s (1992)
CUSUM test. The table here shows the dates for which the test rejects the null of no
structural break.
Deposit Rates
Denmark

Nonfinancial Firms
··

Lending Rates

Households
Oct/07-Nov/08, May/09Aug/09, Jul/12-Feb/13
Oct-08
··
··
··

Nonfinancial Firms
··

Households
··

Euro area
Dec-11
··
Japan
··
··
··
Sweden
··
Switzerland
··
··
··
Source: IMF staff.
Note: “··” means the null of hypothesis of no structural break is never rejected at the 5 percent significance level. The test
statistic is that of Ploberger and Krämer’s (1992) CUSUM test based on OLS residuals. Deposit rates for Japan and Switzerland
are not available by sector of the borrower. See Annex 2 for data sources.

The results point to the existence of structural breaks in the pass-through of policy
rates to bank rates only in Denmark and the euro area. Among these, only the break
that goes from July 2012 to February 2013 in Denmark occurred after the adoption of
NIRP (July 2012).
All in all, the estimates do not support the notion that NIRP is associated with a
structural break in the transmission of policy rates to bank rates. However, the results
must be taken as suggestive for two reasons. First, they do not control for potential
confounding factors, including the fact that rate cuts, especially after the adoption
of NIRP, were often taken in conjunction with UMP measures. Second, they do not
imply causality and simply measure association.

44

CHAPTER

3

Implementation Issues

Tiering Reserve Regimes
Several central banks have introduced a tiering reserve regime to mitigate the
impact of NIRP on bank profitability.1 This system consists of remunerating
a share of reserves at a rate higher than the marginal policy rate. In practice, central banks have implemented tiering in slightly different ways (see
Annex 1). The size of the exemption is usually based on banking-system characteristics. For instance, the exemption is sometimes proportional to reserve
requirements or reflects the activity on money markets. In terms of remuneration, the interest rate on exempt reserves can be zero (as in the euro area and
Switzerland). As of today, Japan is the only case of a 3-tier system, in which
central bank reserves are divided in three different categories with three different remunerations (a positive rate on the basic balance, a zero rate for the
macro add-on balance, and a negative rate for the policy-rate balance).
When choosing the level of exemption, central banks face a trade-off between
shielding bank profitability and ensuring a full transmission of monetary
policy. On the one hand, the share of exempt reserves needs to be large
enough to significantly lower the average cost of holding them. On the other
hand, the exemption cannot be too large—otherwise the relevant money
market rates will drift away from the (negative) marginal policy rate toward
the rate at which the exempt reserves are remunerated (among others, see
Whitesell 2006).2

1The

adverse effect of NIRP on bank profitability is exacerbated by the amount of excess reserves in the system (for example, because of FXI or APPs). See Chapter 2.
2To ensure that very short-term money market rates are close to the floor of the interest rate corridor, the
amount of excess liquidity remunerated at the deposit facility rate needs to be sufficiently large. Intuitively, if all
excess reserves were exempted from negative rates, the cost of holding liquidity would stop being negative.
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All in all, the experience with tiering reserve regimes seems positive. Exempting a share of reserves has not hindered the monetary transmission mechanism, while it has provided support to the bank interest rate margin,
potentially reducing the reversal rate. Counterfactual evidence for Japan
suggests a small but beneficial effect on bank lending (Balloch and Koby
2020). At the same time, the trade-off between preserving the transmission
mechanism and sustaining bank profitability may become more difficult to
manage as excess reserves keep growing as a result of unconventional measures, such as QE.

Communications
The adoption of NIRP involves significant communication challenges. As for
other UMP measures, central banks need to clearly justify the use of negative
rates and explain their expected effects and the channel through which they
work. In other words, central bank communication should establish a direct
and sound link between NIRP, the macroeconomic outlook, and the central
bank’s objectives. For UMP in general, and for NIRP in particular, this communication is made more difficult because of the uncertainty surrounding its
effects, the potential implications for financial stability, and the public perceptions about its distributional effects.3
Still, at some level, the communication of NIRP may be easier than for
other UMP because the transmission channels are better understood. All in
all, communication may benefit from the fact that the theory and implementation of NIRP are well established, while suffering from a high degree
of uncertainty on its empirical effects.4 Indeed, negative rates are the most
conventional among UMPs in several respects—in principle rate cuts below
zero are not so different than cuts above zero, and its limits—the existence
of the ZLB and reversal rates, as discussed earlier—are also well understood.
Central banks can monitor the key variables that proxy for the intensity of
negative side effects, for instance the use of cash or banks’ reliance on retail
deposits. Nevertheless, the levels of the reversal rate and, to a lesser extent,
of the ELB are difficult to estimate with precision, also because they depend
on characteristics of the banking sector that may vary over time and can be
influenced by regulation.
3Although monetary policy may have distributional effects, the literature suggests that monetary policy easing
has a net beneficial albeit small effect on inequality, mostly because it lowers unemployment (Coibion and others 2017). However, the evidence on unconventional monetary policy measures is inconclusive (Amaral 2017).
Furthermore, there is a substantial gap between the public perceptions of the distributional effects of monetary
policy and the best quantitative estimates of them (Haldane 2018).
4This is essentially the opposite case from QE, as captured by former Federal Reserve Chairman Bernanke’s
famous statement that “the problem with quantitative easing is that it works in practice, but it doesn’t work in
theory.” See Brookings Institution (2014).
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Central bank communication has emphasized different aspects of NIRP to
support the decision to adopt or reject it. For example, the ECB has reiterated that negative rates should not be viewed as extraordinary, highlighted its
positive effects especially when adopted as part of a broad package of UMPs,
and shown confidence in its ability to counteract drawbacks should they
become quantitively significant. These arguments have typically been backed
by analytical work. By contrast, some central banks have been reluctant to
disclose the analysis underpinning their assessments of NIRP where this has
rested on market-sensitive information, such as confidential supervisory and
regulatory data. For instance, the Federal Reserve and the Bank of England
refrained from introducing negative rates during the Great Recession on the
grounds of potential damage to the proper functioning of financial markets
with associated heightened risks to financial stability.
Several lessons can be drawn on how to design communication in preparation and during the implementation of NIRP. First, central banks should
clearly explain the expected benefits of adopting NIRP and the likelihood
and size of potential side effects of modestly negative rates. Central banks
should push back against the notion that there exists a “red line” at zero,
which is too risky to cross.5 Second, central banks need to stress that they
will continuously and closely monitor the pass-through of policy rates to
deposit and lending rates, as well as potential side effects and act to alleviate them with adequate instruments (for example, the adoption of a tiering
reserve regime). Finally, communication should highlight the difference
between nominal and real interest rates, reiterating the prominence of the latter in affecting macroeconomic conditions. To this end, central banks should
put additional effort into explaining the rationale underlying negative rates—
including the use of “tiered” or “targeted” communications geared toward
stakeholders with differing levels of economic literacy.

5The

need for clear communication on whether negative rates are in the toolbox, even when not used, has
the added benefit of allowing financial system to prepare. This may also be important for the distribution of
expected future interest rates.
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Conclusions

This paper sheds light on the cross-country experience with NIRP so far.
To conclude, the authors briefly summarize what they have learned, what
remains to be better understood, and why, given the evidence so far, central
banks have been somewhat hesitant in adopting or deepening NIRP.

What Do We Know About the Effects of NIRP?
Overall, most of the theoretical negative side effects associated with NIRP
have failed to materialize or have turned out to be less relevant than expected.
Economists and policymakers have identified a number of potential drawbacks of NIRP, but none of them have emerged with such an intensity as to
tilt the cost-benefit analysis in favor of removing this instrument from the
central bank toolbox. For instance, the transmission mechanism of monetary
policy does not appear to change significantly when official rates become negative. Moreover, overall, bank profitability has not significantly suffered so far.
In other words, the reversal rate remains a theoretical concept which has not
been empirically validated and, most likely, not yet breached (Arce and others
2020; Tenreyro 2021), and banks do not appear to have engaged in excessive risk-taking. Of course, these side effects may still arise if NIRP remains
in place for a long time or policy rates go even more negative, approaching
the reversal rate.

What Do We Not Yet Know About the Effects of NIRP?
The literature so far has largely overlooked the impact of negative interest
rates on financial intermediaries other than banks. Although pension funds
and insurance companies do not typically offer overnight deposits and thus
the constraint on lowering the corresponding rates below zero is not an issue,
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other non-linearities may arise when market rates become negative. Among
others, legal or behavioral constraints to offering negative nominal returns
could affect the profitability of nonbanks. Given the importance of these
institutions for the financial system, the absence of empirical evidence on the
impact of negative rates on their behavior is surprising.
The role of bank competition in shaping outcomes is not yet well understood. As highlighted in IMF (2017), absent competition from other intermediaries or capital markets, the transmission of negative policy rates to bank
lending rates will be weaker, as banks would try and preserve their intermediation margin. To the best of our knowledge, no study has tested this hypothesis, despite the availability of relevant data.
Another interesting direction for future research is to further study the determinants of the corporate channel identified by Altavilla and others (2019b).
According to this channel, cash-rich firms with relationships with banks that
charge negative rates on deposits are more likely to use their liquidity to
increase investment. What drives this channel is still unclear. For instance,
the role of multiple bank relationships could be investigated. If cash-rich
firms can easily move their liquidity across financial institutions (including
nonbanks), then negative rates on corporate deposit may simply lead these
firms to reallocate their liquidity across intermediaries, without any significant impact on investment. By contrast, frictions that prevent firms from
easily establish new bank relationships, and thus move their funds around,
could induce a reallocation from corporate deposits to other less liquid assets,
such as fixed capital.

Why Have Central Banks Not Resorted to NIRP More Often?
NIRP may not be a first-choice policy option for many central banks because
they have other unconventional policy options.1 The need for monetary
policy accommodation when central banks’ main policy rates are close to zero
can be met with in a variety of ways. For example, quantitative easing, credit
easing, funding-for-lending schemes, and YCC have all been actively used by
AE central banks, but not many have ever used NIRP. A reasonable inference
is that those central banks judge that the least costly means of meeting their

1Coordinated action among monetary, prudential, and fiscal policies may also reduce the need for NIRP.
That is, monetary policy measures are not the only game in town. For jurisdictions wherein fiscal buffers
are available, a shock to aggregate demand can be met with deficit spending. For example, the Norges Bank
statements highlight Norway’s room for fiscal maneuver (Olsen 2019). Similarly, the release of macroprudential
buffers can provide a measure of support to the financial system in the event of a crisis, and thereby buttress
conventional monetary policies (Bank of England 2020).
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objectives does not involve NIRP.2 For example, NIRP may be perceived as
costly in jurisdictions that allow CNAV MMFs, at least in the short term.
Specific institutional constraints are likely to have also played a role. In
some jurisdictions, central banks may lack the authority to set negative rates
(Swoboda 2018). In others, they may be unable to easily enact other forms
of unconventional monetary policy. One example is the potential constraints
on the ECB’s ability to undertake purchases of government securities arising
from the prohibitions on monetary finance written into European treaties.
Such constraints may make the commitment to undertake unlimited purchases that underpin YCC harder to support, although recent announcements make clear that the ECB can conduct very sizeable operations if
needed (ECB 2020).
The structure of funding markets may also discourage some central banks
from pursuing NIRP. This may be the case, for instance, in economies where
banks rely extensively on retail deposits. It could also apply to economies
where MMFs intermediate a significant fraction of savings, especially if most
of those funds have constant or stable NAV. However, the experiences and
evidence surveyed in this paper should dampen these concerns, at least for
moderately negative rates.
However, central banks should not rule out NIRP and keep as part of its
toolkit, even if they are unlikely to use it. Allowing for the possibility of temporary cuts into negative territory by not ruling out NIRP could still shift
expectations and be effective in lowering long-term rates. If markets internalize the concept that rates can be cut below zero or below what was previously
seen as their effective minimum, the shift in market expectations is likely
to produce declines in longer horizon yields—even if the move is initially
seen as temporary. This would suggest a greater loosening effect of NIRP for
countries that currently have low but positive rates.
Finally, there may still exist some room for central banks to cut rates further.
The absence of a flight to cash at moderately negative interest rates could
mean that the ELB is deeply negative, probably below the estimates of about
–0.5 to –0.75 percent from many older studies (Table 1) and perhaps as low
as –2 percent (Lilley and Rogoff 2019).3 Deeply negative rates could be effective as a temporary tool in extreme situations, and may be required given that
AE central banks, on average, cut policy rates by 500 basis points in typical
recessions. Still, there is considerable uncertainty about how negative rates
2Alternatively,

it could reflect a greater aversion to cross-sectional variation in consumption relative to intertemporal inequality (Jung 2019).
3Implementing even more negative rates may require more extreme measures such as taxes on cash or the
elimination of large denomination bills (for example, Agarwal and Kimball 2019, Lilley and Rogoff 2019).
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can become, before significant adverse effects on bank lending become apparent. And prolonged periods of negative rates could elicit a strong pushback
from households and certain segments of the financial sector (for example,
money market funds).

52

Annex 1. Country Case Studies

Denmark
Background
In July 2012, the Danish central bank was the first country to cut its main
official policy interest rate—the interest rate on bank certificates of deposit—
into negative territory.1,2 This was done as a means of defending the Danish
krone’s peg with the euro. The Danmarks Nationalbank (DN) has been
successful in keeping the krone closely aligned with euro. However, as with
other central banks that were focused on preventing an excessive appreciation of their currencies, at least initially, there were serious doubts about
the transmission of negative rates to other interest rates, output, and
prices (IMF 2017).
Effects
Since 2017, there is mounting evidence that negative rates are increasingly
being transmitted to both deposit and lending rates. For example, several
commercial banks are now charging the central bank’s benchmark rate
(–0.75 percent) on corporate and moderate-size retail deposits,3 and 10-year
1Danmarks

Nationalbank’s interest rate on reserves—the current account deposits rate—has been close to
zero since July 2012. However, Danish banks can hold only a limited amount of reserves, with excess liquidity
being converted to negative-interest-bearing certificates of deposit (Angrick and Nemoto 2017). When the text
refers to negative central bank rates in Denmark, it means a negative rate on DN certificates of deposit.
2Although the Riksbank, Sweden’s central bank, lowered its overnight deposit rate to –0.25 in July 2009, this
is not the Riksbank’s official policy rate.
3Reuters. 2019. “UPDATE 1-Denmark’s Jyske Bank Lowers Its Negative Rates on Deposits.” September 20.
https://www.reuters.com/article/denmark-rates-jyske-bank/update-1-denmarks-jyske-bank-lowers-its-negative
-rates-on-deposits-idUSL5N26B1AA.
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mortgages are being issued at rates as low as –0.5 percent.4 In addition, interest rates on short-term bank loans to nonfinancial corporations have been
close to zero since at least mid-2018. However, the successful transmission
of negative rates to lending rates is, to some extent, the result of Denmark’s
unique mortgage market where mortgage originators (banks and mortgage
companies) collect fees from financing and refinancing but then securitize the loans.5
Despite having to live with negative interest rates for most of the last eight
years, bank profits in Denmark have not suffered. The resilience of bank profits stems partly from their ability to adapt business models and to rely more
on fee income. There is also little evidence that negative rates have encouraged zombie lending. Lending to mature firms with negative interest coverage
ratios (ICR)6 as a share of total lending has declined since 2011 (Danmarks
Nationalbank 2019).

Euro Area
Background
The European Central Bank (ECB) introduced NIRP in June 2014, when it
lowered the interest rate on its deposit facility to –0.10 percent. Since then,
the ECB has cut the deposit facility rate four more times, always in steps of
10 basis points. As a result, the rate on the deposit facility has been standing at –0.50 percent since September 2019. Crucially, the deposit rate has
been the relevant ECB policy rate since the onset of the sovereign debt crisis.
Owing to the adoption of other unconventional measures, such as targeted
and non-targeted longer-term refinancing operations and assets purchase programs, banks in the euro area hold a large amount of excess liquidity. Therefore, even before the adoption of NIRP, the cost of depositing reserves at the
central bank rather than the rate on refinancing operations was determining
the overnight unsecured rate, which is the ECB’s (implicit) operational target
and the effective marginal policy rate.
The main reason to adopt NIRP was to provide additional monetary stimulus in a context characterized by strong disinflationary pressures. Given
the lack of consensus on launching a large-scale asset purchase program, the
Governing Council of ECB opted for lowering the deposit rate below zero to
4Schartzkopff, Frances. 2019. “Negative Rates are a Cash Cow for Denmark’s Mortgage Lenders.” Bloomberg,
September 4. https://www.bloomberg.com/news/articles/2019-09-04/negative-rates-are-a-cash-cow-for-denmark
-s-mortgage-lenders.
5Ibid.
6The ICR is the ratio of earnings before interest and taxes to net interest expenses, provided the latter are positive.
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maintain price stability. However, other reasons may have played an important role. For instance, a reduction in the deposit rate allows for the interest
rate corridor to widen, providing incentives to participate in the interbank
market. A wider corridor incentivizes banks that need liquidity to tap money
markets instead of borrowing from the central bank. Symmetrically, the
increased cost of holding reserves creates a “hot potato” effect. By providing
incentives to borrow and lend out reserves in the interbank market, the ECB
aimed at reducing segmentation, as the distribution of excess liquidity was
highly uneven across countries and financial institution.
Effects
Data on macro-financial variables suggest that the transmission of negative
rates has been fast and effective. The exchange rate has depreciated significantly after the introduction of NIRP, contributing to boosting exports and
economic activity.7 Bank lending rates have declined for both households
and firms, with their dispersion across countries falling as well. This reduction in the cost of credit has supported credit growth and investment. The
transmission to deposit rates has also been quick, even if it seems to have
slowed down as they approach the ZLB. Despite the widespread decline in
deposit rates, the use of cash does not seem to have grown. Boucinha and
Burlon (2020) corroborate these findings by providing evidence that negative
interest rates have supported economic activity and ultimately contributed to
price stability.
While recognizing NIRP’s contribution in delivering the needed monetary
accommodation, the ECB has become increasingly concerned about the
potential negative impact of negative policy rates on bank profitability. To
partially offset the fall in banks’ net interest margin, in September 2019
the ECB introduced a multi-tier regime, similar to those already adopted
by other central banks. In particular, the ECB has chosen a two-tier system for reserve remuneration, in which liquidity up to six times the reserve
requirement is remunerated at zero percent rather than at the deposit facility
rate. Both the multiplier on reserve requirement and the interest rate can
be changed over time. This system reflects the necessity to weaken the side
effects of NIRP on bank profitability in a context where the distribution of
excess liquidity is highly heterogeneous. The adoption of a two-tier system
also aims to increase the average return on reserves, disincentivizing their
substitution with cash.

7The

empirical evidence suggests that monetary policy accommodation, including that from negative interest
rates, improves the trade balance (for example, Ca’ Zorzi and others 2020).
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In March 2020, the ECB decided to lower the interest rate on the funds
borrowed through TLTROs to negative territory. Specifically, banks that met
determined thresholds in terms of lending to the nonfinancial private sector were charged an interest rate 0.5 percent below the average rate on the
deposit facility prevailing between June 2020 and June 2021, and in any case
not higher than –1 percent. Although this decision may appear as a further
step toward reaching the ELB, the effects are very different from those of
a cut in official rates. As explained earlier, NIRP is typically considered a
nonstandard measure mainly because it potentially involves an asymmetric
impact on banks’ assets and liabilities, possibly harming their probability. In
the case of TLTROs, the ECB reduces the rate on funds borrowed from the
central bank, thus lowering the cost of funding of financial intermediaries. By
reducing the spread between the average return on bank assets and liabilities,
this monetary policy decision softens, rather than exacerbates, the potential
side effects associated with NIRP.

Japan
Background
The Bank of Japan (BOJ) announced on January 29, 2016, that a negative
interest rate on excess reserves would be implemented on February 16, 2016.
This was nearly three years after the introduction of quantitative and qualitative easing (QQE). After its deployment, the QQE framework helped
boost economic activity, inflation, and inflation expectations (BOJ 2016,
Hattori and Yetman 2017). Nonetheless, inflation persistently stayed below
the 2 percent target of BOJ, and by the summer of 2015 both the domestic
and global outlooks started to weaken. Amid intensifying financial turbulence
in emerging markets, an appreciating yen, and falling oil prices during late
2015, economic activity in Japan softened, equity markets contracted sharply,
and inflation started to decline.
The BOJ complemented QQE with negative interest rates to further lower
the short end of the yield curve and reinforce its commitment to an inflation
target of 2 percent. Since the price stability target had not been achieved for
a long period in Japan, the backward component of inflation expectations in
Japan was high, and stronger than in other large economies. Moreover, BOJ’s
own analysis suggested that the improvement in the output gap brought
about by a unit decline in the real interest rate at each maturity tranche was
largest at maturities of 1–2 years, but gradually became smaller the longer the
maturity (BOJ 2016).
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Effects
Following the introduction of NIRP, interest rates across the entire yield
curve fell to such a degree that the yield curve flattened. The large drop in
longer maturities was in part due to NIRP being accompanied by continuing
Japanese government bond (JGB) purchases by the BOJ, compressing risk
premiums. In addition, intensified search for positive yield by financial institutions drove up the demand for assets with a positive interest rate, driving
down super-long-term JGB yields (BOJ 2016).
Lending and deposit rates also fell, compressing lending margins, but without
evidence that financial institutions’ functioning as intermediaries has been
impaired. This may have been in part due to the three-tier reserve deposit
system that the BOJ introduced to mitigate the direct impact on financial
institutions’ profits (IMF 2017). In addition, NIRP has translated into a fall
on corporate yields as well, triggering a pickup, in particular, in the issuance
of very long-term corporate bonds.
Overall, NIRP in Japan has stimulated activity and inflation, but has been
insufficient considering the Bank of Japan’s price stability objectives. Survey
and market-based inflation expectations continued to slide down and economic activity remained tepid. In response, the BOJ introduced a new policy
framework (Quantitative and Qualitative Monetary Easing with Yield Curve
Control) on September 2016, which aimed to control both short-term and
long-term interest rates to directly target the slope of the yield curve to better
calibrate the monetary policy stimulus and alleviate the burden of low interest rates on financial intermediaries. Within the new framework, BOJ has
also committed to overshoot its inflation target until the year-over-year rate
of increase in the observed consumer price index exceeds the price stability target of 2 percent and stays above the target in a stable manner (BOJ
2016). Since then, macroeconomic outcomes have somewhat improved,
though actual and expected inflation remain below the inflation target
(Westelius 2020).

Sweden
Background
In July 2009, Sweden was in the midst of the downturn that had spread
across its trading partners following the global financial shocks of the fall of
2008. The Riksbank—Sweden’s central bank—lowered its main policy rate,
the repo rate, to 25 basis points and its deposit rate to –25 basis points.
With this action, the Riksbank became the first central bank to cut one of
its policy rates (albeit not the main one, which in Sweden is the repo rate)

57

Negative Interest Rates

below zero.8 The period of negative rates did not last long. By the middle of
the following year, rates started to move upward as the central bank became
increasingly concerned with building financial imbalances.9
At the time of its 2009 decision, the Riksbank Executive Board judged that
25 basis points was the lower limit of its repo rate “in practice.”10 But as
other central banks have found, what is taken to be a lower limit can change
over time. Declining inflation expectations and weak demand conditions
through 2012–14 led the Riksbank to ease policy once again, and in February 2015 it set its main repo rate below zero for the first time, at –10 basis
points. A further sequence of cuts followed, bringing the repo rate to –50
basis points between February 2016 and January 2019.
As in other countries, NIRP was enacted alongside an asset purchase program and forward guidance. These three elements of unconventional policy
combined produced substantial policy easing (see IMF 2015, paragraphs
14–19). Further discussion of how NIRP can reinforce other measures
appears in Chapter 2.
In December 2018, the Riksbank announced that it would start to raise its
repo rate, while maintaining the size of its asset purchase program. The following December, it became the first central bank to announce its exit from
NIRP, when it increased the repo rate back to zero, while citing an inflation
rate close to the 2 percent target and an expansion in economic activity. As of
January 2021, the deposit rate remains negative at –10 basis points.
Effects
There is evidence that the Riksbank’s negative rate policy resulted in Swedish banks cutting both deposit and lending rates (see Erikson and Vestin
2019). But as Chapter 3 discusses, the pass-through to deposit rates looks to
have weakened with successive cuts. Some research has pointed toward small
negative effects, or even slightly positive effects, on lending rates from NIRP
(Eggertsson and others 2019).11 However, more than three years after NIRP
8The

Riksbank’s market operations meant that, in practice, overnight rates remained positive and the deposit
rate being negative was of no consequence (Burke and others 2010).
9Macroprudential policy is usually better suited to dealing with issues of financial stability (IMF 2015). But
at that time, Sweden lacked an institutional framework for macroprudential policymaking.
10Riksbank. 2009. Monetary Policy Report. July. The report states (p. 21, emphasis added): “Although one can
in principle consider even a negative repo rate to be possible, it is the Riksbank’s assessment that the repo rate,
after the cut made now, will have in practice reached its lower limit, and that it is not appropriate to cut the rate
further than to 0.25 percent.”
11As noted before, in Eggertsson and others’ (2019) model of the transmission of monetary policy, banks
may respond to negative policy rates by raising the spread between their lending and borrowing rates, which

58

Annex 1. Country Case Studies

was introduced, Swedish banks continued to report strong profitability (IMF
2019). More context on the pass-through of negative rates, and their potential effects on bank profitability, is given in Chapter 3.

Switzerland
Background
The Swiss National Bank (SNB) adopted negative rates on commercial bank
deposits to keep Swiss interest rates below those of the euro (Danthine 2018).
This, in turn, was enacted to stem a capital inflow surge (exacerbated by its
safe-haven status) and thus prevent an excessive appreciation of the Swiss
franc and associated deflationary pressure (Jordan 2020).12
Following QE by ECB in August 2011, the three-month interest rate differential between the Swiss franc and the euro basically vanished. Ruling
out the possibility of implementing QE because of a small domestic capital
market (Jordan 2020), the SNB responded by imposing a floor on the franc/
euro exchange rate. The floor lasted until January 2015, after which the
SNB cut the deposit rate to –0.75 and a negative interest rate differential
returned. The SNB complemented the negative interest rate policy with the
announcement that it would remain active in the FX market if necessary.
The FX interventions ultimately led to a large expansion of its balance sheet
(Danthine 2018).
Effects
Pass-through to bank lending rates was initially low, suggesting the relevant
transmission channel was the exchange rate. Although the rate cuts into negative territory produced a level shift in the yield curve and have not weakened
the transmission of short rate cuts along the curve (Grisse and Schumacher 2018), Swiss banks did not initially reduce the rates they charge on
their lending, including on mortgage lending (Danthine 2018). This could
have been because of their inability to reduce funding costs, given the low
pass-through to customer deposit rates, because of market power in lending
markets, or simply reflect rising credit risk associated with overstretched valuations. More recently, shorter-term lending rates in particular have seen some
sizeable declines.
depresses output and inflation. However, this is a consequence of the central bank setting a policy rate below
the ELB (calibrated at –0.01 percent), among other assumptions.
12In small open economies that do not have safe haven status (unlike Switzerland), low interest rates in large
AEs do not effectively constrain their monetary policy because they have a positive currency risk premium.
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Low pass-through of negative rates to deposit rates at commercial banks has
meant that the risk of cash hoarding by depositors is still low. The SNB has
gone farther than any other central bank in setting a negative interest rate.
However, significant exemptions have meant that the average rate on deposits
at the SNB is significantly higher than the marginal rate. Furthermore, since
commercial banks have refrained from passing on negative rates to small
depositors,13 the ZLB still holds for these deposits. Therefore, the SNB may
still have room to cut the marginal deposit rate further (Jordan 2020), at
least based on market-implied beliefs (Grisse and Schumacher 2018).

13Several

Swiss banks are now charging interest on large deposits (for example, Revill and Hirt 2019).
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Denmark
Policy rate
Bank rate on household deposits
Bank rate on NFCs deposits
Bank rate on mortgages to households
Bank rate on loans to NFCs

Interbank rate “Tomorrow/Next”
Interest rate on domestic deposits in DKK held by households
Interest rate on domestic deposits in DKK held by nonfinancial corporations
Interest rates on new loans to households for house purchase
Interest rates on new loans to nonfinancial corporations (Including repos)

Euro area
Policy rate
Bank rate on household deposits
Bank rate on NFCs deposits
Bank rate on mortgages to households
Bank rate on loans to NFCs

EONIA
Interest rates on new overnight deposits held by households
Interest rates on new overnight deposits held by nonfinancial corporations
Interest rates on new loans to households for house purchase with initial maturity up to one year
Interest rates on new loans to nonfinancial corporations with initial maturity up to one year
(excluding revolving lines)

Japan
Policy rate
Bank rate on deposits
Bank rate on time deposits
Bank rate on mortgages to households
Bank rate on loans to NFCs

Uncollateralized overnight interbank rate
Interest rate on ordinary deposits
Average interest rate on time deposits
Interest rate on housing loans with floating rates by city banks
Interest rates on new short-term loans

Sweden
Policy rate
Bank rate on household deposits
Bank rate on NFCs deposits
Bank rate on mortgages to households
Bank rate on loans to NFCs

STIBOR “Tomorrow/Next”
New bank deposit rates for households
New bank deposit rates for nonfinancial corporations
New bank loans to households for housing
New MFI loans to nonfinancial corporations

Switzerland
Policy rate
Swiss three-month LIBOR1
Bank rate on deposits
Interest rate on savings deposits for private clients
Bank rate on mortgages to households
Interest rate on mortgages with fixed interest rates
Bank rate on loans to NFCs
Interest rate on investment loans with fixed interest rates
1As of June 13, 2019, the SNB policy rate replaced the target range for the three-month Swiss franc LIBOR previously used in the SNB’s monetary
policy strategy.

61

References

Abildgren, Kim, and Andreas Kuchler. 2020. “Do Firms Behave Differently
When Nominal Interest Rates Are Below Zero?” Danmarks Nationalbank
Working Paper 164, Danmarks Nationalbank, Copenhagen.
Adolfsen, Jakob Feveile, and Morten Spange. 2020. “Modest Pass-through of
Monetary Policy to Retail Rates but No Reversal.” Danmarks Nationalbank
Working Paper 154, Danmarks Nationalbank, Copenhagen.
Adrian, Tobias, Christopher Erceg, Jesper Lindé, Pawel Zabczyk, and
Jianping Zhou. 2020. “A Quantitative Model for the Integrated Policy
Framework.” IMF Working Paper 20/122, International Monetary Fund,
Washington, DC.
Agarwal, Ruchir, and Miles Kimball. 2019. “Enabling Deep Negative Rates
to Fight Recessions: A Guide.” IMF Working Paper 19/84, International
Monetary Fund, Washington, DC.
Aizenman, Joshua, Yin-Wong Cheung, and Hiro Ito. 2019. “The Interest
Rate Effect on Private Saving: Alternative Perspectives.” Journal of International Commerce, Economics and Policy 10 (1): 1950002.
Alessandri, Piergiorgio, and Benjamin D. Nelson. 2015. “Simple Banking:
Profitability and the Yield Curve.” Journal of Money, Credit and Banking
47 (1): 143–75.
Altavilla, Carlo, Desislava Andreeva, Miguel Boucinha, and Sarah Holton.
2019. “Monetary Policy, Credit Institutions and the Bank Lending Channel in the Euro Area.” ECB Occasional Paper 222, European Central Bank,
Frankfurt am Main.
Altavilla, Carlo, Miguel Boucinha, and José-Luis Peydró. 2018. “Monetary
Policy and Bank Profitability in a Low Interest Rate Environment.” Economic Policy 33 (96): 531–86.

63

Negative Interest Rates

Altavilla, Carlo, Lorenzo Burlon, Mariassunta Giannetti, and Sarah Holton.
2019. “Is There a Zero Lower Bound? The Effects of Negative Policy Rates
on Banks and Firms.” ECB Working Paper 2289, European Central Bank,
Frankfurt am Main.
Altavilla, Carlo, Domenico Giannone, and Michele Lenza. 2016. “The Financial and Macroeconomic Effects of the OMT Announcements.” International Journal of Central Banking 12 (3): 29–57.
Amaral, Pedro. 2017. “Monetary Policy and Inequality.” Economic Commentary 2017–01, Federal Reserve Bank of Cleveland, Cleveland, Ohio.
Ampudia, Miguel, and Skander J. Van den Heuvel. 2018. “Monetary Policy
and Bank Equity Values in a Time of Low and Negative Interest Rates.”
ECB Working Paper 2199, European Central Bank, Frankfurt am Main.
Amzallag, Adrien, Alessandro Calza, Dimitris Georgarakos, and João Miguel
Soucasaux Meneses e Sousa. 2019. “Monetary Policy Transmission to
Mortgages in a Negative Interest Rate Environment.” ECB Working Paper
2243, European Central Bank, Frankfurt am Main.
Andries, Natalia, and Steve Billon. 2016. “Retail Bank Interest Rate
Pass-through in the Euro Area: An Empirical Survey.” Economic Systems
40 (1): 170–94.
Angrick, Stefan, and Naoko Nemoto. 2017. “Central Banking below Zero:
The Implementation of Negative Interest Rates in Europe and Japan.” Asia
Europe Journal 15 (4): 417–43.
Arce, Óscar, Miguel Garcia-Posada, Sergio Mayordomo, and Steven R.
G. Ongena. 2018. “Adapting Lending Policies When Negative Interest Rates Hit Banks’ Profits.” Paris December 2018 Finance Meeting
EUROFIDAI – AFFI.
Arce, Óscar, Miguel Garcia-Posada, Sergio Mayordomo, and Steven R. G.
Ongena. 2020. “Adapting Lending Policies in a ’Negative-for-Long’ Scenario.” Banco de España Working Paper 1832, Banco de España, Madrid.
Armelius, Hanna, Carl Andreas Claussen, and André Reslow. 2020. “Withering Cash: Is Sweden Ahead of the Curve or Just Special?” Sveriges Riksbank Working Paper 393, Sveriges Riksbank, Stockholm.
Arteta, Carlos, M. Ayhan Kose, Marc Stocker, and Temel Taskin. 2016.
“Negative Interest Rate Policies: Sources and Implications.” CAMA Working Paper 52/2016, Centre for Applied Macroeconomic Analysis, Canberra, Australia.
Assenmacher, Katrin, and Signe Krogstrup. 2018. “Monetary Policy with
Negative Interest Rates: Decoupling Cash from Electronic Money.” IMF
Working Paper 18/191, International Monetary Fund, Washington, DC.

64

References

Baars, Maren, Henning Cordes, and Hannes Mohrschladt. 2020. “How Negative Interest Rates Affect the Risk-Taking of Individual Investors: Experimental Evidence.” Finance Research Letters 32: 101179.
Balloch, Cynthia, and Yann Koby. 2020. “Low Rates and Bank Loan Supply:
Theory and Evidence from Japan.” https://www8.gsb.columbia.edu/cjeb/
sites/cjeb/files/Low_rates_feb2020.pdf
Bank of Canada. 2020. “Bank of Canada Lowers Overnight Rate Target to ¼ Percent.” Press release, March 27, 2020, Ottawa. https://www
.bankofcanada.ca/2020/03/press-release-2020-03-27/
Bank of England. 2020. “Bank of England Measures to Respond to
the Economic Shock from Covid-19.” March 11, 2020. https://www
.bankofengland.co.uk/news/2020/march/boe-measures-to-respond-to-the
-economic-shock-from-covid-19
Bank of Japan. 2016. “Comprehensive Assessment: Developments in Economic Activity and Prices as Well as Policy Effects since the Introduction of Quantitative and Qualitative Monetary Easing (QQE).” Bank of
Japan Background Note. http://www.boj.or.jp/en/announcements/release
_2016/k160921b.pdf
Basten, Christoph, and Mike Mariathasan. 2018. “How Banks Respond to
Negative Interest Rates: Evidence from the Swiss Exemption Threshold.”
CESifo Working Paper 6901, Münchener Gesellschaft zur Förderung der
Wirtschaftswissenschaft - CESifo GmbH, Munich.
Basten, Christoph, and Mike Mariathasan. 2019. “Interest Rate Pass-Through
and Bank Risk-Taking under Negative-Rate Policies with Tiered Remuneration of Central Bank Reserves.” Swiss Finance Institute Research Paper
20–98, Swiss Finance Institute, Geneva.
Bats, Joost, Massimo Giuliodori, and Aerdt Houben. 2020. “Monetary Policy Effects in Times of Negative Interest Rates: What Do Bank
Stock Prices Tell Us?” DNB Working Paper 694. Netherlands Central
Bank, Amsterdam.
Bauer, Jackie, Alessandro Bee, and Veronica Weisser. 2019. “Negative Interest Rates and the Pension System: Pension Funds Face Major Challenges.”
December 10, 2019, UBS Group AG, Zurich, Switzerland.
Baumeister, Christiane, and Luca Benati. 2013. “Unconventional Monetary
Policy and the Great Recession: Estimating the Macroeconomic Effects of
a Spread Compression at the Zero Lower Bound.” International Journal of
Central Banking 9 (2): 165–212.

65

Negative Interest Rates

Bech, Morten Linnemann, and Aytek Malkhozov. 2016. “How Have Central Banks Implemented Negative Policy Rates?” BIS Quarterly Review
(March): 31–44.
Bernanke, Ben. 2016. “What Tools Does the Fed Have Left? Part 1: Negative
Interest Rates?” Brookings, March 18, 2016. https://www.brookings.edu/
blog/ben-bernanke/2016/03/18/what-tools-does-the-fed-have-left-part-1
-negative-interest-rates/
Bernanke, Ben. 2020. “The New Tools of Monetary Policy.” American Economic Review 111 (4): 943–83.
Bhattarai, Saroj, and Christopher J. Neely. 2016. “An Analysis of the
Literature on International Unconventional Monetary Policy.” FRB
St. Louis Working Paper 2016–021C, Federal Reserve Bank of St.
Louis, St. Louis, MO.
Borio, Claudio E. V., and Wilhelm Fritz. 1995. “The Response of
Short-Term Bank Lending Rates to Policy Rates: A Cross-Country Perspective.” BIS Working Paper 27, Bank for International Settlements, Basel.
Bottero, Margherita, Camelia Minoiu, José-Luis Peydró, Andrea Polo, Andrea
F. Presbitero, and Enrico Sette. 2019. “Negative Monetary Policy Rates and
Portfolio Rebalancing: Evidence from Credit Registry Data.” IMF Working
Paper 19/44, International Monetary Fund, Washington, DC.
Boucinha, Miguel, and Lorenzo Burlon. 2020. “Negative Rates and the
Transmission of Monetary Policy.” ECB Economic Bulletin (3/2020).
Bracha, Anat. 2020. “Investment Decisions and Negative Interest Rates.”
Management Science 66 (11): 4921–5484.
Brand, Claus, Daniel Buncic, and Jarkko Turunen. 2010. “The Impact of
ECB Monetary Policy Decisions and Communication on the Yield Curve.”
Journal of the European Economic Association 8 (6): 1266–98.
Braun, R. Anton, and Etsuro Shioji. 2006. “Monetary Policy and the Term
Structure of Interest Rates in Japan.” Journal of Money, Credit and Banking
38 (1): 141–62.
Brookings Institution. 2014. “Central Banking after the Great Recession:
Lessons Learned and Challenges Ahead: A Discussion with Federal Reserve
Chairman Ben Bernanke on the Fed’s 100th Anniversary.” January 16.
Brown, Martin. 2020. “Negative Interest Rates and Bank Lending.” CESifo
Forum 21 (01): 18–23.
Brunnermeier, Markus K., and Yann Koby. 2019. “The Reversal Interest
Rate.” Unpublished.

66

References

Bua, Giovanna, Peter G. Dunne, and Jacopo Sorbo. 2019. “Money Market
Funds and Unconventional Monetary Policy.” Central Bank of Ireland
Research Technical Paper 7/RT/19, Central Bank of Ireland, Dublin.
Bubeck, Johannes, Angela Maddaloni, and José-Luis Peydró. 2020. “Negative
Monetary Policy Rates and Systemic Banks’ Risk-Taking: Evidence from
the Euro Area Securities Register.” ECB Working Paper 2398, European
Central Bank, Frankfurt am Main.
Bundick, Brent, Trenton Herriford, and A. Lee Smith. 2017. “Forward Guidance, Monetary Policy Uncertainty, and the Term Premium.” The Federal
Reserve Bank of Kansas City Research Working Paper 17–07, Federal
Reserve Bank of Kansas City, Kansas City, MO.
Burke, Chris, Spence Hilton, Ruth Judson, Kurt Lewis, and David Skeie.
2010. “Reducing the IOER Rate: An Analysis of Options.” Federal Open
Market Committee Note, August 5, 2010. https://www.federalreserve.gov/
monetarypolicy/files/FOMC20100805memo05.pdf
Cavallino, Paolo, and Damiano Sandri. 2019. “The Open-Economy ELB:
Contractionary Monetary Easing and the Trilemma.” CEPR Discussion
Paper 14683, Centre for Economic Policy Research, London.
Ca’ Zorzi, Michele, Luca Dedola, Georgios Georgiadis, Marek Jarocinski,
Livio Stracca, and Georg H. Strasser. 2020. “Monetary Policy and its
Transmission in a Globalised World.” ECB Working Paper 2407, European
Central Bank, Frankfurt am Main.
Central Bank of Chile. 2020. Press Release: Monetary Policy Meeting—March
2020. March 31, 2020. https://www.bcentral.cl/c/document_library/get
_file?uuid=c06be710-3337-3ce3-d796-9036a7cb31f0&groupId=33528
Christensen, Jens H. E. 2019. “Yield Curve Responses to Introducing Negative Policy Rates.” FRBSF Economic Letter 2019–27, Federal Reserve Bank
of San Francisco, San Francisco, CA.
Christensen, Jens H.E. and Glenn D. Rudebusch. 2012. “The response of
government yields to central bank purchases of long-term bonds.” Economic
Journal 122 (564): F385–414.
Cloyne, James, and Patrick Hürtgen. 2016. “The Macroeconomic Effects
of Monetary Policy: A New Measure for the United Kingdom.” American
Economic Journal: Macroeconomics 8 (4): 75–102.
Coibion, Olivier, Yuriy Gorodnichenko, Lorenz Kueng, and John Silvia.
2017. “Innocent Bystanders? Monetary Policy and Inequality.” Journal of
Monetary Economics 88: 70–89.
Coibion, Olivier, Yuriy Gorodnichenko, and Michael Weber. 2019. “Monetary Policy Communications and their Effects on Household Inflation

67

Negative Interest Rates

Expectations.” NBER Working Paper 25482, National Bureau of Economic Research, Cambridge, MA.
Coleman, Nicholas, and Viktor Stebunovs. 2019. “Do Negative Interest
Rates Explain Low Profitability of European Banks?” FEDS Notes, Board
of Governors of the Federal Reserve System, Washington, DC.
Commerzbank. 2019. “Zwischen Sicherheit und Chance: Wie der Mittelstand Anlegt.” Marktstudie der Commerzbank in Zusammenarbeit mit forsa,
Commerzbank AG.
Committee on the Global Financial System. 2018. “Financial Stability Implications of a Prolonged Period of Low Interest Rates.” CGFS Papers 61,
Committee on the Global Financial System, Basel.
Committee on the Global Financial System. 2019. “Unconventional Monetary Policy Tools: A Cross-country analysis.” CGFS Papers 63, Committee
on the Global Financial System, Basel.
Corneille, Olivier, Catherine D’Hondt, Rudy De Winne, Emir Efendic, and
Aleksandar Todorovic. 2020. “What Leads People to Tolerate Negative
Interest Rates on their Savings?” Unpublished.
Cottarelli, Carlo, and Angeliki Kourelis. 1994. “Financial Structure, Bank
Lending Rates, and the Transmission Mechanism of Monetary Policy.” IMF
Staff Papers 41 (4): 587–623.
Curcuru, Stephanie. 2017. “The Sensitivity of the U.S. Dollar Exchange Rate
to Changes in Monetary Policy Expectations.” IFDP Notes, Board of Governors of the Federal Reserve System, Washington, DC.
D’Amico, Stefania, William English, David Lopez-Salido, and Edward
Nelson. 2012. “The Federal Reserve’s Large-Scale Asset Purchases: Rationale and Effects.” Finance and Economics Discussion Series No. 2012–85,
Board of Governors of the Federal Reserve System, Washington, DC.
Danmarks Nationalbank. 2018. “While the Sun is Shining, Prepare for a
Rainy Day.” Analysis 16.
Danmarks Nationalbank. 2019. “Low Prevalence of Zombie Firms in Denmark.” Analysis 29.
Danthine, Jean‐Pierre. 2018. “Negative Interest Rates in Switzerland: What
Have We Learned?” Pacific Economic Review 23 (1): 43–50.
Darracq Pariès, Matthieu, Christoffer Kok, and Matthias Rottner. 2020.
“Reversal Interest Rate and Macroprudential Policy.” ECB Working Paper
2487, European Central Bank, Frankfurt am Main.

68

References

de Groot, Oliver, and Alexander Haas. 2020. “The Signaling Channel of
Negative Interest Rates.” CEPR Discussion Paper DP14268, , Centre for
Economic Policy Research, London.
Dell-Ariccia, Giovanni, Luc Laeven, and Robert Marquez. 2014. “Real
Interest Rates, Leverage, and Bank Risk-Taking.” Journal of Economic
Theory 149: 65–99.
Dell’Ariccia, Giovanni, Pau Rabanal, and Damiano Sandri. 2018. “Unconventional Monetary Policies in the Euro Area, Japan, and the United Kingdom.” Journal of Economic Perspectives 32 (4): 147–72.
Del Negro, Marco, Domenico Giannone, Marc P. Giannoni, and Andrea
Tambalotti. 2019. “Global Trends in Interest Rates.” Journal of International Economics 118: 248–62.
Demiralp, Selva, Jens Eisenschmidt, and Thomas Vlassopoulos. 2019. “Negative Interest Rates, Excess Liquidity and Retail Deposits: Banks’ Reaction
to Unconventional Monetary Policy in the Euro Area.” ECB Working
Paper 2283, European Central Bank, Frankfurt am Main.
Deutsche Bundesbank. 2019. “The Performance of German Credit Institutions in 2018.” (September): 77–113.
Deutsche Bundesbank. 2020. “Die Ertragslage der Deutschen Kreditinstitute
im Jahr 2019.” Deutsche Bundesbank Monatsbericht (September): 75–105.
Diecidue, Enrico, and Jeroen Van De Ven. 2008. “Aspiration Level, Probability of Success and Failure, And Expected Utility.” International Economic
Review 49 (2): 683–700.
Di Maggio, Marco, and Marcin Kacperczyk. 2017. “The Unintended Consequences of the Zero Lower Bound Policy.” Journal of Financial Economics
123 (1): 59–80.
Disyatat, Piti. 2011. “The Bank Lending Channel Revisited.” Journal of
Money, Credit and Banking 43 (4): 711–34.
Domanski, Dietrich, Hyun Song Shin, and Vladyslav Sushko. 2017. “The
Hunt for Duration: Not Waving but Drowning?” IMF Economic Review
65 (1): 113–53.
Drechsler, Itamar, Alexi Savov, and Philipp Schnabl. 2017. “The Deposits Channel of Monetary Policy.” The Quarterly Journal of Economics
132 (4): 1819–76.
Drechsler, Itamar, Alexi Savov, and Philipp Schnabl. 2018. “Banking on Deposits: Maturity Transformation without Interest Rate
Risk.” NBER Working Paper 24582, National Bureau of Economic
Research, Cambridge, MA.

69

Negative Interest Rates

Dwyer, Patrick, Patrick McCabe, Brian Mulligan, and Steve Oliner. 2008.
“Effects of Very Low Policy Rates on Money Market Funds.” In Notes on
Issues Related to the Zero Lower Bound on Nominal Interest Rates, 77–82.
Washington, DC: Board of Governors of the Federal Reserve System.
Eggertsson, Gauti B., Ragnar E. Juelsrud, Lawrence H. Summers, and Ella
Getz Wold. 2019. “Negative Nominal Interest Rates and the Bank Lending
Channel.” NBER Working Paper 25416, National Bureau of Economic
Research, Cambridge, MA.
Efendic, Emir, Catherine D’Hondt, Rudy De Winne, and Olivier Corneille.
2019. “Negative Interest Rates May be More Psychologically Acceptable
than Assumed: Implications for Savings.” Unpublished.
Eisenschmidt, Jens, and Frank Smets. 2019. “Negative Interest Rates: Lessons
from the Euro Area.” In Monetary Policy and Financial Stability: Transmission Mechanisms and Policy Implications, edited by A. Aguirre, Markus
Brunnermeier, and Diego Saravia. Santiago, Chile: Central Bank of Chile.
English, William B., Skander J. Van den Heuvel, and Egon Zakrajšek. 2018.
“Interest Rate Risk and Bank Equity Valuations.” Journal of Monetary Economics 98: 80–97.
European Central Bank. 2015. “Economic Bulletin.” ECB 8/2015, European
Central Bank, Frankfurt am Main.
European Central Bank. 2018. “Euro Money Market Study.”
https://www.ecb.europa.eu/pub/euromoneymarket/html/ecb
.euromoneymarket201909_study.en.html
European Central Bank. 2020. “ECB Announces €750 Billion Pandemic
Emergency Purchase Programme (PEPP).” ECB Press Release, March 18,
2020. https://www.ecb.europa.eu/press/pr/date/2020/html/ecb.pr200318
_1~3949d6f266.en.html
Fawley, Brett W., and Christopher J. Neely. 2013. “Four Stories of Quantitative Easing.” Federal Reserve Bank of St. Louis Review 95 (1): 51–88.
Federal Open Market Committee. 2011. “Minutes of the Federal Open
Market Committee,” August 9, 2011. https://www.federalreserve.gov/
monetarypolicy/fomcminutes20110809.htm
Feldkircher, Martin, Florian Huber, Maria Teresa Punzi, and Pornpinun
Chantapacdepong. 2020. “The Transmission of Euro Area Interest Rate
Shocks to Asia—Do Effects Differ When Nominal Interest Rates are Negative?” Emerging Markets Finance and Trade 1–17.
Ferrari, Massimo, Jonathan Kearns, and Andreas Schrimpf. 2017. “Monetary
Policy’s Rising FX Impact in the Era of Ultra-low Rates.” BIS Working
Paper 626, Bank for International Settlements, Basel.

70

References

Fukuda, Shin‐ichi. 2018. “Impacts of Japan’s Negative Interest Rate Policy
on Asian Financial Markets.” Pacific Economic Review 23 (1): 67–79.
Grisse, Christian, Signe Krogstrup, and Silvio Schumacher. 2017.
“Lower-Bound Beliefs and Long-Term Interest Rates.” International Journal
of Central Banking 13 (3): 165–202.
Grisse, Christian, and Silvio Schumacher. 2018. “Term Structure Dynamics
at Low and Negative Interest Rates—Evidence from Switzerland.” Swiss
Journal of Economics and Statistics 154 (1): 20.
Hainz, Christa, Artem Marjenko, and Susanne Wildgruber. 2017. “How the
ECB’s Low-Interest Policy Impacts Firms: Results of the ifo Business Survey on them Effects of Negative Interest Rates for Bank Deposits.” CESifo
Forum 18 (3): 21–24.
Haldane, Andrew. 2018. “How Monetary Policy Affects Your GDP.” Finch
Lecture at the University of Melbourne, April 10, 2018.
Hameed, Allaudeen, and Andrew K. Rose. 2018. “Exchange Rate Behaviour
With Negative Interest Rates: Some Early Negative Observations.” Pacific
Economic Review 23 (1): 27–42.
Hancock, Diana. 1985. “Bank Profitability, Interest Rates, and Monetary Policy.” Journal of Money, Credit and Banking 17 (2): 189–202.
Hanson, Samuel G., and Jeremy C. Stein. 2015. “Monetary Policy and
Long-Term Real Rates.” Journal of Financial Economics 115 (3): 429–48.
Hattori, Masazumi, and James Yetman. 2017. “The Evolution of Inflation
Expectations in Japan.” Journal of the Japanese and International Economies 46 (C): 53–68.
Hausken, Kjell, and Mthuli Ncube. 2013. Quantitative Easing and Its Impact
in the US, Japan, the UK and Europe. New York: Springer.
Heider, Florian, Farzad Saidi, and Glenn Schepens. 2019. “Life below Zero:
Bank Lending under Negative Policy Rates.” The Review of Financial Studies
32 (10): 3728–61.
Hicks, John R. 1937. “Mr. Keynes and the ‘Classics’: A Suggested Interpretation.” Econometrica 5 (2): 147–59.
Holmström, Bengt, and Jean Tirole. 1997. “Financial Intermediation,
Loanable Funds, and the Real Sector.” Quarterly Journal of Economics
112 (3): 663–91.
Honda, Yuzo, and Hitoshi Inoue. 2019. “The Effectiveness of the Negative
Interest Rate Policy in Japan: An Early Assessment.” Journal of the Japanese
and International Economies 52: 142–53.

71

Negative Interest Rates

Hong, Gee Hee, and John Kandrac. 2018. “Pushed Past the Limit? How
Japanese Banks Reacted to Negative Rates.” IMF Working Paper 18/131,
International Monetary Fund, Washington, DC.
Hristov, Nikolay, Oliver Hülsewig, and Timo Wollmershäuser. 2014. “The
Interest Rate Pass-through in the Euro Area during the Global Financial
Crisis.” Journal of Banking and Finance 48: 104–19.
Inoue, Hitoshi, Kiyotaka Nakashima, and Koji Takahashi. 2019. “Credit
Allocation and Real Effects of Negative Interest Rates: Micro-Evidence
from Japan.” Unpublished.
International Monetary Fund (IMF). 2015. “Monetary Policy and
Financial Stability.” IMF Policy Paper, International Monetary Fund,
Washington, DC.
International Monetary Fund (IMF). 2017. “Negative Interest Rate
Policies—Initial Experiences and Assessments.” IMF Policy Paper, International Monetary Fund, Washington, DC.
International Monetary Fund (IMF). 2019. Global Financial Stability Report:
Lower for Longer. Washington, DC, October.
International Monetary Fund (IMF). 2020. Global Financial Stability Report:
Markets in the Time of COVID-19. Washington, DC, April.
Jensen, Carina Moselund, and Morten Spange. 2015. “Interest Rate
Pass-through and the Demand for Cash at Negative Interest Rates.” Monetary Review, Danmarks Nationalbank, Copenhagen.
Jobst, Andreas, and Lin, Huidan. 2016. “Negative Interest Rate Policy
(NIRP): Implications for Monetary Transmission and Bank Profitability
in the Euro Area.” IMF Working Paper 16/172, International Monetary
Fund, Washington, DC.
Jordan, Thomas J. 2020. “Small Country - Big Challenges: Switzerland’s
Monetary Policy Response to the Coronavirus Pandemic.” Remarks at the
2020 Michael Camdessus Central Banking Lecture, July 14, International
Monetary Fund, Washington, DC.
Jung, Kuk Mo. 2019. “Optimal Negative Interest Rate under Uncertainty.”
International Journal of Central Banking 15 (3): 1–25.
Kapetanios, George, Haroon Mumtaz, Ibrahim Stevens, and Konstantinos
Theodoridis. 2012. “Assessing the Economy‐wide Effects of Quantitative
Easing.” The Economic Journal 122 (564): F316–F347.
Kashyap, Anil K., and Jeremy C. Stein. 1995. “The Impact of Monetary Policy on Bank Balance Sheets.” Carnegie-Rochester Conference Series on Public
Policy 42: 151–95.

72

References

Kahneman, Daniel, and Amos Tversky. 1979. “Prospect Theory: An Analysis
of Decisions under Risk.” Econometrica 47: 313–27.
Khayat, Guillaume A. 2018. “The Impact of Setting Negative Policy Rates on
Banking Flows and Exchange Rates.” Economic Modelling 68: 1–10.
Klein, Melanie. 2020. “Implications of Negative Interest Rates for the Net
Interest Margin and Lending of Euro Area Banks.” Deutsche Bundesbank
Discussion Paper 10/2020, Deutsche Bundesbank, Frankfurt am Main.
Kocunová, Dominika, and Tomáš Havránek. 2018. “Estimating the Effective
Lower Bound on the Czech National Bank’s Policy Rate.” Czech National
Bank Working Paper 9/2018, Czech National Bank, Prague.
Krishnamurthy, Arvind, and Annette Vissing-Jorgensen. 2011. “The Effects
of Quantitative Easing on Interest Rates: Channels and Implications for
Policy.” Brookings Papers on Economic Activity 2: 215–265.
Lane, Philip R. 2019. “The International Transmission of Monetary Policy.”
European Central Bank, Frankfurt am Main. https://www.ecb.europa.eu/
press/key/date/2019/html/ecb.sp191114~dbaf624e6a.en.html
Lane, Philip R. 2020. “The Monetary Policy Package: An Analytical Framework.” The ECB Blog. https://www.ecb.europa.eu/press/blog/date/2020/
html/ecb.blog200313~9e783ea567.en.html
Lilley, Andrew, and Kenneth Rogoff. 2019. “The Case for Implementing
Effective Negative Interest Rate Policy.” In Strategies for Monetary Policy,
edited by John H. Cochrane and John B. Taylor. Stanford, CA: Hoover
Institution Press.
Lopez, José A., Andrew K. Rose, and Mark Spiegel. 2020. “Why Have
Negative Nominal Interest Rates Had Such a Small Effect on Bank Performance? Cross Country Evidence.” European Economic Review 124: 103402.
McAndrews, James. 2015. “Negative Nominal Central Bank Policy
Rates: Where Is the Lower Bound?” Remarks at the University of Wisconsin, May 8. https://www.newyorkfed.org/newsevents/speeches/
2015/mca150508.html
Madaschi, Christophe, and Irene Pablos Nuevo. 2017. “The Profitability of
Banks in a Context of Negative Monetary Policy Rates: The Cases of Sweden and Denmark.” ECB Occasional Paper 195, European Central Bank,
Frankfurt am Main.
Michail, Nektarios A. 2019. “What If They Had Not Gone Negative? A
Counterfactual Assessment of The Impact from Negative Interest Rates.”
Oxford Bulletin of Economics and Statistics 81 (1): 1–19.
Miyao, Ryuzo. 2002. “The Effects of Monetary Policy in Japan.” Journal of
Money, Credit and Banking 34 (2): 376–92.

73

Negative Interest Rates

Molyneux, Philip, Alessio Reghezza, and Ru Xie. 2019. “Bank Margins and Profits in a World of Negative Rates.” Journal of Banking and
Finance 107: 105613.
Nucera, Federico, Andre Lucas, Julia Schaumburg, and Bernd Schwaab.
2017. “Do Negative Interest Rates Make Banks Less Safe?” Economics Letters 159: 112–15.
Olsen, Øystein. 2019. “The Monetary Policy Toolkit.” Speech at the
Centre for Monetary Economics (CME)/BI Norwegian Business
School, October 8.
Ploberger, Werner, and Walter Krämer. 1992. “The CUSUM Test with OLS
Residuals.” Econometrica 60 (2): 271–85.
Ramey, Valerie A. 2016. “Macroeconomic Shocks and Their Propagation.” In
Handbook of Macroeconomics, edited by John B. Taylor and Harald Uhlig,
volume 2, 71–162. Amsterdam: Elsevier.
Revill, John, and Oliver Hirt. 2019. “Credit Suisse to Start Charging Wealthy
Clients for Cash Deposits.” Reuters, October 18. https://www.reuters
.com/article/us-credit-suisse-gp-rates/credit-suisse-to-start-charging-wealthy
-clients-for-cash-deposits-idUSKBN1WX0OL
Rognlie, Matthew. 2016. “What Lower Bound? Monetary Policy with Negative Interest Rates.” Manuscript. Northwestern University.
Rogoff, Kenneth S. 2017a. “Dealing with Monetary Paralysis at the Zero
Bound.” Journal of Economic Perspectives 31 (3): 47–66.
Rogoff, Kenneth S. 2017b. The Curse of Cash. Princeton, NJ: Princeton
University Press.
Rostagno, Massimo, Ulrich Bindseil, Annette Kamps, Wolfgang Lemke,
Tomohiro Sugo, and Thomas Vlassopoulos. 2016. “Breaking through
the Zero Line: The ECB’s Negative Interest Rate Policy,” Presentation at
Brookings Institution, June 6, Washington, DC. http://www.brookings
.edu/events/2016/06/06-negative-interest-rates-lessons-learned
Rostagno, Massimo, Carlo Altavilla, Giacomo Carboni, Wolfgang Lemke,
Roberto Motto, Arthur Saint Guilhem, and Jonathan Yiangou. 2019. “A
Tale of Two Decades: The ECB’s Monetary Policy at 20.” ECB Working
Paper 2346, European Central Bank, Frankfurt am Main.
Rudebusch, Glenn D. 2002. “Term Structure Evidence on Interest Rate
Smoothing and Monetary Policy Inertia.” Journal of Monetary Economics 49: 1161–87.
Schelling, Tan, and Pascal Towbin. 2020. “Negative Interest Rates, Deposit
Funding and Bank Lending.” SNB Working Paper 2020–05, Swiss
National Bank, Zurich.

74

References

Shin, Hyun Song. 2017. “How Much Should We Read into Shifts in
Long-Dated Yields?” Speech at the US Monetary Policy Forum, New
York City, March 3.
Sims, Eric, and Jing Cynthia Wu. 2020. “Evaluating Central Banks’ Tool Kit:
Past, Present, and Future.” Journal of Monetary Economics.
Stráský, Jan, and Hyunjeong Hwang. 2019. “Negative Interest Rates in
The Euro Area: Does It Hurt Banks?” OECD Economics Department
Working Paper 1574, Organisation for Economic Co-operation and
Development, Paris.
Svensson, Lars E. O. 2003. “Escaping from a Liquidity Trap and Deflation: The Foolproof Way and Others.” Journal of Economic Perspectives
17 (4): 145–66.
Swanson, Eric T., and John C. Williams. 2014a. “Measuring the Effect of the
Zero-Lower Bound on Medium- and Longer-Term Interest Rates.” American Economic Review 104 (10): 3154–85.
Swanson, Eric T., and John C. Williams. 2014b. “Measuring the Effect of the
Zero Lower Bound on Yields and Exchange Rates in the UK and Germany.” Journal of International Economics 92: S2–S21.
Swoboda, Alexander K. 2018. “Negative Interest Rate Policies.” In Monetary
Economic Issues Today: Festschrift in honour of Ernst Baltensperger: 278–
88. Zürich: Orell Füssli.
Tan, Garyn. 2019. “Beyond the Zero Lower Bound: Negative Policy Rates
and Bank Lending.” DNB Working Paper 649, De Nederlandsche
Bank, Amsterdam.
Tenreyro, Silvana. 2021. “Let’s talk about negative rates.” Speech at the UWE
Bristol webinar given by Silvana Tenreyro, External Member of the Monetary Policy Committee, Bank of England.
Thornton, John, and Chrysovalantis Vasilakis. 2019. “Negative Policy Interest Rates and Exchange Rate Behavior: Further Results.” Finance Research
Letters 29: 61–67.
Ulate Campos, Mauricio. 2021. “Going Negative at the Zero Lower Bound:
The Effects of Negative Nominal Interest Rates.” American Economic
Review 111 (1): 1–40.
van Leuvensteijn, Michiel, Christoffer Kok Sørensen, Jacob A. Bikker,
and Adrian A. R. J. M. van Rixtel. 2013. “Impact of Bank Competition
on the Interest Rate Pass-through in the Euro Area.” Applied Economics 45: 1359–80.
Urbschat, Florian. 2019. “The Good, the Bad, and the Ugly: Impact of Negative Interest Rates and QE on the Profitability and Risk-Taking of 1600

75

Negative Interest Rates

German Banks.” CESifo Working Paper 7358, Münchener Gesellschaft zur
Förderung der Wirtschaftswissenschaft - CESifo GmbH, Munich.
van Els, Peter, Alberto Locarno, Benoît Mojon, and Julian Morgan. 2003.
“New Macroeconomic Evidence on Monetary Policy Transmission in the
Euro Area.” Journal of the European Economic Association 1 (2–3): 720–30.
Van den Heuvel, Skander J. 2001. “The Bank Capital Channel of Monetary
Policy.” Unpublished, University of Pennsylvania.
Varghese, Richard and Y. Sophia Zhang. 2018. “A New Wave of ECB’s
Unconventional Monetary Policies: Domestic Impact and Spillovers.” IMF Working Paper No. 18/11, International Monetary Fund,
Washington, DC.
Vayanos, Dimitri, and Jean-Luc Vila. 2009. “A Preferred-Habitat Model
of The Term Structure of Interest Rates.” NBER Working Paper 15487,
National Bureau of Economic Research, Cambridge, MA.
Viñals, Jose, Simon Gray, and Kelly Eckhold. 2016. “The Broader View: The
Positive Effects of Negative Nominal Interest Rates.” IMF Blog, April 10.
https://blogs.imf.org/2016/04/10/the-broader-view-the-positive-effects-of
-negative-nominal-interest-rates/
Weale, Martin, and Tomasz Wieladek. 2016. “What Are the Macroeconomic
Effects of Asset Purchases?” Journal of Monetary Economics 79: 81–93.
Westelius, Niklas J. 2020. “Twenty Years of Unconventional Monetary
Policies: Lessons and Way Forward for the Bank of Japan.” IMF Working
Paper 20/226, International Monetary Fund, Washington, DC.
Whitesell, William. 2006. “Interest Rate Corridors and Reserves.’’ Journal of
Monetary Economics 53(6): 1177–1195.
Witmer, Jonathan, and Jing Yang. 2015. “Estimating Canada’s Effective
Lower Bound.” Bank of Canada Review.
Wu, Cynthia, and Fan Dora Xia. 2020. “Negative Interest Rate Policy and
Yield Curve.” Journal of Applied Econometrics 35 (6): 653–72.

76

