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Abstract 

Several central banks, including the European Central Bank since 
2014, have added negative policy rates to their toolboxes after 
exhausting conventional easing measures. It is essential to 
understand the effects on the economy of prolonged negative 
rates. This paper explores the potential effects (and side effects) 
of negative rates in theory and examines the evidence to 
determine what these effects have been in practice in the euro 
area. 

This paper was provided by the Policy Department for Economic, 
Scientific and Quality of Life Policies at the request of the 
committee on Economic and Monetary Affairs (ECON) ahead of 
the Monetary Dialogue with the ECB President on 21 June 2021. 
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EXECUTIVE SUMMARY 
• Since the global financial crisis, several central banks around the world have added negative 

policy rates to their toolboxes after exhausting conventional easing measures. 

• The European Central Bank introduced its negative interest rate policy (NIRP) in June 2014 
when it decided to cut for the first time its deposit facility rate below 0%, to -0.1%. Since then, the 
ECB has cut its deposit rate four more times, each time by 10 basis points, to reach -0.5% in 
September 2019.  

• NIRP has now been in place for seven years in the euro area and markets currently expect 
rates to stay negative for at least five years. It is therefore crucial to fully understand the effects 
on the economy of prolonged negative rates.  

• Central banks which have adopted NIRP are generally positive about its use in helping them 
fulfil their objectives. However, NIRP remains controversial and has been accused of causing 
significant side effects in particular for the financial sector. Indeed, the existence of various 
frictions (e.g. physical cash and possible cognitive biases) means that going below 0% could lead 
to additional channels and non-linear effects of monetary policy.   

• In this paper, we look at the potential (positive and negative) effects of negative rates and 
describe the potential mechanisms at work when this measure is used, before turning to the 
evidence. 

• The experience of the euro area since 2014 shows that the negative deposit facility rate is 
fully transmitted to the benchmark overnight rate and then propagates along the whole 
yield curve. 

• There is some evidence (in particular from Denmark and Switzerland) that NIRP also impacts 
the exchange rate through a change in cross-border flows.  

• As far as bank rates are concerned, it appears that the effects of rate cuts in negative territory 
are not different to “standard” rate cuts. Like them, they reduce banks’ interest margins because 
rates on banks’ assets are more sensitive to policy rates than rates on banks’ liabilities, but this effect 
does not appear to be amplified below 0% (at least at the current minimal level of negative rates).  

• A negative deposit facility rate implies some cost for banks that hold excess reserves at the 
ECB. This cost has been growing significantly, in particular since the introduction of the pandemic 
emergency purchase programme (PEPP) in 2020. Moreover, this cost is concentrated in the 
countries that host the main European financial centres (where investors that have sold assets to 
the ECB park their euro deposits). 

• A more difficult and more fundamental question about negative rates is whether output, 
employment and inflation are still sensitive to these financial variables when rates are very 
low or negative. The ECB’s own research is confident that the effect of NIRP on these variables in 
the short- to medium-term is positive. Potential negative side effects do not appear to have 
materialised in a significant way for the moment.  

• However, a long period of negative rates could also entail some medium- to long-term risk, 
in particular in terms of financial stability. Financial institutions seem to have increased their risk-
taking with the advent of negative rates. Whether this risk-taking is excessive remains to be seen 
and will need to be monitored carefully. 
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• The direct cost incurred by banks that hold excess reserves appears to be the most tangible 
side effect at this stage. The easiest solution to mitigate this would be to adjust the two-tier 
system put in place in 2019 and to increase the quantity of excess reserves exempted from the 
negative rate. 

• If the ECB believes it is approaching the reversal rate but needs to provide more monetary 
easing, it should refrain from cutting its deposit facility rate again, and instead cut further its 
targeted longer-term refinancing operations rate. 

• Negative rates for a too-long period could lead to financial instability. The best way to deal 
with potential financial imbalances is to use macroprudential tools. However, the euro area’s 
current macroprudential framework might not be capable of playing its role. It is therefore critical 
to build a better set-up for the use of macroprudential tools, so that they can be used forcefully and 
in a timely way when needed. 

• Finally, given the current economic situation, the ECB should be extremely cautious and not 
rush before exiting negative rates. Even if negative rates proved to be ineffective, it would be 
extremely dangerous to exit negative rates too soon as it could harm the post-COVID-19 recovery 
and destabilise European sovereign debt markets.  
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 INTRODUCTION 

Since the global financial crisis, and after exhausting conventional easing measures, several central 
banks around the world have added negative policy rates to their toolboxes, in addition to other 
unconventional measures such as asset purchases and forward guidance. The central bank of Sweden, 
in July 2009, was the first to move one of its policy rates into negative territory. It was followed by the 
central banks of Denmark (in July 2012), Switzerland (in January 2015), Japan (in February 2016) and by 
the European Central Bank (ECB). 

In the euro area, the ECB introduced its negative interest rate policy (NIRP) in June 2014 when the ECB 
Governing Council decided to cut for the first time the ECB’s deposit facility rate (DFR) – the main policy 
rate to influence market rates since the global financial crisis – below 0% to -0.1%. Since then, the ECB 
has cut its deposit rate four more times, each time by 10 basis points (bps), to reach -0.5% in September 
2019.  

How did the ECB end up resorting to negative rates? While the ECB’s main refinancing operations rate 
averaged around 3% between the creation of the ECB in 1999 and the failure of Lehman Brothers in 
September 2008, it has averaged less than 0.5% in the 13 years since then. One obvious reason for this 
is that the ECB has in that time faced the two most important economic crises in almost a century and 
had to provide highly accommodative monetary policy to fulfil its price stability mandate. Another 
more fundamental reason is that interest rates have declined in the last four decades in advanced 
economies and their central banks have had to adjust.  

Indeed, according to the current macroeconomic consensus, the steady-state level of central bank 
policy rates should be guided by the so-called neutral rate, i.e. the real rate compatible with inflation 
around target and output at potential, which is driven by fundamental factors including productivity, 
demographic growth and the saving behaviour of households. This rate is not directly observable, and 
its measurement is highly uncertain, but most estimates point towards a significant decline in the 
neutral rate, in particular since the global financial crisis (see, for example, the estimates of Holston et 
al., 2016, in Figure 1 panel A). If a central bank’s reaction function can be characterised through a simple 
Taylor rule1, with a neutral rate close to 0% and an inflation target of 2%, this means that the ECB’s 
nominal steady-state policy rate would be around 2%, leaving the ECB without enough conventional 
ammunition to face shocks, given that historically, central banks have cut rates by around 300 bps 
during recessions2.  

As a result, if the neutral rate were to remain at a low level, unconventional tools, and possibly NIRP, 
would have to be used often in order to make monetary policy accommodative enough when there is 
slack in the economy and inflation is below target. Actually, markets currently believe that the 
overnight interest rate in the euro area will stay negative at least until 2026 (Figure 1, panel B). 

  

                                                             
1  The basic Taylor rule, following Taylor’s original specifications and coefficients (Taylor, 1993), looks like this: r=inflation+r*+0.5(inflation-

target) +0.5(output gap) 
2  The US Fed cut its policy rates on average by 330 basis points during recessions from 1920 to 2018, the Bank of England by 290 bps from 

1955 to 2018, and the central bank for Germany (the Bundesbank followed by the ECB) by 260 bps from 1960 to 2018 (Bruegel calculations 
based on OECD, Fed, BoE and Bundesbank). 
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Figure 1: Interest rates 

Panel A: Neutral real rate estimates (%)                                  Panel B: expectations for euro area overnight rate (%) 

 

Note: Interest rate expectations as of May 2021, derived from EONIA zero-coupon swaps of different terms (1 year, 2 years, up 
to 10 years), which provide information on market expectations of the compounded overnight EONIA over the contract term. 
Expectations for 2022 interest rate, for instance, are derived through expected compounded EONIA over the next year (2021), 
given by the 1-year swap, and expected compounded EONIA over the next two years (2021 and 2022), given by the 2-year 
swap. 

Source:  Panel A: Holston et al. (2016), updated in 2021. Panel B: Bruegel based on Bloomberg. 

 
If NIRP becomes an often-used monetary policy tool, it is crucial to fully understand the effects on the 
economy of prolonged negative rates. Central banks which have been part of this experiment are 
generally positive (see e.g., Schnabel, 2020) about the use of negative rates in helping them fulfil their 
objectives (whether it is to bring inflation towards target, as in the euro area or in Sweden, or to stabilise 
the exchange rate as in Denmark or Switzerland). However, NIRP remains controversial and has been 
accused of causing significant side effects in particular for the banking sector. As a result, two major 
central banks, the US Fed and the Bank of England (BoE), have refrained from using that tool despite 
facing the same crises as the countries that have resorted to it. 

This is because the effects of NIRP could be different to those of traditional rate cuts in positive territory, 
and the net effect could more be ambiguous because of the presence of various frictions in the 
economy: the existence of cash yielding a 0% nominal interest rate, cognitive biases of investors and 
households, and financial and legal constraints. In this paper, we first look at the potential effects of 
negative rates and describe the potential mechanisms at work when this measure is used (section 2), 
before turning to the evidence (section 3). We conclude with a discussion on what the ECB can do to 
reduce or avoid potential side effects (section 4).  
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 EFFECTS OF CENTRAL BANK NEGATIVE RATES IN THEORY 

2.1. Potential positive effects on lending, output and ultimately inflation 
First, NIRP is the logical extension of the main monetary policy tool used in the two decades that 
preceded the financial crisis: rate cuts. Compared to quantitative easing (QE), the transmission channels 
for which are relatively complex, or to forward guidance, which relies on the role played by 
expectations (and which could be fraught with time-consistency issues), NIRP is the most conventional 
of the unconventional tools introduced since the financial crisis, and a much more mechanical tool.  

Indeed, the main transmission channel of NIRP to the economy should be very similar to that of 
traditional rate cuts. When needed, central bank rate cuts provide monetary accommodation through 
the easing of financing conditions, which tends to boost credit demand for investment and 
consumption, provide some fiscal space to governments, and thus increase aggregate demand and 
inflation. Negative policy rates, as long as they are transmitted to bank and market rates, are supposed 
to function in the same way. 

However, the existence of various frictions (e.g. physical cash yielding a 0% nominal interest rate and 
possible cognitive biases) means that going below 0% could lead to additional channels and non-
linear effects of monetary policy at the “zero lower bound” (ZLB), or more precisely at the “effective 
lower bound” (ELB), which could be slightly below 0% because of the cost of cash storage. There could 
therefore be several additional channels of central bank policy rate cuts in negative territory.  

First, going negative could have a stronger impact on the whole yield curve. The reason is that 
breaching the ZLB for the first time and/or announcing that negative rates will be part of the central 
bank toolbox in the future, could lead investors who might not have thought negative rates were 
possible to revise their expectations about what minimum rates can be in the future (by removing 
any non-negativity restriction), and thus reduce rates along the whole yield curve.  

Second, the traditional portfolio rebalancing effect that already exists with standard rate cuts 
(pushing investors towards riskier assets in a search for yield) could be boosted by the aversion of some 
investors to negative rates. This could be for contractual reasons, for instance if redemption at par is 
guaranteed on some savings products. It could also be for behavioural reasons if economic agents 
(households or corporations) are subject to some form of loss aversion. This could, for instance, lead 
cash-rich corporations to increase fixed investment to avoid negative rates. At the bank level, portfolio 
rebalancing could also be boosted by negative rates because of a “hot-potato” effect pushing banks to 
purchase various assets in order to shift negative-yielding reserves to other banks (even if the 
aggregate level of reserves cannot be controlled by banks and is now mainly determined by the pace 
of ECB asset purchases). 

Third, the exchange rate channel, which matters a lot in small open economies like Denmark, Sweden 
and Switzerland, could also be stronger when rates are negative. Conventional rate cuts influence 
exchange rates through the interest rate parity: a negative expected interest rate differential with 
partners leads to a depreciation of the currency, which in turn tends to boost exports and increase the 
price of imports, therefore impacting positively output and inflation. This effect could be increased if 
cross-border capital flows are more sensitive to negative rates (again because of investors’ aversion to 
them and greater portfolio rebalancing effects). In fact, this is how Denmark justified the introduction 
of NIRP, as a tool to defend its peg with the euro, at a time when inward capital flows (because Denmark 
was perceived at a safe haven during the euro crisis) were leading to an appreciation of its currency 
that could have hampered its exports and reduced inflation below a desired level. 
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Finally, if all these positive effects were to materialise and result (after also taking into account potential 
negative effects discussed below) in an improved macroeconomic outlook, general equilibrium 
effects may also have knock-on benefits for banks’ profitability. Higher economic activity could lead to 
an increase in the demand for credit and in banks’ non-interest income, but it would also improve their 
borrowers’ creditworthiness, thereby improving the credit quality of their assets and reducing non-
performing loans and loan-loss provisioning. Moreover, capital gains derived from the increase in the 
value of the securities held by banks would increase their net worth and increase their distance to 
default (as discussed by Chodorow-Reich, 2014). This improved health of the banking sector could in 
turn enhance the ability of banks to finance the economy. 

2.2. Possible negative side effects for the financial sector 
Most criticism of negative rates focuses on the potential negative side effects for the financial sector, 
which could at some point hinder the crucial role the sector plays in financing the economy.  

First, it is true that a negative deposit facility rate represents a direct cost for banks that hold reserves 
above the minimum reserves required by the central bank. The problem for banks is that with the 
adoption of various asset purchase programmes, on aggregate, the banking sector is flooded with 
excess liquidity and cannot avoid that cost. 

However, although banks’ reserves at the ECB have increased very significantly in recent years, they 
still represent a relatively limited share of the total assets held by banks in the euro area. What really 
matters is thus not only the direct cost of these reserves held at the ECB, but how negative rates 
influence other components of banks’ balance sheets that could reduce their overall profitability. 

Indeed, negative rates could also lead to a potential decline in net interest income of banks if there 
is a non-linear threshold effect at the ZLB (or near it, at the ELB). This would happen if the returns on 
their assets are reduced (even more so because negative rates have led to a flattening of the curve, as 
discussed above), while the policy rate cut does not fully translate into a fall in the interest rates paid 
on their liabilities, because of a downward rigidity of deposit rates below 0%.  

This could happen if banks are reluctant to pass on negative rates to deposits because they fear 
households or corporations will start to hoard cash or move their accounts to another bank to avoid 
negative rates. A reduction of net interest margins of banks could then lead either to reduced lending 
volumes or to more expensive lending, as banks try to pass the cost of negative rates to their customers 
to restore their intermediation margins. Both possibilities would reduce the transmission of the 
monetary policy easing to the real economy. However, as discussed before, this could in part be 
compensated for by the positive macro impact on lower rates that could lead to a reduction in non-
performing loans and to an increase in asset values held by banks, which would improve the banks’ 
financial health. Which effect dominates is not clear in theory and is ultimately an empirical question. 

Negative rates could also impact non-bank financial institutions such as money market funds. Their 
business model (i.e. issuing short-term, very liquid, almost cash-like, liabilities to invest in liquid safe 
assets) could be particularly compromised by the combination of negative rates and a flattening of the 
yield curve, given their already thin interest margins. 

Finally, another important potential side effect is simply the corollary of the increase in the portfolio 
rebalancing effect: an increase in risk-taking by banks and by other financial institutions such as 
insurance companies, could if it becomes excessive lead to the emergence of bubbles and financial 
instability episodes. This is a crucial element to take into account as this could make the use of 
negative rate counterproductive in the long run, even if positive effects dominate in the short run. 
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2.3. Possible reduced response of economic activity to interest rates 
Conventional monetary policy, as it has been applied by all major central banks in the last decades, 
relies on the conjecture that reducing nominal rates stimulates economic activity (see e.g., Woodford, 
2003). This notion is also what supports the use of negative rates, if the fall in the policy rate passed to 
market/bank rates then translates to higher demand for credit for consumption and investment, and 
thus to increased output and inflation (as discussed in section 2.1). This is the idea behind the neutral 
rate discussed above: as long as the central bank can reduce interest rates sufficiently (either through 
standard rate cuts, or through negative rates, QE or forward guidance when the ZLB is reached) it 
should be able to bring inflation back towards target and ensure that the economy is at full 
employment. The question in that case is more how to go sufficiently low than whether it can be done.  

However, after years of too-low inflation, the idea that such a neutral rate can be reached is now being 
questioned. Maybe full employment and targeted inflation cannot be attained through the lowering 
of rates only, without the support of other policies (fiscal and structural). This could be the case either 
because the “reversal rate”3, at which negative effects start dominating, would be above the 
presumptive neutral rate, or more simply because the sensitivity of output to interest rates would not 
be as large as usually considered. 

There could be multiple reasons behind this (Stansbury and Summers, 2020). The sensitivity of output 
and inflation to interest rate cuts could be lower than it used to be because of sectoral changes in the 
economy (towards less interest-sensitive sectors), or because fixed-capital investment is less sensitive 
than before (e.g., because intangible capital depreciates more quickly and needs to be replaced often 
whatever the interest rate is)4. It could also be diminished when rates are low or negative (e.g., because 
some households target a minimum level of savings which is negatively affected by low rates5). The 
responsiveness of output to rates could also be reduced during recessions (if firms are too pessimistic 
about future demand). Or it could also decrease after a period of prolonged low rates (for instance 
because demand for durable goods or housing is satiated or because agents are already overly 
indebted). Finally, the response of the real economy to rates could be asymmetric: economic agents 
might react differently to rate increases than to rate cuts (e.g., because credit constraints become 
binding when central banks tighten their policies). For all these possible reasons, negative rates (and 
monetary policy in general) could be an insufficient tool to achieve full employment and price stability.  

                                                             
3  An expression coined (and a concept formalised) by Brunnermeier and Koby (2018). 
4  Or, as discussed by Geerolf (2019), it could be that fixed capital investment has never really been sensitive to interest rates and that firms 

invest only when they need to produce more to meet increasing expected demand, as posited in the accelerator model of investment. 
5  Guerrón-Quintana and Kuester (2019), exploring the implications of pension systems for the design of monetary policy, show that if the 

public pension system is not generous enough, low for long interest rates can reduce aggregate activity. 



IPOL | Policy Department for Economic, Scientific and Quality of Life Policies 
 

PE 662.924 16  

 EFFECTS OF CENTRAL BANK NEGATIVE RATES IN PRACTICE 
In practice, these various effects, positive and negative, coexist. Which one dominates depends on 
multiple parameters, including in particular the magnitude of negative rates. The ‘reversal rate’ 
represents the interest rate at which negative effects start dominating and at which further rate cuts 
become counterproductive and contractionary6.  

However, this will also depend on structural features of the economy: the prominence of banks in the 
financial sector (vs markets), the financial structure of banks, the aversion of households and the 
behaviour of non-financial corporations with respect to negative rates, the costs of holding cash 
(storage, transportation, insurance, but also the convenience of electronic payments provided by bank 
deposits), etc. This means that the net effect of negative rates is probably time- and country-specific. In 
this section, we look at the evidence to see what the effects of negative rates have been in practice in 
the euro area since their introduction in 2014. 

3.1. Transmission to market (interest and exchange) rates 
How have negative policy rates been transmitted to the main benchmark market rates? Given the 
abundance of liquidity in the euro area’s banking sector due to the introduction of a very large amount 
of reserves by the ECB through its various refinancing operations (LTROs and TLTROs) and asset 
purchase programmes (in particular since 2015), the deposit facility rate has de facto become the main 
ECB policy rate influencing market rates. As far as the short-term rate is concerned, we observe a full 
pass-through from the ECB’s deposit facility rate to the operational target rate of the ECB, the 
EONIA (replaced recently by the €STR). As Figure 2 Panel A shows clearly, breaching the ZLB did not 
affect the transmission from the policy rate to the overnight rate (on the contrary, it even appears that 
the volatility of the EONIA has been reduced). 

Concerning the rest of the yield curve, a fall in long-term yields of euro area countries is visible to the 
naked eye in Figure 2 Panel B after the introduction of negative rates, suggesting that this has led 
investors to revise their expectations about the possible future path of policy rates. This observation is 
confirmed formally by the literature. Christensen (2019), who studied the reaction of markets rate in all 
countries that have adopted negative rates, found that the entire cross section of government bond 
yields exhibits an immediate, significant, and persistent response to the introduction of negative 
rates, with a maximum impact on yields with a maturity of 5 years. Rostagno et al. (2021) confirmed 
that the negative ECB rate propagated across the whole sovereign yield curve. According to them, the 
response of long-term rates to the NIRP even surpasses the response to conventional rate cuts by a 
wide margin. 

                                                             
6  The concept of “reversal rate” is related but different from the concept of ELB, as the latter represents the interest rate at which agents 

are indifferent between holding deposits and cash and which should be slightly negative to account for the costs/risks of holding cash. 
The level of the reversal rate could thus be above or below the ELB. 
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Figure 2: Policy and market interest rate in the euro area 

Panel A: ECB rates and EONIA (%)                                         Panel B: Government bond yields: 10-year (%) 

  

Note: black vertical line indicates the introduction of NIRP in the euro area in June 2014. 

Source:  Bruegel based on ECB and FRED (https://fred.stlouisfed.org).  
 

On the effects of negative rates on the exchange rate, although their introduction was followed by a 
strong depreciation of the euro clearly visible in Figure 3, the evidence from the literature is mixed. 
While Hameed and Rose (2017) did not find a significant impact of NIRP on the evolution of the 
exchange rate, it appears that in Denmark and Switzerland the appreciation of their respective 
currencies was halted by the introduction of negative rates, which led to an adjustment in cross-border 
bank flows (see Khayat, 2018, on Denmark; Basten and Mariathasan, 2018, on Switzerland). More 
generally, Ferrari et al. (2017) also showed that the sensitivity of exchange rates to changes in policy 
rates is stronger when rates are lower. 
 

Figure 3: Euro nominal effective exchange rate 

 
Notes: Index 2010 = 100. Nominal effective exchange rates are calculated as geometric weighted averages of bilateral 
exchange rates. Black vertical line indicates the introduction of NIRP in the euro area in June 2014. 

Source: Bruegel based on BIS and retrieved from FRED (https://fred.stlouisfed.org).   
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3.2. Effects of negative rates on banks 

3.2.1. Direct cost of a negative deposit facility rate for euro-area banks 
First, as its name suggests, a negative deposit facility rate implies a direct cost charged on excess 
liquidity deposited by commercial banks at the ECB. In the first decade of the euro, banks did not hold 
excess liquidity at the ECB and held only enough reserves to fulfil the reserves officially required by the 
central bank (Figure 4 panel A).  

However, with the financial crisis and the COVID-19 crisis, the ECB injected a very large quantity of 
reserves into the banking sector. Total reserves of banks at the ECB went up from around EUR 10 billion 
at the beginning of 1999 (compared to total assets of euro area banks of EUR 14 trillion, i.e. 0.7%) to 
above EUR 4 trillion in April 2021 (compared to total assets of EUR 36 trillion i.e. 11.3%).  

At first, the ECB injected reserves mainly through refinancing operations (MROs and then LTROs). This 
meant that the banks could control the quantity of reserves they wanted to hold because they 
were given the choice to participate in these operations. Thus, before the financial crisis, no bank 
sought to hold reserves above what was required (see Figure 4 panel A). During the financial crisis 
(2008-12), some banks decided to hold extra reserves to insure themselves against possible liquidity 
shortages, but gradually reduced these holdings after the euro crisis ended. Nevertheless, with the 
launch of the public sector purchase programme (PSPP) in 2015, banks lost control of the aggregate 
level of reserves. Since then, this level is fully determined by the ECB because central bank 
reserves created for the purchases inevitably end up as deposits in a bank. With the addition of 
the pandemic emergency purchase programme (PEPP) in 2020, excess liquidity is now quickly 
approaching EUR 4 trillion (Figure 4, panel A).  

As a result, the direct cost of holding excess liquidity for banks has also risen significantly. After 
levelling off at about EUR 7.5 billion annually between 2017 and 2019, the ECB decided in September 
2019 to put in place a “two-tier system” by exempting part of the excess reserves from the negative 
deposit rate (equal to six times required reserves). This led to a significant fall in the direct cost incurred 
by banks, from around EUR 8.5 billion to EUR 4.6 billion. However, with the launch of the PEPP in March 
2020, the cost for banks (even with tiering) has now increased to around EUR 15 billion per year (Figure 
4 panel B). 
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Figure 4: Excess liquidity held at the ECB and direct costs for the banks of the euro area 

Panel A: Excess liquidity (in EUR bn)                   Panel B: Direct cost of negative DFR for banking sector (in EUR bn) 

 

Notes: Excess liquidity is defined as deposits at the deposit facility net of the recourse to the marginal lending facility plus 
current account holdings in excess of those contributing to the minimum reserve requirements. Direct cost is measured as 
the excess liquidity (as defined in Panel A) x (- deposit rate). Direct cost net of tiering is measured as direct cost - tiered reserves 
x (- deposit rate), with tiered reserves = excess liquidity exempted from negative rates, i.e., 6 times required reserves of the 
whole banking sector since June 2019 and 0 before tiering was introduced. 

Source: Bruegel based on ECB.  

 

Moreover, this cost is unevenly distributed across the euro area (Figure 5 Panel A) and is mainly 
concentrated in Germany, France, the Netherlands, Luxembourg and Finland (up to 95% of the cost 
was incurred in these countries in July 2019, but it is down to 72%). As discussed in Darvas and Pichler 
(2018), the main reason why excess liquidity is concentrated in these five countries is that for a large 
share of asset purchases made by the ECB counterparties have headquarters outside of the euro area 
and their euro liquidity is parked in bank accounts in a few euro area financial centres.  

In some countries these costs represent a non-negligible share of the profits generated by European 
banks (Figure 5 Panel B). However, again, the share of profits that these costs represent varies greatly 
across the euro area. In that regard, the comparison between France and Germany is enlightening. Even 
though the banks from these two countries both represent a high share of excess reserves and thus 
bear a high cost, the situation is very different when these costs are compared to the profits generated 
by their banking sectors. While the cost associated with the negative deposit facility rate of the ECB 
represented 28.2% of the profits of German banks, this only represented only 4.8% of the profits of 
French banks in 2019. This suggests that a negative deposit facility rate is not the main driver of the 
low profitability of banks in some countries, but that there are some structural (efficiency) issues 
affecting the banks’ profitability in these countries. 
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Figure 5: Direct cost of a negative deposit facility rate per country 

Panel A: Annualised direct cost per country (in EUR millions) 

 
Panel B: Direct cost per year and per country compared to profits (in EUR millions and % of profits) 

 
Notes: Direct costs are calculated in the same way as in Figure 4. Profits are derived indirectly through the return on equity of 
banks. 

Source:  Bruegel based on ECB.  

 

The only way for banks to circumvent the cost related to a negative DFR is to convert ECB reserves into 
cash. Actually, cash held by monetary and financial institutions in the euro area has increased since 
the ECB started imposing a negative rate on excess reserves. Nonetheless, amounts are still marginal 
compared to excess reserves, and the movement is still mainly circumscribed to German banks (ECB, 
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2018). This probably means that the policy rate is still above or around the ELB7. This remains a fairly 
limited phenomenon at the moment, but if this shift towards cash becomes more widespread, it could 
reduce the transmission from policy rates to the overnight market rate. 

3.2.2. Impact on other components of the balance sheets of commercial banks 
However, even if the share of excess reserves on the banks’ balance sheet has increased considerably 
in the last 10 years, it is still relatively limited (at around 11%). The costs associated with excess reserves 
could thus be manageable if the maturity transformation business model of banks is not affected by 
negative rates. Indeed, a compression of the spread between credit and deposit rates and a 
general flattening of the curve, which reduce the returns from maturity transformation, would be 
much more damaging for the banks’ overall profitability than the mere negative DFR imposed on 
excess liquidity. 

How has the negative policy rate been transmitted to the euro-area banks’ rates? In order to answer 
this question and determine if the net interest margins of banks have been compressed, we look 
separately at the rates on loans and on deposits for both households and corporations. Figure 6 
displays these four different bank rates. It is difficult to see precisely with the naked eye how policy 
rates influence these bank rates and if the effects change below the ZLB/ELB, but our simple 
econometric analysis (see Box 1 for details) confirms that in general the pass-through is incomplete for 
all interest rates. In other words, a 1-point decrease in the policy rate (proxied by the EONIA) does not 
fully translate into a 1-point decrease in bank rates. But we find that the pass-through is significantly 
higher for rates on banks’ assets (loans) than on their liabilities (deposits). It is also higher for 
corporations than for households (see detailed results in Table 2).  

Overall, our results imply that rate cuts indeed compress banks’ interest margins. However, we also 
check if the relationships change when the EONIA becomes negative (and when the EONIA falls below 
other more negative thresholds down to -0.5%) and we fail to find any evidence of a non-linearity of 
this effect below 0%. In other words, monetary policy easing appears to have a negative impact on 
banks’ net interest margins (at least directly, because indirectly an improvement in the economy due 
to the easing could counterbalance this effect in the medium to long run8), but rate cuts in negative 
territory do not seem to amplify this negative impact on banks’ margins in a significant way. 

  

                                                             
7  This would be compatible with the estimation of the ELB at -0.7% by Rostagno et al. (2016) based on the cost of holding cash at 0.4% plus 

some extra inconvenience of transacting in cash. 
8  One important channel leading to the improvement at the macro level is that the banks’ loss of interest margins represents a gain for 

households and corporations which can borrow more cheaply, while the rate on their deposits do not fall as much. 
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Figure 6: Composite bank interest rates for households and corporations (%) 

 

Notes: Rates are weighted averages of rates applied by maturity/type of loan. For instance, "Household Deposit Rate" is an 
average of the annualised agreed rates with maturities below and above 2 years weighted by outstanding amounts remaining 
at the end of the periods. See details in box 1. Black vertical line indicates the introduction of NIRP in the euro area in June 
2014. 

Source:  Bruegel based on ECB.  

 

The fact that rates on households’ deposits are still above 0% is generally interpreted as a non-linearity: 
banks are not passing negative rates to households’ deposits because they are afraid of cash 
withdrawal (because cash cannot be submitted to negative rates). But it is also possible that this rate is 
still above 0% because of its usual stickiness. Rate cuts, which are generally passed more quickly to 
corporate deposits, have actually led some banks to impose negative rates on their deposits despite a 
similar risk of cash hoarding for non-financial corporations (NFC) than for households: the average euro 
area rate on NFC’s overnight deposits is still positive, but the averages in Germany and in particularly 
the Netherlands are negative (Schnabel, 2020). 

Concerning cash hoarding, as seen earlier, the conversion of reserves into cash by banks is still 
marginal. This is also true for deposits of households and corporations. Cash hoarding is not happening 
yet, probably because the negative rate applied to deposits is still lower than the cost of storing cash 
and because of the convenience of bank deposits and electronic payments (especially with the recent 
increase in online shopping).  

Nevertheless, our results also mean that the effect of rate cuts (whether below or above the ZLB) on 
banks will depend on their financial structures, and in particular on the composition of their assets 
and liabilities (which differs across banks and across countries): if a bank is heavily reliant on 
households’ deposits and if lending rates to households and corporations decrease more steeply than 
the rates applied to deposits, then its net interest income will be particularly reduced.  

The literature generally shows that, on average in the euro area, banks’ overall profitability has not been 
particularly affected by the introduction of negative rates (Jobst and Hin, 2016; Stráský and Hwang, 
2019) in part because increased asset values and stronger economic activity have offset the negative 
effects. But the literature also suggests that banks with higher shares of households’ deposits have 
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either seen their profitability more affected by the fall in rates (Heider et al., 2019) or that they have not 
passed the rate cuts to their loans to try to compensate (Amzallag et al., 2019). 

 

Box 1: Estimating the pass-through of monetary policy to bank rates 

In order to assess the impact of changes of central bank policy rates to bank rates, we first construct 
composite interest rates for households and corporations on loans and deposits. Using ECB data, we 
weight various interest rates with different maturities and destination of use (e.g., loans for house 
purchase with a maturity of more than 10 years) by the importance of its amount of relative to its 
category (other loans made to households).  

This provides us with four composite time series of interest rates for the euro area. Next, we explore 
the relationship between the monetary policy rate (proxied by the EONIA) and these different bank 
rates. First, we estimate the long-run relationship between the two variables with the following 
regression: 

𝑖𝑖𝑡𝑡𝑏𝑏 = 𝛽𝛽 + 𝜆𝜆𝑖𝑖𝑡𝑡
𝑝𝑝 + 𝜖𝜖𝑡𝑡 

where 𝑖𝑖𝑡𝑡𝑏𝑏 is a given bank rate (e.g., loans for households), 𝑖𝑖𝑡𝑡
𝑝𝑝 is the monetary policy rate (proxied here 

by the EONIA). The table below summarizes the results for all four types of interest rates.  

 

Table 1: Relationship between monetary policy rate and banking rates 

 
Household 
Deposits 

Corporate 
Deposits 

Household 
Loans 

Corporate Loans 

𝜆𝜆 0.46*** 0.73*** 0.92*** 0.92*** 

*** statistically significant at the 1% threshold 

Source: Bruegel. 

 

The results indicate that the pass-through is incomplete for all interest rates. In other words, a 1-
point decrease in the policy rate is not translated into a 1-point decrease of banking rates. In addition, 
these results indicate that the pass-through is significantly higher for rates applied on banks’ assets 
(loans) than on their liabilities (deposits). Similarly, the pass-through is higher for corporations than 
for households.  
 
Next, we look at the short-term effect of changes in the policy rate on bank rates in order to assess 
whether this relationship has changed since rates are negative. We estimate the following 
regression:  
 

Δ𝑖𝑖𝑡𝑡𝑏𝑏 = 𝛽𝛽0 + 𝛽𝛽1�𝑖𝑖𝑡𝑡−1𝑏𝑏 − 𝜆𝜆𝑖𝑖𝑡𝑡−1
𝑝𝑝 � + 𝛽𝛽3Δ𝑖𝑖𝑡𝑡−1𝑏𝑏 + 𝛽𝛽4Δ𝑖𝑖𝑡𝑡−1

𝑝𝑝 + 𝛽𝛽5𝕝𝕝𝑖𝑖𝑡𝑡𝑝𝑝<0 + 𝛽𝛽6(𝕝𝕝𝑖𝑖𝑡𝑡𝑝𝑝<0 × Δ𝑖𝑖𝑡𝑡−1
𝑝𝑝 ) + 𝜖𝜖𝑡𝑡 

 

where Δ𝑖𝑖𝑡𝑡
𝑗𝑗 = 𝑖𝑖𝑡𝑡

𝑗𝑗 − 𝑖𝑖𝑡𝑡−1
𝑗𝑗  for 𝑗𝑗 = {𝑏𝑏,𝑝𝑝} and (𝑖𝑖𝑡𝑡−1𝑏𝑏 − 𝜆𝜆𝑖𝑖𝑡𝑡−1

𝑝𝑝 ) is a vector with the error terms of equation 1 
(in other words the difference between the actual value of the given bank rate in t-1 and the 
predicted bank rate estimated above). 𝕝𝕝𝑖𝑖𝑡𝑡𝑝𝑝<0  is a dummy variable equal to 1 when the policy rate is 

below 0, making (𝕝𝕝𝑖𝑖𝑡𝑡𝑝𝑝<0 × Δ𝑖𝑖𝑡𝑡−1
𝑝𝑝 ) the interaction variable between changes in the policy rate when 

the rate is negative. In other words, 𝛽𝛽4 captures the effect of a change in t-1 of the monetary policy 
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rate on changes in the bank rate and 𝛽𝛽6 the additional effect when the rate is negative. If 𝛽𝛽6 is not 
null and statistically significant, this would mean that the pass-through changes when rates are 
negative.  
 

Table 2: Relationship between and banking rates in case of negative rates 

 
Household 
Deposits 

Corporate 
Deposits 

Household 
Loans 

Corporate Loans 

𝜆𝜆 0.46*** 0.73*** 0.92*** 0.92*** 
Short-term effect 
(𝛽𝛽4) 

0.07*** 0.18*** 0.34*** 0.52*** 

Additional effect 
when rates are 
negative (𝛽𝛽6) 

-0.01 -0.27 -0.6 -0.65 

***, ***, *: statistically significant at the 1%, 5% and 10% threshold respectively.  
Source: Bruegel. 

 
While the coefficients of the short-term changes in the policy rate confirm that the pass-through is 
stronger for banks’ assets (loans) than for their liabilities (deposits) as well as for corporate rates, the 
effect of the interaction variable is not statistically significant. This suggests that there is no change 
in the relationship between the policy rate and bank rates when the policy rate is negative. In other 
words, nothing indicates the presence of non-linearity of the effect below the threshold of zero. We 
test other thresholds by steps of 10 bps below 0% (-0.1%, -0.2%, etc.) and find similar results. 

 

What has been the effect on banks’ lending volumes? Whether for households or NFCs, lending has 
grown steadily from the introduction of negative rates to the COVID-19 crisis (Figure 7)9. However, it is 
extremely difficult to disentangle the effect of NIRP from other potential drivers. Part of this strong 
growth can surely be explained by the recovery that took place in the euro area from 2014 to 2020 
(which increased demand for loans), but at least at the aggregate level, we observe neither reduced 
lending nor an increase in rates to compensate for lost profits (Figure 6). This suggests, at first sight, 
that in terms of bank lending volume, the economy has reacted to negative rates similarly than to rate 
cuts in positive territory. The results from the literature on that question are mixed, but some studies 
confirm that banks have indeed increased lending volumes after the introduction of negative rates, in 
particular banks that rely less on deposits (e.g. Heider et al., 2019). 

  

                                                             
9  The data after March 2020 is clearly influenced by economic policies (e.g. government guarantees on bank loans) and lockdowns put in 

place to respond to the COVID-19 crisis which have respectively led to high borrowing from firms and low borrowing from households 
for consumption. 
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Figure 7: Bank lending to the private sector in the euro area (YoY, %) 

 
Note: black vertical line indicates the introduction of NIRP in the euro area in June 2014. 

Source: Bruegel based on ECB.  

 

To conclude on the effects of negative rates on banks, there are nevertheless two important caveats. 
First, the evidence discussed and the literature (in the euro area but also in other jurisdictions that have 
adopted NIRP) has been gathered with negative rates relatively close to 0%. This means that a strong 
non-linearity could still arise at lower rates. Second, the impact on banks could also vary over time. 
Effects of prolonged negative rate could be different: at the beginning, the effect is positive as the one-
off mark-to-market revaluation dominates, but, if negative rates are prolonged, maturing assets are 
gradually replaced by low-yielding loans, which could lead to a persistent decline in interest margins. 
In addition, the reduction of net interest income compensated for at the beginning by higher volumes 
and increased fees might not last (or banks will have to adjust their business model in order to rely 
more on fees than on interest margins). 

3.3. Macro and financial stability impact 
This is undoubtedly the most difficult and the most crucial question to answer. There is now a fast-
expanding literature on the effects of negative rates, but it has not yet led to a clear consensus on the 
macro effect of negative rates or on its long-term effects on financial stability.  

It is still very difficult to measure precisely the macro effects of NIRP for various reasons. First, various 
other unconventional measures were implemented at the same time and are difficult to disentangle 
from negative rates. Second, NIRP was only adopted in a few countries. And, finally, there could also be 
a possible selection bias, as central banks that that have concluded less favourable cost-benefit 
analyses might have decided not to use NIRP (this could be the case with the Fed and the BoE).  

On the macro effects, ECB papers are generally (and not surprisingly) positive about the effects of 
NIRP. They generally find a positive (although not very high) impact of negative rates on output, 
employment and inflation compared to a counterfactual without negative rates (see Figure 8 borrowed 
from Rostagno et al., 2021), and that the reversal rate is not yet a valid concern in the euro area at this 
stage. 
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Figure 8: Estimated impact of three ECB rate cuts (by 10 bps) on macro variables 

 
Notes: Their analysis is based on a Bayesian vector autoregression (BVAR) model with 17 variables and a dense, controlled 
event-study approach to identification. The shaded area reflects the dispersion of the median responses obtained over the 
simulation samples. See Rostagno et al. (2021) for details on the methodology used. 

Source: Figure 12.1 from Rostagno et al. (2021).  

 

However, other papers are more doubtful about the positive macro effects of negative rates, especially 
in the long run. Stansbury and Summers (2020) in particular documented extensively all the possible 
reasons why the sensitivity of output, employment and inflation to interest rates might have 
declined in recent decades, and why this could run counter to the argument for negative policy rates. 
The sum of evidence collected by the authors is definitely thought-provoking, but it does not provide, 
at this stage, a clear picture and a quantification of the overall macro effect. Moreover, the evidence 
collected is mainly about the US and could be very different in Europe given the massive differences in 
the functioning of the two economies, e.g. in the financial sector, in the housing market, in the social 
safety net and pension systems, and in households’ behaviours. 

Nevertheless, one particular reason why negative rate could be counterproductive is if low and 
negative rate were to have long-term consequences for financial stability and lead to the formation of 
bubbles and ultimately to financial stress episodes. There is strong evidence that financial institutions 
in the euro area have increased their risk taking and have engaged in search-for-yield as a result of 
negative rates (Bubeck et al., 2020; Heider et al., 2019). However, as discussed earlier, increasing risk-
taking and pushing financial institutions to rebalance their portfolios is essentially a feature not a bug 
of accommodative monetary policy, but it is very difficult to say if/when this additional risk-taking 
becomes excessive. 

 

 

 

  



Low for Longer: Effects of Prolonged Negative Interest Rates 
 

 27 PE 662.924 

 CONCLUSIONS: WHAT DO WE KNOW AND WHAT SHOULD THE 
ECB DO? 

Despite the burgeoning literature, the debate on the effects of NIRP is not yet fully settled. 

Nevertheless, we have already learned a few things about how negative rates work. First, the 
experience of the euro area since 2014 shows that the negative deposit facility rate is fully transmitted 
to the benchmark overnight rate and then propagates along the whole yield curve. Second, there is 
also some evidence (in particular from Denmark and Switzerland) that NIRP also impacts the exchange 
rate through a change in cross-border flows. Third, as far as bank rates are concerned, despite some 
concerns about a stronger negative impact of NIRP on net interest margins and banks’ profitability, it 
appears that the effects of rate cuts in negative territory are not different to “standard” rate cuts. Like 
them, they reduce banks’ interest margins because rates on banks’ assets are more sensitive to policy 
rates than rates on banks’ liabilities, but this effect does not appear to be amplified below 0% (at least 
at the current relatively low level of negative rates). Finally, a negative deposit facility rate implies some 
cost for banks that hold excess reserves at the ECB. This cost has been growing significantly, in 
particular since the introduction of the PEPP in 2020. Moreover, this cost is concentrated in the 
countries that host the main European financial centres (where investors which have sold assets to the 
ECB park their euro deposits). In some of these countries, Germany in particular, where the banking 
sector is not as profitable as in other jurisdictions, this direct cost can represent a significant share of 
banks’ profits (28% in 2019 in Germany). However, other examples, such as France, show that if the 
banking sector is sufficiently profitable, the cost as a share of profits remain small (4.8% in 2019). 

A more difficult and more fundamental question about negative rates, and for monetary policy in 
general at this stage, is whether output, employment and inflation are still as sensitive to these 
financial variables as they used to be when rates are very low or even negative. The ECB’s own 
research is confident that the effect of NIRP on these variables in the short- to medium-term is positive 
at this stage. Potential negative side effects do not appear to have materialised in a significant way for 
the moment, which might mean that the ECB rate is still above the reversal rate. However, a long period 
of negative rates could also entail some medium- to long-term risk, in particular in terms of financial 
stability. Financial institutions seem to have increased their risk-taking with the advent of negative 
rates. Whether this risk-taking is excessive remains to be seen and will need to be monitored carefully. 

What should the ECB do at this stage? The ECB, like other central banks which have adopted NIRP, will 
need to continue to monitor carefully the potential side effects, see if its policy rate approaches the 
reversal rate, or even if this reversal rate is evolving (and potentially increasing) as negative rates are in 
place for a prolonged period, in order to update its cost-benefit analysis. 

The direct cost incurred by banks that hold excess reserves appears to be one of the most tangible side 
effects at this stage. So, the first thing the ECB could do is to mitigate this visible side effect (which is 
problematic in a few countries and which makes this policy very unpopular despite its potential 
benefits). The easiest solution would be to adjust the two-tier system put in place in 2019 and to 
increase the quantity of excess reserves that are exempted from the negative deposit facility rate 
(currently equal to six times required reserves). Potentially, the ECB faces a trade-off between 
mitigating the direct cost for banks and reducing the influence of the deposit facility rate on short-term 
market rates if too much reserves are exempted. However, for the moment, despite the current tiering, 
the overnight rate continues to trade near the DFR. The ECB could thus experiment and try to increase 
the level of exempted reserves in a gradual way (for instance by raising the tiering multiplier from 6 
to 8) to see if this trade-off materialises and if the influence of the DFR on the overnight rate diminishes.  
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But apart from this, what could the ECB do to avoid or overcome the reversal rate problem (if it were 
to materialise)? The ECB has actually introduced an innovative tool in recent years: the TLTROs. This 
new type of refinancing operation has attracted less attention than other unconventional tools, such 
as QE or its negative DRF, but we believe it could actually help overcome the reversal rate issue. With 
the launch of the TLTRO III in March 201910, the ECB decided for the first time that the rate could be 
negative and as low as the deposit facility rate (if some conditions were fulfilled in terms of lending 
volume). In practice, this means that the banks resorting to TLTROs are paid to borrow from the ECB, 
which partly compensates for the negative DFR on excess reserves.  

At the start of the COVID-19 crisis, on 12 March 2020, the ECB went further and for the first time reduced 
its TLTRO rate by 25 bps below the DFR, for banks fulfilling their lending benchmarks to the real 
economy. On 30 April 2020, the ECB decided to further ease the conditions on its TLTROs by cutting 
the applicable rate by a further 25 bps to as low as -1% (i.e. 50 bps below the DFR).  

As discussed in Claeys (2020), making the level of the TLTRO rate independent from the DFR provides 
a new way for the ECB to ease financing conditions. This allows the central bank to adopt a more 
accommodative stance without having to cut its DFR further, thus avoiding its potential side effects. 
Given that the rate is lower than what banks pay on their excess liquidity, this provides banks with a 
strong incentive to borrow long-term from the ECB and to grant more loans. This, in turn, should 
mechanically increase their reserve requirements, since these are calculated as a ratio of a bank’s 
liabilities – mainly its customers’ deposits. Considering the new tiering system on reserve 
remuneration, their exempted reserves would also be increased, even more than proportionally. This 
ultimately should create a virtuous cycle for bank profitability and incentivise banks to lend to the 
economy, despite negative policy rates (or more precisely thanks to a negative spread between the 
DFR and the TLTRO rate). The main caveat is that the ECB will actually lose money on these operations. 
However, this should not be a major source of concern, given that, as discussed in Chiacchio et al. 
(2018), while it is preferable for the ECB to make profits rather than to record losses, it is not a profit-
maximising institution and its overriding mandate is price stability. As such, recording losses in the 
short-to-medium term11 when seeking to fulfil its macroeconomic function, should not stop the ECB 
from using such a policy if it is effective. 

If the ECB believes it is approaching the reversal rate but it needs to provide more monetary easing, it 
should therefore refrain from cutting its DFR again, and instead reduce further its TLTRO rate below 
its DFR. 

Next, how to deal with potential financial stability issues? As discussed before, negative rates for a 
too-long period, which could be necessary to fulfil the ECB’s price stability mandate, could nonetheless 
lead to financial instability in the medium- to long-run. In our view, the best way to deal with financial 
imbalances is to use macroprudential tools as the first line of defence. However, the euro area’s 
macroprudential institutional framework might not be able of playing this crucial role, given its 
decentralised nature and heterogenous functioning across European countries. It is therefore critical 
to build a better set-up for the use of macroprudential tools in Europe to ensure that they can be used 
forcefully and in a timely way when needed. 

                                                             
10  TLTROs I, which were the first refinancing operations conditional on new lending by the banks, were announced in June 2014. TLTROs II 

were launched in March 2016. 
11  Assuming that the negative spread of 50 basis points between the deposit rate and the TLTRO rate would in the end apply to a volume 

of between €500 billion and €1 trillion in loans, this would lead to losses on these operations of between €2.5 and 5 billion, compared 
with an average of €14 billion of distributable profits per year for the Eurosystem from 1999 to 2017 (Chiacchio et al, 2018). 
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Finally, at the current juncture, given the situation after one and a half years of the COVID-19 pandemic 
and in 2020 the largest decline in GDP in the euro area since the Second World War, the ECB should be 
extremely cautious and not rush before exiting unconventional monetary policies including 
negative rates. Even if negative rates proved to be ineffective, or insufficient to bring the economy to 
full employment, given the full pass-through between the deposit rate and market rates12, it would be 
extremely dangerous to exit negative rates too soon as it could harm the post-COVID-19 recovery as 
well as destabilise European sovereign debt markets. This would be highly damaging given the 
increased role played by fiscal policy in terms of macroeconomic stabilisation. 

  

                                                             
12  This could be particularly relevant in particular if, as discussed above, the effects of interest rate changes are asymmetric and if the effects 

of tightening are much stronger than the effects of rate cuts. 



IPOL | Policy Department for Economic, Scientific and Quality of Life Policies 
 

PE 662.924 30  

REFERENCES 
• Amzallag, A., Calza, A., Georgarakos, D. and Soucasaux Meneses e Sousa, J.M. (2019). “Monetary 

Policy Transmission to Mortgages in a Negative Interest Rate Environment”, ECB Working Paper 
2243. https://www.ecb.europa.eu/pub/pdf/scpwps/ecb.wp2243~a1f298ab9d.en.pdf  

• Basten, C., and Mariathasan, M. (2018). “How Banks Respond to Negative Interest Rates: Evidence 
from the Swiss Exemption Threshold”. CESifo Working Paper 6901, Munich. 

• Bubeck, J., Maddaloni, A. and Peydró, J.-L. (2020). “Negative monetary policy rates and systemic 
banks’ risk-taking: evidence from the euro area securities register”. ECB Working Paper Series No 
2398 / April 2020 

• Brunnermeier, M., and Koby, Y. (2018). “The Reversal Interest Rate”. NBER Working Paper No. 25406. 
December 2018. https://www.nber.org/papers/w25406  

• Chodorow-Reich, G. (2014). “Effects of unconventional monetary policy on financial institutions”, 
Brookings Papers on Economic Activity (Spring), 155–204. https://www.brookings.edu/wp-
content/uploads/2016/07/2014a_ChodorowReich.pdf  

• Chiacchio, F., Claeys, G. and Papadia, F. (2018). “Should we care about central bank profits?”, Policy 
Contribution 2018/13, Bruegel. https://www.bruegel.org/2018/08/should-we-care-about-central-
bank-profits/  

• Claeys, G. (2020). “The European Central Bank in the COVID-19 crisis: Whatever it takes, within its 
mandate”, Study for the Committee on Economic and Monetary Affairs, Policy Department for 
Economic, Scientific and Quality of Life Policies, European Parliament, Luxembourg, 2020. 
https://www.europarl.europa.eu/RegData/etudes/IDAN/2020/648811/IPOL_IDA(2020)648811_EN
.pdf     

• Christensen, J.H.E. (2019). “Yield Curve Responses to Introducing Negative Policy Rates”, FRBSF 
Economic Letter 2019–27, Federal Reserve Bank of San Francisco. 

• Darvas Z. and Pichler, D. (2018). “Excess Liquidity and Bank Lending Risks in the Euro Area”, Study 
for the Committee on Economic and Monetary Affairs, Policy Department for Economic, Scientific 
and Quality of Life Policies, European Parliament, Luxembourg, 2018.  
https://www.europarl.europa.eu/RegData/etudes/STUD/2018/626069/IPOL_STU(2018)626069_E
N.pdf  

• ECB. (2018). “The cash holdings of monetary financial institutions in the euro area”, European 
Central Bank, Economic Bulletin Issue 6/2018. https://www.ecb.europa.eu/pub/economic-
bulletin/articles/2018/html/ecb.ebart201806_03.en.html  

• Ferrari, M., Kearns, J. and Schrimpf, A. (2017). “Monetary policy’s rising FX impact in the era of ultra-
low rates”, BIS Working Paper, No 626. https://www.bis.org/publ/work626.pdf  

• Geerolf, F. (2019). “A Theory of Demand Side Secular Stagnation”. Working Paper.  
https://fgeerolf.com/hansen.pdf  

• Guerrón-Quintana, P., and Kuester, K. (2019). “The dark side of low(er) interest rates”. Working 
Paper. https://www.frbsf.org/economic-research/files/4-Guerron-Quintana.pdf  

• Hameed, A., and Rose, A. K. (2018). “Exchange Rate Behaviour With Negative Interest Rates: Some 
Early Negative Observations”. Pacific Economic Review 23 (1): 27-42. 

https://www.ecb.europa.eu/pub/pdf/scpwps/ecb.wp2243%7Ea1f298ab9d.en.pdf
https://www.nber.org/papers/w25406
https://www.brookings.edu/wp-content/uploads/2016/07/2014a_ChodorowReich.pdf
https://www.brookings.edu/wp-content/uploads/2016/07/2014a_ChodorowReich.pdf
https://www.bruegel.org/2018/08/should-we-care-about-central-bank-profits/
https://www.bruegel.org/2018/08/should-we-care-about-central-bank-profits/
https://www.europarl.europa.eu/RegData/etudes/IDAN/2020/648811/IPOL_IDA(2020)648811_EN.pdf
https://www.europarl.europa.eu/RegData/etudes/IDAN/2020/648811/IPOL_IDA(2020)648811_EN.pdf
https://www.europarl.europa.eu/RegData/etudes/STUD/2018/626069/IPOL_STU(2018)626069_EN.pdf
https://www.europarl.europa.eu/RegData/etudes/STUD/2018/626069/IPOL_STU(2018)626069_EN.pdf
https://www.ecb.europa.eu/pub/economic-bulletin/articles/2018/html/ecb.ebart201806_03.en.html
https://www.ecb.europa.eu/pub/economic-bulletin/articles/2018/html/ecb.ebart201806_03.en.html
https://www.bis.org/publ/work626.pdf
https://fgeerolf.com/hansen.pdf
https://www.frbsf.org/economic-research/files/4-Guerron-Quintana.pdf


Low for Longer: Effects of Prolonged Negative Interest Rates 
 

 31 PE 662.924 

• Heider, F., Saidi, F. and Schepens, G. (2019). “Life below Zero: Bank Lending under Negative Policy 
Rates”, The Review of Financial Studies 32 (10): 3728–61. 

• Holston, K., Laubach, T. and Williams, J. (2016). “Measuring the Natural Rate of Interest: International 
Trends and Determinants”. Federal Reserve Bank of San Francisco, 2016-11, 43. 
https://www.frbsf.org/economic-research/publications/working-papers/2016/11/  

• Jobst, A., and Lin, H. (2016). “Negative Interest Rate Policy (NIRP): Implications for Monetary 
Transmission and Bank Profitability in the Euro Area”. IMF Working Papers, 16(172), 48. 
https://www.imf.org/external/pubs/ft/wp/2016/wp16172.pdf  

• Khayat, G. A. (2018). “The Impact of Setting Negative Policy Rates on Banking Flows and Exchange 
Rates”. Economic Modelling 68: 1–10. 

• Rostagno, M., Bindseil, U. Kamps, A., Lemke, W., Sugo, T. and Vlassopoulos, T.  (2016). “Breaking 
through the Zero Line: The ECB’s Negative Interest Rate Policy”, Presentation at Brookings 
Institution, June 6.  https://www.brookings.edu/wp-
content/uploads/2016/05/20160606_Brookings_final_background-Compatibility-Mode.pdf  

• Rostagno, M., Altavilla, C., Carboni, G. , Lemke, W., Motto, R. and Saint Guilhem, A. (2021). 
“Combining negative rates, forward guidance and asset purchases: identification and impacts of 
the ECB’s unconventional policies”, ECB Working Paper Series No 2564 / June 2021. 
https://www.ecb.europa.eu/pub/pdf/scpwps/ecb.wp2564~e02f3aad4c.en.pdf  

• Schnabel, I. (2020). “Going negative: the ECB’s experience”, Speech at the Roundtable on Monetary 
Policy, Low Interest Rates and Risk Taking at the 35th Congress of the European Economic 
Association, Frankfurt am Main, 26 August 2020.  
https://www.ecb.europa.eu/press/key/date/2020/html/ecb.sp200826~77ce66626c.en.html  

• Stansbury, A. and Summers, L. (2020). “The End of the Golden Age of Central Banking? Secular 
stagnation is about more than the zero lower bound”, unpublished manuscript 

• Stráský, J., and Hwang, H. (2019). “Negative interest rates in the euro area: Does it hurt banks?”, 
OECD Economics Department Working Papers, 1574, 35.  
https://www.oecd.org/officialdocuments/publicdisplaydocumentpdf/?cote=ECO/WKP(2019)44&
docLanguage=En#:~:text=This%20conflation%20is%20confirmed%20by,of%20the%20ECB%20a
sset%20purchase  

• Taylor, J.B. (1993). “Discretion versus policy rules in practice”, in Carnegie-Rochester conference 
series on public policy, Vol. 39: 195-214, North-Holland.  
https://web.stanford.edu/~johntayl/Onlinepaperscombinedbyyear/1993/Discretion_versus_Polic
y_Rules_in_Practice.pdf  

• Woodford, M. (2003). Interest and Prices, Princeton University Press, Princeton, NJ.

 

https://www.frbsf.org/economic-research/publications/working-papers/2016/11/
https://www.imf.org/external/pubs/ft/wp/2016/wp16172.pdf
https://www.brookings.edu/wp-content/uploads/2016/05/20160606_Brookings_final_background-Compatibility-Mode.pdf
https://www.brookings.edu/wp-content/uploads/2016/05/20160606_Brookings_final_background-Compatibility-Mode.pdf
https://www.ecb.europa.eu/pub/pdf/scpwps/ecb.wp2564%7Ee02f3aad4c.en.pdf
https://www.ecb.europa.eu/press/key/date/2020/html/ecb.sp200826%7E77ce66626c.en.html
https://www.oecd.org/officialdocuments/publicdisplaydocumentpdf/?cote=ECO/WKP(2019)44&docLanguage=En#:%7E:text=This%20conflation%20is%20confirmed%20by,of%20the%20ECB%20asset%20purchase
https://www.oecd.org/officialdocuments/publicdisplaydocumentpdf/?cote=ECO/WKP(2019)44&docLanguage=En#:%7E:text=This%20conflation%20is%20confirmed%20by,of%20the%20ECB%20asset%20purchase
https://www.oecd.org/officialdocuments/publicdisplaydocumentpdf/?cote=ECO/WKP(2019)44&docLanguage=En#:%7E:text=This%20conflation%20is%20confirmed%20by,of%20the%20ECB%20asset%20purchase
https://web.stanford.edu/%7Ejohntayl/Onlinepaperscombinedbyyear/1993/Discretion_versus_Policy_Rules_in_Practice.pdf
https://web.stanford.edu/%7Ejohntayl/Onlinepaperscombinedbyyear/1993/Discretion_versus_Policy_Rules_in_Practice.pdf


 
 

 

 

 

 

 

 

 

 
 
 
 
 
 

 
Should They Stay or Should 
They Go? Negative Interest 
Rate Policies Under Review 
Joscha BECKMANN, Klaus-Jürgen GERN and Nils 
JANNSEN 
 
 



  
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Abstract 

Negative interest rate policies (NIRP) have become an established 
monetary policy instrument in the toolkit of the ECB. We discuss 
NIRP in the euro area based on theoretical considerations and 
available empirical evidence. We find that NIRP had some 
positive impact on loan growth and investment in the euro area, 
but that the room to further loosen monetary policy via NIRP may 
be small. NIRP is discussed also in the context of the general 
monetary policy environment.   
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EXECUTIVE SUMMARY 
• Negative interest rate policies (NIRP) have become one among several unconventional tools 

in the ECB’s monetary policy toolkit. In 2014, the European Central Bank (ECB) lowered the 
deposit facility rate below zero for the first time and has since further reduced the rate, which 
currently stands at -0,5%.  

• NIRP is not fundamentally different from other monetary policy measures, but specific in 
several respects. Compared to other unconventional measures it has a somewhat more direct 
focus on the banking sector and on credit supply. The introduction of negative interest rates shifted 
the perceived zero lower bound of monetary policy by affecting expectations. Monetary 
transmission is complicated by a potential negative impact on bank profitability as banks are 
reluctant to charge negative interest rates on deposits particularly of households and may have to 
pay interest on excess reserves at the ECB. In theory, this could at some point lead to a contraction 
of credit supply in response to a further reduction of policy rates into negative territory, limiting 
the scope of NIRP as a tool to stimulate the economy. 

• Empirical evidence suggests that NIRP did not have significant negative effect on bank 
profitability until now. While the pass-through of negative policy rates to deposit rates has indeed 
been weak, other factors, such as non-interest income, compensated for this effect. Moreover, the 
ECB introduced measures to mitigate the impact of negative rates on excess reserves on bank 
profitability. It is found that the response of banks to negative interest rates depends on the bank 
funding structure. Banks with a greater reliance on deposits tend to experience more negative 
effects on profitability, tend to issue more credits, and take on more risk.  

• Firm-level evidence suggests that NIRP had some positive impact on loan growth and 
investment in the euro area. While it is difficult to quantify the ultimate impact of monetary policy 
on output and inflation or to disentangle the impact of different policy measures, available 
evidence suggests that NIRP had a modest positive impact on inflation and output. This assessment 
is also in line with more general results on the effects of monetary policy suggesting that it is easier 
to dampen rather than to stimulate output and inflation and that monetary policy is more effective 
in times of financial turmoil than in normal times when financial conditions are loose.  

• NIRP probably had the largest impact when it was introduced. In 2014, financial conditions 
were tighter than in later years. Moreover, to the extent that market participants did not expect 
NIRP to be deployed, the impact of the first rate cut below zero on expectations was more than 
proportional, as further rate cuts became more likely at the same time.  

• The room to further loosen monetary policy via NIRP may be small. The reversal interest rate 
defines the level at which further declines in interest rates will have a negative impact on bank 
lending. The reversal rate cannot be observed but the room for further interest rate cuts of the ECB 
seems to be small. This is particularly true as the negative effects of NIRP on bank profitability tend 
to increase the longer NIRP is in place. Finally, the more negative interest rates will become the 
more cash holding will increase, making NIRP less effective. 

• Estimates of the natural interest rate neither make a strong case for nor against NIRP. There 
is some consensus in the literature that the natural rate of interest has declined over the past 
decades. Some estimates suggest that the natural rate has become even negative. However, the 
available estimates are highly uncertain – to the extent of several percentage points – so that such 
estimates are not a useful guidance for monetary policy. 
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INTRODUCTION 
In June 2014, the European Central Bank (ECB) was among the first major central banks to lower 
its policy rate into negative territory (-0.1% on the deposit facility rate). The deposit facility rate 
was subsequently reduced further four times – most recently in September 2019 to -0.5% – and the 
negative interest rate policy (NIRP) has become one among several unconventional tools in the ECB’s 
monetary policy toolkit. Unconventional measures, such as forward guidance and quantitative easing, 
were introduced because conventional interest policies were constrained by the zero lower bound. All 
of these measures can transmit via a set of various channels to financial markets, output, and inflation. 
Compared to other unconventional measures NIRP has a somewhat more direct link to banks and credit 
supply.     

From a theoretical perspective, NIRP works similar to conventional interest rate cuts in positive 
territory. In principle, the transmission channels of interest rate cuts, for example via deposit and 
lending rate, to output and inflation do not change in negative territory. One key difference is, however, 
that holding cash, which offers a zero nominal return, becomes more attractive when interest rates are 
negative. While cash hording in theory lowers the impact of NIRP, there is no evidence that increases 
in cash holdings have significantly impeded the transmission mechanism of negative rates anywhere 
until now.  

In practice, the difficulty for banks to charge negative rates on deposits of firms or private 
households weighs on bank lending and constrains the application of NIRP. If the pass-through to 
interest rates on deposits is weaker than to bank lending rates or to other assets of banks, NIRP 
compresses margins and weighs on bank profitability. Moreover, profitability of banks might be also 
negatively affected by payments they have to make to the central bank on excess reserves. The 
resulting reduction in banks’ net worth tends to reduce credit supply and, at some point, further 
interest rate cuts could become contractionary with respect to its effect on bank lending. This point is 
sometimes called the reversal interest rate, which represents the effective lower bound for NIRP. The 
ECB implemented measures to alleviate the negative impact of NIRP on bank profitability.  

Entering negative territory with interest rates the first time can have a disproportional effect on 
expectations and risk-taking. If NIRP is not expected to be used by a central bank as an instrument, 
it will have more than proportional effects on expectations because it will shift the perceived lower 
bound for policy rates and provide a signal about the future stance of monetary policy. However, this 
is only a one-time effect that takes place when NIRP is implemented the first time. NIRP can also have 
a strong impact on risk-taking if economic agents switch to riskier assets just to avoid negative interest 
rates on their deposits due to psychological reasons. Higher risk-taking can amplify the impact of NIRP 
but is at the same time also a concern as excessive risk-taking can undermine financial stability.  

In this paper, we discuss NIRP in the euro area based on theoretical considerations and the 
empirical evidence. In Section 2, we give a brief overview on the implementation of NIRP in the euro 
area in the context of other monetary policy measures. In Section 3, we briefly summarise monetary 
transmission channels from a theoretical perspective with a special focus on NIRP. In Section 4, we 
discuss the empirical evidence on the impact of NIRP on other interest rates and bank lending, bank 
profitability, risk-taking, and output and inflation. In Section 5, we conclude with a discussion of NIRP 
in the context of general findings on the impact of monetary policy on output and inflation, the natural 
interest rate, and potential negative side-effects. 



IPOL | Policy Department for Economic, Scientific and Quality of Life Policies 
 

PE 662.924 38  

 EXTENT, CHARACTERISTICS AND DURATION OF NIRP 
Negative interest rates are part of the new monetary toolkit and have been introduced at a 
critical point for monetary policy in the euro area. Figure 1 puts negative interest rates in a broader 
context with regard to other measures based on an assessment of the ECB balance sheet and specific 
monetary policy actions, including shifts in the deposit rate, which are illustrated as red bars. The ECB 
shifted its lending policy strongly towards long-term refinancing operations from 2009 onwards, 
enabling banks to receive liquidity for a period of up to 3 years, whereas main refinancing operations 
only provide liquidity for one week. Around the same time, other assets and securities from monetary 
operations started to increase due to asset purchases as a result of the quantitative easing policy. These 
policies resulted in a significant amount of excess reserves in the banking sector. Negative interest rates 
were introduced to complement these measures with the aim of boosting credit and increasing 
inflation expectations. As discussed in Section 4, it is, however, difficult to identify additional effects of 
negative interest rates with regard to macroeconomic outcomes.  

 

Figure 1: ECB balance sheet and monetary policy actions 

 

Notes: "Securities Monetary Operations" includes securities purchase programmes; "Long-term Refinancing" includes ordinary 
3-month operations and exceptional long-term refinancing operations and targeted longer-term refinancing operations 
(TLTROs); "Main Refinancing Operations" are ordinary operations that may be modified (e.g. fixed rate tenders with full 
allotment, reduced collateral requirements). “Policy Actions” depict the date of announcement of an action. “DR” denotes 
deposit rate; “SMP” denotes Securities Markets Programme; “CBP” denotes Covered bond purchase programme; “CSPP” 
denotes Corporate Sector Purchase Programme; “OMT” denotes Outright Monetary Transactions; ”PSPP” denotes Public 
Sector Purchase Programme; “PEPP” denotes Pandemic Emergency Purchase Programme.  

Sources: ECB, Eurosystem balance sheet, own calculations.  

 
The ECB policy has linked the exposure to negative interest rates to the business models of 
banks. On 30 October 2019, the ECB introduced a new remuneration structure with two distinct rates 
applicable to different parts of the excess reserve holdings of credit institutions. The two-tier system 
exempts credit institutions from remunerating, at the negative rate currently applicable on the deposit 
facility, a part of their excess reserve holdings depending on minimum reserve requirements, which are 
mainly based on bank customers’ deposits. The two-tier system therefore effectively reduces payments 
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to the ECB on excess reserves for banks whose business models rely on deposit funding, which are 
typically the main lenders to the real economy in the euro area.  

The actual exposure of banks to negative rates is also reduced by the design of targeted long-
term refinancing operations (TLTROs). A first series of TLTROs was announced on 5 June 2014, a few 
days before the deposit facility rate was moved into negative territory on 11 June 2014. The 
introduction of TLRTO III closely coincided with the reduction of the deposit facility rate to -0.5%. The 
interest rate for TLTRO III borrowings is linked to the deposit facility rate and depends negatively on 
the amount of loans participating banks grant to non-financial corporations and households. 
Borrowing rates for TLTRO operations can be as much as 50 basis points below the average interest 
rate on the deposit facility over the period from 24 June 2020 to 23 June 2022, and as low as the average 
interest rate on the deposit facility during the rest of the life of the respective TLTRO III. 

The negative deposit facility rate has been transmitted to interbank loan rates. Figure 2 illustrates 
that the Euro Overnight Index Average (EONIA) followed the deposit rate into negative territory. The 
EONIA was closer linked to the main refinancing rate until 2014, suggesting the deposit rate acts as a 
close substitute since the main refinancing rate is stuck at the zero lower bound. 

 

Figure 2: Deposit rate and EONIA 

 

Source: Own illustration based on ECB data. 
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 THEORETICAL EFFECTS OF NIRP 
Negative interest rates can be transmitted via different channels to the economy related to both 
conventional and unconventional monetary policy measures. Compared to conventional interest 
rate changes, some of the transmission channels might be weaker under negative interest rates while 
others remain intact or might be even stronger from a theoretical perspective. In this section, we focus 
on the corresponding propagation mechanisms that are particularly relevant for NIRP. We discuss the 
interest rate channel, the bank lending channel, the balance sheet channel, the risk-taking channel, 
and the expectation channel. We also briefly summarise the exchange rate channel but do not discuss 
details in this paper. Given the focus on the empirical evidence on the effects of NIRP in this paper, in 
the rest of this section we discuss different aspects of bank lending and the reversal interest rate, risk-
taking and expectations related to NIRP in greater detail.  

The interest rate channel, which describes the pass-through of lower policy rates to consumers 
and firms, can be weaker under negative interest rates. The profitability of banks depends, among 
other factors, on the spread between interest rates to loans and deposits. If banks are reluctant to pass-
through interest rates to deposit rates of their clients, in particular to households, they are also less 
likely to reduce interest rates to loans in order to protect their interest rate margin. This would lower 
the impact of NIRP because consumption or investment decisions by private households are less 
stimulated by lower interest rates compared to conventional interest rate cuts in positive territory. 

The bank lending channel describes how monetary policy affects credit supply of banks and is 
particularly relevant for NIRP. Via the bank lending channel monetary policy can influence the credit 
supply of banks and thereby spending and investment decisions of firms. Expansionary monetary 
policy tends to increase the credit supply of banks. This effect can even be stronger under negative 
interest rates since banks have stronger incentives to reduce their excess reserves by increasing their 
credit supply.  However, the concept of a reversal interest rates emphasises that at some point negative 
interest rates can dampen credit supply of banks if they hurt bank profitability. Bank profitability can 
be dampened by NIPR if—in addition to the payments banks have to make for their excess reserves—
banks cannot pass through negative interest rates to the same extent to deposit rates as to lending 
rates lowering their interest rate margin. If these negative effects outweigh the positive effects on bank 
profitability, e.g. due to the increase in the value of long-term mark-to-market assets or higher credit 
volumes, further interest rate cuts can lower credit supply and thereby counteract the intended effect 
of NIRP. The response of banks to negative interest rates can depend on individual characteristics, such 
as the reliance on deposits or the volume of excess reserves. Understanding the response of banks to 
NIRP is therefore one key element for assessing the effects of NIRP.  

The balance sheet channel describes that changes in the monetary policy stance affect also 
credit demand. The interplay of bank lending channel and the balance sheet channel constitutes the 
credit channel of monetary policy. Monetary policy can affect the financial position of borrowers and 
thereby credit demand. Expansionary monetary policy decreases the interest rate expenses on their 
short-term debt, which improves their financial positions. Lower interest rates can also lead to an 
increase in asset prices. This increases the net worth of firms and households and stimulates credit 
demand via (i) an improved access to bank loans, and (ii) an improved economic outlook and higher 
willingness to invest. The balance sheet channel does not necessarily work differently under negative 
and positive interest rates since asset prices are potentially affected in both scenarios by interest rate 
cuts.    

The risk-taking channel, which describes the effect of monetary policy via influencing risk-taking 
by banks, firms, or private households could be stronger under negative interest rates. If “banks’ 
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excess reserves are remunerated at negative rates, there is a strong incentive to reduce them by shifting 
into riskier assets. This strengthens the portfolio rebalancing channel of asset purchases” (Schnabel, 
2020). Firms or private households might also shift to riskier assets to avoid negative interest rates on 
deposits if banks pass-through negative rates.  

Negative interest rates are a commitment to low interest rates for the foreseeable future and can 
also have an impact on expected inflation. Negative interest rates can complement unconventional 
monetary policy measures such as signalling and forward guidance by affecting expectations 
regarding the future stance of monetary policy. The impact on expectations could be particularly 
strong when a central bank implements negative interest rates for the first time if the implementation 
affects expectations on the non-negativity restriction on current and future expected short-term rates 
and, therefore, monetary accommodation can propagate throughout the yield curve (Boucinha and 
Burlon, 2020). However, maintaining negative interest rates can also send a signal about the future 
stance of monetary policy and thereby affect expectations. 

The exchange rate channel of monetary policy is more relevant for more open economies, such 
as Sweden, Denmark, Norway and Switzerland compared to the euro area or the US. Lower 
domestic interest rates make the currency less attractive to foreign investors and reduce capital inflows. 
The subsequent depreciation (or prevention of further appreciation) makes domestic goods cheaper 
internationally and thus increases sales potential, which supports economic growth, and increases 
prices for imported goods. However, this line of reasoning is based on the assumption that monetary 
policy in other regions does not react to exchange rate movements. Overall, exchange rates are 
affected by a rich set of determinants and difficult to predict.  

3.1. Bank lending and reversal interest rate 
Negative interest rates have made central bank deposits less attractive and increased the 
incentives for banks to raise credit supply. Quantitative easing and long-term refinancing 
operations have led to a strong increase of excess reserves of banks. In particular under negative 
deposit rates, banks have incentives to pass on central bank deposits (“hot potato effect”) that are not 
necessary for minimum reserve requirements (Ryan and Whelan, 2021). One way to reduce excess 
reserves is to increase lending to firms or private households. However, banks can also reduce excess 
liquidity by purchasing debt securities of other banks or by paying down funding sources.  

The “reversal interest rate” defines the level of interest rates at which monetary policy reverses 
its intended effect and becomes contractionary for lending due to negative effects on bank 
profitability. It occurs when the positive effects of lower interest rates on banks' profitability and 
balance sheets, e.g. due to asset revaluation, are more than offset by negative effects, e.g., due to 
decreases in interest rate margins. Conceptually, the reversal rate reflects an effective lower bound for 
monetary policy, at which further interest rate cuts become ineffective or even counterproductive. 

Brunnermeier and Koby (2018) identify four determinants of the level of the reversal interest 
rate: 1) banks' fixed-income holdings, 2) the strictness of capital constraints, 3) the initial 
capitalisation of banks, and 4) the degree of pass-through to deposit rates. A large proportion of 
banks' fixed-income holdings provide stable earnings even if central bank interest rates fall. Therefore, 
the larger the share of fixed income holdings the lower the reversal rate. Low initial capitalisation or 
tight capital requirements, e.g. from banking regulation, reduce the flexibility of banks to adjust to 
smaller interest rate margins due to a lack of free capital. This increases the reversal rate. The reversal 
rate also increases if the interest rate elasticity of customer deposits is very high, so that interest rate 
cuts by the central bank are more difficult to be passed on to customers.  
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The reversal rate increases over time ("creeping up effect") implying that prolonged negative 
interest rates increase the probability of adverse effects on lending. Interest rate cuts lead to 
increases in the price of assets, thus strengthening balance sheets of banks and increasing their credit 
supply (bank capital channel). However, the longer interest rates remain low, the lower interest income 
on new assets becomes so that the positive effect becomes smaller over time and could eventually 
reverse even if interest rates are not lowered further. Quantitative easing tends to increase the reversal 
interest rate over time since long-term income holdings of banks are reduced (Brunnermeier and Koby, 
2018). However, Repullo (2020) argues that lower negative rates will not necessarily at some point 
become contractionary for lending. He argues that profitability constraints of banks usually do not lead 
to a reversal rate since lower policy rates always increase the banks’ profits from lending given that 
they reduce the weighted average cost of deposits and capital. For the same reason, with a downward 
sloping demand for loans, they increase bank lending.1 

3.2. Risk-taking 
Academic research has emphasised the importance of a risk-taking channel of monetary policy 
in the context of credit demand and supply. Uncertainty in the banking sector restricted credit 
supply after the 2008/2009 crisis since banks were reluctant to take on risks (Paligorova and Jimenez, 
2012). Consequently, one aim of central bank policies has been to encourage risk-taking. However, 
excessive risk-taking undermines financial stability. Therefore, macroprudential regulation is important 
in the context of the risk-taking channel in order to reduce the risk of excessive risk-taking (Borio and 
Zhu, 2008). 

The link between monetary policy and the perception and pricing of risk by economic agents is 
also important in order to understand the specific effects of negative interest rates. Two channels 
are particularly relevant: 1) Lower interest margins by banks could lead banks to take higher risks in 
lending in order to obtain higher risk premiums, and 2) A "search for yield" could lead to an increasing 
demand for assets with higher expected returns. The first effect materialises through the lending 
structure of banks while the second mechanism affects asset prices.  

Bank characteristics, such as the structure of balance sheets, bank profitability and the ability to 
pass-through, determine whether NIRP have large effects on risk-taking behaviour. Banks which 
are able to pass-through negative interest rates to deposits do not experience lower interest rate 
margins and have therefore less incentives to take higher risks, while banks which experience a 
reduction in margins are more likely to take on additional risks. 

3.3. Expectations 
Along with other monetary policy measures, negative interest rates were also implemented to 
increase inflation expectations and reduce expected real interest rates. By lowering the perceived 
lower bound for interest rates, central banks can send a signal that short-term interest rates will stay 
low (or negative) for the foreseeable future. The possibility for the market to anticipate further policy 
cuts is a fundamental element of monetary policy, and negative interest rates have also been a 
communication tool which can result in substantial revisions in macroeconomic expectations of 
households and firms. These revisions in expectations can influence future macroeconomic outcomes.  

                                                             
1  Repullo (2020) proposes an alternative model in which the bank's equity capital is not exogenous. The future value of the bank's capital 

is driven by two components: profits from lending, equal to the spread between the loan rate and the policy rate multiplied by the total 
amount of loans, and profits from deposit taking, equal to the spread between the policy rate and the deposit rate multiplied by the total 
amount of deposits. 
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When NIRP is implemented for the first time, the zero lower bound is no longer constraining 
market expectations. Therefore, investors’ demand for longer-dated assets is increasing more than 
when rates are cut in positive territory (Tenreyro, 2021). The question is whether such effects on 
expectations are a one-off effect once the negative territory is entered.  

The signaling channel lowers expectations of future short-term interest rates and these 
expectations are directly linked to long-term interest rates and the yield curve (Groot and Haas, 
2019). Consequently, monetary policy effects on output and prices through expectations are 
frequently assessed via yield-curve dynamics. Theoretical and economic evidence suggests that the 
slope of the yield curve is positively related to economic activity and bank profitability. For the 
transmission of QE to yield curve dynamics, the importance of the portfolio rebalancing channel and 
the signaling channel has been particularly emphasised in the literature (Altavilla et al., 2015). The 
portfolio rebalancing channel affects the risk premium and works if short-term and long-term bonds 
are imperfect substitutes, so that the purchase of long-term government bonds changes the relative 
supply of short and long bonds so that the risk premium is reduced (Gagnon et al., 2010).  
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 EMPIRICAL EVIDENCE ON EFFECTS OF NIRP IN THE EURO 
AREA 

4.1. Pass-through of negative interest rates and bank lending 
The empirical evidence shows that the pass-through of negative interest rates to loan rates is 
incomplete. Loan rates to corporates are partly reduced, while mortgage rates are often not affected 
or even increased. Table 1 summarises the empirical evidence on pass-through to lending rates and 
also mentions how the exposure of banks to negative interest rates is identified based on micro level 
bank data. This is usually done according to the amount of deposits subject to negative interest.  

 

Table 1: Pass-through evidence 

 Author Data / Identification Results for banks stronger exposed to 
negative interest rates 

Euro area 

Amzallag et al 
2019 (Italy) 

Mortgage-backed securities and 
confidential data on mortgage 
loans / Overnight deposits of 

banks 

Higher fixed mortgage rates (1/4 of 
total) but similar floating rates 

Bottero et al 2019 
(Italy) 

Interbank loans & securities based 
on credit register data / Retail 

deposit of banks 
Lower corporate loan rates 

Tan 2019 
Individual balance sheet items 

(IBSI) and individual MFI interest 
rates (IMIR) / Deposits 

Lower mortgage spreads (limited 
evidence) 

Sweden 
Eggertsson et al 

2019 

 High-frequent microdata on 
bank-level interest rates / Event 

study based on deposit rate 
Less mortgage rate pass-through 

Denmark 
Adolfsen & 

Spange 2020 
Deposits / Event study based on 

deposit rate 
Similar pass-through to households & 
corporates (but slower than normal) 

Switzerland 

Basten and 
Mariathasan 

(2018) 

Supervisory information / Fraction 
of central bank reserves exempt 

from negative rates 
Higher mortgage rates 

Schelling and 
Towbin (2020) 

Micro data set on individual Swiss 
corporate loans / Deposits and 

reserves 

Lower corporate loan spreads, lower or 
similar mortgage spreads 

Source: Own illustration based on Tenreyro (2021). 
 

Empirical studies have shown that (with few exceptions such as Switzerland) a zero lower bound 
applies to household deposits. This reduces the amount of pass-through for banks which rely on 
deposit from private customers.  

Private households tend to perceive negative interest rates on deposits as unnatural and may 
withdraw their deposits, notwithstanding of the associated costs of holding cash and making 
payments. A survey of 13,000 bank customers in Europe, the US and Australia by ING in 2006 found 
that about 77% of respondents would liquidate their deposits if interest rates went into negative 
territory, although with wide variations between countries. The authors attribute this to the behavioral 
economics concept of loss aversion: subjects feel losses twice as intensely as gains of the same amount. 
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Consequently, an interest rate cut from 0 to -0.5% hurts significantly more than an interest rate cut from 
+1.0 to +0.5%. In some countries, around 50% of respondents said they would rather hoard cash than 
pay negative interest rates. However, the negative interest rate policy, which has already been in place 
for five years, may lead to a habituation effect that gradually lowers customer resistance. For example, 
monthly fees were initially increased on checking accounts that were largely free of charge just ten 
years earlier, which ultimately also meant a kind of negative interest rate for customers. There is also 
anecdotal evidence that negative interest rates on household deposits are being phased in in more 
and more banks in countries like Denmark (Krogstrup et al., 2020) and Germany (Tagesschau, 2020). 

For deposits from business customers, on the other hand, negative interest rates on deposits 
seem easier enforceable. Figure 2 illustrates that rates on corporate deposits in the euro area have 
already entered negative territory, while household deposits seem restricted at close to zero. Owners 
of larger volumes of liquid assets, especially businesses, cannot convert to cash and will place their 
money with the most stable and trustworthy banks. Altavila et al. (2019) report that on average 20% of 
corporate deposits are subject to negative interest rates, but only 5% of total deposit volumes. Based 
on confidential data from 2017-2018, they find that sound banks pass on negative rates to their 
corporate depositors without experiencing a contraction in funding. 

 

Figure 3: Household and corporate deposit rates, up to one year 

 

Source: Own illustration based on ECB data. 

 
The evidence supports the proposition that the ability to pass through negative interest rates 
and their effect on profitability depends on the deposit structure of banks. Banks with higher 
customer deposits are stronger exposed to negative interest rates compared to low-deposit banks, 
which reduces their income resulting from interest rate spreads (Heider et al., 2019). Evidence based 
on deposits, self-reported impact and reserves clearly suggests that banks tend to increase loans 
stronger if they are more exposed to negative interest rates. This holds for household and corporate 
lending while the evidence for syndicated lending is inconclusive. Table 2 summarises the empirical 
evidence with regard to data, identification and main results. 
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Table 2: Bank lending evidence  

 Author Data / Identification Results for banks stronger exposed 
to negative interest rates 

Euro area 

Arce et al. (2018) 
Survey data and credit register / Self-

reported NII impact  

Similar corporate lending but 
possible negative effect over the 

long-run 

Altavilla et al. 
(2018) 

Proprietary and commercial data on 
individual euro area bank balances / 

Self-reported NII impact 
More corporate lending 

Bittner et al. 
(2020) (Germany 

& Portugal) 

Credit-registry data from Germany 
and Portugal / Deposits 

Mixed results for corporate lending 

Bottero et al. 
(2019) (Italy) 

Interbank loans & securities based on 
credit register data / retail deposit of 

banks 
More corporate lending 

Bubeck et al. 
(2020) 

Securities register for the 26 largest 
euro area banking groups / Deposits 

Increase securities holdings; mixed 
evidence on syndicated loan 

volumes 

Demiralp et al. 
(2019) 

Banks’ funding structures and excess 
liquidity holdings / Deposits and 

reserves 

More household and corporate 
lending for high deposit banks; 

similar private securities holdings 

Grandi and Guille 
(2020) (France) 

Bank firm level data / Deposits 
More lending, especially to 

corporates, increase dept securities 
holdings 

Heider et al. 
(2019) 

Syndicated loans and firm data / 
Deposit to asset ratios  

Less syndicated lending 

Klein (2020) 
Proprietary bank-level data / Impact 

of lower net interest rate margin 
Usual hit to lending vanishes under 

NIRP 

Tan (2019) 
Individual balance sheet items (IBSI) 

and individual MFI interest rates 
(IMIR) / Deposits 

More lending (though effect 
dissipates), driven by mortgages, 

similar corporate lending 

Sweden 
Eggertsson et al. 

(2019) 

High-frequent microdata on bank-
level interest rates / Event study 

based on deposit rate 
Less household lending 

Denmark 
Adolfsen and 

Spange (2020) 
Deposits / Event study based on 

deposit rate 

Stronger or similar lending to 
households & corporates (depending 

on specification) 

Switzerland 

Basten and 
Mariathasan 

(2018) 

Supervisory information / Fraction of 
central bank reserves exempted 

from negative rates 

Increase in share of loan assets (both 
uncollateralised loans and 

mortgages) 

Schelling and 
Towbin (2020) 

Micro data set on individual Swiss 
corporate loans / Deposits and 

reserves 
More corporate lending 

Japan 
Hong and Kandrac 

(2018) 
Equity price response to NIRP 

announcement 
More lending 

Source: Own illustration based on Tenreyro (2021). 
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Banks with a high proportion of private customer deposits also grant more credits under 
negative interest rates. The inability to pass through negative interest rate reduces margins and 
profits and brings up the need to reduce negative interest excess reserves. Banks with a high 
proportion of deposits increased their lending by 8.1% as a result of the NIRP, while banks with a 
medium proportion of customer deposits on their balance sheet increased their lending by only 2.8% 
(Demiralp et al., 2017). However, evidence also suggests less lending by euro area banks with a greater 
reliance on deposit funding with regard to syndicated loans (Heider et al., 2019). Evidence from 
proprietary bank-level data also shows that the link between the net interest margin and lending 
changes when interest rates become negative. When lending is less profitable, banks normally cut 
lending. However, at negative rates this is no more the case. This finding suggests that banks adjust 
their business practices when providing new loans, thereby contributing to higher new lending in the 
euro area since 2014 (Klein, 2020). On the other hand, evidence for Denmark, Sweden and Switzerland 
suggests that negative interest rates did not have a significant effect on bank lending growth or 
inflation in any of these countries (Michail, 2019). 

It is not straightforward to derive lessons for the ECB from experience in other countries which 
implemented NIRP given differences in the banking structure and different monetary policy 
aims. Denmark and Switzerland frequently intervene in the foreign exchange market and adopted 
negative interest rates also to prevent capital inflows and appreciation pressure on the domestic 
currency. Negative interest rates are considered to have been effective in lifting inflation and inflation 
expectations in Sweden and in stabilising the exchange rate in Denmark, with banks’ profitability 
continuing to improve (Madaschi and Nuevo, 2019). However, given the structural differences with 
regard to the importance of negative interest rates, these findings do not necessarily mitigate concerns 
for the euro area. Evidence for Switzerland points to negative effects on bank profitability, and Swiss 
banks have increased their pass-through over time. Overall, a common pattern is that all central banks 
have eased the burden of negative interest rates via the allowance of reserves free of charge. 

4.2. Bank profitability and the reversal interest rate 
Preliminary international evidence suggests that negative interest rates have no major negative 
side effects on bank profits, payment systems, and market functioning (IMF, 2017). For the euro 
area, there is no conclusive evidence that negative rates have hurt overall bank profitability. Banks 
seem to have offset interest income losses under negative rates with lower deposit expenses and gains 
in non-interest income, including fees and capital gains. Small banks and low-deposit banks drive most 
results (Lopez et al., 2020). Altavilla et al. (2016) analyse data from 2000 to 2016 and show that monetary 
policy easing – a decrease in short-term interest rates and/or a flattening of the yield curve does not 
reduce bank profits once the endogeneity of policy measures is accounted for. While the existing 
literature for the euro area all in all does not point to negative effects on bank profitability, the studies 
generally cover only the early years of NIRP and are thus not necessarily informative with regard to 
negative effects of maintaining negative interest rates over an extended period of time. Table 3 
summarises the existing literature and illustrates the lack of evidence for the most recent years. There 
is also the open question how the effects of negative interest rates and the effects from the pandemic 
combine. 
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Table 3: Bank profitability evidence 

 Author Data Results 

 

Euro area 

Ampudia and Van 
den Heuvel (2018) 

Intraday (tick-by-tick) data on 
swap rates, sovereign bond 
yields and individual bank 

stock from 1999-2017 

Interest rate cuts in negative territory 
have a negative effect on banks’ equity 

values which is much more pronounced 
for banks with a high reliance on deposit 

funding 

Arce et al. (2019) 

Individual balance sheets (IBSI) 
of a sample of 122 banks, for 
13 euro area countries from 

2014 Q2 to 2017 Q3 

Banks that report an adverse effect of 
negative interest rates on their net 

interest income have lower average 
capital ratios 

Altavilla et al. 
(2018) 

Proprietary data on individual 
euro area bank balance-sheets 

and market prices from Q1 
2007–Q4 2016 

Monetary policy easing does not 
compress bank profits, but being 

exposed to a low interest rate 
environment for a protracted period 

might exert downward pressure on bank 
profitability 

Boucinha and 
Burlon (2020) 

Net interest income of 194 
euro area banks 

Broadly neutral impact on bank 
profitability 

Carbó-Valverde et 
al. (2020) 

Dataset on interest rates on 
bank margins of 3,155 banks 
from 36 European countries 
over the 2011–2018 period 

Banks in negative interest rate 
environments experience a 17.4% 

decrease in their net interest margins 
compared to other banks. Negative 

effects more pronounced for banks with 
high customer deposits 

Heider et al. 
(2019) 

Syndicated loans granted by 
euro area banks between 2011 

and 2015 

High-deposit banks have to deal with a 
reduction in their net worth under 

negative interest rates 

Stráský and 
Hwang (2019) 

50 banking groups directly 
supervised by the Single 

Supervisory Mechanism from 
2014-2018 

Weak evidence of possible negative 
effects on bank profitability  

International 
evidence 

Beauregard and 
Spiegel (2020) 

Annual data from 27 European 
countries and Japan from 2010 
through 2018; accountability 

measure 

Persisting negative rates have negative 
effects on bank profitability  

IMF (2017) 
Case studies for euro area, 
Japan, Sweden, Denmark 

Switzerland 

Limited negative side effects on bank 
profitability 

Lopez et al. (2020) 

Cross-country panel of over 
5,100 banks in 27 countries 

from 2010-2016; accountability 
measure 

Heterogeneous effects of negative rates, 
low-deposit banks have enjoyed gains in 
non-interest income. Banks responded to 

negative rates by increasing lending 
activity, and raising the share of deposit 
funding. Overall benign implications of 

negative rates for commercial banks  

Molyneux et al, 
(2019) 

7,359 banks from 33 OECD 
member countries over 2012–

2016  

Bank margins and profits fell in countries 
with negative interest rates relative to 

other countries- adverse. Effects depends 
on bank specific-characteristics such as 
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 Author Data Results 

size, funding structure and business 
models 

Sweden and 

Denmark 

Madaschi and 
Nuevo (2017) 

Net interest income margin; 
realised and unrealised gains 

on securities  

  Profitability of banks in Sweden and 
Denmark has continued to improve und 

negative interest rates 

Japan 
Hong and Kandrac 

(2018) 

Balance sheet and income 
statement from banks from 

2015-2017 

Sharp drop in equity prices of Japanese 
financial firms after announcement.of 

negative interest rates 

Switzerland 
Ziegler-Hasiba 

und Turnes (2018) 
Literature survey of 97 articles 

with a focus on Switzerland 
Lower net income of Swiss banks from 
the commission and service business 

Source: Own illustration. 

 

Effects of negative interest rates on bank profitability are measured via the reaction of banks’ 
stock prices to policy rate announcements, the effect on net interest income, or accounting-
based measures. Interest rate reductions tend to have a positive effect on bank profitability in normal 
territory but the evidence suggests that this effect may be reversed under negative rates. Bank stock 
prices do for example respond positively to lower policy rates in positive territory but negatively in 
negative territory. Accounting-based measures tend to be more backward looking and are available 
only at lower frequency. International evidence based on such measures suggests that net interest 
margins and overall profitability in OECD countries is negatively affected by the introduction of 
negative rates (Molyneux et al., 2019). However, banks are frequently able to compensate these losses 
via increases in non-interest income.  

Effects on bank profitability depend on various factors and some banks might come under 
substantial pressure, in particular if negative rates persist. Stock prices of banks with high 
dependence on deposit funding react particularly negatively to a negative policy rate (Heider et al., 
2019). Ampudia and Van den Heuvel (2018) find that “an unexpected decrease of 25 basis points on 
the short-term policy rate increases banks’ stock prices by about 1% on average” while interest rate 
cuts in negative territory have a negative effect on banks’ equity values. “The change in sensitivity to 
interest rate surprises as rates drop to low and negative levels is much more pronounced for banks with 
a high reliance on deposit funding”,2 Similar results are obtained if accounting-based measures for 
profitability are adopted (Lopez et al., 2020). 

Contractionary effects from negative interest rates on bank profitability have been partly 
compensated by recent policy measures. The adoption of the two-tier system through which 
reduces the amount of excess reserves subject to negative rates and TLTROs which link interest rates 
to the amount of credit is a sensible measure since it allows banks to adjust to the new environment. 
This is also in line with Darracq Pariès et al. (2020) who emphasise complementarities between 
monetary policy and macroprudential policy since the risk of hitting the reversal rate depends on the 
capitalisation of the banking sector. They find that macroprudential policy in the form of a 
countercyclical capital buffer can mitigate the probability of encountering the reversal rate which they 
locate in negative territory of around −1% per annum.  

                                                             
2  Urbschat (2018) documents that deposit-reliant banks in Germany have lower net interest margins when policy rates become negative. 
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4.3. Risk-taking behaviour 
The empirical evidence suggests that banks more exposed to negative interest rates are willing 
to take up higher risk. Table 3 summarises the corresponding evidence with regard to risk-taking of 
banks. 

 

Table 4: Risk-taking evidence 
 Author Data Results 

Euro area 

Arce et al. (2018) 
Survey data and credit register / 

Self-reported NII impact 

Similar corporate loan standards, 
lower risk tolerance and risk 

weighted assets 

Bittner et al. 2020) 
(Germany & 

Portugal) 

Credit-registry data from Germany 
and Portugal / deposits 

Mixed results, but more credit to 
new risky firms in Germany 

Bottero et al. 
(2019) (Italy) 

Interbank loans & securities Bigger rise in lending for risky firms 

Bubeck et al. 
(2020) 

Securities register for the 26 largest 
euro area banking groups / Deposits 

Buy riskier securities, increase 
syndicated lending for riskier 

borrowers 

Heider et al. 
(2019) 

Syndicated loans and firm data / 
deposit to asset ratios 

Increase in average borrower risk 

Switzerland 

Basten and 
Mariathasan 

(2018) 

Supervisory information / Fraction 
of central bank reserves exempted 

from negative rates 
Higher risk-weighted asset share 

Schelling and 
Towbin (2020) 

Micro data set on individual Swiss 
corporate loans / Deposits and 

reserves 

More risk in corporate lending 
(across various dimensions) 

Japan 
Hong and Kandrac 

(2018) 
Equity price response to NIRP 

announcement 

Higher loan portfolio yield, 
interpreted as higher risk borrowers, 

and longer loan maturities 

Source: Own illustration based on Tenreyro (2021). 

 

Overall, the effect of negative interest rates on risk-taking of banks is heterogeneous and 
depends on the funding structure. The overall effects of interest rate changes on risk-taking is 
ambiguous under positive interest rates, but there is strong evidence that negative interest rates tend 
to increase risk-taking.  

“High-deposit banks tend to increase their holdings of high-yield securities in an environment 
of negative deposit rates, especially relative to low-deposit banks” (Bubeck et al, 2020). Risk-
taking is also closely related to the ability to pass through negative interest rates to deposit rates. 
Heider et al. (2019) examine data at the individual loan level for syndicated loans. They find that banks 
with a high share of customer deposits (since the start of NIRP) reduced their lending volumes to safe 
borrowers and expanded the volumes extended to riskier borrowers.  

Risk taking can amplify positive effects on economic activity. Borrowers of high-deposit banks in 
Germany are for example “riskier but they increase investment and employment more strongly after 
receiving credit, thereby supporting monetary transmission to the real economy” (Bittner et al., 2020).   
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Risk-taking can pose a risk to financial stability, if lending is done by under-capitalised banks. So 
far, there is little evidence for unintended side effects in the form of excessive growth of house prices, 
higher stock market volatility or excessive credit growth (Beck et al., 2019). However, it is difficult to 
distinguish between appropriate and excessive risks in real time, and policies cannot be adjusted 
overnight. Adequate macroprudential policies are therefore important to prevent negative effects 
stemming from risks, bearing in mind that too restrictive actions could also reduce potential positive 
effects from risk taking.  

4.4. Impact on expectations, output and inflation 
Quantifying the impact of NIPR on output and inflation is very difficult due to the multiple 
transmission channels and the due to different unconventional monetary policy measures that 
were implemented in the same period. As a consequence, the empirical literature on the effects of 
unconventional monetary policy measures and in particular of NIRP on output and inflation is scarce. 
Some studies try to assess the impact of NIRP on output with firm-level data. However, it is difficult to 
draw conclusions from firm-level data to the overall macroeconomic impact. Other studies try to 
identify the impact of unconventional policy measures on financial market variables and then use 
counterfactual experiments to draw conclusions for different macroeconomic variables. However, the 
estimation uncertainty in such experiments is high.3 One reason is that the relationship between 
financial market variables and macroeconomic variables, such as output and inflation, can depend on 
the economic circumstances and can vary over time, which is difficult to account for.    

Firm-level evidence suggests that NIRP can lead to an increase of investment and employment. 
Bittner et al. (2020) find that banks in Germany, which are particularly exposed to NIRP due to high 
deposits, tend to establish new relationships with riskier firms and that these firms increase investment 
and employment. Bottero et al. (2019) find that in Italy a higher net interbank positions of banks are 
associated with an increase in total credit and an increase in investment of firms with business 
relationships to these banks. However, the overall effect of NIRP seems to be not obvious as there is 
also evidence that firms in existing relationships with German banks, which are more exposed to NIRP, 
face a contraction in credit supply associated with lower employment (Moser et al., 2021). Finally, a 
business survey among 500 German firms showed that 32% of those firms confronted with negative 
deposit interest rates increased their investment (Commerzbank, 2019). 

Estimates of the ECB suggest a positive but small impact of NIRP on output and inflation. The 
estimates are based on counterfactual scenarios for interest rates–with and without unconventional 
policy measures–in small VAR models (Rostagno et al., 2019). They find unconventional measures 
increased the level of GDP between 2.5% and 3% in the euro area at the end of 2019. The annual 
inflation rate between 2014 and 2019 was higher by 1/3 to 1/2 percentage points due to 
unconventional monetary policy (Boucinha and Burlon, 2020). One-sixth of this effect can be attributed 
to NIRP according to the results. Even though the uncertainty surrounding these estimates is high, a 
moderate positive effect of NIRP on output and inflation seems to be plausible.  

Literature on the impact of NIRP on output or inflation expectations is also scarce. Czudaj (2019) 
uses survey-based expectations data for up to 44 economies to analyse the impact of the adoption of 

                                                             
3  Shadow rates as for example adopted by Wu and Xia (2016) are also considered for assessing the impact of unconventional monetary 

policy on the term structure on interest rates and macroeconomic outcomes. However, their fluctuations are not associated with changes 
in the deposit rate. Overall, a shortcoming of shadow rates is that they are generated regressors which are quite sensitive with regard to 
underlying modelling and estimation choices (Krippner, 2019). This makes the identification of effects on output and inflation very 
demanding. Krippner (2019) shows that, depending on the modelling choice, effects on inflation and unemployment can vary up to 2.21 
and 1.80 basis points. 
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a negative interest rate policy on expectations made by professional forecasters based on a difference-
in-differences approach. He finds that the introduction of negative policy rates significantly reduces 
expectations regarding 3-month money market interest rates and also 10-year government bond 
yields. He also provides evidence for a significantly positive effect of this unconventional monetary 
policy tool on GDP growth and inflation expectations. 
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 NIRP AND THE GENERAL MONETARY POLICY ENVIROMENT 
Negative interest rate policies are not fundamentally different from conventional monetary 
policy or other unconventional measures, but exhibit specific features. Monetary policy can 
transmit via various channels to economic activity and inflation, ranging from the impact on credit 
supply and demand to expectations or exchange rates. Monetary policy instruments address these 
channels to varying degrees. Compared to other unconventional monetary policy measures, such as 
forward guidance or quantitative easing, NIRP has a closer link to the bank lending channel via its direct 
impact on bank profitability and credit supply. In this regard, NIRP is similar to conventional interest 
rate adjustments when interest rates are in positive territory. However, bank data show that banks are 
much more reluctant to transmit lower central bank rates to deposits – in particular to charge negative 
rates on household deposits – than to loan rates. This lowers bank profitability and weighs on credit 
supply, reducing the effectiveness of NIRP in this regard potentially to the point that a further reduction 
of the deposit facility rate leads to a contraction of loan supply (reversal interest rate). The strength of 
this effect depends on different factors, including the role of deposit funding of individual banks or the 
banking system. NIRP can have larger effects on expectations about the future stance of monetary 
policy than conventional measures when implemented the first time if market participants did not 
expect a central bank to use this instrument. However, this feature can be exploited only once and will 
not take place in subsequent interest rate adjustments. Specific to NIRP is also that negative deposit 
facility rates can reduce bank profitability, particularly when excess liquidity is high. However, the ECB 
introduced measures to mitigate this effect and there is so far no conclusive evidence that excess 
liquidity has become a relevant determinant for bank credit supply. Finally, to the extent that negative 
interest rates are transmitted to deposit accounts of firms or private household they could have more 
than proportional effects on risk-taking of firms and private households when they have a high 
preference to avoid negative interest rates due to psychological effects. However, empirical evidence 
on such effects is scarce.   

Negative interest rates are likely to remain one instrument of the ECB’s monetary policy toolbox, 
but can be used only to a limited degree to further loosen monetary policy. NIRP is one among 
several tools that central banks can use to further loosen monetary policy, once the zero lower bound 
restricts the use of conventional interest rate policies. The experience until now does not point to 
fundamental differences in terms of its impact as well in terms of its risks compared to other measures, 
even though some central banks are reluctant to use this instrument. Central banks will prefer to have 
several unconventional instruments in their toolbox given the high uncertainty with regard to the 
eventual impact on output as well as inflation of each individual instrument and given that all of these 
measures can only be implemented up to a certain limit. NIRP faces such limitations as well. The reversal 
interest rate—the rate at which further declines in interest rates will have a negative impact on lending 
and thereby counteract the intended effect—cannot be directly observed, but the room for further 
interest rates cuts of the ECB seems to be small. This is particularly true as the negative effects of NIRP 
to bank profitability tends to increase the longer NIRP is in place even without further interest rate cuts. 
Finally, the more negative interest rates will become, the more cash holding could increase, making 
this instrument less effective, as well.  

The effectiveness of monetary policy with respect to output and inflation depends on the 
economic circumstances and varies over time. The impact of monetary policy on output and prices 
depends on the specific economic circumstances and varies over the business cycle. There is evidence 
that monetary policy is particularly effective in crisis times when uncertainty and financial frictions are 
particularly high (Ciccarelli et al., 2013; Dahlhaus, 2017; Jannsen et al., 2018) but less effective in 
subsequent recovery periods or normal periods (Bech et al., 2014; Jannsen et al., 2018; Burgard et al., 
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2018). Moreover, there is empirical evidence that expansionary monetary policy has smaller effects in 
stimulating economic activity than contractionary monetary policy in dampening economic activity 
(Angrist et al., 2016; Tenreyro and Thwaites, 2016), even though the results with regard to the impact 
on prices are somewhat ambiguous (Deborttoli et al., 2020). Finally, literature reviews suggest that 
expansionary monetary policy may lose impact the longer it is in place (Borio and Zabai, 2016). In 
addition, the flattening of the Phillips curve has made it more difficult for central banks to influence 
inflation via aggregate demand. While estimation results on the Phillips curve are very uncertain 
because it is difficult to disentangle the impact of aggregate demand and other possible factors (e.g., 
inflation expectations), many studies point to a weakening of the Phillips curve in recent decades (BIS, 
2017; IMF, 2013; Blanchard et al., 2015; Lodge and Mikolajun, 2016). Even studies that report a stable 
relationship find that the relationship is relatively weak (Eser et al., 2020). The weakening of the Phillips 
curve would be less of a concern for central banks if it was mainly due to better anchored inflation 
expectations. The better inflation expectations are anchored at central banks inflation targets, the 
lower the impact on inflation of fluctuations in aggregate demand or other factors. However, when 
inflation deviates from the inflation target for extended periods a weaker Phillips curve makes it more 
difficult for central banks to control inflation via influencing aggregate demand. Moreover, a weak or 
unstable Philips curve makes it more difficult to assess and to forecast the impact of monetary policy 
measures on inflation, increasing the uncertainty about the appropriate stance of monetary policy.   

If the impact of monetary policy on output and inflation depends on the degree of financial 
frictions, the effects of NIRP have become smaller after their implementation. The empirical 
evidence suggests that monetary policy is particularly effective in periods of high financial distress and 
uncertainty but less effective in other periods. One reason could be that in periods of high financial 
distress and uncertainty access to finance for firms becomes more restrictive and at the same time the 
need for financing is increasing as these periods are usually associated with weak economic activity 
and sales. This aspect could be particularly relevant for NIRP, which has a more direct focus on 
stimulating output and inflation by increasing bank loan supply than other measures, such as asset 
purchases. Financial distress and uncertainty were high during the global financial crisis and the 
sovereign debt crises in the euro area – albeit to a varying degree across euro area countries –, but 
declined to much lower levels afterwards. Survey data of the European Commission suggests that 
access to finance has not been an important problem for most of the firms in the manufacturing sector 
since 2014 and by far less of an issue than other problems, such as insufficient demand or availability 
of skilled staff.4 As access to finance was not an important limiting factor to economic activity in recent 
years, the impact of monetary policy and in particular of NIRP in this period may have been low. 
Increasing bank loan supply and easing financial conditions via NIRP is not a well-targeted policy if a 
shortage of loan supply and tight financial conditional are not the underlying reasons for low inflation. 
In spring 2020, financial conditions considerably tightened due to the COVID-19 pandemic, potentially 
increasing the impact of monetary accommodation.  

From a theoretical perspective, a decline in the natural interest rate makes it more difficult for 
central banks to stimulate the economy and to control inflation. The natural interest rate is a 
theoretical concept that describes the equilibrium real interest rate that prevails if GDP is equal to 
potential output and inflation is equal to the inflation target of the central bank. It has strong 
implications for monetary policy as it determines the neutral stance when interest rates are equal to 
the natural rate. The natural rate is closely related to desired savings and desired investment and 

                                                             
4  Survey data on limits to production in the service industry are only available since 2003. On average, in the service industry more firms 

report about financial conditions to limit their production. However, the share of firms in the service industry reporting from such 
problems in 2014 (15,6%) was only slightly higher than in the period from 2013 to 2017 (14%) and declined until 2020.  
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depends on many factors, such as productivity, demographic change, investment opportunities, or 
financial integration. The natural rate cannot be observed and therefore has to be estimated. Recent 
estimates point to a decline of the natural rate in the past decades (Fiedler et al., 2018). This implies 
that it has become more likely that central banks hit the zero lower bound with their conventional 
interest rate instruments making a case for unconventional policy measures. Some estimates suggest 
that the natural rate even has become negative, making an even stronger case for unconventional 
measures and negative interest rate policies. 

Estimates of the natural interest rate are subject to high uncertainty and are not a reliable 
guidance for monetary policy. While available estimates usually find that the natural interest rate has 
declined in the past decade, they offer a wider range of point estimates. Many estimates rely on small 
semi-structural models that use an IS-equation (that links deviations of the interest rate from the 
natural interest rate to the output gap) and a Phillips curve (that links the output gap to inflation) to 
identify fluctuations in the natural rate (Holsten et al., 2017; Laubach and Williams, 2003, 2016). 
However, these relationships seem to vary over time, which is difficult to empirically account for, 
increasing estimation uncertainty (Borio, 2017). Moreover, the resulting estimates of the natural rate 
are subject to revisions when additional or revised date become available so that their use in real time, 
which is key for policy making, is questionable (Clark and Kozicki, 2005). The natural rate can also be 
impacted by other factors, such as the financial cycle (reflected by longer-term fluctuations in credit 
and housing markets), or the stance of monetary policy itself (Kiley, 2015). Estimates that try to account 
for financial imbalances (Belke and Klose, 2020; Juselius et al., 2017) or the monetary policy stance 
(Taylor and Wieland, 2016) sometimes lead to higher estimates of the natural interest rate, even though 
the results seem to be sensitive to different modelling strategies so that the range of available results 
is large (Brand and Maelis, 2019; Krustev, 2019). Overall, the confidence interval surrounding estimates 
of the natural rate amounts to several percentage points (Beyer and Wieland, 2017; Hamilton et al., 
2016; Lubik and Matthes, 2015). While the natural rate may be useful as a theoretical concept that helps 
to better understand the overall economic environment in which central banks operate, its potential 
for direct application in monetary policy making is limited.  

Monetary policy can have unintended negative side effects that tend to increase the longer 
expansionary monetary is in place. Monetary policy can have several negative side effects that harm 
the economy:  

• First, expansionary monetary policy leads to increasing risk-taking (Drehmann et al., 2012; Rajan, 
2005, Maddaloni and Peydro, 2011). While increasing risk-taking is one channel through which 
expansionary monetary policy works to achieve higher economic activity and inflation, excessive 
risk-taking at the same time can promote financial imbalances and thereby undermine financial 
stability. Financial risks tend to increase the longer expansionary monetary policy is in place (Kahn, 
2010; Maddaloni and Peydro, 2011, 2012). Macroprudential policies may help to contain these risks 
but are unlikely to avoid all kinds of financial imbalances or financial crises (Adrian, 2020). 

• Second, expansionary monetary policy can contribute to a misallocation of resources. For example, 
there is some evidence that lower real interest rates are associated with lower productivity (Cette 
et al., 2016). One channel is when monetary policy promotes the so-called “zombification”, by 
enabling not creditworthy firms to receive further funding and stay afloat. In the euro area, the 
outright monetary transactions (OMT) announcement has led to an increase of below average 
credit servicing ability (Acharya et al., 2019). The phenomenon has been observed also in Japan 
(Caballero et al., 2008; Hoshi and Kashyap, 2004). Even though the link is theoretically plausible and 
there is some evidence that lower interest rates are associated with a higher degree of 
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zombification (Banerjee and Hofmann, 2018), it is difficult to empirically identify a direct link 
between monetary policy and zombification.  

• Third, the longer a very expansionary monetary policy is in place, the more difficult it will become 
for central banks to tighten monetary policy at the same pace as it was usually observed before the 
global financial crisis because the impact and therefore the risks for turmoil on financial markets 
and sovereign debt markets are increasing, the longer low interest rates are in place. As a 
consequence, central banks may lose credibility with respect to their determination to fight 
inflation once it rises and threatens to violate the goal of maintaining price stability because it 
becomes more likely that they will tolerate higher inflation to avoid financial market turmoil. 
Monetary tightening is particularly tricky when government finances are built on artificially low 
long-term interest rates, like currently in a number of euro area countries, may put the 
independence of central banks at risk (Fiedler et al., 2020). Relatedly, expansionary monetary policy 
also decreases the incentives for structural reforms of governments. 

All of these side effects of monetary policy are difficult to quantify– even ex-post, and it is of course also 
difficult to assess the specific side effects of NIRP. To the extent that NIRP has more than proportional 
effects on risk-taking, the side effects from higher risk-taking should be larger. Overall, the general 
stance of monetary policy seems to be more important for side effects than specific policy measures. 
However, incentives for central banks to take these not directly observable side effects into account 
when conducting monetary policy are relatively low given that their policy is evaluated mainly against 
their exactly defined inflation target.  

Questions regarding the effectiveness of monetary policy, potential side effects of low for long 
policies and the monetary policy strategy in general are more relevant for the ECB than the 
question whether to use NIRP as one of many instruments at the current juncture. Many central 
banks have missed their inflation target for extended periods of time after the global financial crisis 
and for longer periods than they were used to before. Empirical evidence suggests that one reason 
behind could be lower effectiveness of monetary policy in stimulating output and inflation. As a 
consequence, central banks loosened their policies to unprecedented levels and maintained an 
expansionary stance of their policy for a very long period of time. While negative economic side effects 
of expansionary monetary policy are difficult to identify and to quantify, it seems natural to assume 
that the risks for such side effects increase the more expansionary monetary policy is and the longer 
such policy is in place. Against this backdrop, it seems more important for the ECB (and other central 
banks) to discuss whether its monetary strategy has to be adjusted to these new circumstances than 
to discuss whether specific measures, such as NIRP, are appropriate to conduct monetary policy within 
this strategy. 
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Abstract 

Policy rate cuts in negative territory have increased credit supply 
and improved the macroeconomic environment similar to cuts in 
positive territory. Dreaded disruptions to the monetary policy 
transmission channels as well as adverse side effects on bank 
profitability have so far largely failed to materialise. Thus, the 
evidence available today shows that the negative interest rate 
policy is an effective policy tool. However, systemic risks, 
including in the non-bank sector, should be closely monitored as 
negative rates are expected to remain low for longer. 
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EXECUTIVE SUMMARY 
• Negative interest rate policies (NIRPs) have been introduced in a number of advanced 

economies in recent years as central banks have aimed at addressing the low inflation 
environment with unconventional monetary policy tools. The entry into negative territory 
raised several concerns about its effects on the transmission of monetary policy and possible side 
effects. 

• The decade-long decline in the natural rate of interest suggests that a low interest rate 
environment may be here to stay for a prolonged period in advanced economies. This trend 
may necessitate the more often usage of NIRP after significant macroeconomic shocks.  

• Policy rate cuts in negative territory have successfully eased financial conditions in largely 
similar ways as standard interest rate cuts. The interest rate channel of transmission was effective 
as evidenced by prevalent money market rates and a downward shift of the government bond yield 
curve. Market participants’ expectations of future short-term interest rates were successfully 
steered towards negative territory. The credit channel effectively raised credit growth to 
households and the non-financial sector. 

• Concerns of a muted policy rate pass-through towards bank clients only partly realised. 
Banks were expected not to charge negative rates from clients, which could disrupt policy 
transmission and severely impact profitability. While this did occur for deposit rates of households, 
it did not for non-financial corporates. Causal evidence of the negative effect on credit supply for 
banks most reliant on deposits and consequently most exposed to NIRP is inconclusive. 

• There are several systemic risks associated with NIRP: it may reduce bank profitability by 
eroding the interest rate income of banks, may create asset price bubbles, or hurt the yield on 
pension savings. In search for yield, banks can lend to riskier counterparties, invest in riskier assets, 
and thereby endanger financial stability. 

• Evidence suggests that banks prevented severe adverse effects on their profitability by 
modifying their business strategies and have benefited from other factors not guaranteed 
to persist in the long run. Empirical evidence suggests that clients did not significantly withdraw 
their deposits which would endanger bank funding. Further, banks realised gains on their fixed 
income assets, against which they could also borrow more on wholesale markets, and decrease 
their loan loss provisions. 

• While the impact of monetary policy rates on real estate prices is an important transmission 
channel, housing is also a crucial part of households’ wealth and consumption spending. 
From a consumer perspective, asset price inflation affects the decision to acquire home ownership 
and rental rates. International evidence suggests that a one percentage point decrease in the 
interest rate will cause an increase in real estate prices of 6% to 8% over the following three years. 

• NIRP may adversely affect non-monetary financial intermediaries (NFMI). A protracted low 
interest rate will hit the solvency status of NMFIs and plan sponsors depending on the extent to 
which they guaranteed minimum returns. NMFIs may implement riskier strategies to meet their 
obligations. Beneficiaries of non-guaranteed pension products will have to bear the low return on 
assets. Due to limited available data, there is little evidence on effects on NFMIs. 

• The evidence points towards cautious optimism regarding NIRP as a monetary policy 
instrument. So far, it cannot be associated with significant adverse effects. The empirical 
assessment suggests that it has delivered on its objectives and has worked similarly to standard 
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nominal interest rate cuts. The main adverse effects of NIRP, i.e. the disruption of monetary policy 
transmission as well as financial fragility arising from low bank profitability and an excessive 
pressure for cash hoarding, have not yet materialised in the euro area. 

• Ongoing assessment is needed to understand whether market participants can continue to 
cope with the pressure on profitability in negative territory when policy rates decrease 
further and/or remain on this level for years to come. In the face of considerable uncertainty, 
the risks of pushing rates too low should not be underestimated since non-linear effects may 
materialise at some point. Some increasingly crucial elements of the financial system, the non-bank 
financial intermediaries, are poorly understood, yet their response could introduce material risks. 
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 INTRODUCTION 
Negative interest rate policies (NIRPs) have been introduced in many advanced economies in the 
aftermath of the global financial crisis, as central banks have aimed at addressing the low inflation 
environment and sluggish growth with unconventional monetary policy tools. For a long time, it was 
assumed that policy interest rates had a natural lower bound of zero. It was a widely held view that 
they could not go negative or that interest rate cuts in negative territory could lead to significant 
problems.1 More recently, however, economists have argued that the zero lower bound can be 
overcome using various measures, policies or instruments2.   

The entry into negative territory raised several concerns about the effectiveness of monetary policy in 
inducing inflation and output growth. In the absence of experience with NIRP in a large economy 
before 2014, there was considerable uncertainty about how financial intermediaries, which are of 
crucial importance for policy transmission, would respond strategically to pressures on profitability. 
This could not only disrupt pass-through channels of interest rates on prices but could induce systemic 
risks to financial markets. The evidence in the countries which have introduced NIRP during the recent 
years suggests that the suspected adverse effects have not materialised. The effective lower bound on 
interest rates seems to be well below zero and a negative interest rate policy appears to be feasible, at 
least in the short term, although it is not yet clear whether it is optimal and how far policy rates can and 
should go into negative territory (Tenreyro, 2021). This paper discusses both the traditional effects of 
NIRP, as well as the additional side effects it can have. 

The European Central Bank (ECB) was the first of the major central banks in advanced economies to 
introduce negative interest rates by lowering the deposit facility rate (DFR) below zero in 2014 (Figure 
1). It has since continued this policy in small increments until it reached the current level of -0.5% in 
September 2019, although in combination with a two-tier system for remunerating excess reserves at 
the central bank. Other countries which have also introduced NIRP over the last decade have been 
Denmark (2012), Sweden (2014-2019), Japan (2016) and Switzerland (2014) (Tenreyro, 2021). 

Figure 1: Developments in policy rates and bank lending rates 

  
Source: Boucinha and Burlon (2020), ECB and ECB calculations. 

Note: The vertical black lines indicate the five cuts in the DFR into negative territory between June 2014 and September 2019. 

                                                             
1  See Mankiw (2003) and Woodford (2003) for standard textbooks explaining that the zero lower bound can be a hard constraint on 

monetary policy.  
2  See Buiter (2009) or Kimball (2015). 
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Policy rate cuts generally stimulate price developments and the macroeconomy through various 
channels. Most importantly, they decrease the short end of the yield curve as well as the long end if 
market participants’ expectations of future short-term rates are successfully steered (de Groot and 
Haas, 2020). When nominal rates are sluggish, real interest rates decrease which induces demand for 
credit and investment. Further, banks should increase their supply of credit in response to the effects 
on a range of components of their business. One immediate peculiarity of negative rates is that 
commercial banks’ holdings of excess reserves are penalised which incentivises them to increase loan 
issuance. 

There are, however, several risks associated with negative interest rate policies. They may induce 
excessive cash hoarding, reduce bank profitability by eroding the interest rate income of banks, may 
create asset price bubbles, or hurt the yield on pension savings. Lower profitability in their conventional 
credit business may induce banks to take on higher risk investments. The first effect may occur if, after 
the introduction of NIRP, investors decide to transfer their deposits into cash holdings rather than into 
riskier or long-term assets. If negative interest rates transmit to retail deposits, this can endanger bank 
profitability and start to have a reverse effect on bank lending, which instead of expanding could 
contract (Eggertsson et al., 2017). While the initial steps into negative territory have so far not shown 
signs of such adverse impacts, it is not certain that the effects will be non-linear. In that line, the concept 
of the reversal interest rate has been introduced by Brunnermeier and Koby (2018). 

The current empirical assessment of the effects of NIRP, however, suggests that NIRP has been an 
effective tool to reduce money market rates as well as yields on longer-dated assets, to expand the 
supply of loans, thereby stimulating inflation and output growth, while it has not so far been connected 
with significant adverse effects. NIRPs have in general worked similar to standard nominal interest rates 
cuts and have delivered on their objectives (Bottero et al., 2019; Demiralp et al., 2019; Rostagno et al., 
2019; Schnabel, 2020). Negative interest rates have contributed to expanding lending volumes, which 
have partly compensated the pressure on bank profitability from lower interest rate margins. Even 
though the evidence points towards the overall benefits and the effective transmission of nominal 
interest rates, it is hard to distinguish the individual contribution of NIRP towards the effective 
monetary policy transmission mechanism from other tools of unconventional monetary policy (UMP) 
such as forward guidance, the introduction of a two-tier system and the implementation of targeted 
longer-term refinancing operations (TLTROs). Furthermore, the initial macroeconomic response to 
NIRPs can change if rates go further into negative territory – a non-linear response may emerge, 
especially if banks’ profitability starts to suffer after passing the reversal interest rate.  
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 THE NATURAL RATE OF INTEREST  
The introduction of negative nominal interest rates has been partly determined by the fact that the 
estimated natural interest rate as well as real rates have been on a decline for the past three decades 
(Jordà et al., 2020; Constâncio 2016; Yellen, 2017). With an inflation target of 2%, low real rates imply 
low nominal rates. Following the global financial crisis, the combination of the long-term decline in the 
real interest rate and the natural interest rate has meant that the policy space of central banks with 
regard to conventional nominal interest rate cuts has become limited. It is often argued that structural 
factors such as an ageing society have lowered the equilibrium interest rate and thus contributed 
significantly to the current low interest rate environment (Rachel and Summers, 2019).3 Rachel and 
Smith (2017) predict a “world” equilibrium interest rate of around 1% for the next decades. If indeed, 
very low natural interest rates are here to stay, this will result in monetary policy space being 
constrained and therefore requiring steps into negative territory more often to counteract big 
macroeconomic shocks.4 In any case, if that tendency holds for the future, it entails the danger that 
even after the normalisation of policy rates, nominal rates will most probably stay at low levels, thus 
reducing the space for monetary policy to counteract any significant shocks if and when they occur. 

The natural rate of interest is a key notion for the efficient decision-making processes of modern central 
banks and acts as one of the underlying concepts in monetary economics today. It builds upon the 
concept that there is a unique short-term interest rate which ensures that the potential output level 
will be reached with stable inflation at the given target.5 This natural interest rate, also known as the 
equilibrium interest rate, plays a key role for central banks with an inflation targeting framework, as it 
guides their assessment for the appropriate stance of monetary policy at different points of the 
business cycle. Therefore, the equilibrium interest rate acts as an anchor for long-term interest rate 
expectations, but is also a central component of Taylor-type rules, which central banks use for guiding 
their short-term nominal interest rate decisions (Taylor, 1993). As any unobserved variable, the 
estimation of the equilibrium interest rate involves a number of methodological challenges. Most 
importantly for the current implementation of monetary policy, many studies have highlighted a 
secular decline throughout the past three decades of the natural interest rate in most developed 
countries. This has important repercussions for the space of monetary policy to stabilise the economy 
after significant macroeconomic shocks even in normal times. Even after an economy has fully 
recovered after a recession, nominal interest rates start from a low level and therefore can reach 
negative territory much faster. 

By definition, the natural real interest rate is determined by real economic factors that affect desired 
savings and investment. Similarly to the idea of a steady state in canonical growth models, in the neo-
Wicksellian framework popular today, real economic factors can put the economy on a path where 
output grows at the potential output growth rate and inflation is stable. The equilibrium interest rate, 
often marked as r*, is the short-term interest rate in this situation. In the classical theory of Wicksell 
(1898), the equilibrium interest rate determines prices through the marginal productivity of capital and 
market interest rates. If market rates are below the equilibrium, there will be an acceleration in price 
dynamics and vice versa. Similar dynamics underpin the current framework in which the natural 
interest rate is used to assess whether monetary policy is too expansionary, too contractionary or 
                                                             
3  See (Vlieghe, 2016) for a detailed explanation.  
4  Or alternatively, if assumed that the effective lower bound on nominal interest rates is binding, it will be hit much harder and much more 

often than previously anticipated if monetary accommodation is used fully to stabilise aggregate demand, as some analysis have pointed 
out (Dordal-i-Carreras et al., 2016; Kiley and Roberts, 2017). Using the standard models of the Federal Reserve, Kiley and Roberts (2017) 
show for example that in such a low interest rate environment, policy rates would be constrained by the zero lower bound by about one-
third of the time, making it very hard to reach the 2% inflation target. 

5  It was first developed by the renowned Swedish economist Knut Wicksell in (Wicksell, 1898). 
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adequate. The natural interest rate is now an indivisible part of monetary theory, as well as of central 
bank's decision-making. Over the past decades, many central banks have disregarded the previous 
paradigm of targeting the money supply aggregate and have switched to an explicit or implicit 
inflation target as a more efficient method of securing long-term growth by having the objective of 
price stability as their central mandate (Bernanke et al., 2001). Interest rates, rather than changes of 
monetary aggregates, hold promise to reach this goal. One of the main reasons for this enhanced 
efficiency of using interest rate rules to aim at specific inflation targets is that this makes the interest 
rate setting process transparent and can ensure the anchoring of expectations about the future path 
of interest rates and prices, thus better solving the time-consistency and commitment problems 
(Bernanke et al., 2001; Williams, 2016a). 

Therefore, to be able to assess the proper level of the short-run nominal interest rate at a point of the 
business cycle, besides an inflation target, the central bank needs to know the equilibrium interest rate. 
The concept is essential, as it gives a central bank a target, an anchor in terms of an interest rate r*, 
where a neutral stance is reached. This natural real interest rate plus the inflation results in the nominal 
short-term interest rate which gives a neutral stance on monetary policy and at which the output gap 
should be closed at the steady state level. 

Even though the concept has such a big importance, it is still facing significant measurement 
challenges. Like other unobservable variables, the estimation of the natural interest rate requires 
important assumptions. Estimates of r* can be obtained either through statistical and econometric 
methods to extrapolate the equilibrium interest rate from data using filters (e.g. a Kalman filter) or semi-
structural models or can be computed using a more theoretical dynamic stochastic general equilibrium 
(DSGE) model. Different methodological approaches, as well as the number of different factors that 
affect r*, may lead to uncertainties around the estimation of the interest rate (Taylor and Wieland, 
2016), leading some policymakers to warn against their increased use as a measure for the policy stance 
(Michaelis and Wieland, 2017). More realistic medium and large-scale models with nominal rigidities 
and frictions such as the canonical (Smets and Wouters, 2007) DSGE-model can present a well-defined 
framework to model and estimate r* using the estimation with macroeconomic data. In a similar setting 
based on the Smets – Wouters model combined with financial friction à la Bernanke et al. (1999) and Del 
Negro et al. (2017) estimate the natural rate of interest r* as the real return to a safe asset in a 
counterfactual economy without nominal rigidities. It is with such models that proper optimal 
monetary policy rules can be derived and r* is a crucial input in these rules. The most well-known 
approach to estimate r* has been developed by Laubach and Williams (2003) and revolves around 
estimating reduced form equations, derived from a standard New Keynesian model – a New Keynesian 
Philips curve with inflation expectations and an intertemporal IS equation. This allows the natural rate 
of interest to be affected by low-frequency nonstationary processes. A more recent version of these 
estimations is presented in Holston et al. (2017). Most importantly, both Holston et al. (2017) and Del 
Negro et al. (2017), as well as a number of vector autoregression (VAR) studies using interest rate trends, 
have pointed to a significant decline in r* throughout the past decades (Figure 2). In the case of the US 
e.g., the estimated r* has reached a value from 4% in 1980, to 2% before the financial crisis, to a value 
of around 0%-1% in recent years. In addition to structural as well as empirical estimates, a practical 
proxy for the natural rate of interest is the long-term government bond yield. They should approximate 
the long-term interest rate on a safe asset, such as government bonds, and have a long maturity that 
embeds the prospects regarding interest rate return beyond the current point of the business cycle. As 
Figure 3 shows, this indicator also points to a steady downward trend in the selected countries over 
the past decades.  
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Figure 2: Holston-Laubach and Williams estimates of the natural interest rate 

 
Source: Holston-Laubach-Williams, Federal Reserve Bank of New York, Measuring the Natural Rate of Interest, 
(https://www.newyorkfed.org/research/policy/rstar/overview). 

Note : Euro area before 1999 is based on calculations of synthetic euro area aggregate. Final data point: Q2 2020. 

 

Figure 3: Long term government bond yields 

 
Source: Eurostat, Macrobond. 
 

Even when taking into account the uncertainties around its estimation, there has been a notable and 
unprecedented decline in natural interest rates over the past three decades across developed countries 
(Furman, 2016; Holston et al., 2017). The exact causes for such a decline are still under discussion. There 
are a number of different factors that can affect the equilibrium interest rate. A growing literature deals 
with the question whether this decline in r* is connected to secular developments in the economy such 
as demographics and aging (Gagnon et al., 2016), a secular stagnation phenomenon (Summers, 2015; 
Eggertsson et al., 2016) or is due just to cyclical conditions and an unfinished recovery of the global 
economy (Holston et al., 2017; Gourinchas and Rey, 2016). Del Negro et al. (2018) argue that indeed this 
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was a secular trend caused by low economic growth and increased demand for safety and liquidity – a 
so-called convenience yield for safe/liquid assets, as discussed in Krishnamurthy and Vissing-Jorgensen 
(2012). The global “savings glut” hypothesis of increased global aggregate savings as a cause for low 
interest rates has been famously discussed also by Bernanke (2005). This explanation can also be 
connected to the documented fall in the global equilibrium interest rate (Rachel and Smith, 2017), 
besides the decline in country-specific r*. The decline of such a global equilibrium interest rate can be 
connected to the significant downward revision on growth and productivity expectations after the 
global financial crisis (along the secular stagnation hypothesis), but a big contribution to this 
development also comes from a change in preferences regarding savings (Rachel and Smith, 2015).  

 

  



IPOL | Policy Department for Economic, Scientific and Quality of Life Policies 
 

PE 662.924 76  

 NEGATIVE INTEREST RATES EFFECTIVELY EASED FINANCIAL 
CONDITIONS 

The transmission of monetary policy to the real economy relies profoundly on financial intermediation 
by the banking sector and operates through a number of channels. While these are well-established 
for the positive range, the literature on policy effectiveness in the negative range was only of 
theoretical nature due to a lack of data for big economies prior to 2014 (for an overview, see Beyer et 
al., 2017, Figure 1). In this section, we discuss how channels were expected to operate under NIRP and 
review recent empirical studies to reassess our understanding of their effectiveness. We then focus on 
adverse side effects that created some of the reservations against entering negative territory and 
pursuing further rate cuts, particularly in terms of bank profitability and financial stability. 

3.1. Monetary policy transmission 
Overall, policy rate cuts in negative territory have eased financial conditions and operated in similar 
ways as standard interest rate cuts, however additional channels affected the transmission (Boucinha 
and Burlon, 2020; Altavilla et al., 2019). Empirical analyses of NIRP suggest that transmission was most 
effective via the interest rate and bank lending channel which we discuss in the following. Empirical 
studies on macroeconomic effects, though, in particular for the period in question, should be weighed 
against the econometric difficulty to establish causality because a range of UMP measures – in 
particular the large scale asset purchasing programs (APP), forward  guidance, and targeted longer-
term refinancing operations (TLTRO) – could have introduced confounding factors and interaction 
effects. Moreover, discrete fiscal policy measures also interacted with monetary policy.  

Policy rate cuts are known to have a positive effect on credit demand via the interest rate channel. If 
transmission works properly, money market rates, that is interbank lending rates, directly reflect 
changes in policy rates due to arbitrage opportunities. If the policy rate adjusts market participants’ 
expectations of future short-term rates, nominal rates on longer maturities decrease as well.6 As a 
result, the yield curve shifts downwards, corporate borrowing costs in real terms fall and this induces 
demand for credit to finance additional investment. 

There is strong evidence that the pass-through by money market rates was effective, irrespective of the 
jurisdiction (euro area: Eisenschmidt and Smets, 2018; Denmark: Jensen and Spange, 2015, Sweden: 
Angrick and Nemoto, 2017; Switzerland: Grisse and Schumacher, 2018). Figure 4 shows that as a 
response, negative interest rates in every maturity bucket significantly reduced government bond 
yields in the euro area (Rostagno et al, 2019). Prior to 2014, market participants did not expect future 
short-term rates to become negative, this suggests that the policy successfully steered perceptions 
through the signaling channel of monetary policy. The signaling channel of monetary policy works by 
manipulating market participants’ expectations about the future stance of monetary policy and can 
thus also change expectations on long-term rates (De Groot and Haas, 2019). Studies suggest that the 
overall response of the yield curve was similar in negative compared to positive territory (Arteta et al., 
2016; Wu and Xia, 2020). 

                                                             
6  This is based on the expectations hypothesis of the term structure according to which the return on a long-term instrument is a function 

of a series of short-term instruments. 
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Figure 4: Effects of NIRP on sovereign bond yields 

 
Source: Boucinha and Burlon (2020) with updated data from Rostagno et al. (2019).  

Note: The chart illustrates the impact of NIRP on sovereign yields (weighted average of German, French, Italian and Spanish 
sovereign bond yields), which works primarily via the short-term rate and the OIS forward curve. 

 

The credit channel raises the supply of credit. While aggregate data on loan growth in the euro area 
suggests an effective functioning (see Figure 5), we focus on individual components of this channel: 
the bank lending and bank balance sheet channel. In the traditional bank lending channel, lower policy 
rates are passed on to banks’ customers lowering their funding costs and reducing their external 
finance premium - as a consequence of a more favorable net worth - and enables higher lending 
volumes (Bernanke et al., 1999; Disyatat, 2011). NIRP can be expected to further encourage lending 
since a negative remuneration of excess liquidity incentivises banks to supply loans. 

 

Figure 5: Loan growth of euro area commercial banks 

 
Source: ECB Statistical Data Warehouse, Macrobond. 

Note: This graph shows the year-on-year growth of loans extended to households and non-financial corporates by MFIs 
(excluding the ESCB reporting sector). The five vertical black lines indicate the months of cuts in the deposit facility rate in 
negative territory between June 2014 and September 2019. 
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Before NIRP was introduced, many economists shared the concern that monetary policy transmission 
could be disturbed since banks become increasingly reluctant to pass on rate cuts as the deposit facility 
rate approaches and eventually crosses the zero lower bound. A range of factors can be expected to 
drive this disruption: for example, the degree of competition for deposits between banks, the share of 
fixed versus floating rate loans, and the fear that clients would switch into cash or interest-bearing 
bonds. In some euro area Member States, legal restrictions may also prevent banks to pass on rate cuts 
below zero. Consequently, banks’ net interest margins (NIM) – the difference between the interest they 
earn and pay for a unit of currency they intermediate – would decrease and banks’ ability to supply 
loans may eventually be reduced or even overcompensated by higher solvency requirements. 

 

Figure 6: Deposit interest rates paid by commercial banks in the euro area 

  
Source: ECB Statistical Data Warehouse. 

Note: This figure shows selected percentile bands of annualised interest rates in percent that commercial banks pay on 
deposits with a maturity up to 1 year. In subfigure (a), the counterparties are households for subfigure (b) those are non-
financial corporations. The sample consists of average interest rates from all euro area Member States. 

 
Indeed, descriptive statistics of interest rates paid on deposits in euro area Member States suggest that 
there is a zero lower bound for household clients, however not for non-financial corporate clients (see 
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Figure 6). While all plotted aggregates of the former seem to react strongly to NIRP, they converge but 
never cross the zero threshold. Only Denmark experienced negative interest rates on deposits from 
private households from 2019 onwards (see Table 1). This is consistent with (Brandao-Marques et al., 
2021) who find a structural break in the correlation between policy rates and deposit rates. This could 
also explain why significant deposit volumes were not withdrawn from clients as evidenced by 
relatively stable deposit shares in banks’ funding mix even after introduction of NIRP.7 On the other 
hand, the negative policy rate seems to be passed on to corporate clients: all descriptive statistics show 
a downward trend with the 10% lowest average rates crossing into negative territory in early 2016. 
While this does not establish causality, it suggests that transmission may indeed be compromised in 
negative territory, though more pronounced for retail compared to corporate deposits. Consequently, 
numerous analyses confirm the hypothesis that NIMs decrease after the introduction of NIRP (for 
example, Alessandri and Nelson, 2015; Borio et al., 2017). 

This reasoning raises the expectation that banks which rely more heavily on deposits compared to 
wholesale funding, contribute more to the disruption of policy transmission. Empirically, there is a 
strong heterogeneity in deposit shares of banks’ liabilities: Brandao-Marques et al. (2021) document 
that deposits of the non-financial private sector contribute 15% to banks’ liabilities while this figure is 
70% in Japan (and 40% for the euro area). 

Causal evidence of the effects of bank funding on policy transmission is, however, inconclusive. Using 
contract-level loan data, Heider et al. (2019) compare lending volume and counterparty risk before and 
after the introduction of NIRP and find support for the hypothesis: high deposit banks reduced lending 
by 35% relative to low deposit banks. Other studies find contradicting results: Tan (2019) finds that 
high-deposit banks expand credit by 17% while Schelling and Towbin (2020) find the expansion was 
significantly weaker compared to low deposit banks. 

The bank balance sheet channel raises banks’ net worth and reduces external financing costs to 
eventually increase loan volumes. Bottero et al. (2019) measure the degree of exposure to NIRP in term 
of banks’ reliance on short-term funding, that is the difference between short-term interbank liabilities 
and assets. Inconsistent with expectation, they show that banks relatively more exposed to NIRP 
rebalance their portfolio away from liquid assets to credit and thereby expand supply. 

3.2. The reversal interest rate 
After monetary policy rates passed the zero lower bound, the question surfaced whether there exists 
an effective lower bound for target rates below zero and consequently also for money market rates and 
interest rates on deposits or credits. The possibility for households and firms to withdraw assets from 
bank accounts and move into cash creates a theoretical limit for negative interest rates, yet in practice 
holding large amounts of money in cash creates storing costs and runs the risk of theft. Thus, low levels 
of negative interest rates on household deposits appear possible. Corneille et al. (2021) identify 
additional factors fostering the tolerance of negative interest rates on deposits in an online experiment. 
The higher the amount on the deposit account, the lower is the tolerance of negative rate, and a longer 
period of negative interest rates decreases the tolerance of private households. Savers with regular 
savings payments are more likely to tolerate a negative interest rate as compared to irregular lump sum 
savers. Finally, savers are more willing to accept a negative interest rate if they expect them to be 
replaced by positive interest rates in the future.  

                                                             
7  In Brandao-Marques et al. (2021), see Box 2 for the econometric analysis of the association between deposit rates and policy rates and 

see Figure 11 for descriptive statistics of average commercial banks’ deposit to total liabilities ratio. 
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Table 1: Interest rates on new deposits from households and non-financial corporations, March 
2021 

 
Private households 
 

Non-financial corporations1 

 
Up to 1 
year 

More than 2 
years Up to 1 year 

More than 2 
years 

Austria 0,15 0,45 -0,30 0,14 

Belgium 0,19 0,57 -0,17 0,20 

Bulgaria 0,05 0,59 0,00 0,00 

Croatia 0,07 0,22 0,04 0,02 

Cyprus 0,08 - 0,08 - 

Czech Republic 0,26 1,30 0,12 1,41 

Germany 0,06 0,41 -0,12 0,24 

Denmark -0,19 -0,15 -0,51 -0,24 

Estonia 0,55 1,32 0,26 10,39 

Euro area 0,18 0,60 -0,11 0,22 

Spain 0,01 0,10 -0,31 0,46 

Finland 0,15 0,43 0,02 -0,12 

France 0,35 0,68 0,04 0,20 

United Kingdom 0,30 0,64 0,06 0,10 

Greece 0,16 - 0,07 - 

Hungary 0,34 0,56 0,52 0,64 

Ireland 0,11 0,05 -0,46 - 

Italy 0,82 0,81 0,31 -0,11 

Lithuania 0,06 0,49 0,00 0,65 

Luxembourg 0,07 0,16 -0,20 0,00 

Latvia 0,40 1,05 0,00 0,00 

Malta 0,47 1,51 0,59 2,68 

Netherlands 0,93 1,02 -0,22 0,75 

Poland 0,05 0,07 0,06 0,19 

Portugal 0,40 0,86 0,03 0,80 

Romania 0,40 0,86 0,03 0,80 

Sweden 0,12 0,54 0,00 0,06 

Slovenia 0,44 0,95 -0,14 1,19 

Source: ECB. 

Note: 1Values are from March 2021 or last available value. 
 

At the moment, only banks in Denmark charge negative interest rates on accounts from private 
household (since 2019) and the threshold for charging negative interest rates has been lowered to DKR 



Low for Longer: Effects of Prolonged Negative Interest Rates 
 

 81 PE 662.924 

100.000 in February 20218. Around 35% of deposits were subject to negative rates in February 2021. 
Table 1 shows that negative interest rates on household accounts are still seldom throughout the euro 
area, while negative interest rates on corporate accounts are widespread. It is yet unknown, how low 
negative interest rates can go in practice. The recent experience indicates some willingness to accept 
a negative interest rate as a kind of fee for the convenience provided by liquid deposits with low loss 
potential. Nevertheless, steeply increasing real estate price, booming equity prices, high raw material 
prices (e. g. gold), and record levels of circulating cash (see Figure 7) show that agents respond to the 
low interest rate environment by restructuring their portfolios away from deposits. 

 

Figure 7: Development of the currency in circulation and M3 in the euro area 

 
Source: ECB, Eurostat. 

Note: Seasonally and calendar-adjusted data, euro area (changing composition). 

 
Besides practical limits to move out of deposits and the willingness to switch into alternative financial 
and real assets, there are also theoretical reasons to expect the existence of an effective lower bound 
on interest rates. This bound is characterised by a reversal of the effect of expansionary monetary policy 
on bank lending. Usually, expansive monetary policy lowers the financial constraints for banks by 
providing additional liquidity and it lowers the interest rate at which banks can refinance their lending 
to the corporate and household sector, respectively. In the regular case, expansionary monetary policy 
expands lending. If the monetary policy target rate crosses the effective lower bound, additional 
monetary impulses will have a contractionary effect on credit provision by the banking sector. The 
reason is that lower monetary policy target rates reduce the interest income of the banking sector 
going forward, i. e. all new contracts and all contracts on variable terms will carry the lower interest 
rate. This negative effect on future income may be compensated by valuation gains on the holdings of 
fixed-interest securities by banks, but these gains are one-off and if the episode of low rates is long 
enough, the negative effect on interest income is likely to dominate.  

                                                             
8  Reuters. (2021). “Enough is enough: Danish minister cries foul at banks' negative rates”. 27 April.  

https://www.reuters.com/article/denmark-banks-idUSL8N2MK3S7. 
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Figure 8: Stylised bank balance sheet 

As s ets Liabilities

E quity

Loans

B onds

Depos its

 

Source: Brunnermeier and Koby (2018). 

 
Brunnermeier and Koby (2018) illustrate the mechanism starting from a very simple bank balance 
sheet, containing only loans and fixed interest government bonds as assets, and the clients’ deposits 
and own equity of the bank as liabilities (see Figure 8). The important feature is the high leverage of 
the banking sector in combination with the request for regulatory solvency capital by supervisory 
agencies. A successful expansionary policy will create additional lending from the banking sector, but 
this also requires at the same time the provision of more solvency capital. In the simple bank balance 
sheet of Figure 8, the earning capacity of banks depends on three interest rates:  

• the interest rate on government bonds, rg  

• the interest rate on deposits, rd  

• the interest rate on loans, rl  

and the spreads between interest rate being structured in the following way rd < rg <rl. Figure 8 shows 
that due to this ranking of the interest rates, even a proportional reduction in interest rates will result 
in lower net interest earning by banks, i. e. the reversal rate does not depend on the stickiness of 
deposits rates, rather it depends on the maturity transformation inherent in the banking business. 
Lower banking earnings in turn reduce the ability to provide additional solvency capital and thus 
restrict future credit expansion by diverting investment into government bonds. Because one-off 
valuation gains on mark-to-market assets or reduced loan-loss provisions alleviate the negative short-
term effect on the ability of banks to provide loans only at the beginning of an interest rate cycle, it is 
obvious that a low for long interest rate cycle becomes less effective over time in inducing more 
lending. Brunnermeier and Koby (2018) prove the existence of the reversal interest rate if the gains 
from the maturity mismatch, i. e. the financing of long-term loans with short-term deposits, are 
sufficiently small. If banks reach the binding solvency capital constraint, the monetary policy rate hits 
the reversal rate because further interest rate cuts reduce profits and consequently the ability to 
provide additional solvency capital out of the current cashflow. Their calibrated value for the reversal 
rate of the euro area in 2018 was -1%, but they stress that the reversal rate is time variable and depends 
on the following key determinants:  

• The amount of fixed interest government bonds held by the bank. The more fixed interest 
government bonds a bank holds, the bigger is the maturity mismatch between assets and 
liabilities, and consequently valuation gains are bigger in case of an interest rate cut. This increases 
the reversal interest rate.  
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• Low initial equity capitalisation of banks (higher leverage) implies that the constraint on solvency 
capital will be binding sooner after the drop in the interest rate. This effect amplifies the loss in net 
interest income and further decreases the reversal interest rate. 

• A restrictive capital constraint, e. g. a high cyclical capital puffer, implies that the constraint on 
solvency capital will be binding sooner after the drop in the interest rate. From this point onwards, 
banks are forced to invest in fixed interest government bonds rather than loans. This decreases the 
reversal interest rate.  

• If the deposit supply elasticity of private households with respect to the interest rate is already high 
or further increases after a rate cut, banks’ profitability will decrease faster after a rate cut. A higher 
interest elasticity may result from private household awareness of spreads to other asset classes or 
from cash competition. This increases the reversal interest rate. 

• High dividend payments by banks, based on valuation gains after an interest rate cut, will reduce 
the ability to provide additional solvency capital. This increases the reversal interest rate.  

• A strong initial increase in loan demand after an interest rate cut, will improve net interest earnings 
by banks but also creates more strain on the solvency capital. In general equilibrium the reversal 
rate still exists.  

• Already low nominal monetary policy rates reduce the effectiveness of further expansive monetary 
policy steps.  

The unconventional monetary policy measures like the long-term refinancing operations have 
alleviated the reversal interest rate effects on bank profit margin by offering cheap access of funds to 
banks.  

A similar argument for an effective lower bound has been put forward by Kiyotaki et al. (2021). They 
use a non-exclusivity constraint which restricts the entrepreneur’s borrowing capacity to near-horizon 
profits, i.e. entrepreneurs will receive only short-term credit contracts from banks. Based on the 
maturity mismatch between the long-term costs of gross fixed capital investment and the short-term 
share in gross revenues that can be credibly pledged by the entrepreneur, a permanent fall in the real 
interest rate reduces the present value of the investment project and consequently the borrowing 
capacity of the entrepreneur. Overall, domestic investment can fall with a reduction in the interest rate.   
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 ADVERSE SIDE EFFECTS OF NEGATIVE INTEREST RATES 

4.1. On bank profitability 
In negative territory, the credit channel is subject to a discontinuity: once policy rates become 
sufficiently low, banks are reluctant to pass on the policy rate cuts to their depositors, particularly 
households. As banks internalise the impact of decreasing NIMs, they need to generate profits 
elsewhere by adjusting their strategy. This seems to have been the case since a range of studies using 
bank-level data suggest that profits did not deteriorate significantly, some suggest even slight 
improvements (Lopez et al., 2020; Turk, 2016; Altavilla et al., 2019). 

In search for a partial or even full compensation of lower interest income, banks have a number of 
options. In search for yield, one option for banks is to lend to riskier counterparties and thus raising 
loan rates. Indeed, (Bottero et al., 2019) find that banks relatively more exposed to NIRP increase their 
loan supply to ex-ante riskier and smaller firms. This finding is consistent with the results of other 
studies. Eggertsson et al. (2019) find for Swedish banks that policy and lending rates disconnect once 
the policy rate entered into sufficiently negative territory. Heider et al. (2019) document that banks in 
the euro area that are deposit reliant, seem to increase lending to firms with higher return-on-assets 
volatility. It could be considered surprising that Bottero et al. (2019) find that higher risk profiles do not 
translate to a significantly higher share of non-performing loans. However, the absence of borrowers’ 
bankruptcies could be partly driven by overall improved macroeconomic conditions spurred by NIRP, 
UMP and expansionary fiscal policy measures. 

To compensate for profitability, banks seem to have turned to alternative revenue sources. Arce et al. 
(2020), Basten and Mariathasan (2020) and Bottero et al. (2019) find that banks charge higher fees on 
interbank deposits. Altavilla et al. (2019) document that the current low-interest rate environment in 
the euro area has led to higher non-interest income and had reduced loan loss provisions, while also 
improving bond and stock valuations and therefore resulting in capital gains. 

Apart from pursuing other revenue sources, banks profited from rate cuts in negative territory in a 
mechanical way (Tan, 2019). First, banks realise a revaluation gain on their fixed income assets since 
the discount factor increases as the safe interest rates becomes negative. Second, banks’ provisions for 
potential loan defaults decreases due to a stimulated macroeconomy. Third, banks’ holdings of safe 
securities eligible for collateralised transactions increases due to the revaluation such that their 
borrowing constraints ease.  

Overall, the evidence suggests that banks prevented severe adverse effects on their profitability by 
implementing a range of modifications to their business strategies and have benefited from other 
factors not guaranteed to persist in the long-run. Deposits are usually slow to react to changes in the 
financial environment such that the clients’ portfolio rebalancing into safe bonds remains a risk. Also, 
the fact that the non-performing loans ratio has not changed significantly in response to relatively 
higher risk profiles, cannot be a predictor for the future since other factors and policies could have 
contributed to the absence of a larger share of non-performing loans. 

4.2. On non-bank intermediaries 
In this section we discuss primarily non-monetary financial institutions (NMFI) from the insurance and 
pension fund industries. NMFIs feel the effects of low or negative interest rates on both sides of their 
balance sheet. The non-life insurance industry is likely to experience a weaker effect because most of 
its business is short-tail, i.e. the current premium intake is used to pay current claims. Cross-subsidising 
the technical result by high investment returns, however, becomes impossible during a negative 



Low for Longer: Effects of Prolonged Negative Interest Rates 
 

 85 PE 662.924 

interest rate period. This implies upward pressure on insurance tariffs throughout all lines of the non-
life business.  

In the following, we will concentrate on the life insurance business and pension funds. Both industries 
collect premiums and invest the premium intake (net of transaction costs and taxes) until the life 
insurance contract expires or the client retires and starts to receive an annuity. This type of business 
regularly suffers from a maturity mismatch because there are only few assets covering exactly the time 
horizon between the premium intake and the annuity payment.  

Life insurance companies and pension funds are both long-term investors with a portfolio balancing 
the trade-off between risk and return of a financial investment. Additionally, supervisory authorities 
closely monitor the riskiness of the portfolio decision to protect the plan beneficiaries from potential 
revaluation losses of risky investment strategies. This limits the scope of investment opportunities for 
NMFIs depending on the obligations fixed in the insurance contract or the occupational pension plan. 
NMFIs have to apply the mark-to-market principle in their balance sheet statement, consequently, they 
reveal revaluation gains and losses annually.  

An effective monetary policy rate cut – particularly in combination with quantitative easing – will shift 
the whole yield curve downwards, i. e. the interest rate will decrease at all maturities. This creates 
revaluation gains for NMFIs on impact but reduces the re-investment returns on their fixed-income 
portfolio. Pension funds operating defined-benefit plans and life insurance companies with high-
return guarantees in their product portfolio may run into difficulties fulfilling these promises. By 
contrast, pension funds operating defined-contribution plans and life insurance companies selling 
mainly unit- and index-linked contracts will have no liabilities with respect to their customers. In these 
cases, the customers fully bear the risk of low returns: Their future annuity will be equivalently smaller.  

In terms of business opportunities for NMFIs, a low for long interest rate scenario may significantly 
reduce the demand for life insurance and pension fund products. At the same time, the increasing life 
expectancy magnifies the negative consequences from low interest rates on the solvency status of 
insurance companies and thus may reduce the supply of annuity products as well. The negative interest 
rate environment deteriorates or even eliminates possible gains resulting from the extension of the 
duration of their assets or from switching towards inflation-linked bonds.  

For NMFIs offering defined benefit plans or guaranteed insurance contracts the liability side of the 
balance sheet is also affected. Corresponding to the one-time revaluation gain, the liabilities of the 
insurance company, the pension fund, or the plan sponsor increases on impact. This can create a 
feedback loop from the financial sector to the real sector of the economy, if plan sponsors have to make 
additional payments into the funds, to make up the shortfall. Again, the liability side of NMFIs offering 
few contracts with minimum return guarantees is insulated from the interest rate shock because plan 
beneficiaries bear the risk of low returns in the form of lower expected annuity payments.  

Except NMFIs without guaranteed products, a protracted low interest rate will hit the solvency status 
of NMFIs and plan sponsors. NMFIs may be unable to recover to their pre-financial market crisis 
solvency status because investment returns on save assets are too low (Berdin and Gründl, 2015). NMFIs 
may try to avoid low investment returns by rebalancing their portfolio towards more risky assets. 
Boubaker et al. (2018) show for US pension funds that they rebalanced their investment portfolio after 
a monetary policy rate cut. Lower Federal Reserve target interest rates lead to a substantial increase of 
equity in the pension fund portfolio. Moreover, during periods when the Federal Reserve used 
unconventional monetary policy tools, pension funds shifted their allocation more aggressively from 
bonds to equity. Boubaker et al. (2018) also present a positive correlation between pension fund risk-
taking, low interest rates, and the decline in Treasury yields across both well-funded and underfunded 
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public pension plans. On the other hand, Defau and Moor (2021) use a sample of 890 pension funds 
throughout North America, Europe, Australia and New Zealand and find a significant rebalancing 
towards alternative assets (real estate, private equity, hedge funds) between 2000 and 2015; but 
pension funds seem to move more quickly into alternative assets when interest rates are high.  

If minimum return guarantees feature an automatic feedback rule to market interest rates, the impact 
on solvency will be more subdued. Alternatively, life insurers may withdraw the supply of guaranteed 
products or reduce the guarantee level, thus shifting the investment risk to the beneficiary and 
avoiding solvency problems. Although Antolin et al. (2011) recommend regular monitoring and stress 
testing of NMFIs in a low interest rate environment, they also warn against excessive pressure by policy 
makers to correct the funding deficit of a plan quickly. In defined contribution pension plans, more 
flexibility with respect to the retirement date may help to avoid the lock-in of bad returns into a 
permanently low annuity payment.  

4.3. On asset price inflation in the real estate sector  
The impact of monetary policy rates on real estate prices is only one of several channels how monetary 
policy affects asset prices, but housing is an important part of private households’ wealth and 
consumption spending. Rising real estate prices will finally have effects on the rental housing market 
as well because the real estate price is related to the present value of future rental payments and the 
expected future price development of a house. Poterba (1984) shows theoretically in an asset pricing 
model that interest rates can have a big impact on real estate prices. Himmelberg et al. (2005) extend 
this model. The elasticities derived from asset price-based models tend to be high because these 
models ignore real world phenomena like search and transaction costs, taxes and other types of costs 
associated with buying and selling decisions in the real estate market. If the standards for obtaining a 
credit are relaxed or hardened, this would change credit constraints and consequently the real estate 
price development may deviate from the prediction made by the asset price model. Furthermore, the 
discount rate used by private households may deviate from the market rate, particularly if private 
households expect interest rates to converge towards their historical mean (Glaeser et al., 2013). In this 
case, expansionary monetary policy shocks will not cause an immediate downward revision of the 
individual discount rate, and consequently, the present value of future rents and price increases will 
remain constant. Finally, the asset price model ignores the supply side of the real estate market 
completely. If supply responds quickly to rising real estate prices, then prices should be pinned down 
by building costs and land prices (Glaeser et al., 2008).  

Economic theory suggests a time variable elasticity of real estate prices with respect to the interest rate. 
Himmelberg et al. (2005) show that if the interest rate is already low before a rate cut, then a further 
rate cut carries a higher response of real estate prices to a one percentage point reduction in interest 
rates. The non-linearity is due to the discount factor in the asset pricing model.  

Figure 9 gives a first graphical illustration of the relation between real interest rates and house price 
inflation measured in real terms, i.e. after recognising consumer price inflation. The sample consists of 
all European Union (EU) Member States for which interest rates and real estate price are available 
between 2000 and 2020. We add Switzerland, the United Kingdom and the US to the sample and we 
distinguish three periods in Figure 9: the period before the financial market crisis from 2000 up to 2007 
is marked by blue dots. The second period is marked by green dots and starts in 2008. The end of this 
period is country specific and depends on the year when negative interest rates have been introduced. 
For countries without a negative interest rate the second period runs until 2013, the year before the 
euro area switched towards negative interest rates. Finally, the third period covers the period of 
negative interest rates and it is marked by brown dots. 
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Figure 9: The relation between interest rates and real estate prices from 2000-2020 

Short-term

 

Long-term

 
Source: Eurostat, OECD, OeNB. 

Note: The sample consists of EU Member States for which data are completely available, Switzerland, United Kingdom, and 
the US with a total of 22 countries. Real interest rates and real estate prices are deflated by the consumer price index. The pre-
crisis period runs from 2000 to 2007. The negative interest rate period is country specific, for Denmark (2013-2020), for 
Switzerland (2015-2020), for Sweden (2015-2019), and for the euro area and all other countries (2014-2020). The financial 
market crisis period starts in 2008 and ends with the introduction of negative interest rates. 
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During the pre-crisis period, the average real short- and long-term interest rates were almost 
everywhere positive and average real estate inflation varied substantially across countries. During the 
financial market crisis, short-term real interest rates were already negative for many countries while 
long-term interest rates remained remarkably high. This reflects the widening of spreads between 
German government bonds and the euro area periphery. Real estate inflation, however, was negative 
during the crisis in most of the countries. During the third period of negative policy rates, short-term 
rates were close to zero or lower everywhere, while real long-term interest rates remained positive in 
some of the countries. Real estate prices increased strongly during this period throughout the sample. 
Overall, the picture is not very clear for the relation between short-term real interest rates and real 
estate price inflation but in the lower panel, combining long-term real interest rates with house price 
inflation, a negative relation emerges.  

 

Table 2: Estimated effects of a plus one percentage point monetary policy shock after two years 

International evidence 

Rae - Noord (2006) -2,0 

Assenmacher-Wesche - Gerlach (2008) -10,8 

Goodhart - Hofmann (2008) -7,2 

Iacoviello - Minetti (2008) -8,8 

Sá et al. (2011) -7,8 

Calza et al. (2013) -2,3 

Williams (2016b) -8,2 

  

US evidence 

Fratantoni - Schuh (2003) -1,7 

Himmelberg et al. (2005) -19,0 

Otrok - Terrones (2005) -5,7 

DelNegro - Otrok (2007) -10,4 

Taylor (2007) -8,3 

Jarocinski - Smets (2008) -7,8 

Eickmeier - Hofmann (2010) -2,0 

Glaeser et al. (2013) -8,0 

Ungerer (2015) -7,2 

Source: Williams (2016b) Table 1 and authors’ own elaboration. 

 
In contrast to simple scatter plots, which ignore too many potential explanatory variables, empirical 
models are more informative because they allow the estimated response of house prices to interest 
rate changes to depend on other explanatory factors. Most of the empirical evidence has been 
produced for the US real estate market but there are also some results based on international data sets. 
Table 2 shows an overview of estimates collected by Williams (2016b) and adds some further evidence 
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to it. Overall, the interest rate effect differs substantially across studies with the smallest (-1.7) and the 
largest (19.0) effect resulting from the analysis focusing on US data. Eickmeier and Hofmann (2010) 
show that the house prices response does not emerge immediately after the policy stimulus, rather real 
estate prices peak 10 to 16 quarters later. They also show that the estimated price response depends 
on the time series used to measure real estate prices. Models for the US which are based on the Case-
Shiller price index tend to give higher elasticities as compared to models using the National Association 
of Realtors housing price index. Unlike real estate prices, stock and bond prices respond immediately 
to a monetary policy stimulus.  

Most of the studies listed in Table 2 show values in a narrow range between -6 and -8, i.e. a one 
percentage point decrease in real interest rates will result in a real estate price increase between 6% 
and 8%. The mean response across the studies focusing on US data is around -8%. For all other 
countries considered, the mean price response is somewhat lower at around -7%.  

4.4. On productivity growth 
Together with the reduction in the natural rate, developed countries also experienced a substantial 
decline in total factor productivity (TFP) growth. Cette et al. (2016) show that the productivity slow-
down in the US started already around the year 2005 and that TFP levels in major continental European 
countries lost touch to the US on the technology frontier mainly due to structural rigidities and the 
misallocation of capital during the low real interest rate period after the introduction of the euro. 
Teulings and Baldwin (2014) provide an early sum up of possible sources for the productivity decline. 

The relation between interest rates and productivity is obvious in the conventional microeconomic 
optimisation model with homogenous firms: Due to decreasing returns of capital, an additional unit of 
capital will ceteris paribus produce a lower marginal product. In this basic model, investments will be 
undertaken until the marginal product equals the price of capital. Consequently, a lower interest rate 
will induce additional investment in a lower productivity activity.  

In a macroeconomic context, variations in other inputs, productivity growth and firm heterogeneity 
change this logic but, in some cases, TFP will still decline within a low interest rate environment. If firms 
differ with respect to their financial constraints, their initial wealth, or their relative position as a market 
leader in an industry, lower interest rates may have adverse effects on TFP. Gopinath et al. (2017) start 
from the observation that real interest rates in Spain declined remarkably between 1999 and 2007. 
During this period foreign capital flowed into Spain and the return to capital across Spanish firms 
became more dispersed. In a data set of Spanish firms, Gopinath et al. (2017) found more dispersed 
returns across firms were accompanied by a decline in TFP. They explain this relation by a misallocation 
of capital towards firms with low financial constraints (large firms) rather than firms with productive 
short run investment opportunities. In a model with size-dependent financial constraints (lower for 
large firms) and adjustment costs, the decline in the real interest rate generates capital and debt 
accumulation by large firms, an increase in the dispersion of the marginal productivity of capital across 
firms, and a decline in TFP relative to its efficient level. TFP declines because capital is not allocated to 
its most efficient use as some productive but financially constrained firms with low net worth are not 
able to grow in the short run.  

An alternative explanation for the widening productivity gap across firms has been developed by 
McGowan et al. (2017). They stress the role of “zombie” firms emerging in a prolonged period of low 
interest rates, which is accompanied by a policy of credit forbearance by banks and the persistence of 
crisis-induced support for small and medium sized enterprises. The capital sunk in nonviable zombie 
firms tends to crowd-out growth opportunities of healthy non-zombie firms because it reduces their 
ability to attract capital. Furthermore, this policy mix creates barriers to entry. A direct consequence of 
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zombie congestion is the tendency for a widening gap in TFP between firms, with young firms being 
more affected. Another type of heterogeneity results from incomplete competition. Liu et al. (2020) link 
the declining TFP growth over the last two decades to the increase in market concentration within US 
industries and the low interest rate environment. In their theoretical model, market leaders in an 
industry interact strategically with their followers. At very low interest rates, market leaders invest more 
aggressively in response to lower interest rates relative to their followers because they attempt to avoid 
neck-and-neck competition. Market followers, expecting this response in advance, become 
discouraged and invest less from the beginning. At sufficiently low interest rates the discouragement 
effect dominates, economy-wide measures of market concentration will rise and aggregate 
productivity growth will fall.  
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 CONCLUSION 
Negative interest rates have entered the unconventional monetary policy toolkit of modern central 
banks after the global financial crisis. While there has been previous scepticism towards their feasibility 
and practical use, given the low inflation environment and the active use of multiple unconventional 
monetary policy tools, several central banks have introduced NIRP. The evidence so far points towards 
cautious optimism regarding NIRP as a monetary policy instrument. In the euro area, NIRP has 
contributed to bank lending growth and has provided a macroeconomic impulse, similarly to the other 
unconventional monetary policy tools. Such positive impulses can also have additional, indirect effect 
by increasing banks’ net worth, pushing long-term yields downwards, compressing risk premia and 
therefore helping borrowers’ creditworthiness.  

The main adverse effects of NIRP – negative impact on bank profitability and an excessive pressure for 
cash hoarding – have not yet materialised in the euro area according to most recent evaluations. What 
is more, the positive effects through the aggregate macroeconomic impulses from NIRP, combined 
with positive effects on the quantity of credit, as well as on banks asset prices, might have fully 
compensated for the negative effects on banks due to lower interest rate margins. So far, through the 
first years of its usage, financial stability dangers spurring from NIRP have also not materialised.  

Further negative effects may affect non-monetary financial intermediaries like insurance companies 
and pension funds. Non-life insurance companies may have to increase their tariffs because revenues 
from investment income cannot be used to cross-finance the operating business. The effect on life 
insurance companies and pension funds depends on the volume of contracts with minimum return 
guarantees. The combination of low interest rates with minimum return guarantees may jeopardise 
their solvability because the guarantee may turn effective. Non-monetary financial intermediaries 
active in the old age provision business may alternatively implement riskier investment strategies. Plan 
sponsors may also have to pay additional contributions to the plan. If the beneficiaries bear the 
investment risk, lower investment returns will consequently reduce the annuity payments.  

From a consumer perspective, possible asset price inflation in the real estate sector is important with 
respect to acquiring home ownership and its potential inflationary effects on rental rates. International 
evidence suggests that a one percentage point decrease in the interest rate will cause an increase in 
real estate prices of 6% to 8% over the following three years. Asset price models imply that real estate 
inflation rates grow in a non-linear way if the real interest rate becomes ever smaller.  

In a long run perspective, low interest rates contribute to low total factor productivity growth by tilting 
access to external finance by firms towards large corporations, blocking funds in nonviable zombie 
firms and encouraging strategic investment by market leaders. On the other hand, green investments 
with low expected returns and long periods of amortization become more feasible.  

The steady decline in the natural rate of interest throughout the past decade, partly driven by structural 
factors, however, determines that a low interest rate environment may be here to stay in advanced 
economies. Such a low interest rate environment would necessitate the more often usage of NIRP after 
significant macroeconomic shocks. The studies and evaluations discussed throughout this paper are 
documenting the effects of NIRP through its initial years. Further and ongoing assessment would be 
needed to see whether the adverse effects do not settle in in the long term – if the lower for longer 
environment does not lead to an increase in the negative side effects of NIRP. Furthermore, while first 
steps into negative territory might have been benevolent, it is possible that further interest rate 
decrease might show a non-linear effect. The risks of using NIRP very often or pushing rates too low 
into negative territory should not be underestimated. Central banks should assess such risks on an 
ongoing basis and provide evidence whether the nature of the transmission mechanism is not affected 
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as this unconventional monetary policy tool is used more frequently. While on average NIRP has been 
a useful tool so far, central banks should also monitor how it affects other sectors – especially the non-
bank financial sectors, including pension funds, which might suffer significantly from a lower for longer 
interest rate environment.   
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Abstract 

A widespread concern about negative policy rates is that they 
might depress bank profits and encourage risk-taking. We find 
that the impact of negative rates per se is limited. Other policy 
measures (TLTROs, tiered deposits) have largely neutralised the 
impact of NIRP on bank profits. Asset purchases might have 
been more important by compressing the yield curve. Any small 
positive impact of negative rates on lending and aggregate 
demand may have been swamped by the negative impact of 
low rates on productivity.   
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EXECUTIVE SUMMARY 
● The presumption that negative interest rate policies (NIRP) depress profitability of banks 

and lead to more risk-taking is widespread, but difficult to document. The available evidence 
does not suggest a large effect either way. 

● Much of the literature does not distinguish between low and negative rates. This 
contribution focuses mainly on negative policy rates, not “low for long”. 

● Negative rates are supposed to constitute a special case of low rates because banks have not 
been able or willing to institute negative deposit rates for retail deposits, thus leading to a loss of 
revenues. 

● This potential impact of negative rates on bank profitability could be substantial, but it has 
been offset by two other policy measures: targeted longer-term refinancing operations 
(TLTROs) and tiered deposits. 

● Banks have re-financed almost half of their lending to non-financial corporations (NFCs) 
through very cheap long-term lending from the ECB (longer-term refinancing operations 
[TLTRO]). The interest savings alone from the TLTRO compensated the loss of income from not 
charging negative rates on household deposits.  

● Under the two-tier deposit scheme introduced in 2019, the negative rate applies only to 
about three quarters of excess reserves, providing further relief to banks. 

● The popular model of a “reversal rate” (Brunnermeier and Koby, 2018) does not assume 
that negative rates are special. On the contrary, the reversal rate, i.e. the level below which 
further rate cuts become contractionary, could well be positive in this model. 

● Bank profitability has not shown a clear trend in the euro area since NIRP was introduced in 
2014. Profitability as measured by standard indicators has in general remained low, but increased 
slightly since NIRP started. Whether this was because of NIRP or in spite of it is impossible to 
prove, given that different indicators point in different directions. Moreover, there is great 
heterogeneity across different national banking markets. 

● A number of indicators suggest a slight reduction in banks’ risk since 2014, and again there 
are large differences between different countries. 

● A more important negative side effect of “low for long” might arise through an entirely 
different channel, namely through the impact on competition since low rates give an 
advantage to incumbent firms, making it easier for them to either buy up competitors or price 
them out of the market. A prolonged period of low/negative rates could thus have a negative 
impact on growth.  
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1. INTRODUCTION 
Following the 2008-2009 global financial crisis, central banks in several developed economies 
employed unprecedented monetary policies including quantitative easing (QE), forward guidance, 
and lowering their policy rates to zero (ZIRP). In the summer of 2014, the ECB went further and 
adopted a negative interest rates policy (NIRP) to provide additional monetary stimulus to the 
economy, and thus to get inflation up to a level consistent with its price-stability mandate (“below 
but close to 2%”). However, this policy, like other unconventional measures, has remained 
controversial. The debate has mostly centred on the possible side effects of NIRP and the 
transmission of monetary policy.  

The longer-term consequences of keeping rates negative have been studied for some time, first 
under the heading: “low for long” (with negative rate regarded as being simply a special kind of low 
interest rate). A 2016 European Systemic Risk Board (ESRB) report (ESRB, 2016), on the danger of “low 
for long”, was mainly concerned with the life insurance sector, which has considerable contracts 
outstanding with guaranteed rates of return above the current rates (on riskless securities). This 
concern has abated as the actual returns on the portfolios of life insurance companies have remained 
high enough to cover the older guaranteed returns given the performance of stock markets. Very 
recently the ESRB has returned to this argument finding more reasons to be concerned about the 
negative impact of an environment of ‘lower for longer’ for the wider financial system (ESRB, 2021). 

One interpretation of “low of long” means that as short-term rates (determined basically by ECB 
policy rates) remain low for a long time, the long-term rates fall towards the level of the short-term 
ones. This was the case for a few years after negative rates were first introduced in 2014. By 2018-2019 
long-term riskless rates as proxied by the ten-year Bund had converged to the policy rates of the ECB. 
However, recent developments in financial markets have illustrated once more that central banks 
have only a limited influence over long-term rates. Over the last months, riskless long rates have 
increased substantially although the ECB has not changed its stance.  

In economic theory, there should be little difference between very low but positive and negative 
interest rates. However, in practice it seems that negative rates constitute a special case because de 
facto banks are reluctant to charge for deposits. This seems to be the case much more for household 
deposits than for deposits by commercial entities. Schnabel (2020) shows that only a very small 
fraction of household deposits are remunerated at negative rates. In this sense, negative rates are 
special. This report will thus concentrate on the impact of negative rates, not on the effect of low 
interest rates in general. 

We set the scene in Section 2 by describing the timeline of negative rates, emphasising the fact that 
most NIRP steps were accompanied by other policy actions, some of which offset the impact of NIRP 
on profits and some of which may have had a negative impact on profits of banks. 

Section 3 examines the model proposed by Brunnermeier and Koby (2018), which emphasises that 
the reversal rate could also be positive. In Section 4, we discuss whether key features of the model 
correspond to reality. Section 5 concentrates on different measures of profitability since the start of 
NIRP, and Section 6 provides a summary of the literature on NIRP and risk-taking. 

The discussion about the potential limits to the effectiveness of negative policy rates to stimulate 
bank lending, and thus to influence aggregate demand, neglects another strand of the literature 
which has investigated the impact of low interest rates on productivity and supply. Several 
contributions to this literature have found that lower interest rates can have a negative effect on 
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productivity growth. We briefly summarise this strand of the literature in Section 7. Section 8 
concludes the paper. 
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2. NEGATIVE RATES IN THE EURO AREA 
A closer look at the history of negative rates in the euro area reveals that they were introduced and 
changed in a very gradual manner. Moreover, many of the steps concerning negative rates were 
accompanied by other measures, making it difficult to disentangle the impact of negative rates from 
that of these other measures. 

The ECB first set its deposit rate at a negative value in June 2014 (-0.1%). It decreased this later the 
same year to -0.2 %, with further cuts of 0.1 points in 2015, 2016, and 2019. Each step was thus only 
ten basis points whereas the “normal” change in policy rates was 25 basis points as long as the 
deposit rate was positive. 

The introduction of negative rates in 2014 was accompanied by the first TLTROs, which provide term 
financing at special low rates. Later pushes of the deposit rate further into negative territory were 
accompanied by the asset purchase programmes, which are designed to lower long term rates, and 
the final lowering of the deposit rate was accompanied by the introduction of a two-tier system, 
under which part of excess reserves are exempted from the negative deposit rate. Figure 1 illustrates 
this. 

 

Box 1: The two-tier system 

The two-tier system exempts an amount equal to six times the required reserves of a bank from the 
negative rate. As of May 2021, the result of this system was that about EUR 880 billion of excess 
reserves were exempted from paying the deposit rate of 0.5%, resulting in savings for banks of 
around EUR 4.4 billion annually. About EUR 2,400 billion of excess reserves, plus the total amount 
under the deposit facility, were still subject to the negative rate, implying that the exempted 
amount represented about a quarter of the total (880 out of 3,280 billion)1.  

This implies that the “effective deposit rate” (effective in terms of the profits and loss account of 
banks) is now close to 37.5 basis points, lower than the official rate of 50 basis points. 

The total in negative rates owed by commercial banks to the Eurosystem under the tiered system 
amounts now to about EUR 16 billion per annum (0.5% of 3,280 billion). 

A two-tier system has also been applied in other countries with negative rates. 

For example, the Swiss National Bank, whose deposit rate is at -0.75%, even more negative than 
that of the ECB, has exempted an even larger share of excess reserves (up to 20 times the required 
reserve ratio) from this rate, so that in reality only a small proportion of excess reserves are charged 
the negative rate. In Japan, the negative rate is still only -0.1%, a negligible magnitude, but even 
still, a large part of reserves is exempted. This shows that central banks in general have been 
concerned about limiting the impact of negative rates on bank profits. 

The two-tier system of the ECB could also be described as an increase in the required reserve ratio 
by a factor of six. Such an increase in the required reserve ratio would have been considered 
extremely contractionary before the advent of negative rates. But with negative rates an increase in 
required reserves has the opposite effect. 

  

                                                             
1  ECB website: “Two-tier system for remunerating excess reserve holdings”. https://www.ecb.europa.eu/mopo/two-

tier/html/index.en.html. 

https://www.ecb.europa.eu/mopo/two-tier/html/index.en.html
https://www.ecb.europa.eu/mopo/two-tier/html/index.en.html
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Figure 1: Key ECB policy interest rates, TLTRO, PSPP 

 
Source: Authors’ own elaboration based on data from ECB Statistical Data Warehouse. 

 
All these concomitant changes make it difficult to isolate the impact of negative rates in terms of 
monetary policy transmission and key mechanisms such as the pass-through of funding costs to loan 
rates.  

A further difficulty for empirical studies regarding the impact of negative policy rates on credit 
growth is that the deposit rate is the price for one very short-term financial instrument, namely excess 
reserves at the ECB, which can be withdrawn on a daily basis. This is why one would expect the rate 
on sight deposits at commercial banks to be closely related to the deposit rate of the ECB. 

However, this represents only one aspect. Bank loans to non-financial corporations (NFCs) are usually 
for 3-5 years. Banks will thus price their loan rates with respect to the riskless rate of this tenor. Other 
policy measures, such as bond buying programmes and forward guidance were especially designed 
to influence (lower) longer-term rates, including this intermediate part of the yield curve. When the 
ECB uses several instruments at the same time as it introduces negative rates (or lowers them further) 
it becomes impossible to disentangle the impact of the negative rate from that of bond buying or 
forward guidance. 

The broader point is that banks are engaged in maturity transformation, they “borrow short and lend 
long”. The profitability of banks thus increases typically with the slope of the yield curve, bank profits 
are higher when medium to long term rates are above the short-term rate. What matters for bank 
profitability is thus not the level of the short-term rates, but the difference between long and short 
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profitability one observes after 2014 could thus have been the consequence of a compression of the 
yield curve, rather than the inability of banks to set negative deposit rates.2 

Figure 1 also shows that the magnitude of negative rates is small (0.5% in total over several years) 
compared to the changes in the deposit rate in the first decade of the euro. Clearly, paying particular 
attention to 0.5% negative rates makes sense only if negative rates are somewhat special, i.e. if 
lowering the deposit rate from 1% to 0.5% is qualitatively different from lowering it from 0 to -0.5%. 
Negative rates are supposed to be special because banks might not be able to set negative rates on 
the deposits they need to finance lending. Schnabel (2020) shows that this has partially been the 
case. Banks seem to have been able to pass negative rates on their deposits from NFCs, but not on 
household deposits. This observation allows one to calculate an order of magnitude of the potential 
impact of NIRP on bank profits. 

Household (sight) deposits amount today to about EUR 4 trillion. The inability of banks to transmit 
fully negative ECB rates to these customers could mean a potential loss of roughly 0.5% of this sum, 
or about EUR 20 billion per annum. It has been shown above that the “effective” negative rate is closer 
to -0.4% if one takes into account the tiered deposit scheme in force from 2019. The effective loss for 
banks might thus be closer to EUR 16 billion. The loss from not charging negative rates on household 
deposits is thus equal to the direct cost banks have to pay on all their excess reserves.3 

Moreover, the ECB is offering banks substantial amounts of long-term financing at, or even below, the 
ECB’s deposit rate. As of May 2021, this long-term financing amounted to over EUR 2 trillion, 
equivalent to nearly half of all the lending by banks to NFCs4. Banks will be charged a rate of 
potentially 50 basis points below the deposit rate if they meet certain thresholds on loan growth. This 
means that banks can obtain funding at -1%, much less than even the zero rate they maintain for 
most household deposits. A 1% gain on EUR 2 trillion represents a subsidy of EUR 20 billion annually. 
The TLTROs can thus offset on their own the cost of negative ECB deposit rates for banks.5 

In principle, one needs to distinguish between the stimulating impact of negative rates by lowering 
the market rates for very short-term assets and the impact on profits. The tiered deposit scheme is 
designed to maintain the incentive of low interest rates while cushioning the impact on profits. By 
contrast, the TLTROs were explicitly designed to provide incentives for more lending, with the impact 
on profits just being a side effect. 

Schnabel (2020) argues that NIRP has had a positive impact on loan growth in the euro area by 
enhancing the monetary policy transmission. She argues that a survey of existing studies arrives at 
the conclusion that the growth of loans extended to NFCs has been higher, since the start of the NIRP 
in mid-2014, than it would have been in a counterfactual scenario of non-negative policy rates (see 
Figure 2 below).6 

However, the difference between the actual growth of loans and the median of the counterfactual 
estimates is minute, only 0.3% per annum. Over several years, a 0.3% difference can accumulate, but 
                                                             
2 One should also note that about 60% of all bank loans to NFCs are at variable rates. This implies that the debtor takes the risk of interest 

rate changes. This is a fact which is not taken into account in the “reversal interest rate” model presented below. 
3 It is also well known that interest rates do not constitute the main cost of deposits for banks. Set-up costs, including “know your 

customer” obligations and IT costs constitute a large share of the overall cost of collecting deposits. Over time, banks can thus adjust 
their fees for household deposits to offset the impact of negative interest rates.  Non-interest income has indeed increased over the last 
year, suggesting that at least part of the cost of deposits has been transferred to consumers. 

4  ECB website: “Consolidated financial statement of the Eurosystem”. 14 May 2021.  
https://www.ecb.europa.eu/press/pr/wfs/2021/html/ecb.fst210518.en.html 

5  Somewhat surprisingly, ESRB, 2021, does not mention the TLTRO as a factor offsetting the impact of negative rates on bank profitability. 
6  A very recent study by Rostagno et al. (2021), based on counterfactual analysis, show that in the absence of NIRP, forwards guidance 

and QE, euro area would have experienced a lower GDP growth and inflation by 1.1 pp and 0.75 pp, respectively, and a higher 
unemployment rate by 1.1 pp in 2019. However, they do not discuss the possible impact on banks profitability. 

https://www.ecb.europa.eu/press/pr/wfs/2021/html/ecb.fst210518.en.html
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even over seven years one would arrive only at a gain of about 2%. Given a total volume of lending to 
NFCs of less than EUR 5 trillion, this would translate into additional lending of EUR 100 billion, less 
than 1% of the euro area economy (distributed over seven years). 

Moreover, it is not clear what the counterfactuals assume about the TLTROs, which could be 
considered as a part of NIRP, and might have had a substantial impact on lending. 

 

Figure 2: Estimated impact of NIRP on bank loans to firms (percentage p.a.) 

 
Source: ECB Economic Bulletin, Issue 03/2020, Altavilla et al. (2018), Bubeck et al. (2019), Bottero et al. (2019). 

 

Note: The blue line is the actual annual NFC loan growth (six-month moving average). Based on a range of empirical studies, 
the grey area represents the dispersion in loan growth among banks according to their exposure to NIRP-specific effects. 
The dashed line represents the median across all studies. 
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3. MODEL OF THE REVERSAL RATE 
The reversal interest rate is defined as the rate at which accommodative policy becomes 
contractionary. This concept is proposed and theoretically examined by Brunnermeier and Koby 
(2018). They start with a partial equilibrium model, which means that they look only at the activities of 
a single bank and do not examine the impact higher or lower bank lending overall might have on the 
entire economy. Central to their model are two financial frictions. One limits lending to a certain 
multiple of the net worth of the bank (not its capital, this distinction is important). The other one 
forces banks to hold a certain amount of liquid assets, again as a proportion of net worth. 

The first element is supposed to reflect the fact that banking regulation forces banks to hold a certain 
amount of capital proportional to the amount of lending the bank does (or more general the amount 
of risky assets on the balance sheet of the bank). 

The second element corresponds to the liquidity coverage ratio (LCR) under which banks have to 
hold a certain part of their balance sheet in highly liquid high-quality assets to be able to make good 
any sudden loss of deposits.  

An often overlooked aspect of the model is that it does not assume that negative rates are special. 
Negative deposit rates can arise at commercial banks in this model, but this does not have to be the 
case. In this model, banks will always set a rate on their deposits that is below the policy rate set by 
the central bank. This implies that a policy rate of zero would correspond to a negative deposit rate at 
commercial banks. 

It is possible that the reversal rate could be positive, and the rate commercial banks offer on their 
deposits could then be either positive or negative, depending on the mark-down banks adopt 
towards their depositors. 

Other, conventional, elements of the model are the assumptions that firms will demand more loans if 
the bank lowers the interest rate and that depositors will increase their deposits if the bank offers a 
higher rate. However, there is no special effect as the deposit rate offered by the bank goes negative. 

 

Box 2: The reversal rate in a nutshell 

The starting point is the capital constraint specified as: 

𝜑𝜑𝐿𝐿𝐿𝐿 ≤ 𝑁𝑁              (1) 

where 𝜑𝜑𝐿𝐿 ≥ 0 is risk weight, and 𝐿𝐿 and 𝑁𝑁 denote the bank's loans and bank's net worth 
respectively. The demand for bank’s loan 𝐿𝐿(𝑖𝑖𝐿𝐿) is decreasing in the nominal policy interest rate 𝑖𝑖. 
𝑖𝑖𝐿𝐿is the nominal rate on loans offered by the bank and increasing in 𝑖𝑖. 

Banks also face a liquidity constraint: 

𝑆𝑆 ≥ 𝜑𝜑𝐷𝐷𝐷𝐷            (2) 

where 𝜑𝜑𝐷𝐷 > 0  is weight, and 𝐷𝐷 and 𝑆𝑆 indicate bank’s deposit and fixed-income assets with a 
return equivalent to 𝑖𝑖. Deposit 𝐷𝐷(𝑖𝑖𝐷𝐷) and the deposit rate 𝑖𝑖𝐷𝐷 both are increasing in 𝑖𝑖. 

Banks maximise their net worth: 

𝑁𝑁 =  (1 +  𝑖𝑖𝐿𝐿)𝐿𝐿 +  (1 +  𝑖𝑖)𝑆𝑆 −  (1 + 𝑖𝑖𝐷𝐷)𝐷𝐷         (3) 

subject to the constraints, as well as its balance sheet 𝐿𝐿 +  𝑆𝑆 =  𝐷𝐷 +  𝐸𝐸, which can be used to 
simplify equation (3) as: 



IPOL | Policy Department for Economic, Scientific and Quality of Life Policies 
 

PE 662.924 112  

𝑁𝑁 =  𝐸𝐸 +   𝑖𝑖𝐿𝐿(𝐿𝐿) ∗ 𝐿𝐿 +   𝑖𝑖𝑆𝑆 −   𝑖𝑖𝐷𝐷(𝐷𝐷) ∗ 𝐷𝐷                (4)     

in which one can substitute for 𝐿𝐿 and 𝑆𝑆 from the two financial friction constraints (1) and (2). 

0 =  𝐸𝐸 +  𝑖𝑖𝐿𝐿(𝑁𝑁/𝜑𝜑𝐿𝐿) ∗ 𝑁𝑁
𝜑𝜑𝐿𝐿

+   𝑖𝑖𝜑𝜑𝐷𝐷𝐷𝐷 −   𝑖𝑖𝐷𝐷(𝐷𝐷) ∗ 𝐷𝐷 − 𝑁𝑁        (5)     

This defines an implicit function, 𝐹𝐹(𝑁𝑁,𝐷𝐷) = 0, with deposits remaining the single choice variable. 
The derivative of 𝐹𝐹 with respect to 𝐷𝐷 is equal to: 

𝜕𝜕𝜕𝜕
𝜕𝜕𝐷𝐷

=     𝑖𝑖𝜑𝜑𝐷𝐷 −   𝜕𝜕𝑖𝑖
𝐷𝐷(𝐷𝐷)
𝜕𝜕𝐷𝐷

𝐷𝐷 −  𝑖𝑖𝐷𝐷(𝐷𝐷) =   𝑖𝑖𝜑𝜑𝐷𝐷 − 𝑖𝑖𝐷𝐷(𝐷𝐷) �𝜕𝜕𝑖𝑖
𝐷𝐷(𝐷𝐷)
𝜕𝜕𝐷𝐷

𝐷𝐷
 𝑖𝑖𝐷𝐷(𝐷𝐷) +  1� = 0   (6)     

With linear demand function for deposits:  𝑖𝑖𝐷𝐷  =  𝐾𝐾 +  𝑘𝑘𝐷𝐷, this simplifies to: 

𝜕𝜕𝜕𝜕
𝜕𝜕𝐷𝐷

=     𝑖𝑖𝜑𝜑𝐷𝐷 −  (𝑘𝑘𝐷𝐷 + 𝐾𝐾 + 𝑘𝑘𝐷𝐷) =   𝑖𝑖𝜑𝜑𝐷𝐷 − (𝐾𝐾 + 2𝑘𝑘𝐷𝐷) = 0   (6)′     

With linear demand for deposits the optimal amount deposits is given by: 

𝐷𝐷 = 𝑖𝑖𝜑𝜑𝐷𝐷−𝐾𝐾
2𝑘𝑘

   (6)′     

Deposits and loans are related by the balance sheet balance identity and the liquidity constraint on 
holding safe assets:  𝐿𝐿 =  (1 − 𝜑𝜑𝐷𝐷)𝐷𝐷 +  𝐸𝐸. 

It follows that, with linear demand for deposits, loans will always be a positive function of the safe 
interest rate and a reduction in interest rates will lower the supply of loans. 

The result would be different if the demand for deposits were given by a constant elasticity 
function. 

This implies that the optimal amount of deposits is given by: 

  
𝑖𝑖𝜑𝜑𝐷𝐷

�𝜕𝜕𝑖𝑖
𝐷𝐷(𝐷𝐷)
𝜕𝜕𝐷𝐷

𝐷𝐷
 𝑖𝑖𝐷𝐷(𝐷𝐷) −  1�

= 𝑖𝑖𝐷𝐷(𝐷𝐷) 

The optimal amount of deposits would then depend on the size of the elasticity, changing sign 
depending on whether that elasticity is greater or smaller than 1. 

Brunnermeier and Koby emphasise an additional effect by assuming that the value of equity, 𝐸𝐸(𝑖𝑖),  
is a function of the riskless rate (set by the central banks) because it is subject to revaluation 
following changes in policy rates. It is assumed that the initial equity consists of an interest-
insensitive �̅�𝑒 component and  interest-sensitive 𝑒𝑒(𝑖𝑖)  component where 𝜕𝜕𝑒𝑒(𝑖𝑖)/𝜕𝜕𝑖𝑖 < 0, reflecting a 
maturity mismatch. This is the second key element of the model. 

Solving the optimisation problem without substituting out for the constrained values for 𝐷𝐷 and 𝐿𝐿 
leads to the following lending and deposit rates: 

𝑖𝑖𝐿𝐿∗  =  𝑖𝑖 +
1
𝜀𝜀𝐿𝐿∗

+
𝜑𝜑𝐿𝐿

1 + 𝜑𝜑𝐿𝐿
λ𝐿𝐿

∗
       (4) 

 

 

𝑖𝑖𝐷𝐷∗  =  𝑖𝑖 −
1
𝜀𝜀𝐷𝐷∗

+
𝜑𝜑𝐷𝐷

1 + 𝜑𝜑𝐷𝐷
λ𝐷𝐷

∗
       (5) 

 

capital constraint 

liquidity constraint 
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where 𝜀𝜀𝐿𝐿∗  =  𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕 𝐿𝐿(𝑖𝑖𝐿𝐿)
𝜕𝜕𝑖𝑖𝐿𝐿

    and  𝜀𝜀𝐷𝐷∗  =  𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕 𝐷𝐷(𝑖𝑖𝐷𝐷)
𝜕𝜕𝑖𝑖𝐷𝐷

  are, respectively, elasticity of loan demand and 

deposit supply with respect to the corresponding rates. 

Cut to policy rate 𝑖𝑖 initially increases the bank's loans 𝑑𝑑𝐿𝐿
𝑑𝑑𝑖𝑖

< 0, by lowering the loan interest rate 𝑖𝑖𝐿𝐿 

insofar as the capital constraint does not bind, however it depresses the return on new 
investments in fixed-income assets and, thus net interest income 𝑁𝑁𝑁𝑁𝑁𝑁 and profits leading to lower 
bank's net worth: 

𝑁𝑁𝑁𝑁𝑁𝑁 =  𝑖𝑖𝐿𝐿𝐿𝐿 +  𝑖𝑖 𝑆𝑆 −  𝑖𝑖𝐷𝐷𝐷𝐷      (6) 

There exists an interest rate 𝑖𝑖𝑅𝑅𝑅𝑅, the largest rate, below which the capital constraint binds. For all 
the interest rates below this threshold < 𝑖𝑖𝑅𝑅𝑅𝑅  , 𝑑𝑑𝐿𝐿/𝑑𝑑𝑖𝑖 > 0. At the point the policy rate hits the 
reversal interest rate 𝑖𝑖 = 𝑖𝑖𝑅𝑅𝑅𝑅 ,𝑑𝑑𝐿𝐿/𝑑𝑑𝑖𝑖 = 0  , therefore banks divert loan investment into fixed-
income asset investment. Further interest rate cut amplifies the adverse impact on banks’ profit 
which decreases the loans through the constraint. 

In this model, a lower policy rate leads always to lower profits for banks. This raises the question 
what happens if low rates persist for long and the rate of return on investment in banking falls 
below the cost of capital. In this case, one would expect that banks close down or merge and 
downsize (Repullo, 2020).     
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4. THE MODEL AND REALITY 
In this section, we compare briefly the main elements of the model with a number of key elements of 
the structure of the euro area banking system, in order to check whether the mechanisms described 
by the model operate in reality. 

The key element of the model is the assumption that the capital constraint for the bank depends on 
its current period net interest income, which in turn depends on the interest rate set by the monetary 
authorities. In reality, however, banking regulation is based on the accounting, or regulatory, value of 
the capital of a bank, which is not adjusted when the interest rate changes. This implies that the 
regulatory capital constraint is not affected by current profits and the interest rate. 

This is an important point because in the traditional banking model, in which loans are limited to a 
multiple of capital (in reality the regulatory capital, i.e. the capital as defined in great detail in banking 
regulations) there can be no reversal rate. When banks face limits on how much lending is allowed 
given their capital structure, they will simply go up to that limit. Lower central bank policy rates can, 
under certain circumstances, lead to lower bank profits. But, whatever the level of profits, whether 
high or low, banks still have an incentive to increase lending up to the limit imposed by regulators. 
This remains true as long as lending rates exceed deposit rates, which is largely the case as 
documented below. Repullo(2020) also emphasises this basic point. 

High profits can lead over time to more capital, but this build-up of capital is too gradual to be 
compatible with the assumption of the model that the capital ratio is defined in terms of net worth. 
Repullo also makes this point and argues that the accumulation of profits contributes over time to 
higher equity (only if profits are not distributed as dividends), but that this process takes time. The 
profitability of banks is very low in Europe. This implies that the accumulation of profit can contribute 
only little to the accumulation of capital, which in turn means that it is the level of current capital 
which represents the main constraint. 

The main limit to bank lending in the Brunnermeier-Koby model is the variable “net income” which is 
also called “net worth”, should rather be called “lending margin” (on loans to NFCs). As will be shown 
below, this lending margin oscillates around 1.5%. However, banks now hold close to 10% of capital 
against such loans. It would thus take a long time for changes in the interest margin to lead to a 
significant change in capital. 

In the longer run, the level of capital available to the banking system should depend on its 
profitability. Investors will provide banks with additional capital only if the rate of return in banking is 
at least equal to the rate of return available in other sectors (on a risk-adjusted basis) and capital 
would be taken out of banks as long as expected profit rates elsewhere are higher. In the long run, 
one would thus expect that bank lending would indeed depend on the profitability of banks. This 
raises the question of whether a reversal rate might still exist, as deeply negative rates could lower 
the profitability of banks so much that capital flees the sector, reducing its ability to provide loans. 
Repullo investigates this issue and finds that there can be no reversal rate even if the supply of capital 
reacts to bank profitability. 

Another aspect of this model which does not take into account reality is that the maturity of loans 
and deposits is implicitly the same. This is difficult to accept given that the core of the business of 
banks is to use short-term deposits to fund longer-term loans and mortgages. 

Another feature of this model for which it is difficult to find an equivalent in reality is the assumption 
that the value of equity of banks is a function of the riskless interest rate. The book value of equity is 
usually just the difference between assets and liabilities. One could of course argue that the market 
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value of equity of banks in general is a function of the riskless rate. But this does not mean that the 
book value of equity should be just the difference between the value of all assets (loans and the 
riskless asset) minus deposits. 

There are other, perhaps minor, aspects of the model that also do not seem to be in line with reality. 
For example, the funding cost for banks can also be influenced by other monetary policy instruments, 
like the TLTRO. As documented above, banks have re-financed almost half of their lending to NFCs via 
very cheap long-term lending from the ECB (TLTROs). Moreover, under the two-tier deposit scheme 
introduced in 2019, the negative rate applies only to about three quarters of excess reserves. 

Moreover, one needs to take into account that, since it is not possible to charge negative rates on 
household deposits, lost income can be offset by higher fees. Murai and Schnabl (2021) document 
that the share of fee income in total profits has increased from 5% to 20% since 1999 for Japanese 
banks which have been operating in a very low interest rate environment for a long time. 

One also needs to keep in mind that lending to NFCs constitutes only a small part (13%) of the total 
assets of banks. Overall bank profitability is determined by many other factors. 
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5. A LOOK AT THE DATA 
Even if there is no reversal rate, there still remains the concern that negative rates might have 
depressed bank profits because household deposit rates have not become negative, at least not on a 
wide scale. We thus provide some indicators of profitability.  

In the following charts we show in general the data for the four largest euro area economies, because 
in most instances the euro area average is not representative of anything. Individual countries are not 
clustered around this average. The large countries (which dominate any average) are either below or 
above that average. 

The numbers for profits used in these statistics are of course the accounting profits reported by 
banks. The managers of banks have an incentive to smooth profits. After a financial crisis, losses on 
non-performing loans (NPLs) are often recognised only with a delay, in order to give the banks time 
to replenish their capital. This is what happened in those countries most under financial stress in 
2011-2012. For this reason alone, one would expect a number of years with low or even negative 
profits after 2012. NIRP was introduced in 2014 when this process of recognising losses on NPLs was 
still going on, making it difficult to identify the impact of negative rates. 

Another reason why trends in reported profits might be misleading is that from time to time major 
institutions experience a crisis which is often the result of having hidden problem loans until they are 
discovered and all acknowledged at once. This leads to sudden large losses which might come after a 
period of apparent profitability.  

 

Figure 3: Return on assets (percentage) 

 
Source: Authors’ own elaboration based on data from ECB Statistical Data Warehouse. 

Note: “EA” is euro area. 

 

Figure 3 illustrates these problems. The return on assets (RoA) is extremely variable (and mostly 
negative) in Italy up to 2016. The RoA is less volatile elsewhere, but there are large differences across 
countries. The return on assets lowest in Germany for some years now, only about a third of the 
return of French banks. The average for the euro area, which is in the middle of these extremes, has 
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considerably increased since 2014. This suggests that either NIRP did not have any impact on 
profitability (for the reasons outlined above: TLTROs and tiered deposits) or there were other factors, 
which more than offset the inability to charge negative rates on household deposits. 

However, another piece of evidence would seem to confirm the presumption that negative policy 
rates depress the interest margin of banks because the cost of deposits cannot fall below zero. The 
lending margin on loans to NFCs is shown in Figure 4. It is apparent again that there are very large 
differences across member countries, but these differences do not correlate well with the data on 
overall profitability presented above. Banks in Italy have the lowest margin, most of the time since 
2012, 50% lower than those in Spain. But the difference in profitability is much smaller. This could be 
due to higher loss rates in Spain or higher non-interest income in Italy (which will be documented 
below). What is even more surprising is that the lending margin has been almost exactly the same in 
France and Germany, but that the RoA are very different as shown above. The lending margin, which 
in the model presented above plays a crucial role is thus in reality not a good indicator of profitability. 

 

Figure 4: Lending margins on loans to NFCs (percentage point) 

 
Source: Authors’ own elaboration based on data from ECB Statistical Data Warehouse. 

Note: First three months average. 

 

Here again one can observe the long shadow of the financial crisis for Spain and Italy. The lending 
margin shot up during the crisis, but this was due to the fact that banks had to ask for higher rates to 
cover expected losses. Once the economy recovered, the lending margins declined because fewer 
firms went bankrupt, reducing the loss rate on lending. The lending margin has been less variable in 
countries where banks were not subject to financial stress in 2011-2012, like France and Germany.  
ESRB (2021), which looks only at the euro area average emphasizes the fact that one can observe a 
(small) fall in the margin, after the introduction of negative rates.  Our interpretation is different as the 
euro area average is influenced by the delayed impact of the financial stress in countries like Italy or 
Spain.7 

                                                             
7  Lending margins refer to the difference between interest rates on new business loans and a weighted average interest rate on new 

deposits, while interest margin is measured as the difference between interest income and interest cost in terms of average assets. 
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Another important element contributing to profitability is the income from fees and commissions. 
Figure 5 below again shows very large differences, which explain the discrepancies between the data 
on RoA and lending margins. Banks in Italy earn much more from fees than those in Germany. But this 
source of income seems rather stable, showing on average a slight increase since 2014, which could 
be partially explained by the substitution of negative rates on deposits by fees. 

 

Figure 5: Ratio of net fee and commission income to total assets (percentage) 

 
Source: Authors’ own elaboration based on data from ECB Statistical Data Warehouse. 

 

The yield curve compression through asset purchases might have had a stronger impact on bank 
profitability than negative (policy) rates. It is no coincidence that the second and third waves of the 
TLRO, which provide lending at subsidised rates, were introduced when the three-year rates (on 
riskless government bonds) reached new lows in 2016 and 2019. 
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6. RISK-TAKING CHANNEL 
Another key concern about NIRP is that negative interest rates can pose risks to financial stability. 
Banks with profitability might increase their risk. The financial crisis of 2008-2009 showed that 
excessive risk-taking by banks can be very costly to the economy. It is thus understandable that more 
risk-taking by banks is seen a priori as undesirable. However, the term “risk” can have many different 
meanings, especially for banks. For example, the risk for banks increases if they hold less equity to 
absorb unexpected losses. A thin cushion of equity is generally held to have been one of the key 
causes of the global financial crisis. After this crisis, supervisors all over the world forced banks to hold 
more equity. This type of risk is thus in principle controlled. But when banks extend more credit to 
new borrowers they take another type of risk, one that might be desirable. One of the aims of low 
interest rates is to encourage this type of risk-taking, on condition that the risk be recognised and 
adequately provisioned for. 

Schnabel (2020) thus argues that inducing risk-taking should be regarded as a feature, not a bug, of 
negative rate policies. The purpose of NIRP is to encourage higher bank lending to stimulate the 
economy. More lending necessarily means more risk-taking by banks. 

The ECB, in different functions, is responsible for both types of risk. By setting low, and now negative, 
policy rates, it encourages risk-taking. At the same time, its supervisory arm, the Single Supervisory 
Mechanism (SSM), is responsible for banking supervision, whose main aim is to “de-risk” banks. This 
creates the danger that one arm of the ECB (monetary policy) encourages banks to take risks by 
lending to new borrowers, while another arm prevents banks from doing so in the pursuit of financial 
stability.  

Even before central banks introduced negative rates there were warnings that banks were likely to 
“search for yields” in response to decreased profitability at the cost of expanding loans with lower 
credit quality (Rajan, 2005; Borio and Zhu, 2008). This phenomenon has been the subject of a number 
of empirical studies8. Most of these studies deal with the issue of the consequence of low interest 
rates in general (as opposed to negative rates). Many of them find evidence of increasing banks risks 
in response to low rates (Altunbas et al., 2010; Gaggl and Valderrama, 2010; Maddaloni and Peydró, 
2011; Buch et al. 2014; Genay and Podjasek, 2014; Jimenez et al., 2014; Aramonte et al., 2019; 
Ioannidou et al., 2015; Andries et al., 2016; Dell’Ariccia et al., 2017). Fewer studies look more 
specifically at negative rates (Nucera et al., 2017; Hong and Kandrac, 2018; Basten and Mariathasan, 
2018; Heider et al., 2019).  

The effect of interest rates on banks profitability and risk-taking can be very different depending on a 
bank’s business model, balance sheet, degree of capitalisation and banking system, and regulatory 
environment. This is emphasized in Buch et al. 2014; Dell’Ariccia et al., 2017; Nucera et al., 2017; BIS, 
2018; Boungou, 2019. Table 1 provides a structured overview of the existing empirical literature on 
risk-taking, including the measures used to assess the bank’s risk. Further below we look at some of 
these measures for the EU's big four economies (alongside the euro area as a whole).  

  

                                                             
8  Angeloni et al. (2015) and Balloch and Koby (2019) investigate theoretically the impact of low interest rates on bank risk-taking and 

bank profitability. 
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Box 3: Literature on risk taking and low or negative rates 

The table below summarises the main results from this vast literature. Most of these contributions 
investigate the impact of low rates in general, only very few consider the specific case of negative 
(policy) rates. Basten and Mariathasan (2018) focus on domestically owned retail Swiss banks9. They 
find that banks with higher exposed reserves to the negative deposit facility rate by one standard 
deviation increased the balance sheet shares of uncollateralized loans by 0.60 percentage points 
(pp), the share of mortgages by 0.69pp, and the share of financial assets by 0.26pp. Also based on 
their results, higher exposed reserves (by one standard deviation) lead to an increase in the ratio of 
risk-weighted assets by 1.51pp, which is attributable to riskier loans.  

Heider et al. (2019) show that the introduction of negative policy rates by the ECB leads to more 
risk-taking and less lending by euro area banks, which are more reliant on deposit funding. 
According to their result, 9.45pp increase in banks’ deposit ratio after July 2012 is associated with 
16% increase in their ROA volatility. Also, 14.76pp increase in a bank’s deposit ratio leads to a 
reduction in lending by 13%. 

Hong and John Kandrac (2018) document that bank stock prices dropped when in January 2016 
the Bank of Japan (BoJ) imposed a negative interest rate of -0.1% on banks' current accounts held 
at the BoJ. As a result, 1pp decline in a bank's stock price was followed by about a 4% increase in 
the standard deviation of its daily returns, 0.58% decrease in the bank's capital-to-asset ratio, and 
between a 10% and 15% increase in probability of default within the next five years after the 
announcement. 

 
 

Table 1: Measures of risk in the literature 

 Measures of bank’s risk  Borrowers 
Sample of 

banks 
Findings 

Altunbas et 
al. (2010) 

● Expected default 
frequency (EDF) 

● ROA volatility 
NFCs, HH EU, US 

● Low levels of real policy 
rate (measured as money-
market rate minus 
inflation) over an extended 
period contribute to an 
increase in bank risk. 

Andries et al. 
(2016) 

● Z-score (1) 
● Loan loss provisions 
● NPLs 

NFCs, HH Euro area 

● Negative relation between 
short-term and long-term 
interest rates and bank risk-
taking, with greater impact 
during 2008-2011 crisis. 

Aramonte et 
al. (2019) 

● Probability of default 
of loan portfolios  NFCs US 

● Decrease in longer-term 
interest rates increases the 
risks for nonbanks. 

Buch et al. 
(2014) 

● Loan risk assessed by 
the banks 

NFCs US 

● Expansionary monetary 
policy (low effective 
Federal Funds rate) 
increases small domestic 
banks exposure to risk.  

● “Too low for too long” 

                                                             
9  A cut from zero to -75 basis points was introduced in January 2015 and applied only to the fraction of each bank’s central bank reserves 

that exceeded twenty times its minimum reserve requirement. 
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 Measures of bank’s risk  Borrowers 
Sample of 

banks 
Findings 

interest rates affect foreign 
banks risk exposure. 

Basten and 
Mariathasan 
(2018) 

● Share and growth of 
risk-weighted assets 

● Banks’ credit risk, 
market risk, interest 
rate risk and 
operational risk  

NFCs, HH Switzerland 

● Negative policy rates 
increase credit and interest 
rate risk for banks. 

● More exposed banks 
maintain non-negative 
deposit rates and larger 
deposit ratios.  

 
Dell’Ariccia et 
al. (2017) 

● Risk rating of new loans 
● Change in commercial 

and industrial (C&I) 
loans 

● Ratio of holdings of 
risky securities to total 
assets 

NFCs US 

● Increases in short-term 
interest rates is negatively 
associated with ex ante 
bank risk-taking. 

● This relationship is less 
pronounced for banks with 
relatively low capital or 
during periods of financial 
distress. 

Gaggl et al. 
(2010) 

● Probability of 
borrowers’ default  

NFCs Austria 

● Period of low refinancing 
rates is associated with 
higher expected default 
rates within Austrian banks’ 
business-loan portfolios. 

Heider et al. 
(2019) 

● Borrowing firm’s ROA, 
stock-return volatility, 
leverage, and interest 
rate associated with 
the loan  

NFCs Euro area 

● More risk-taking and less 
lending by euro-area banks 
with higher reliance on 
deposit funding following 
negative policy rates.  

Nucera et al. 
(2017) ● SRisk(2) NFCs, HH Euro area 

● Large banks with 
sufficiently diversified 
income streams are 
perceived to be less 
(systemically) risky. Smaller 
banks that rely 
predominantly on deposit 
funding, are perceived as 
more risky. 

Maddaloni 
and Peydró 
(2011) 

● High securitisation 
activity, weak 
supervision for bank 
capital 

NFCs, HH Euro area, US 

● Low short-term interest 
rates soften lending 
standards especially for 
mortgages. The effect is 
increased over prolonged 
period of low rates. 

Jiménez et al. 
(2014) 

● Borrowers’ credit 
history NFCs Spain 

● Lower overnight interest 
rate increases the risk for 
low capitalised banks.  

Ioannidou et 
al. (2015) 

● Borrowers’ credit 
history 

NFCs Bolivia 
● Lower policy rate 

encourages banks to 
extend riskier loans. 

Hong and 
Kandarac 

● Share of risk-weighted 
assets 

NFCs Japan ● More exposed banks to 
negative rates increase 
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 Measures of bank’s risk  Borrowers 
Sample of 

banks 
Findings 

(2018) ● Volatility of returns 
● Banks' distance to 

default 
● Kamakura Default 

Probability (KDP) 
● Z-scores 
● Capital-to-asset ratio 

their credit and take on 
more risk.  

Source: Authors’ own elaboration 

Note: (1) Z-score is computed as the ratio of the return on assets plus the capital-asset ratio, to the standard deviation of 
assets returns. (2) SRisk is the estimated capital shortfall of a bank, conditional on a 40% drop in a world equity index over a 
six months-ahead horizon. 

 

The empirical studies surveyed here have generally found that banks increase risk-taking in response 
to lower rates. But here again the impact of negative rates in the euro area since 2014 is difficult to 
pinpoint in the aggregate data, especially lending to NFCs.  

A key indicator of risk-taking for regulators is the ratio of risk-weighted assets to total assets, where 
risk-weighted assets means that each asset is given a risk weight which could range from zero 
(sovereign bonds, for example) to 100% or more (some loans to NFCs, for example). 

Figure 6 shows that this indicator has been rather stable and on a declining trend since 2008, where 
again the change is most noticeable in countries under financial stress (Spain and Italy), with little 
change for France and Germany. This trend has most probably been due to the pressure of 
supervisors who wanted to de-risk banks after the financial crisis. It is difficult to detect any change 
after the start of NIRP in 2014. After that date, one observes a small increase in Germany, but the 
decline continues in Spain and Italy. The small increase in risk-weighted assets in Germany is 
compatible with the hypothesis that the negative deposit rate of the ECB had its strongest impact in 
Germany where rates were already close to zero. But the increase is too small to have had any 
significant impact.  
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Figure 6: Ratio of risk-weighted assets to total assets (percentage) 

 
Source: Authors’ own elaboration based on data from ECB Statistical Data Warehouse. 

 

Another more basic indicator, which is directly related to the models of banking mentioned above is 
the ratio of loans to deposits. Figure 6 below shows that this ratio has declined continuously (except 
for France, one year) since 2014, i.e. the start of NIRP.10 

This decline in the aggregate deposit ratio is probably due also to a macroeconomic factor, namely 
the increase of the savings rate in the euro area. As savings tend to take the form of bank deposits in 
Europe, any increase in the overall savings rate is likely to lead to higher bank deposits. If investment 
does not increase at the same time, the ratio of loans to deposits must fall in the aggregate. 

  

                                                             
10 This indicator is available only since 2014 in the ECB’s Statistical Data Warehouse. It is thus impossible to compare the post-NIRP values 

to the preceding period. 
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Figure 7: Loan-to-deposit ratio (percentage) 

 
Source: Authors’ own elaboration based on data from ECB Statistical Data Warehouse. 

 
The literature often uses another measure of risk, namely the volatility of the return of banks. Some 
studies have used the standard deviation of the return on assets over the preceding five years. But 
this measure is itself rather volatile due to the large jumps in profits illustrated above. Figure 8 shows 
the very large difference across Member States and the large jumps in this measure for countries like 
Spain where one year of large losses led to large jumps in the volatility measure based on five years of 
data. The euro area average has fallen slightly since 2014 (from 0.6% to 0.4%), indicating that NIRP did 
not lead to an increase in risk-taking large enough to overcome the overall reduction in risk due to 
resumption of steady growth after the financial crisis. 
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Figure 8: Volatility of return on assets (over five years, percentage) 

 
Source: Authors’ own elaboration based on data from ECB Statistical Data Warehouse. 

 

These traditional indicators of risk-taking by banks thus show a decline, rather than an increase in risk 
taking by banks. But one might also use other, indirect, measures of risk. 

For example, one would expect that lending to higher risk customers would be associated with 
higher interest rates and loan losses. However, this has not been the case. NPL ratios have fallen, 
rather than increased since the start of NIRP. Interest rates charged to NFCs have also fallen over time, 
indicating that banks actually perceive a falling risk of default of their customers.  

The fall in NPL ratios might be due to the gradual recovery of the economy from the deep recession in 
2011-2012, but the fall in interest rates, relative to the refinancing costs of banks (the lending margin 
shown above in Figure 4) is not compatible with the hypothesis that banks have taken on more risk 
(unless one assumes that banks are knowingly taken on more risk without being compensated for it). 

One measure of whether banks are taking more risks is the interest rate on loans to NFCs. The rates on 
risky loans (or rather the difference between the cost of capital and these rates) needs to increase if 
the banks incur more risk. (Banks can incur more risk by investing in risky securities, but this is not 
how the usual banking model works.) The cost of borrowing (which includes more than just the 
interest rate) of NFCs has fallen over the last years (absolute and relative to ECB policy rates).The same 
applies to a more narrow concept, namely the interest rates on loans to NFCs. Banks were thus not 
compensated for higher risk in lending to NFCs. 

A general problem with linking indicators of risk after 2014 to negative rates is that there is another 
confounding factor. 2014 was also the year that the ECB took over the responsibility of supervising 
the bulk of the euro area’s banking system. It is generally agreed that the ECB enforced the existing 
banking regulations more strictly than the national supervisors had done before. Moreover, the 
regulations themselves were tightened, adding for example, a minimum of highly liquid assets which 
banks have to hold. These developments forced banks to de-risk their balance sheets, potentially 
more than offsetting any impact on risk-taking negative rates might have had. 
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7. LOW RATES AND LOW PRODUCTIVITY 
The generally accepted view of monetary policy is that it cannot affect the “natural” or equilibrium 
rate of interest, which is determined by longer run trends in the savings investment balance. The task 
of monetary policy is merely to maintain price stability. The central bank can push actual inflation 
towards the price stability target by (temporarily) setting its policy rates below the natural rate when 
inflation is too low (and vice versa: when inflation is too high, the central bank should increase its 
policy rate above the natural rate) (ESRB, 2021; Gros, 2019).  

One could thus argue that monetary policy should not be held responsible for the negative impact of 
lower interest rates on productivity, which operates in the medium- to long-term, and policy rates 
should in principle be fluctuating around the natural rate, sometimes above and sometimes below. 
However, the ECB has now held its policy rates in negative territory for a number of years, and this 
may have contributed to the observed fall in productivity growth. 

This literature has found several reasons why low interest rates might lower productivity growth.  

One channel is via market structure. Incumbent firms are always tempted to deter new competitors 
by charging a low price today in order to secure or maintain a monopoly position for later (Liu et al., 
2019).  

Aghion et al. (2019) argue that the relationship between financial conditions and growth is (inverted) 
U-form: a financial crisis kills investment and growth. Super accommodative financial conditions are 
also bad for growth. 

Empirical evidence is provided by Cette et al. (2016) who argue that a decline in real interest rates can 
trigger unfavourable resource reallocations that reduce total factor productivity. They argue that this 
has been the case particularly for the Southern members of the euro area since 1995, and can explain 
the fact that in these countries total factor productivity even fell (a phenomenon which has been 
dubbed the “great unlearning”, Hassan and Ottaviano, 2013) 

ECB’s TLTROs illustrate the potential impact of low rates on productivity. Under the TLTRO III, banks 
can refinance additional loans to NFCs or households at rates up to 50 basis points below the ECB 
deposit rate (which is minus 50 basis points). This means that banks will have an incentive to 
refinance even loss-making investments. 
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8. CONCLUSION 
Two basic points often get mixed up in the debate about the potential side effects of negative rates.11 

First of all, one needs to distinguish between low rates and negative ones. Negative rates are 
supposed to constitute a special case because banks face a psychological hurdle in setting negative 
deposit rates for their customers (when they are households). 

Second, the ECB can freely set only its own policy rates, the key one being the rate on excess reserves 
held by banks. But longer term rates are set in the market. 

The policy rate of the ECB determines one important, very short-term interest rate for banks, and has 
in the past been a key determinant for the rate banks pay on sight deposits. Lower ECB deposit rates 
thus usually also lead to lower funding costs for banks. But this pass-through is less strong with 
negative rates, potentially impairing bank profitability. However, the profitability of banks is also 
affected by many other interest rates. Long-term interest rates are also very important for banks 
because lending to NFCs is usually at 3-5 years and mortgages are even more long-term (up to 20-30 
years). This implies that the profitability of banks depends much more on the difference between 
long and short rates (the so-called yield curve) than on the level of the ECB’s short term deposit rate, 
and whether it is negative or not. 

The ECB cannot set these long-term rates, but it has tried to influence them through its asset 
purchase programmes (APP, PEPP). Arguably, these actions have had a stronger effect on the 
profitability of banks than the negative deposit rates. Negative long-term might be more damaging 
to the profitability of banks than the negative rate on excess deposits. 

Moreover, the ECB has taken two steps to mitigate the perceived risk to bank profitability (from its 
negative rate on excess reserves). In 2019, it exempted about one quarter of all excess reserves from 
the negative rate. As early as 2014, about the time when negative rates were first introduced, the ECB 
also offered banks special medium-term (three-year) refinancing at favourable rates, which were 
improved later in 2016 and 2019. Under the TLTRO, the interest cost for the bank could be as low as 
50 basis points below the deposit rate. These exceptional rates are linked to the growth of lending 
and thus not unconditional, but the volume of these operations is so large that the interest rate 
subsidy provided by the ECB outweighs the cost which derives from the inability of banks to charge 
households negative rates on sight deposits. 

In this way, the ECB has already compensated for the negative effects of NIRP. A NIRP that consists of 
negative deposit rates plus TLTRO, plus a tiered deposit system, would not be expected to have a 
negative effect on profitability and risk-taking. 

All in all, the importance of negative rates seems vastly overrated.  

                                                             
11 A third distinction which we have not addressed in this contribution is that between nominal and real interest rates. The latter should 

be key for the customers of banks. In a short run perspective, prices can be taken as given, implying that any change in nominal interest 
rates also corresponds to a change in real interest rates. 
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	EXECUTIVE SUMMARY
	 Since the global financial crisis, several central banks around the world have added negative policy rates to their toolboxes after exhausting conventional easing measures.
	 The European Central Bank introduced its negative interest rate policy (NIRP) in June 2014 when it decided to cut for the first time its deposit facility rate below 0%, to -0.1%. Since then, the ECB has cut its deposit rate four more times, each time by 10 basis points, to reach -0.5% in September 2019. 
	 NIRP has now been in place for seven years in the euro area and markets currently expect rates to stay negative for at least five years. It is therefore crucial to fully understand the effects on the economy of prolonged negative rates. 
	 Central banks which have adopted NIRP are generally positive about its use in helping them fulfil their objectives. However, NIRP remains controversial and has been accused of causing significant side effects in particular for the financial sector. Indeed, the existence of various frictions (e.g. physical cash and possible cognitive biases) means that going below 0% could lead to additional channels and non-linear effects of monetary policy.  
	 In this paper, we look at the potential (positive and negative) effects of negative rates and describe the potential mechanisms at work when this measure is used, before turning to the evidence.
	 The experience of the euro area since 2014 shows that the negative deposit facility rate is fully transmitted to the benchmark overnight rate and then propagates along the whole yield curve.
	 There is some evidence (in particular from Denmark and Switzerland) that NIRP also impacts the exchange rate through a change in cross-border flows. 
	 As far as bank rates are concerned, it appears that the effects of rate cuts in negative territory are not different to “standard” rate cuts. Like them, they reduce banks’ interest margins because rates on banks’ assets are more sensitive to policy rates than rates on banks’ liabilities, but this effect does not appear to be amplified below 0% (at least at the current minimal level of negative rates). 
	 A negative deposit facility rate implies some cost for banks that hold excess reserves at the ECB. This cost has been growing significantly, in particular since the introduction of the pandemic emergency purchase programme (PEPP) in 2020. Moreover, this cost is concentrated in the countries that host the main European financial centres (where investors that have sold assets to the ECB park their euro deposits).
	 A more difficult and more fundamental question about negative rates is whether output, employment and inflation are still sensitive to these financial variables when rates are very low or negative. The ECB’s own research is confident that the effect of NIRP on these variables in the short- to medium-term is positive. Potential negative side effects do not appear to have materialised in a significant way for the moment. 
	 However, a long period of negative rates could also entail some medium- to long-term risk, in particular in terms of financial stability. Financial institutions seem to have increased their risk-taking with the advent of negative rates. Whether this risk-taking is excessive remains to be seen and will need to be monitored carefully.
	 The direct cost incurred by banks that hold excess reserves appears to be the most tangible side effect at this stage. The easiest solution to mitigate this would be to adjust the two-tier system put in place in 2019 and to increase the quantity of excess reserves exempted from the negative rate.
	 If the ECB believes it is approaching the reversal rate but needs to provide more monetary easing, it should refrain from cutting its deposit facility rate again, and instead cut further its targeted longer-term refinancing operations rate.
	 Negative rates for a too-long period could lead to financial instability. The best way to deal with potential financial imbalances is to use macroprudential tools. However, the euro area’s current macroprudential framework might not be capable of playing its role. It is therefore critical to build a better set-up for the use of macroprudential tools, so that they can be used forcefully and in a timely way when needed.
	 Finally, given the current economic situation, the ECB should be extremely cautious and not rush before exiting negative rates. Even if negative rates proved to be ineffective, it would be extremely dangerous to exit negative rates too soon as it could harm the post-COVID-19 recovery and destabilise European sovereign debt markets.
	1. INTRODUCTION
	Since the global financial crisis, and after exhausting conventional easing measures, several central banks around the world have added negative policy rates to their toolboxes, in addition to other unconventional measures such as asset purchases and forward guidance. The central bank of Sweden, in July 2009, was the first to move one of its policy rates into negative territory. It was followed by the central banks of Denmark (in July 2012), Switzerland (in January 2015), Japan (in February 2016) and by the European Central Bank (ECB).
	In the euro area, the ECB introduced its negative interest rate policy (NIRP) in June 2014 when the ECB Governing Council decided to cut for the first time the ECB’s deposit facility rate (DFR) – the main policy rate to influence market rates since the global financial crisis – below 0% to -0.1%. Since then, the ECB has cut its deposit rate four more times, each time by 10 basis points (bps), to reach -0.5% in September 2019. 
	How did the ECB end up resorting to negative rates? While the ECB’s main refinancing operations rate averaged around 3% between the creation of the ECB in 1999 and the failure of Lehman Brothers in September 2008, it has averaged less than 0.5% in the 13 years since then. One obvious reason for this is that the ECB has in that time faced the two most important economic crises in almost a century and had to provide highly accommodative monetary policy to fulfil its price stability mandate. Another more fundamental reason is that interest rates have declined in the last four decades in advanced economies and their central banks have had to adjust. 
	Indeed, according to the current macroeconomic consensus, the steady-state level of central bank policy rates should be guided by the so-called neutral rate, i.e. the real rate compatible with inflation around target and output at potential, which is driven by fundamental factors including productivity, demographic growth and the saving behaviour of households. This rate is not directly observable, and its measurement is highly uncertain, but most estimates point towards a significant decline in the neutral rate, in particular since the global financial crisis (see, for example, the estimates of Holston et al., 2016, in Figure 1 panel A). If a central bank’s reaction function can be characterised through a simple Taylor rule, with a neutral rate close to 0% and an inflation target of 2%, this means that the ECB’s nominal steady-state policy rate would be around 2%, leaving the ECB without enough conventional ammunition to face shocks, given that historically, central banks have cut rates by around 300 bps during recessions. 
	As a result, if the neutral rate were to remain at a low level, unconventional tools, and possibly NIRP, would have to be used often in order to make monetary policy accommodative enough when there is slack in the economy and inflation is below target. Actually, markets currently believe that the overnight interest rate in the euro area will stay negative at least until 2026 (Figure 1, panel B).
	Figure 1: Interest rates
	Panel A: Neutral real rate estimates (%)                                  Panel B: expectations for euro area overnight rate (%)
	//
	Note: Interest rate expectations as of May 2021, derived from EONIA zero-coupon swaps of different terms (1 year, 2 years, up to 10 years), which provide information on market expectations of the compounded overnight EONIA over the contract term. Expectations for 2022 interest rate, for instance, are derived through expected compounded EONIA over the next year (2021), given by the 1-year swap, and expected compounded EONIA over the next two years (2021 and 2022), given by the 2-year swap.
	Source:  Panel A: Holston et al. (2016), updated in 2021. Panel B: Bruegel based on Bloomberg.
	If NIRP becomes an often-used monetary policy tool, it is crucial to fully understand the effects on the economy of prolonged negative rates. Central banks which have been part of this experiment are generally positive (see e.g., Schnabel, 2020) about the use of negative rates in helping them fulfil their objectives (whether it is to bring inflation towards target, as in the euro area or in Sweden, or to stabilise the exchange rate as in Denmark or Switzerland). However, NIRP remains controversial and has been accused of causing significant side effects in particular for the banking sector. As a result, two major central banks, the US Fed and the Bank of England (BoE), have refrained from using that tool despite facing the same crises as the countries that have resorted to it.
	This is because the effects of NIRP could be different to those of traditional rate cuts in positive territory, and the net effect could more be ambiguous because of the presence of various frictions in the economy: the existence of cash yielding a 0% nominal interest rate, cognitive biases of investors and households, and financial and legal constraints. In this paper, we first look at the potential effects of negative rates and describe the potential mechanisms at work when this measure is used (section 2), before turning to the evidence (section 3). We conclude with a discussion on what the ECB can do to reduce or avoid potential side effects (section 4).
	2. EFFECTS OF CENTRAL BANK NEGATIVE RATES IN THEORY
	2.1. Potential positive effects on lending, output and ultimately inflation
	2.2. Possible negative side effects for the financial sector
	2.3. Possible reduced response of economic activity to interest rates

	First, NIRP is the logical extension of the main monetary policy tool used in the two decades that preceded the financial crisis: rate cuts. Compared to quantitative easing (QE), the transmission channels for which are relatively complex, or to forward guidance, which relies on the role played by expectations (and which could be fraught with time-consistency issues), NIRP is the most conventional of the unconventional tools introduced since the financial crisis, and a much more mechanical tool. 
	Indeed, the main transmission channel of NIRP to the economy should be very similar to that of traditional rate cuts. When needed, central bank rate cuts provide monetary accommodation through the easing of financing conditions, which tends to boost credit demand for investment and consumption, provide some fiscal space to governments, and thus increase aggregate demand and inflation. Negative policy rates, as long as they are transmitted to bank and market rates, are supposed to function in the same way.
	However, the existence of various frictions (e.g. physical cash yielding a 0% nominal interest rate and possible cognitive biases) means that going below 0% could lead to additional channels and non-linear effects of monetary policy at the “zero lower bound” (ZLB), or more precisely at the “effective lower bound” (ELB), which could be slightly below 0% because of the cost of cash storage. There could therefore be several additional channels of central bank policy rate cuts in negative territory. 
	First, going negative could have a stronger impact on the whole yield curve. The reason is that breaching the ZLB for the first time and/or announcing that negative rates will be part of the central bank toolbox in the future, could lead investors who might not have thought negative rates were possible to revise their expectations about what minimum rates can be in the future (by removing any non-negativity restriction), and thus reduce rates along the whole yield curve. 
	Second, the traditional portfolio rebalancing effect that already exists with standard rate cuts (pushing investors towards riskier assets in a search for yield) could be boosted by the aversion of some investors to negative rates. This could be for contractual reasons, for instance if redemption at par is guaranteed on some savings products. It could also be for behavioural reasons if economic agents (households or corporations) are subject to some form of loss aversion. This could, for instance, lead cash-rich corporations to increase fixed investment to avoid negative rates. At the bank level, portfolio rebalancing could also be boosted by negative rates because of a “hot-potato” effect pushing banks to purchase various assets in order to shift negative-yielding reserves to other banks (even if the aggregate level of reserves cannot be controlled by banks and is now mainly determined by the pace of ECB asset purchases).
	Third, the exchange rate channel, which matters a lot in small open economies like Denmark, Sweden and Switzerland, could also be stronger when rates are negative. Conventional rate cuts influence exchange rates through the interest rate parity: a negative expected interest rate differential with partners leads to a depreciation of the currency, which in turn tends to boost exports and increase the price of imports, therefore impacting positively output and inflation. This effect could be increased if cross-border capital flows are more sensitive to negative rates (again because of investors’ aversion to them and greater portfolio rebalancing effects). In fact, this is how Denmark justified the introduction of NIRP, as a tool to defend its peg with the euro, at a time when inward capital flows (because Denmark was perceived at a safe haven during the euro crisis) were leading to an appreciation of its currency that could have hampered its exports and reduced inflation below a desired level.
	Finally, if all these positive effects were to materialise and result (after also taking into account potential negative effects discussed below) in an improved macroeconomic outlook, general equilibrium effects may also have knock-on benefits for banks’ profitability. Higher economic activity could lead to an increase in the demand for credit and in banks’ non-interest income, but it would also improve their borrowers’ creditworthiness, thereby improving the credit quality of their assets and reducing non-performing loans and loan-loss provisioning. Moreover, capital gains derived from the increase in the value of the securities held by banks would increase their net worth and increase their distance to default (as discussed by Chodorow-Reich, 2014). This improved health of the banking sector could in turn enhance the ability of banks to finance the economy.
	Most criticism of negative rates focuses on the potential negative side effects for the financial sector, which could at some point hinder the crucial role the sector plays in financing the economy. 
	First, it is true that a negative deposit facility rate represents a direct cost for banks that hold reserves above the minimum reserves required by the central bank. The problem for banks is that with the adoption of various asset purchase programmes, on aggregate, the banking sector is flooded with excess liquidity and cannot avoid that cost.
	However, although banks’ reserves at the ECB have increased very significantly in recent years, they still represent a relatively limited share of the total assets held by banks in the euro area. What really matters is thus not only the direct cost of these reserves held at the ECB, but how negative rates influence other components of banks’ balance sheets that could reduce their overall profitability.
	Indeed, negative rates could also lead to a potential decline in net interest income of banks if there is a non-linear threshold effect at the ZLB (or near it, at the ELB). This would happen if the returns on their assets are reduced (even more so because negative rates have led to a flattening of the curve, as discussed above), while the policy rate cut does not fully translate into a fall in the interest rates paid on their liabilities, because of a downward rigidity of deposit rates below 0%. 
	This could happen if banks are reluctant to pass on negative rates to deposits because they fear households or corporations will start to hoard cash or move their accounts to another bank to avoid negative rates. A reduction of net interest margins of banks could then lead either to reduced lending volumes or to more expensive lending, as banks try to pass the cost of negative rates to their customers to restore their intermediation margins. Both possibilities would reduce the transmission of the monetary policy easing to the real economy. However, as discussed before, this could in part be compensated for by the positive macro impact on lower rates that could lead to a reduction in non-performing loans and to an increase in asset values held by banks, which would improve the banks’ financial health. Which effect dominates is not clear in theory and is ultimately an empirical question.
	Negative rates could also impact non-bank financial institutions such as money market funds. Their business model (i.e. issuing short-term, very liquid, almost cash-like, liabilities to invest in liquid safe assets) could be particularly compromised by the combination of negative rates and a flattening of the yield curve, given their already thin interest margins.
	Finally, another important potential side effect is simply the corollary of the increase in the portfolio rebalancing effect: an increase in risk-taking by banks and by other financial institutions such as insurance companies, could if it becomes excessive lead to the emergence of bubbles and financial instability episodes. This is a crucial element to take into account as this could make the use of negative rate counterproductive in the long run, even if positive effects dominate in the short run.
	Conventional monetary policy, as it has been applied by all major central banks in the last decades, relies on the conjecture that reducing nominal rates stimulates economic activity (see e.g., Woodford, 2003). This notion is also what supports the use of negative rates, if the fall in the policy rate passed to market/bank rates then translates to higher demand for credit for consumption and investment, and thus to increased output and inflation (as discussed in section 2.1). This is the idea behind the neutral rate discussed above: as long as the central bank can reduce interest rates sufficiently (either through standard rate cuts, or through negative rates, QE or forward guidance when the ZLB is reached) it should be able to bring inflation back towards target and ensure that the economy is at full employment. The question in that case is more how to go sufficiently low than whether it can be done. 
	However, after years of too-low inflation, the idea that such a neutral rate can be reached is now being questioned. Maybe full employment and targeted inflation cannot be attained through the lowering of rates only, without the support of other policies (fiscal and structural). This could be the case either because the “reversal rate”, at which negative effects start dominating, would be above the presumptive neutral rate, or more simply because the sensitivity of output to interest rates would not be as large as usually considered.
	There could be multiple reasons behind this (Stansbury and Summers, 2020). The sensitivity of output and inflation to interest rate cuts could be lower than it used to be because of sectoral changes in the economy (towards less interest-sensitive sectors), or because fixed-capital investment is less sensitive than before (e.g., because intangible capital depreciates more quickly and needs to be replaced often whatever the interest rate is). It could also be diminished when rates are low or negative (e.g., because some households target a minimum level of savings which is negatively affected by low rates). The responsiveness of output to rates could also be reduced during recessions (if firms are too pessimistic about future demand). Or it could also decrease after a period of prolonged low rates (for instance because demand for durable goods or housing is satiated or because agents are already overly indebted). Finally, the response of the real economy to rates could be asymmetric: economic agents might react differently to rate increases than to rate cuts (e.g., because credit constraints become binding when central banks tighten their policies). For all these possible reasons, negative rates (and monetary policy in general) could be an insufficient tool to achieve full employment and price stability.
	3. EFFECTS OF CENTRAL BANK NEGATIVE RATES IN PRACTICE
	3.1. Transmission to market (interest and exchange) rates
	3.2. Effects of negative rates on banks
	3.2.1. Direct cost of a negative deposit facility rate for euro-area banks
	3.2.2. Impact on other components of the balance sheets of commercial banks

	3.3. Macro and financial stability impact

	In practice, these various effects, positive and negative, coexist. Which one dominates depends on multiple parameters, including in particular the magnitude of negative rates. The ‘reversal rate’ represents the interest rate at which negative effects start dominating and at which further rate cuts become counterproductive and contractionary. 
	However, this will also depend on structural features of the economy: the prominence of banks in the financial sector (vs markets), the financial structure of banks, the aversion of households and the behaviour of non-financial corporations with respect to negative rates, the costs of holding cash (storage, transportation, insurance, but also the convenience of electronic payments provided by bank deposits), etc. This means that the net effect of negative rates is probably time- and country-specific. In this section, we look at the evidence to see what the effects of negative rates have been in practice in the euro area since their introduction in 2014.
	How have negative policy rates been transmitted to the main benchmark market rates? Given the abundance of liquidity in the euro area’s banking sector due to the introduction of a very large amount of reserves by the ECB through its various refinancing operations (LTROs and TLTROs) and asset purchase programmes (in particular since 2015), the deposit facility rate has de facto become the main ECB policy rate influencing market rates. As far as the short-term rate is concerned, we observe a full pass-through from the ECB’s deposit facility rate to the operational target rate of the ECB, the EONIA (replaced recently by the €STR). As Figure 2 Panel A shows clearly, breaching the ZLB did not affect the transmission from the policy rate to the overnight rate (on the contrary, it even appears that the volatility of the EONIA has been reduced).
	Concerning the rest of the yield curve, a fall in long-term yields of euro area countries is visible to the naked eye in Figure 2 Panel B after the introduction of negative rates, suggesting that this has led investors to revise their expectations about the possible future path of policy rates. This observation is confirmed formally by the literature. Christensen (2019), who studied the reaction of markets rate in all countries that have adopted negative rates, found that the entire cross section of government bond yields exhibits an immediate, significant, and persistent response to the introduction of negative rates, with a maximum impact on yields with a maturity of 5 years. Rostagno et al. (2021) confirmed that the negative ECB rate propagated across the whole sovereign yield curve. According to them, the response of long-term rates to the NIRP even surpasses the response to conventional rate cuts by a wide margin.
	Figure 2: Policy and market interest rate in the euro area
	Panel A: ECB rates and EONIA (%)                                         Panel B: Government bond yields: 10-year (%)
	/ /
	Note: black vertical line indicates the introduction of NIRP in the euro area in June 2014.
	Source:  Bruegel based on ECB and FRED (https://fred.stlouisfed.org). 
	On the effects of negative rates on the exchange rate, although their introduction was followed by a strong depreciation of the euro clearly visible in Figure 3, the evidence from the literature is mixed. While Hameed and Rose (2017) did not find a significant impact of NIRP on the evolution of the exchange rate, it appears that in Denmark and Switzerland the appreciation of their respective currencies was halted by the introduction of negative rates, which led to an adjustment in cross-border bank flows (see Khayat, 2018, on Denmark; Basten and Mariathasan, 2018, on Switzerland). More generally, Ferrari et al. (2017) also showed that the sensitivity of exchange rates to changes in policy rates is stronger when rates are lower.
	Figure 3: Euro nominal effective exchange rate
	/
	Notes: Index 2010 = 100. Nominal effective exchange rates are calculated as geometric weighted averages of bilateral exchange rates. Black vertical line indicates the introduction of NIRP in the euro area in June 2014.
	Source: Bruegel based on BIS and retrieved from FRED (https://fred.stlouisfed.org). 
	First, as its name suggests, a negative deposit facility rate implies a direct cost charged on excess liquidity deposited by commercial banks at the ECB. In the first decade of the euro, banks did not hold excess liquidity at the ECB and held only enough reserves to fulfil the reserves officially required by the central bank (Figure 4 panel A). 
	However, with the financial crisis and the COVID-19 crisis, the ECB injected a very large quantity of reserves into the banking sector. Total reserves of banks at the ECB went up from around EUR 10 billion at the beginning of 1999 (compared to total assets of euro area banks of EUR 14 trillion, i.e. 0.7%) to above EUR 4 trillion in April 2021 (compared to total assets of EUR 36 trillion i.e. 11.3%). 
	At first, the ECB injected reserves mainly through refinancing operations (MROs and then LTROs). This meant that the banks could control the quantity of reserves they wanted to hold because they were given the choice to participate in these operations. Thus, that before the financial crisis, no bank sought to hold reserves above what was required (see Figure 4 panel A). During the financial crisis (2008-12), some banks decided to hold extra reserves to insure themselves against possible liquidity shortages, but gradually reduced these holdings after the euro crisis ended. Nevertheless, with the launch of the public sector purchase programme (PSPP) in 2015, banks lost control of the aggregate level of reserves. Since then, this level is fully determined by the ECB because central bank reserves created for the purchases inevitably end up as deposits in a bank. With the addition of the pandemic emergency purchase programme (PEPP) in 2020, excess liquidity is now quickly approaching EUR 4 trillion (Figure 4, panel A). 
	As a result, the direct cost of holding excess liquidity for banks has also risen significantly. After levelling off at about EUR 7.5 billion annually between 2017 and 2019, the ECB decided in September 2019 to put in place a “two-tier system” by exempting part of the excess reserves from the negative deposit rate (equal to six times required reserves). This led to a significant fall in the direct cost incurred by banks, from around EUR 8.5 billion to EUR 4.6 billion. However, with the launch of the PEPP in March 2020, the cost for banks (even with tiering) has now increased to around EUR 15 billion per year (Figure 4 panel B).
	Figure 4: Excess liquidity held at the ECB and direct costs for the banks of the euro area
	Panel A: Excess liquidity (in EUR bn)                   Panel B: Direct cost of negative DFR for banking sector (in EUR bn)
	//
	Notes: Excess liquidity is defined as deposits at the deposit facility net of the recourse to the marginal lending facility plus current account holdings in excess of those contributing to the minimum reserve requirements. Direct cost is measured as the excess liquidity (as defined in Panel A) x (- deposit rate). Direct cost net of tiering is measured as direct cost - tiered reserves x (- deposit rate), with tiered reserves = excess liquidity exempted from negative rates, i.e., 6 times required reserves of the whole banking sector since June 2019 and 0 before tiering was introduced.
	Source: Bruegel based on ECB. 
	Moreover, this cost is unevenly distributed across the euro area (Figure 5 Panel A) and is mainly concentrated in Germany, France, the Netherlands, Luxembourg and Finland (up to 95% of the cost was incurred in these countries in July 2019, but it is down to 72%). As discussed in Darvas and Pichler (2018), the main reason why excess liquidity is concentrated in these five countries is that for a large share of asset purchases made by the ECB counterparties have headquarters outside of the euro area and their euro liquidity is parked in bank accounts in a few euro area financial centres. 
	In some countries these costs represent a non-negligible share of the profits generated by European banks (Figure 5 Panel B). However, again, the share of profits that these costs represent varies greatly across the euro area. In that regard, the comparison between France and Germany is enlightening. Even though the banks from these two countries both represent a high share of excess reserves and thus bear a high cost, the situation is very different when these costs are compared to the profits generated by their banking sectors. While the cost associated with the negative deposit facility rate of the ECB represented 28.2% of the profits of German banks, this only represented only 4.8% of the profits of French banks in 2019. This suggests that a negative deposit facility rate is not the main driver of the low profitability of banks in some countries, but that there are some structural (efficiency) issues affecting the banks’ profitability in these countries.
	Figure 5: Direct cost of a negative deposit facility rate per country
	Panel A: Annualised direct cost per country (in EUR millions)
	/
	Panel B: Direct cost per year and per country compared to profits (in EUR millions and % of profits)
	/
	Notes: Direct costs are calculated in the same way as in Figure 4. Profits are derived indirectly through the return on equity of banks.
	Source:  Bruegel based on ECB. 
	The only way for banks to circumvent the cost related to a negative DFR is to convert ECB reserves into cash. Actually, cash held by monetary and financial institutions in the euro area has increased since the ECB started imposing a negative rate on excess reserves. Nonetheless, amounts are still marginal compared to excess reserves, and the movement is still mainly circumscribed to German banks (ECB, 2018). This probably means that the policy rate is still above or around the ELB. This remains a fairly limited phenomenon at the moment, but if this shift towards cash becomes more widespread, it could reduce the transmission from policy rates to the overnight market rate.
	However, even if the share of excess reserves on the banks’ balance sheet has increased considerably in the last 10 years, it is still relatively limited (at around 11%). The costs associated with excess reserves could thus be manageable if the maturity transformation business model of banks is not affected by negative rates. Indeed, a compression of the spread between credit and deposit rates and a general flattening of the curve, which reduce the returns from maturity transformation, would be much more damaging for the banks’ overall profitability than the mere negative DFR imposed on excess liquidity.
	How has the negative policy rate been transmitted to the euro-area banks’ rates? In order to answer this question and determine if the net interest margins of banks have been compressed, we look separately at the rates on loans and on deposits for both households and corporations. Figure 6 displays these four different bank rates. It is difficult to see precisely with the naked eye how policy rates influence these bank rates and if the effects change below the ZLB/ELB, but our simple econometric analysis (see Box 1 for details) confirms that in general the pass-through is incomplete for all interest rates. In other words, a 1-point decrease in the policy rate (proxied by the EONIA) does not fully translate into a 1-point decrease in bank rates. But we find that the pass-through is significantly higher for rates on banks’ assets (loans) than on their liabilities (deposits). It is also higher for corporations than for households (see detailed results in Table 2). 
	Overall, our results imply that rate cuts indeed compress banks’ interest margins. However, we also check if the relationships change when the EONIA becomes negative (and when the EONIA falls below other more negative thresholds down to -0.5%) and we fail to find any evidence of a non-linearity of this effect below 0%. In other words, monetary policy easing appears to have a negative impact on banks’ net interest margins (at least directly, because indirectly an improvement in the economy due to the easing could counterbalance this effect in the medium to long run), but rate cuts in negative territory do not seem to amplify this negative impact on banks’ margins in a significant way.
	Figure 6: Composite bank interest rates for households and corporations (%)
	/
	Notes: Rates are weighted averages of rates applied by maturity/type of loan. For instance, "Household Deposit Rate" is an average of the annualised agreed rates with maturities below and above 2 years weighted by outstanding amounts remaining at the end of the periods. See details in box 1. Black vertical line indicates the introduction of NIRP in the euro area in June 2014.
	Source:  Bruegel based on ECB. 
	The fact that rates on households’ deposits are still above 0% is generally interpreted as a non-linearity: banks are not passing negative rates to households’ deposits because they are afraid of cash withdrawal (because cash cannot be submitted to negative rates). But it is also possible that this rate is still above 0% because of its usual stickiness. Rate cuts, which are generally passed more quickly to corporate deposits, have actually led some banks to impose negative rates on their deposits despite a similar risk of cash hoarding for non-financial corporations (NFC) than for households: the average euro area rate on NFC’s overnight deposits is still positive, but the averages in Germany and in particularly the Netherlands are negative (Schnabel, 2020).
	Concerning cash hoarding, as seen earlier, the conversion of reserves into cash by banks is still marginal. This is also true for deposits of households and corporations. Cash hoarding is not happening yet, probably because the negative rate applied to deposits is still lower than the cost of storing cash and because of the convenience of bank deposits and electronic payments (especially with the recent increase in online shopping). 
	Nevertheless, our results also mean that the effect of rate cuts (whether below or above the ZLB) on banks will depend on their financial structures, and in particular on the composition of their assets and liabilities (which differs across banks and across countries): if a bank is heavily reliant on households’ deposits and if lending rates to households and corporations decrease more steeply than the rates applied to deposits, then its net interest income will be particularly reduced. 
	The literature generally shows that, on average in the euro area, banks’ overall profitability has not been particularly affected by the introduction of negative rates (Jobst and Hin, 2016; Stráský and Hwang, 2019) in part because increased asset values and stronger economic activity have offset the negative effects. But the literature also suggests that banks with higher shares of households’ deposits have either seen their profitability more affected by the fall in rates (Heider et al., 2019) or that they have not passed the rate cuts to their loans to try to compensate (Amzallag et al., 2019).
	Box 1: Estimating the pass-through of monetary policy to bank rates
	Table 1: Relationship between monetary policy rate and banking rates
	Table 2: Relationship between and banking rates in case of negative rates
	What has been the effect on banks’ lending volumes? Whether for households or NFCs, lending has grown steadily from the introduction of negative rates to the COVID-19 crisis (Figure 7). However, it is extremely difficult to disentangle the effect of NIRP from other potential drivers. Part of this strong growth can surely be explained by the recovery that took place in the euro area from 2014 to 2020 (which increased demand for loans), but at least at the aggregate level, we observe neither reduced lending nor an increase in rates to compensate for lost profits (Figure 6). This suggests, at first sight, that in terms of bank lending volume, the economy has reacted to negative rates similarly than to rate cuts in positive territory. The results from the literature on that question are mixed, but some studies confirm that banks have indeed increased lending volumes after the introduction of negative rates, in particular banks that rely less on deposits (e.g. Heider et al., 2019).
	Figure 7: Bank lending to the private sector in the euro area (YoY, %)
	/
	Note: black vertical line indicates the introduction of NIRP in the euro area in June 2014.
	Source: Bruegel based on ECB. 
	To conclude on the effects of negative rates on banks, there are nevertheless two important caveats. First, the evidence discussed and the literature (in the euro area but also in other jurisdictions that have adopted NIRP) has been gathered with negative rates relatively close to 0%. This means that a strong non-linearity could still arise at lower rates. Second, the impact on banks could also vary over time. Effects of prolonged negative rate could be different: at the beginning, the effect is positive as the one-off mark-to-market revaluation dominates, but, if negative rates are prolonged, maturing assets are gradually replaced by low-yielding loans, which could lead to a persistent decline in interest margins. In addition, the reduction of net interest income compensated for at the beginning by higher volumes and increased fees might not last (or banks will have to adjust their business model in order to rely more on fees than on interest margins).
	This is undoubtedly the most difficult and the most crucial question to answer. There is now a fast-expanding literature on the effects of negative rates, but it has not yet led to a clear consensus on the macro effect of negative rates or on its long-term effects on financial stability. 
	It is still very difficult to measure precisely the macro effects of NIRP for various reasons. First, various other unconventional measures were implemented at the same time and are difficult to disentangle from negative rates. Second, NIRP was only adopted in a few countries. And, finally, there could also be a possible selection bias, as central banks that that have concluded less favourable cost-benefit analyses might have decided not to use NIRP (this could be the case with the Fed and the BoE). 
	On the macro effects, ECB papers are generally (and not surprisingly) positive about the effects of NIRP. They generally find a positive (although not very high) impact of negative rates on output, employment and inflation compared to a counterfactual without negative rates (see Figure 8 borrowed from Rostagno et al., 2021), and that the reversal rate is not yet a valid concern in the euro area at this stage.
	Figure 8: Estimated impact of three ECB rate cuts (by 10 bps) on macro variables
	/
	Notes: Their analysis is based on a Bayesian vector autoregression (BVAR) model with 17 variables and a dense, controlled event-study approach to identification. The shaded area reflects the dispersion of the median responses obtained over the simulation samples. See Rostagno et al. (2021) for details on the methodology used.
	Source: Figure 12.1 from Rostagno et al. (2021). 
	However, other papers are more doubtful about the positive macro effects of negative rates, especially in the long run. Stansbury and Summers (2020) in particular documented extensively all the possible reasons why the sensitivity of output, employment and inflation to interest rates might have declined in recent decades, and why this could run counter to the argument for negative policy rates. The sum of evidence collected by the authors is definitely thought-provoking, but it does not provide, at this stage, a clear picture and a quantification of the overall macro effect. Moreover, the evidence collected is mainly about the US and could be very different in Europe given the massive differences in the functioning of the two economies, e.g. in the financial sector, in the housing market, in the social safety net and pension systems, and in households’ behaviours.
	Nevertheless, one particular reason why negative rate could be counterproductive is if low and negative rate were to have long-term consequences for financial stability and lead to the formation of bubbles and ultimately to financial stress episodes. There is strong evidence that financial institutions in the euro area have increased their risk taking and have engaged in search-for-yield as a result of negative rates (Bubeck et al., 2020; Heider et al., 2019). However, as discussed earlier, increasing risk-taking and pushing financial institutions to rebalance their portfolios is essentially a feature not a bug of accommodative monetary policy, but it is very difficult to say if/when this additional risk-taking becomes excessive.
	4. CONCLUSIONS: WHAT DO WE KNOW AND WHAT SHOULD THE ECB DO?
	Despite the burgeoning literature, the debate on the effects of NIRP is not yet fully settled.
	Nevertheless, we have already learned a few things about how negative rates work. First, the experience of the euro area since 2014 shows that the negative deposit facility rate is fully transmitted to the benchmark overnight rate and then propagates along the whole yield curve. Second, there is also some evidence (in particular from Denmark and Switzerland) that NIRP also impacts the exchange rate through a change in cross-border flows. Third, as far as bank rates are concerned, despite some concerns about a stronger negative impact of NIRP on net interest margins and banks’ profitability, it appears that the effects of rate cuts in negative territory are not different to “standard” rate cuts. Like them, they reduce banks’ interest margins because rates on banks’ assets are more sensitive to policy rates than rates on banks’ liabilities, but this effect does not appear to be amplified below 0% (at least at the current relatively low level of negative rates). Finally, a negative deposit facility rate implies some cost for banks that hold excess reserves at the ECB. This cost has been growing significantly, in particular since the introduction of the PEPP in 2020. Moreover, this cost is concentrated in the countries that host the main European financial centres (where investors which have sold assets to the ECB park their euro deposits). In some of these countries, Germany in particular, where the banking sector is not as profitable as in other jurisdictions, this direct cost can represent a significant share of banks’ profits (28% in 2019 in Germany). However, other examples, such as France, show that if the banking sector is sufficiently profitable, the cost as a share of profits remain small (4.8% in 2019).
	A more difficult and more fundamental question about negative rates, and for monetary policy in general at this stage, is whether output, employment and inflation are still as sensitive to these financial variables as they used to be when rates are very low or even negative. The ECB’s own research is confident that the effect of NIRP on these variables in the short- to medium-term is positive at this stage. Potential negative side effects do not appear to have materialised in a significant way for the moment, which might mean that the ECB rate is still above the reversal rate. However, a long period of negative rates could also entail some medium- to long-term risk, in particular in terms of financial stability. Financial institutions seem to have increased their risk-taking with the advent of negative rates. Whether this risk-taking is excessive remains to be seen and will need to be monitored carefully.
	What should the ECB do at this stage? The ECB, like other central banks which have adopted NIRP, will need to continue to monitor carefully the potential side effects, see if its policy rate approaches the reversal rate, or even if this reversal rate is evolving (and potentially increasing) as negative rates are in place for a prolonged period, in order to update its cost-benefit analysis.
	The direct cost incurred by banks that hold excess reserves appears to be one of the most tangible side effects at this stage. So, the first thing the ECB could do is to mitigate this visible side effect (which is problematic in a few countries and which makes this policy very unpopular despite its potential benefits). The easiest solution would be to adjust the two-tier system put in place in 2019 and to increase the quantity of excess reserves that are exempted from the negative deposit facility rate (currently equal to six times required reserves). Potentially, the ECB faces a trade-off between mitigating the direct cost for banks and reducing the influence of the deposit facility rate on short-term market rates if too much reserves are exempted. However, for the moment, despite the current tiering, the overnight rate continues to trade near the DFR. The ECB could thus experiment and try to increase the level of exempted reserves in a gradual way (for instance by raising the tiering multiplier from 6 to 8) to see if this trade-off materialises and if the influence of the DFR on the overnight rate diminishes. 
	But apart from this, what could the ECB do to avoid or overcome the reversal rate problem (if it were to materialise)? The ECB has actually introduced an innovative tool in recent years: the TLTROs. This new type of refinancing operation has attracted less attention than other unconventional tools, such as QE or its negative DRF, but we believe it could actually help overcome the reversal rate issue. With the launch of the TLTRO III in March 2019, the ECB decided for the first time that the rate could be negative and as low as the deposit facility rate (if some conditions were fulfilled in terms of lending volume). In practice, this means that the banks resorting to TLTROs are paid to borrow from the ECB, which partly compensates for the negative DFR on excess reserves. 
	At the start of the COVID-19 crisis, on 12 March 2020, the ECB went further and for the first time reduced its TLTRO rate by 25 bps below the DFR, for banks fulfilling their lending benchmarks to the real economy. On 30 April 2020, the ECB decided to further ease the conditions on its TLTROs by cutting the applicable rate by a further 25 bps to as low as -1% (i.e. 50 bps below the DFR). 
	As discussed in Claeys (2020), making the level of the TLTRO rate independent from the DFR provides a new way for the ECB to ease financing conditions. This allows the central bank to adopt a more accommodative stance without having to cut its DFR further, thus avoiding its potential side effects. Given that the rate is lower than what banks pay on their excess liquidity, this provides banks with a strong incentive to borrow long-term from the ECB and to grant more loans. This, in turn, should mechanically increase their reserve requirements, since these are calculated as a ratio of a bank’s liabilities – mainly its customers’ deposits. Considering the new tiering system on reserve remuneration, their exempted reserves would also be increased, even more than proportionally. This ultimately should create a virtuous cycle for bank profitability and incentivise banks to lend to the economy, despite negative policy rates (or more precisely thanks to a negative spread between the DFR and the TLTRO rate). The main caveat is that the ECB will actually lose money on these operations. However, this should not be a major source of concern, given that, as discussed in Chiacchio et al. (2018), while it is preferable for the ECB to make profits rather than to record losses, it is not a profit-maximising institution and its overriding mandate is price stability. As such, recording losses in the short-to-medium term when seeking to fulfil its macroeconomic function, should not stop the ECB from using such a policy if it is effective.
	If the ECB believes it is approaching the reversal rate but it needs to provide more monetary easing, it should therefore refrain from cutting its DFR again, and instead reduce further its TLTRO rate below its DFR.
	Next, how to deal with potential financial stability issues? As discussed before, negative rates for a too-long period, which could be necessary to fulfil the ECB’s price stability mandate, could nonetheless lead to financial instability in the medium- to long-run. In our view, the best way to deal with financial imbalances is to use macroprudential tools as the first line of defence. However, the euro area’s macroprudential institutional framework might not be able of playing this crucial role, given its decentralised nature and heterogenous functioning across European countries. It is therefore critical to build a better set-up for the use of macroprudential tools in Europe to ensure that they can be used forcefully and in a timely way when needed.
	Finally, at the current juncture, given the situation after one and a half years of the COVID-19 pandemic and in 2020 the largest decline in GDP in the euro area since the Second World War, the ECB should be extremely cautious and not rush before exiting unconventional monetary policies including negative rates. Even if negative rates proved to be ineffective, or insufficient to bring the economy to full employment, given the full pass-through between the deposit rate and market rates, it would be extremely dangerous to exit negative rates too soon as it could harm the post-COVID-19 recovery as well as destabilise European sovereign debt markets. This would be highly damaging given the increased role played by fiscal policy in terms of macroeconomic stabilisation.
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	Abstract
	Negative interest rate policies (NIRP) have become an established monetary policy instrument in the toolkit of the ECB. We discuss NIRP in the euro area based on theoretical considerations and available empirical evidence. We find that NIRP had some positive impact on loan growth and investment in the euro area, but that the room to further loosen monetary policy via NIRP may be small. NIRP is discussed also in the context of the general monetary policy environment.  
	This paper was provided by the Policy Department for Economic, Scientific and Quality of Life Policies at the request of the committee on Economic and Monetary Affairs (ECON) ahead of the Monetary Dialogue with the ECB President on 21 June 2021.
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	EXECUTIVE SUMMARY
	 Negative interest rate policies (NIRP) have become one among several unconventional tools in the ECB’s monetary policy toolkit. In 2014, the European Central Bank (ECB) lowered the deposit facility rate below zero for the first time and has since further reduced the rate, which currently stands at -0,5%. 
	 NIRP is not fundamentally different from other monetary policy measures, but specific in several respects. Compared to other unconventional measures it has a somewhat more direct focus on the banking sector and on credit supply. The introduction of negative interest rates shifted the perceived zero lower bound of monetary policy by affecting expectations. Monetary transmission is complicated by a potential negative impact on bank profitability as banks are reluctant to charge negative interest rates on deposits particularly of households and may have to pay interest on excess reserves at the ECB. In theory, this could at some point lead to a contraction of credit supply in response to a further reduction of policy rates into negative territory, limiting the scope of NIRP as a tool to stimulate the economy.
	 Empirical evidence suggests that NIRP did not have significant negative effect on bank profitability until now. While the pass-through of negative policy rates to deposit rates has indeed been weak, other factors, such as non-interest income, compensated for this effect. Moreover, the ECB introduced measures to mitigate the impact of negative rates on excess reserves on bank profitability. It is found that the response of banks to negative interest rates depends on the bank funding structure. Banks with a greater reliance on deposits tend to experience more negative effects on profitability, tend to issue more credits, and take on more risk. 
	 Firm-level evidence suggests that NIRP had some positive impact on loan growth and investment in the euro area. While it is difficult to quantify the ultimate impact of monetary policy on output and inflation or to disentangle the impact of different policy measures, available evidence suggests that NIRP had a modest positive impact on inflation and output. This assessment is also in line with more general results on the effects of monetary policy suggesting that it is easier to dampen rather than to stimulate output and inflation and that monetary policy is more effective in times of financial turmoil than in normal times when financial conditions are loose. 
	 NIRP probably had the largest impact when it was introduced. In 2014, financial conditions were tighter than in later years. Moreover, to the extent that market participants did not expect NIRP to be deployed, the impact of the first rate cut below zero on expectations was more than proportional, as further rate cuts became more likely at the same time. 
	 The room to further loosen monetary policy via NIRP may be small. The reversal interest rate defines the level at which further declines in interest rates will have a negative impact on bank lending. The reversal rate cannot be observed but the room for further interest rate cuts of the ECB seems to be small. This is particularly true as the negative effects of NIRP on bank profitability tend to increase the longer NIRP is in place. Finally, the more negative interest rates will become the more cash holding will increase, making NIRP less effective.
	 Estimates of the natural interest rate neither make a strong case for nor against NIRP. There is some consensus in the literature that the natural rate of interest has declined over the past decades. Some estimates suggest that the natural rate has become even negative. However, the available estimates are highly uncertain – to the extent of several percentage points – so that such estimates are not a useful guidance for monetary policy.
	1. INTRODUCTION
	In June 2014, the European Central Bank (ECB) was among the first major central banks to lower its policy rate into negative territory (-0.1% on the deposit facility rate). The deposit facility rate was subsequently reduced further four times – most recently in September 2019 to -0.5% – and the negative interest rate policy (NIRP) has become one among several unconventional tools in the ECB’s monetary policy toolkit. Unconventional measures, such as forward guidance and quantitative easing, were introduced because conventional interest policies were constrained by the zero lower bound. All of these measures can transmit via a set of various channels to financial markets, output, and inflation. Compared to other unconventional measures NIRP has a somewhat more direct link to banks and credit supply.    
	From a theoretical perspective, NIRP works similar to conventional interest rate cuts in positive territory. In principle, the transmission channels of interest rate cuts, for example via deposit and lending rate, to output and inflation do not change in negative territory. One key difference is, however, that holding cash, which offers a zero nominal return, becomes more attractive when interest rates are negative. While cash hording in theory lowers the impact of NIRP, there is no evidence that increases in cash holdings have significantly impeded the transmission mechanism of negative rates anywhere until now. 
	In practice, the difficulty for banks to charge negative rates on deposits of firms or private households weighs on bank lending and constrains the application of NIRP. If the pass-through to interest rates on deposits is weaker than to bank lending rates or to other assets of banks, NIRP compresses margins and weighs on bank profitability. Moreover, profitability of banks might be also negatively affected by payments they have to make to the central bank on excess reserves. The resulting reduction in banks’ net worth tends to reduce credit supply and, at some point, further interest rate cuts could become contractionary with respect to its effect on bank lending. This point is sometimes called the reversal interest rate, which represents the effective lower bound for NIRP. The ECB implemented measures to alleviate the negative impact of NIRP on bank profitability. 
	Entering negative territory with interest rates the first time can have a disproportional effect on expectations and risk-taking. If NIRP is not expected to be used by a central bank as an instrument, it will have more than proportional effects on expectations because it will shift the perceived lower bound for policy rates and provide a signal about the future stance of monetary policy. However, this is only a one-time effect that takes place when NIRP is implemented the first time. NIRP can also have a strong impact on risk-taking if economic agents switch to riskier assets just to avoid negative interest rates on their deposits due to psychological reasons. Higher risk-taking can amplify the impact of NIRP but is at the same time also a concern as excessive risk-taking can undermine financial stability. 
	In this paper, we discuss NIRP in the euro area based on theoretical considerations and the empirical evidence. In Section 2, we give a brief overview on the implementation of NIRP in the euro area in the context of other monetary policy measures. In Section 3, we briefly summarise monetary transmission channels from a theoretical perspective with a special focus on NIRP. In Section 4, we discuss the empirical evidence on the impact of NIRP on other interest rates and bank lending, bank profitability, risk-taking, and output and inflation. In Section 5, we conclude with a discussion of NIRP in the context of general findings on the impact of monetary policy on output and inflation, the natural interest rate, and potential negative side-effects.
	2. Extent, characteristics and duration of Nirp
	Negative interest rates are part of the new monetary toolkit and have been introduced at a critical point for monetary policy in the euro area. Figure 1 puts negative interest rates in a broader context with regard to other measures based on an assessment of the ECB balance sheet and specific monetary policy actions, including shifts in the deposit rate, which are illustrated as red bars. The ECB shifted its lending policy strongly towards long-term refinancing operations from 2009 onwards, enabling banks to receive liquidity for a period of up to 3 years, whereas main refinancing operations only provide liquidity for one week. Around the same time, other assets and securities from monetary operations started to increase due to asset purchases as a result of the quantitative easing policy. These policies resulted in a significant amount of excess reserves in the banking sector. Negative interest rates were introduced to complement these measures with the aim of boosting credit and increasing inflation expectations. As discussed in Section 4, it is, however, difficult to identify additional effects of negative interest rates with regard to macroeconomic outcomes. 
	Figure 1: ECB balance sheet and monetary policy actions
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	Notes: "Securities Monetary Operations" includes securities purchase programmes; "Long-term Refinancing" includes ordinary 3-month operations and exceptional long-term refinancing operations and targeted longer-term refinancing operations (TLTROs); "Main Refinancing Operations" are ordinary operations that may be modified (e.g. fixed rate tenders with full allotment, reduced collateral requirements). “Policy Actions” depict the date of announcement of an action. “DR” denotes deposit rate; “SMP” denotes Securities Markets Programme; “CBP” denotes Covered bond purchase programme; “CSPP” denotes Corporate Sector Purchase Programme; “OMT” denotes Outright Monetary Transactions; ”PSPP” denotes Public Sector Purchase Programme; “PEPP” denotes Pandemic Emergency Purchase Programme. 
	Sources: ECB, Eurosystem balance sheet, own calculations. 
	The ECB policy has linked the exposure to negative interest rates to the business models of banks. On 30 October 2019, the ECB introduced a new remuneration structure with two distinct rates applicable to different parts of the excess reserve holdings of credit institutions. The two-tier system exempts credit institutions from remunerating, at the negative rate currently applicable on the deposit facility, a part of their excess reserve holdings depending on minimum reserve requirements, which are mainly based on bank customers’ deposits. The two-tier system therefore effectively reduces payments to the ECB on excess reserves for banks whose business models rely on deposit funding, which are typically the main lenders to the real economy in the euro area. 
	The actual exposure of banks to negative rates is also reduced by the design of targeted long-term refinancing operations (TLTROs). A first series of TLTROs was announced on 5 June 2014, a few days before the deposit facility rate was moved into negative territory on 11 June 2014. The introduction of TLRTO III closely coincided with the reduction of the deposit facility rate to -0.5%. The interest rate for TLTRO III borrowings is linked to the deposit facility rate and depends negatively on the amount of loans participating banks grant to non-financial corporations and households. Borrowing rates for TLTRO operations can be as much as 50 basis points below the average interest rate on the deposit facility over the period from 24 June 2020 to 23 June 2022, and as low as the average interest rate on the deposit facility during the rest of the life of the respective TLTRO III.
	The negative deposit facility rate has been transmitted to interbank loan rates. Figure 2 illustrates that the Euro Overnight Index Average (EONIA) followed the deposit rate into negative territory. The EONIA was closer linked to the main refinancing rate until 2014, suggesting the deposit rate acts as a close substitute since the main refinancing rate is stuck at the zero lower bound.
	Figure 2: Deposit rate and EONIA
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	Source: Own illustration based on ECB data.
	3.  theoretical effects of nirp
	3.1. Bank lending and reversal interest rate
	3.2. Risk-taking
	3.3. Expectations

	Negative interest rates can be transmitted via different channels to the economy related to both conventional and unconventional monetary policy measures. Compared to conventional interest rate changes, some of the transmission channels might be weaker under negative interest rates while others remain intact or might be even stronger from a theoretical perspective. In this section, we focus on the corresponding propagation mechanisms that are particularly relevant for NIRP. We discuss the interest rate channel, the bank lending channel, the balance sheet channel, the risk-taking channel, and the expectation channel. We also briefly summarise the exchange rate channel but do not discuss details in this paper. Given the focus on the empirical evidence on the effects of NIRP in this paper, in the rest of this section we discuss different aspects of bank lending and the reversal interest rate, risk-taking and expectations related to NIRP in greater detail. 
	The interest rate channel, which describes the pass-through of lower policy rates to consumers and firms, can be weaker under negative interest rates. The profitability of banks depends, among other factors, on the spread between interest rates to loans and deposits. If banks are reluctant to pass-through interest rates to deposit rates of their clients, in particular to households, they are also less likely to reduce interest rates to loans in order to protect their interest rate margin. This would lower the impact of NIRP because consumption or investment decisions by private households are less stimulated by lower interest rates compared to conventional interest rate cuts in positive territory.
	The bank lending channel describes how monetary policy affects credit supply of banks and is particularly relevant for NIRP. Via the bank lending channel monetary policy can influence the credit supply of banks and thereby spending and investment decisions of firms. Expansionary monetary policy tends to increase the credit supply of banks. This effect can even be stronger under negative interest rates since banks have stronger incentives to reduce their excess reserves by increasing their credit supply.  However, the concept of a reversal interest rates emphasises that at some point negative interest rates can dampen credit supply of banks if they hurt bank profitability. Bank profitability can be dampened by NIPR if—in addition to the payments banks have to make for their excess reserves—banks cannot pass through negative interest rates to the same extent to deposit rates as to lending rates lowering their interest rate margin. If these negative effects outweigh the positive effects on bank profitability, e.g. due to the increase in the value of long-term mark-to-market assets or higher credit volumes, further interest rate cuts can lower credit supply and thereby counteract the intended effect of NIRP. The response of banks to negative interest rates can depend on individual characteristics, such as the reliance on deposits or the volume of excess reserves. Understanding the response of banks to NIRP is therefore one key element for assessing the effects of NIRP. 
	The balance sheet channel describes that changes in the monetary policy stance affect also credit demand. The interplay of bank lending channel and the balance sheet channel constitutes the credit channel of monetary policy. Monetary policy can affect the financial position of borrowers and thereby credit demand. Expansionary monetary policy decreases the interest rate expenses on their short-term debt, which improves their financial positions. Lower interest rates can also lead to an increase in asset prices. This increases the net worth of firms and households and stimulates credit demand via (i) an improved access to bank loans, and (ii) an improved economic outlook and higher willingness to invest. The balance sheet channel does not necessarily work differently under negative and positive interest rates since asset prices are potentially affected in both scenarios by interest rate cuts.   
	The risk-taking channel, which describes the effect of monetary policy via influencing risk-taking by banks, firms, or private households could be stronger under negative interest rates. If “banks’ excess reserves are remunerated at negative rates, there is a strong incentive to reduce them by shifting into riskier assets. This strengthens the portfolio rebalancing channel of asset purchases” (Schnabel, 2020). Firms or private households might also shift to riskier assets to avoid negative interest rates on deposits if banks pass-through negative rates. 
	Negative interest rates are a commitment to low interest rates for the foreseeable future and can also have an impact on expected inflation. Negative interest rates can complement unconventional monetary policy measures such as signalling and forward guidance by affecting expectations regarding the future stance of monetary policy. The impact on expectations could be particularly strong when a central bank implements negative interest rates for the first time if the implementation affects expectations on the non-negativity restriction on current and future expected short-term rates and, therefore, monetary accommodation can propagate throughout the yield curve (Boucinha and Burlon, 2020). However, maintaining negative interest rates can also send a signal about the future stance of monetary policy and thereby affect expectations.
	The exchange rate channel of monetary policy is more relevant for more open economies, such as Sweden, Denmark, Norway and Switzerland compared to the euro area or the US. Lower domestic interest rates make the currency less attractive to foreign investors and reduce capital inflows. The subsequent depreciation (or prevention of further appreciation) makes domestic goods cheaper internationally and thus increases sales potential, which supports economic growth, and increases prices for imported goods. However, this line of reasoning is based on the assumption that monetary policy in other regions does not react to exchange rate movements. Overall, exchange rates are affected by a rich set of determinants and difficult to predict. 
	Negative interest rates have made central bank deposits less attractive and increased the incentives for banks to raise credit supply. Quantitative easing and long-term refinancing operations have led to a strong increase of excess reserves of banks. In particular under negative deposit rates, banks have incentives to pass on central bank deposits (“hot potato effect”) that are not necessary for minimum reserve requirements (Ryan and Whelan, 2021). One way to reduce excess reserves is to increase lending to firms or private households. However, banks can also reduce excess liquidity by purchasing debt securities of other banks or by paying down funding sources. 
	The “reversal interest rate” defines the level of interest rates at which monetary policy reverses its intended effect and becomes contractionary for lending due to negative effects on bank profitability. It occurs when the positive effects of lower interest rates on banks' profitability and balance sheets, e.g. due to asset revaluation, are more than offset by negative effects, e.g., due to decreases in interest rate margins. Conceptually, the reversal rate reflects an effective lower bound for monetary policy, at which further interest rate cuts become ineffective or even counterproductive.
	Brunnermeier and Koby (2018) identify four determinants of the level of the reversal interest rate: 1) banks' fixed-income holdings, 2) the strictness of capital constraints, 3) the initial capitalisation of banks, and 4) the degree of pass-through to deposit rates. A large proportion of banks' fixed-income holdings provide stable earnings even if central bank interest rates fall. Therefore, the larger the share of fixed income holdings the lower the reversal rate. Low initial capitalisation or tight capital requirements, e.g. from banking regulation, reduce the flexibility of banks to adjust to smaller interest rate margins due to a lack of free capital. This increases the reversal rate. The reversal rate also increases if the interest rate elasticity of customer deposits is very high, so that interest rate cuts by the central bank are more difficult to be passed on to customers. 
	The reversal rate increases over time ("creeping up effect") implying that prolonged negative interest rates increase the probability of adverse effects on lending. Interest rate cuts lead to increases in the price of assets, thus strengthening balance sheets of banks and increasing their credit supply (bank capital channel). However, the longer interest rates remain low, the lower interest income on new assets becomes so that the positive effect becomes smaller over time and could eventually reverse even if interest rates are not lowered further. Quantitative easing tends to increase the reversal interest rate over time since long-term income holdings of banks are reduced (Brunnermeier and Koby, 2018). However, Repullo (2020) argues that lower negative rates will not necessarily at some point become contractionary for lending. He argues that profitability constraints of banks usually do not lead to a reversal rate since lower policy rates always increase the banks’ profits from lending given that they reduce the weighted average cost of deposits and capital. For the same reason, with a downward sloping demand for loans, they increase bank lending.
	Academic research has emphasised the importance of a risk-taking channel of monetary policy in the context of credit demand and supply. Uncertainty in the banking sector restricted credit supply after the 2008/2009 crisis since banks were reluctant to take on risks (Paligorova and Jimenez, 2012). Consequently, one aim of central bank policies has been to encourage risk-taking. However, excessive risk-taking undermines financial stability. Therefore, macroprudential regulation is important in the context of the risk-taking channel in order to reduce the risk of excessive risk-taking (Borio and Zhu, 2008).
	The link between monetary policy and the perception and pricing of risk by economic agents is also important in order to understand the specific effects of negative interest rates. Two channels are particularly relevant: 1) Lower interest margins by banks could lead banks to take higher risks in lending in order to obtain higher risk premiums, and 2) A "search for yield" could lead to an increasing demand for assets with higher expected returns. The first effect materialises through the lending structure of banks while the second mechanism affects asset prices. 
	Bank characteristics, such as the structure of balance sheets, bank profitability and the ability to pass-through, determine whether NIRP have large effects on risk-taking behaviour. Banks which are able to pass-through negative interest rates to deposits do not experience lower interest rate margins and have therefore less incentives to take higher risks, while banks which experience a reduction in margins are more likely to take on additional risks.
	Along with other monetary policy measures, negative interest rates were also implemented to increase inflation expectations and reduce expected real interest rates. By lowering the perceived lower bound for interest rates, central banks can send a signal that short-term interest rates will stay low (or negative) for the foreseeable future. The possibility for the market to anticipate further policy cuts is a fundamental element of monetary policy, and negative interest rates have also been a communication tool which can result in substantial revisions in macroeconomic expectations of households and firms. These revisions in expectations can influence future macroeconomic outcomes. 
	When NIRP is implemented for the first time, the zero lower bound is no longer constraining market expectations. Therefore, investors’ demand for longer-dated assets is increasing more than when rates are cut in positive territory (Tenreyro, 2021). The question is whether such effects on expectations are a one-off effect once the negative territory is entered. 
	The signaling channel lowers expectations of future short-term interest rates and these expectations are directly linked to long-term interest rates and the yield curve (Groot and Haas, 2019). Consequently, monetary policy effects on output and prices through expectations are frequently assessed via yield-curve dynamics. Theoretical and economic evidence suggests that the slope of the yield curve is positively related to economic activity and bank profitability. For the transmission of QE to yield curve dynamics, the importance of the portfolio rebalancing channel and the signaling channel has been particularly emphasised in the literature (Altavilla et al., 2015). The portfolio rebalancing channel affects the risk premium and works if short-term and long-term bonds are imperfect substitutes, so that the purchase of long-term government bonds changes the relative supply of short and long bonds so that the risk premium is reduced (Gagnon et al., 2010). 
	4. Empirical evidence on effects of nirp in the euro area
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	4.2. Bank profitability and the reversal interest rate
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	The empirical evidence shows that the pass-through of negative interest rates to loan rates is incomplete. Loan rates to corporates are partly reduced, while mortgage rates are often not affected or even increased. Table 1 summarises the empirical evidence on pass-through to lending rates and also mentions how the exposure of banks to negative interest rates is identified based on micro level bank data. This is usually done according to the amount of deposits subject to negative interest. 
	Table 1: Pass-through evidence
	Source: Own illustration based on Tenreyro (2021).
	Empirical studies have shown that (with few exceptions such as Switzerland) a zero lower bound applies to household deposits. This reduces the amount of pass-through for banks which rely on deposit from private customers. 
	Private households tend to perceive negative interest rates on deposits as unnatural and may withdraw their deposits, notwithstanding of the associated costs of holding cash and making payments. A survey of 13,000 bank customers in Europe, the US and Australia by ING in 2006 found that about 77% of respondents would liquidate their deposits if interest rates went into negative territory, although with wide variations between countries. The authors attribute this to the behavioral economics concept of loss aversion: subjects feel losses twice as intensely as gains of the same amount. Consequently, an interest rate cut from 0 to -0.5% hurts significantly more than an interest rate cut from +1.0 to +0.5%. In some countries, around 50% of respondents said they would rather hoard cash than pay negative interest rates. However, the negative interest rate policy, which has already been in place for five years, may lead to a habituation effect that gradually lowers customer resistance. For example, monthly fees were initially increased on checking accounts that were largely free of charge just ten years earlier, which ultimately also meant a kind of negative interest rate for customers. There is also anecdotal evidence that negative interest rates on household deposits are being phased in in more and more banks in countries like Denmark (Krogstrup et al., 2020) and Germany (Tagesschau, 2020).
	For deposits from business customers, on the other hand, negative interest rates on deposits seem easier enforceable. Figure 2 illustrates that rates on corporate deposits in the euro area have already entered negative territory, while household deposits seem restricted at close to zero. Owners of larger volumes of liquid assets, especially businesses, cannot convert to cash and will place their money with the most stable and trustworthy banks. Altavila et al. (2019) report that on average 20% of corporate deposits are subject to negative interest rates, but only 5% of total deposit volumes. Based on confidential data from 2017-2018, they find that sound banks pass on negative rates to their corporate depositors without experiencing a contraction in funding.
	Figure 3: Household and corporate deposit rates, up to one year
	/
	Source: Own illustration based on ECB data.
	The evidence supports the proposition that the ability to pass through negative interest rates and their effect on profitability depends on the deposit structure of banks. Banks with higher customer deposits are stronger exposed to negative interest rates compared to low-deposit banks, which reduces their income resulting from interest rate spreads (Heider et al., 2019). Evidence based on deposits, self-reported impact and reserves clearly suggests that banks tend to increase loans stronger if they are more exposed to negative interest rates. This holds for household and corporate lending while the evidence for syndicated lending is inconclusive. Table 2 summarises the empirical evidence with regard to data, identification and main results.
	Table 2: Bank lending evidence 
	Source: Own illustration based on Tenreyro (2021).
	Banks with a high proportion of private customer deposits also grant more credits under negative interest rates. The inability to pass through negative interest rate reduces margins and profits and brings up the need to reduce negative interest excess reserves. Banks with a high proportion of deposits increased their lending by 8.1% as a result of the NIRP, while banks with a medium proportion of customer deposits on their balance sheet increased their lending by only 2.8% (Demiralp et al., 2017). However, evidence also suggests less lending by euro area banks with a greater reliance on deposit funding with regard to syndicated loans (Heider et al., 2019). Evidence from proprietary bank-level data also shows that the link between the net interest margin and lending changes when interest rates become negative. When lending is less profitable, banks normally cut lending. However, at negative rates this is no more the case. This finding suggests that banks adjust their business practices when providing new loans, thereby contributing to higher new lending in the euro area since 2014 (Klein, 2020). On the other hand, evidence for Denmark, Sweden and Switzerland suggests that negative interest rates did not have a significant effect on bank lending growth or inflation in any of these countries (Michail, 2019).
	It is not straightforward to derive lessons for the ECB from experience in other countries which implemented NIRP given differences in the banking structure and different monetary policy aims. Denmark and Switzerland frequently intervene in the foreign exchange market and adopted negative interest rates also to prevent capital inflows and appreciation pressure on the domestic currency. Negative interest rates are considered to have been effective in lifting inflation and inflation expectations in Sweden and in stabilising the exchange rate in Denmark, with banks’ profitability continuing to improve (Madaschi and Nuevo, 2019). However, given the structural differences with regard to the importance of negative interest rates, these findings do not necessarily mitigate concerns for the euro area. Evidence for Switzerland points to negative effects on bank profitability, and Swiss banks have increased their pass-through over time. Overall, a common pattern is that all central banks have eased the burden of negative interest rates via the allowance of reserves free of charge.
	Preliminary international evidence suggests that negative interest rates have no major negative side effects on bank profits, payment systems, and market functioning (IMF, 2017). For the euro area, there is no conclusive evidence that negative rates have hurt overall bank profitability. Banks seem to have offset interest income losses under negative rates with lower deposit expenses and gains in non-interest income, including fees and capital gains. Small banks and low-deposit banks drive most results (Lopez et al., 2020). Altavilla et al. (2016) analyse data from 2000 to 2016 and show that monetary policy easing – a decrease in short-term interest rates and/or a flattening of the yield curve does not reduce bank profits once the endogeneity of policy measures is accounted for. While the existing literature for the euro area all in all does not point to negative effects on bank profitability, the studies generally cover only the early years of NIRP and are thus not necessarily informative with regard to negative effects of maintaining negative interest rates over an extended period of time. Table 3 summarises the existing literature and illustrates the lack of evidence for the most recent years. There is also the open question how the effects of negative interest rates and the effects from the pandemic combine.
	Table 3: Bank profitability evidence
	Source: Own illustration.
	Effects of negative interest rates on bank profitability are measured via the reaction of banks’ stock prices to policy rate announcements, the effect on net interest income, or accounting-based measures. Interest rate reductions tend to have a positive effect on bank profitability in normal territory but the evidence suggests that this effect may be reversed under negative rates. Bank stock prices do for example respond positively to lower policy rates in positive territory but negatively in negative territory. Accounting-based measures tend to be more backward looking and are available only at lower frequency. International evidence based on such measures suggests that net interest margins and overall profitability in OECD countries is negatively affected by the introduction of negative rates (Molyneux et al., 2019). However, banks are frequently able to compensate these losses via increases in non-interest income. 
	Effects on bank profitability depend on various factors and some banks might come under substantial pressure, in particular if negative rates persist. Stock prices of banks with high dependence on deposit funding react particularly negatively to a negative policy rate (Heider et al., 2019). Ampudia and Van den Heuvel (2018) find that “an unexpected decrease of 25 basis points on the short-term policy rate increases banks’ stock prices by about 1% on average” while interest rate cuts in negative territory have a negative effect on banks’ equity values. “The change in sensitivity to interest rate surprises as rates drop to low and negative levels is much more pronounced for banks with a high reliance on deposit funding”, Similar results are obtained if accounting-based measures for profitability are adopted (Lopez et al., 2020).
	Contractionary effects from negative interest rates on bank profitability have been partly compensated by recent policy measures. The adoption of the two-tier system through which reduces the amount of excess reserves subject to negative rates and TLTROs which link interest rates to the amount of credit is a sensible measure since it allows banks to adjust to the new environment. This is also in line with Darracq Pariès et al. (2020) who emphasise complementarities between monetary policy and macroprudential policy since the risk of hitting the reversal rate depends on the capitalisation of the banking sector. They find that macroprudential policy in the form of a countercyclical capital buffer can mitigate the probability of encountering the reversal rate which they locate in negative territory of around −1% per annum. 
	The empirical evidence suggests that banks more exposed to negative interest rates are willing to take up higher risk. Table 3 summarises the corresponding evidence with regard to risk-taking of banks.
	Table 4: Risk-taking evidence
	Source: Own illustration based on Tenreyro (2021).
	Overall, the effect of negative interest rates on risk-taking of banks is heterogeneous and depends on the funding structure. The overall effects of interest rate changes on risk-taking is ambiguous under positive interest rates, but there is strong evidence that negative interest rates tend to increase risk-taking. 
	“High-deposit banks tend to increase their holdings of high-yield securities in an environment of negative deposit rates, especially relative to low-deposit banks” (Bubeck et al, 2020). Risk-taking is also closely related to the ability to pass through negative interest rates to deposit rates. Heider et al. (2019) examine data at the individual loan level for syndicated loans. They find that banks with a high share of customer deposits (since the start of NIRP) reduced their lending volumes to safe borrowers and expanded the volumes extended to riskier borrowers. 
	Risk taking can amplify positive effects on economic activity. Borrowers of high-deposit banks in Germany are for example “riskier but they increase investment and employment more strongly after receiving credit, thereby supporting monetary transmission to the real economy” (Bittner et al., 2020).  
	Risk-taking can pose a risk to financial stability, if lending is done by under-capitalised banks. So far, there is little evidence for unintended side effects in the form of excessive growth of house prices, higher stock market volatility or excessive credit growth (Beck et al., 2019). However, it is difficult to distinguish between appropriate and excessive risks in real time, and policies cannot be adjusted overnight. Adequate macroprudential policies are therefore important to prevent negative effects stemming from risks, bearing in mind that too restrictive actions could also reduce potential positive effects from risk taking. 
	Quantifying the impact of NIPR on output and inflation is very difficult due to the multiple transmission channels and the due to different unconventional monetary policy measures that were implemented in the same period. As a consequence, the empirical literature on the effects of unconventional monetary policy measures and in particular of NIRP on output and inflation is scarce. Some studies try to assess the impact of NIRP on output with firm-level data. However, it is difficult to draw conclusions from firm-level data to the overall macroeconomic impact. Other studies try to identify the impact of unconventional policy measures on financial market variables and then use counterfactual experiments to draw conclusions for different macroeconomic variables. However, the estimation uncertainty in such experiments is high. One reason is that the relationship between financial market variables and macroeconomic variables, such as output and inflation, can depend on the economic circumstances and can vary over time, which is difficult to account for.   
	Firm-level evidence suggests that NIRP can lead to an increase of investment and employment. Bittner et al. (2020) find that banks in Germany, which are particularly exposed to NIRP due to high deposits, tend to establish new relationships with riskier firms and that these firms increase investment and employment. Bottero et al. (2019) find that in Italy a higher net interbank positions of banks are associated with an increase in total credit and an increase in investment of firms with business relationships to these banks. However, the overall effect of NIRP seems to be not obvious as there is also evidence that firms in existing relationships with German banks, which are more exposed to NIRP, face a contraction in credit supply associated with lower employment (Moser et al., 2021). Finally, a business survey among 500 German firms showed that 32% of those firms confronted with negative deposit interest rates increased their investment (Commerzbank, 2019).
	Estimates of the ECB suggest a positive but small impact of NIRP on output and inflation. The estimates are based on counterfactual scenarios for interest rates–with and without unconventional policy measures–in small VAR models (Rostagno et al., 2019). They find unconventional measures increased the level of GDP between 2.5% and 3% in the euro area at the end of 2019. The annual inflation rate between 2014 and 2019 was higher by 1/3 to 1/2 percentage points due to unconventional monetary policy (Boucinha and Burlon, 2020). One-sixth of this effect can be attributed to NIRP according to the results. Even though the uncertainty surrounding these estimates is high, a moderate positive effect of NIRP on output and inflation seems to be plausible. 
	Literature on the impact of NIRP on output or inflation expectations is also scarce. Czudaj (2019) uses survey-based expectations data for up to 44 economies to analyse the impact of the adoption of a negative interest rate policy on expectations made by professional forecasters based on a difference-in-differences approach. He finds that the introduction of negative policy rates significantly reduces expectations regarding 3-month money market interest rates and also 10-year government bond yields. He also provides evidence for a significantly positive effect of this unconventional monetary policy tool on GDP growth and inflation expectations.
	5. NIRP and the general monetary Policy enviroment
	Negative interest rate policies are not fundamentally different from conventional monetary policy or other unconventional measures, but exhibit specific features. Monetary policy can transmit via various channels to economic activity and inflation, ranging from the impact on credit supply and demand to expectations or exchange rates. Monetary policy instruments address these channels to varying degrees. Compared to other unconventional monetary policy measures, such as forward guidance or quantitative easing, NIRP has a closer link to the bank lending channel via its direct impact on bank profitability and credit supply. In this regard, NIRP is similar to conventional interest rate adjustments when interest rates are in positive territory. However, bank data show that banks are much more reluctant to transmit lower central bank rates to deposits – in particular to charge negative rates on household deposits – than to loan rates. This lowers bank profitability and weighs on credit supply, reducing the effectiveness of NIRP in this regard potentially to the point that a further reduction of the deposit facility rate leads to a contraction of loan supply (reversal interest rate). The strength of this effect depends on different factors, including the role of deposit funding of individual banks or the banking system. NIRP can have larger effects on expectations about the future stance of monetary policy than conventional measures when implemented the first time if market participants did not expect a central bank to use this instrument. However, this feature can be exploited only once and will not take place in subsequent interest rate adjustments. Specific to NIRP is also that negative deposit facility rates can reduce bank profitability, particularly when excess liquidity is high. However, the ECB introduced measures to mitigate this effect and there is so far no conclusive evidence that excess liquidity has become a relevant determinant for bank credit supply. Finally, to the extent that negative interest rates are transmitted to deposit accounts of firms or private household they could have more than proportional effects on risk-taking of firms and private households when they have a high preference to avoid negative interest rates due to psychological effects. However, empirical evidence on such effects is scarce.  
	Negative interest rates are likely to remain one instrument of the ECB’s monetary policy toolbox, but can be used only to a limited degree to further loosen monetary policy. NIRP is one among several tools that central banks can use to further loosen monetary policy, once the zero lower bound restricts the use of conventional interest rate policies. The experience until now does not point to fundamental differences in terms of its impact as well in terms of its risks compared to other measures, even though some central banks are reluctant to use this instrument. Central banks will prefer to have several unconventional instruments in their toolbox given the high uncertainty with regard to the eventual impact on output as well as inflation of each individual instrument and given that all of these measures can only be implemented up to a certain limit. NIRP faces such limitations as well. The reversal interest rate—the rate at which further declines in interest rates will have a negative impact on lending and thereby counteract the intended effect—cannot be directly observed, but the room for further interest rates cuts of the ECB seems to be small. This is particularly true as the negative effects of NIRP to bank profitability tends to increase the longer NIRP is in place even without further interest rate cuts. Finally, the more negative interest rates will become, the more cash holding could increase, making this instrument less effective, as well. 
	The effectiveness of monetary policy with respect to output and inflation depends on the economic circumstances and varies over time. The impact of monetary policy on output and prices depends on the specific economic circumstances and varies over the business cycle. There is evidence that monetary policy is particularly effective in crisis times when uncertainty and financial frictions are particularly high (Ciccarelli et al., 2013; Dahlhaus, 2017; Jannsen et al., 2018) but less effective in subsequent recovery periods or normal periods (Bech et al., 2014; Jannsen et al., 2018; Burgard et al., 2018). Moreover, there is empirical evidence that expansionary monetary policy has smaller effects in stimulating economic activity than contractionary monetary policy in dampening economic activity (Angrist et al., 2016; Tenreyro and Thwaites, 2016), even though the results with regard to the impact on prices are somewhat ambiguous (Deborttoli et al., 2020). Finally, literature reviews suggest that expansionary monetary policy may lose impact the longer it is in place (Borio and Zabai, 2016). In addition, the flattening of the Phillips curve has made it more difficult for central banks to influence inflation via aggregate demand. While estimation results on the Phillips curve are very uncertain because it is difficult to disentangle the impact of aggregate demand and other possible factors (e.g., inflation expectations), many studies point to a weakening of the Phillips curve in recent decades (BIS, 2017; IMF, 2013; Blanchard et al., 2015; Lodge and Mikolajun, 2016). Even studies that report a stable relationship find that the relationship is relatively weak (Eser et al., 2020). The weakening of the Phillips curve would be less of a concern for central banks if it was mainly due to better anchored inflation expectations. The better inflation expectations are anchored at central banks inflation targets, the lower the impact on inflation of fluctuations in aggregate demand or other factors. However, when inflation deviates from the inflation target for extended periods a weaker Phillips curve makes it more difficult for central banks to control inflation via influencing aggregate demand. Moreover, a weak or unstable Philips curve makes it more difficult to assess and to forecast the impact of monetary policy measures on inflation, increasing the uncertainty about the appropriate stance of monetary policy.  
	If the impact of monetary policy on output and inflation depends on the degree of financial frictions, the effects of NIRP have become smaller after their implementation. The empirical evidence suggests that monetary policy is particularly effective in periods of high financial distress and uncertainty but less effective in other periods. One reason could be that in periods of high financial distress and uncertainty access to finance for firms becomes more restrictive and at the same time the need for financing is increasing as these periods are usually associated with weak economic activity and sales. This aspect could be particularly relevant for NIRP, which has a more direct focus on stimulating output and inflation by increasing bank loan supply than other measures, such as asset purchases. Financial distress and uncertainty were high during the global financial crisis and the sovereign debt crises in the euro area – albeit to a varying degree across euro area countries –, but declined to much lower levels afterwards. Survey data of the European Commission suggests that access to finance has not been an important problem for most of the firms in the manufacturing sector since 2014 and by far less of an issue than other problems, such as insufficient demand or availability of skilled staff. As access to finance was not an important limiting factor to economic activity in recent years, the impact of monetary policy and in particular of NIRP in this period may have been low. Increasing bank loan supply and easing financial conditions via NIRP is not a well-targeted policy if a shortage of loan supply and tight financial conditional are not the underlying reasons for low inflation. In spring 2020, financial conditions considerably tightened due to the COVID-19 pandemic, potentially increasing the impact of monetary accommodation. 
	From a theoretical perspective, a decline in the natural interest rate makes it more difficult for central banks to stimulate the economy and to control inflation. The natural interest rate is a theoretical concept that describes the equilibrium real interest rate that prevails if GDP is equal to potential output and inflation is equal to the inflation target of the central bank. It has strong implications for monetary policy as it determines the neutral stance when interest rates are equal to the natural rate. The natural rate is closely related to desired savings and desired investment and depends on many factors, such as productivity, demographic change, investment opportunities, or financial integration. The natural rate cannot be observed and therefore has to be estimated. Recent estimates point to a decline of the natural rate in the past decades (Fiedler et al., 2018). This implies that it has become more likely that central banks hit the zero lower bound with their conventional interest rate instruments making a case for unconventional policy measures. Some estimates suggest that the natural rate even has become negative, making an even stronger case for unconventional measures and negative interest rate policies.
	Estimates of the natural interest rate are subject to high uncertainty and are not a reliable guidance for monetary policy. While available estimates usually find that the natural interest rate has declined in the past decade, they offer a wider range of point estimates. Many estimates rely on small semi-structural models that use an IS-equation (that links deviations of the interest rate from the natural interest rate to the output gap) and a Phillips curve (that links the output gap to inflation) to identify fluctuations in the natural rate (Holsten et al., 2017; Laubach and Williams, 2003, 2016). However, these relationships seem to vary over time, which is difficult to empirically account for, increasing estimation uncertainty (Borio, 2017). Moreover, the resulting estimates of the natural rate are subject to revisions when additional or revised date become available so that their use in real time, which is key for policy making, is questionable (Clark and Kozicki, 2005). The natural rate can also be impacted by other factors, such as the financial cycle (reflected by longer-term fluctuations in credit and housing markets), or the stance of monetary policy itself (Kiley, 2015). Estimates that try to account for financial imbalances (Belke and Klose, 2020; Juselius et al., 2017) or the monetary policy stance (Taylor and Wieland, 2016) sometimes lead to higher estimates of the natural interest rate, even though the results seem to be sensitive to different modelling strategies so that the range of available results is large (Brand and Maelis, 2019; Krustev, 2019). Overall, the confidence interval surrounding estimates of the natural rate amounts to several percentage points (Beyer and Wieland, 2017; Hamilton et al., 2016; Lubik and Matthes, 2015). While the natural rate may be useful as a theoretical concept that helps to better understand the overall economic environment in which central banks operate, its potential for direct application in monetary policy making is limited. 
	Monetary policy can have unintended negative side effects that tend to increase the longer expansionary monetary is in place. Monetary policy can have several negative side effects that harm the economy: 
	 First, expansionary monetary policy leads to increasing risk-taking (Drehmann et al., 2012; Rajan, 2005, Maddaloni and Peydro, 2011). While increasing risk-taking is one channel through which expansionary monetary policy works to achieve higher economic activity and inflation, excessive risk-taking at the same time can promote financial imbalances and thereby undermine financial stability. Financial risks tend to increase the longer expansionary monetary policy is in place (Kahn, 2010; Maddaloni and Peydro, 2011, 2012). Macroprudential policies may help to contain these risks but are unlikely to avoid all kinds of financial imbalances or financial crises (Adrian, 2020).
	 Second, expansionary monetary policy can contribute to a misallocation of resources. For example, there is some evidence that lower real interest rates are associated with lower productivity (Cette et al., 2016). One channel is when monetary policy promotes the so-called “zombification”, by enabling not creditworthy firms to receive further funding and stay afloat. In the euro area, the outright monetary transactions (OMT) announcement has led to an increase of below average credit servicing ability (Acharya et al., 2019). The phenomenon has been observed also in Japan (Caballero et al., 2008; Hoshi and Kashyap, 2004). Even though the link is theoretically plausible and there is some evidence that lower interest rates are associated with a higher degree of zombification (Banerjee and Hofmann, 2018), it is difficult to empirically identify a direct link between monetary policy and zombification. 
	 Third, the longer a very expansionary monetary policy is in place, the more difficult it will become for central banks to tighten monetary policy at the same pace as it was usually observed before the global financial crisis because the impact and therefore the risks for turmoil on financial markets and sovereign debt markets are increasing, the longer low interest rates are in place. As a consequence, central banks may lose credibility with respect to their determination to fight inflation once it rises and threatens to violate the goal of maintaining price stability because it becomes more likely that they will tolerate higher inflation to avoid financial market turmoil. Monetary tightening is particularly tricky when government finances are built on artificially low long-term interest rates, like currently in a number of euro area countries, may put the independence of central banks at risk (Fiedler et al., 2020). Relatedly, expansionary monetary policy also decreases the incentives for structural reforms of governments.
	All of these side effects of monetary policy are difficult to quantify– even ex-post, and it is of course also difficult to assess the specific side effects of NIRP. To the extent that NIRP has more than proportional effects on risk-taking, the side effects from higher risk-taking should be larger. Overall, the general stance of monetary policy seems to be more important for side effects than specific policy measures. However, incentives for central banks to take these not directly observable side effects into account when conducting monetary policy are relatively low given that their policy is evaluated mainly against their exactly defined inflation target. 
	Questions regarding the effectiveness of monetary policy, potential side effects of low for long policies and the monetary policy strategy in general are more relevant for the ECB than the question whether to use NIRP as one of many instruments at the current juncture. Many central banks have missed their inflation target for extended periods of time after the global financial crisis and for longer periods than they were used to before. Empirical evidence suggests that one reason behind could be lower effectiveness of monetary policy in stimulating output and inflation. As a consequence, central banks loosened their policies to unprecedented levels and maintained an expansionary stance of their policy for a very long period of time. While negative economic side effects of expansionary monetary policy are difficult to identify and to quantify, it seems natural to assume that the risks for such side effects increase the more expansionary monetary policy is and the longer such policy is in place. Against this backdrop, it seems more important for the ECB (and other central banks) to discuss whether its monetary strategy has to be adjusted to these new circumstances than to discuss whether specific measures, such as NIRP, are appropriate to conduct monetary policy within this strategy.
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	Abstract
	Policy rate cuts in negative territory have increased credit supply and improved the macroeconomic environment similar to cuts in positive territory. Dreaded disruptions to the monetary policy transmission channels as well as adverse side effects on bank profitability have so far largely failed to materialise. Thus, the evidence available today shows that the negative interest rate policy is an effective policy tool. However, systemic risks, including in the non-bank sector, should be closely monitored as negative rates are expected to remain low for longer.
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	EXECUTIVE SUMMARY
	 Negative interest rate policies (NIRPs) have been introduced in a number of advanced economies in recent years as central banks have aimed at addressing the low inflation environment with unconventional monetary policy tools. The entry into negative territory raised several concerns about its effects on the transmission of monetary policy and possible side effects.
	 The decade-long decline in the natural rate of interest suggests that a low interest rate environment may be here to stay for a prolonged period in advanced economies. This trend may necessitate the more often usage of NIRP after significant macroeconomic shocks. 
	 Policy rate cuts in negative territory have successfully eased financial conditions in largely similar ways as standard interest rate cuts. The interest rate channel of transmission was effective as evidenced by prevalent money market rates and a downward shift of the government bond yield curve. Market participants’ expectations of future short-term interest rates were successfully steered towards negative territory. The credit channel effectively raised credit growth to households and the non-financial sector.
	 Concerns of a muted policy rate pass-through towards bank clients only partly realised. Banks were expected not to charge negative rates from clients, which could disrupt policy transmission and severely impact profitability. While this did occur for deposit rates of households, it did not for non-financial corporates. Causal evidence of the negative effect on credit supply for banks most reliant on deposits and consequently most exposed to NIRP is inconclusive.
	 There are several systemic risks associated with NIRP: it may reduce bank profitability by eroding the interest rate income of banks, may create asset price bubbles, or hurt the yield on pension savings. In search for yield, banks can lend to riskier counterparties, invest in riskier assets, and thereby endanger financial stability.
	 Evidence suggests that banks prevented severe adverse effects on their profitability by modifying their business strategies and have benefited from other factors not guaranteed to persist in the long run. Empirical evidence suggests that clients did not significantly withdraw their deposits which would endanger bank funding. Further, banks realised gains on their fixed income assets, against which they could also borrow more on wholesale markets, and decrease their loan loss provisions.
	 While the impact of monetary policy rates on real estate prices is an important transmission channel, housing is also a crucial part of households’ wealth and consumption spending. From a consumer perspective, asset price inflation affects the decision to acquire home ownership and rental rates. International evidence suggests that a one percentage point decrease in the interest rate will cause an increase in real estate prices of 6% to 8% over the following three years.
	 NIRP may adversely affect non-monetary financial intermediaries (NFMI). A protracted low interest rate will hit the solvency status of NMFIs and plan sponsors depending on the extent to which they guaranteed minimum returns. NMFIs may implement riskier strategies to meet their obligations. Beneficiaries of non-guaranteed pension products will have to bear the low return on assets. Due to limited available data, there is little evidence on effects on NFMIs.
	 The evidence points towards cautious optimism regarding NIRP as a monetary policy instrument. So far, it cannot be associated with significant adverse effects. The empirical assessment suggests that it has delivered on its objectives and has worked similarly to standard nominal interest rate cuts. The main adverse effects of NIRP, i.e. the disruption of monetary policy transmission as well as financial fragility arising from low bank profitability and an excessive pressure for cash hoarding, have not yet materialised in the euro area.
	 Ongoing assessment is needed to understand whether market participants can continue to cope with the pressure on profitability in negative territory when policy rates decrease further and/or remain on this level for years to come. In the face of considerable uncertainty, the risks of pushing rates too low should not be underestimated since non-linear effects may materialise at some point. Some increasingly crucial elements of the financial system, the non-bank financial intermediaries, are poorly understood, yet their response could introduce material risks.
	1. INTRODUCTION
	Figure 1: Developments in policy rates and bank lending rates

	Negative interest rate policies (NIRPs) have been introduced in many advanced economies in the aftermath of the global financial crisis, as central banks have aimed at addressing the low inflation environment and sluggish growth with unconventional monetary policy tools. For a long time, it was assumed that policy interest rates had a natural lower bound of zero. It was a widely held view that they could not go negative or that interest rate cuts in negative territory could lead to significant problems. More recently, however, economists have argued that the zero lower bound can be overcome using various measures, policies or instruments.  
	The entry into negative territory raised several concerns about the effectiveness of monetary policy in inducing inflation and output growth. In the absence of experience with NIRP in a large economy before 2014, there was considerable uncertainty about how financial intermediaries, which are of crucial importance for policy transmission, would respond strategically to pressures on profitability. This could not only disrupt pass-through channels of interest rates on prices but could induce systemic risks to financial markets. The evidence in the countries which have introduced NIRP during the recent years suggests that the suspected adverse effects have not materialised. The effective lower bound on interest rates seems to be well below zero and a negative interest rate policy appears to be feasible, at least in the short term, although it is not yet clear whether it is optimal and how far policy rates can and should go into negative territory (Tenreyro, 2021). This paper discusses both the traditional effects of NIRP, as well as the additional side effects it can have.
	The European Central Bank (ECB) was the first of the major central banks in advanced economies to introduce negative interest rates by lowering the deposit facility rate (DFR) below zero in 2014 (Figure 1). It has since continued this policy in small increments until it reached the current level of -0.5% in September 2019, although in combination with a two-tier system for remunerating excess reserves at the central bank. Other countries which have also introduced NIRP over the last decade have been Denmark (2012), Sweden (2014-2019), Japan (2016) and Switzerland (2014) (Tenreyro, 2021).
	 /
	Source: Boucinha and Burlon (2020), ECB and ECB calculations.
	Note: The vertical black lines indicate the five cuts in the DFR into negative territory between June 2014 and September 2019.
	Policy rate cuts generally stimulate price developments and the macroeconomy through various channels. Most importantly, they decrease the short end of the yield curve as well as the long end if market participants’ expectations of future short-term rates are successfully steered (de Groot and Haas, 2020). When nominal rates are sluggish, real interest rates decrease which induces demand for credit and investment. Further, banks should increase their supply of credit in response to the effects on a range of components of their business. One immediate peculiarity of negative rates is that commercial banks’ holdings of excess reserves are penalised which incentivises them to increase loan issuance.
	There are, however, several risks associated with negative interest rate policies. They may induce excessive cash hoarding, reduce bank profitability by eroding the interest rate income of banks, may create asset price bubbles, or hurt the yield on pension savings. Lower profitability in their conventional credit business may induce banks to take on higher risk investments. The first effect may occur if, after the introduction of NIRP, investors decide to transfer their deposits into cash holdings rather than into riskier or long-term assets. If negative interest rates transmit to retail deposits, this can endanger bank profitability and start to have a reverse effect on bank lending, which instead of expanding could contract (Eggertsson et al., 2017). While the initial steps into negative territory have so far not shown signs of such adverse impacts, it is not certain that the effects will be non-linear. In that line, the concept of the reversal interest rate has been introduced by Brunnermeier and Koby (2018).
	The current empirical assessment of the effects of NIRP, however, suggests that NIRP has been an effective tool to reduce money market rates as well as yields on longer-dated assets, to expand the supply of loans, thereby stimulating inflation and output growth, while it has not so far been connected with significant adverse effects. NIRPs have in general worked similar to standard nominal interest rates cuts and have delivered on their objectives (Bottero et al., 2019; Demiralp et al., 2019; Rostagno et al., 2019; Schnabel, 2020). Negative interest rates have contributed to expanding lending volumes, which have partly compensated the pressure on bank profitability from lower interest rate margins. Even though the evidence points towards the overall benefits and the effective transmission of nominal interest rates, it is hard to distinguish the individual contribution of NIRP towards the effective monetary policy transmission mechanism from other tools of unconventional monetary policy (UMP) such as forward guidance, the introduction of a two-tier system and the implementation of targeted longer-term refinancing operations (TLTROs). Furthermore, the initial macroeconomic response to NIRPs can change if rates go further into negative territory – a non-linear response may emerge, especially if banks’ profitability starts to suffer after passing the reversal interest rate. 
	2.  The natural rate of interest
	Figure 2: Holston-Laubach and Williams estimates of the natural interest rate
	Figure 3: Long term government bond yields

	The introduction of negative nominal interest rates has been partly determined by the fact that the estimated natural interest rate as well as real rates have been on a decline for the past three decades (Jordà et al., 2020; Constâncio 2016; Yellen, 2017). With an inflation target of 2%, low real rates imply low nominal rates. Following the global financial crisis, the combination of the long-term decline in the real interest rate and the natural interest rate has meant that the policy space of central banks with regard to conventional nominal interest rate cuts has become limited. It is often argued that structural factors such as an ageing society have lowered the equilibrium interest rate and thus contributed significantly to the current low interest rate environment (Rachel and Summers, 2019). Rachel and Smith (2017) predict a “world” equilibrium interest rate of around 1% for the next decades. If indeed, very low natural interest rates are here to stay, this will result in monetary policy space being constrained and therefore requiring steps into negative territory more often to counteract big macroeconomic shocks. In any case, if that tendency holds for the future, it entails the danger that even after the normalisation of policy rates, nominal rates will most probably stay at low levels, thus reducing the space for monetary policy to counteract any significant shocks if and when they occur.
	The natural rate of interest is a key notion for the efficient decision-making processes of modern central banks and acts as one of the underlying concepts in monetary economics today. It builds upon the concept that there is a unique short-term interest rate which ensures that the potential output level will be reached with stable inflation at the given target. This natural interest rate, also known as the equilibrium interest rate, plays a key role for central banks with an inflation targeting framework, as it guides their assessment for the appropriate stance of monetary policy at different points of the business cycle. Therefore, the equilibrium interest rate acts as an anchor for long-term interest rate expectations, but is also a central component of Taylor-type rules, which central banks use for guiding their short-term nominal interest rate decisions (Taylor, 1993). As any unobserved variable, the estimation of the equilibrium interest rate involves a number of methodological challenges. Most importantly for the current implementation of monetary policy, many studies have highlighted a secular decline throughout the past three decades of the natural interest rate in most developed countries. This has important repercussions for the space of monetary policy to stabilise the economy after significant macroeconomic shocks even in normal times. Even after an economy has fully recovered after a recession, nominal interest rates start from a low level and therefore can reach negative territory much faster.
	By definition, the natural real interest rate is determined by real economic factors that affect desired savings and investment. Similarly to the idea of a steady state in canonical growth models, in the neo-Wicksellian framework popular today, real economic factors can put the economy on a path where output grows at the potential output growth rate and inflation is stable. The equilibrium interest rate, often marked as r*, is the short-term interest rate in this situation. In the classical theory of Wicksell (1898), the equilibrium interest rate determines prices through the marginal productivity of capital and market interest rates. If market rates are below the equilibrium, there will be an acceleration in price dynamics and vice versa. Similar dynamics underpin the current framework in which the natural interest rate is used to assess whether monetary policy is too expansionary, too contractionary or adequate. The natural interest rate is now an indivisible part of monetary theory, as well as of central bank's decision-making. Over the past decades, many central banks have disregarded the previous paradigm of targeting the money supply aggregate and have switched to an explicit or implicit inflation target as a more efficient method of securing long-term growth by having the objective of price stability as their central mandate (Bernanke et al., 2001). Interest rates, rather than changes of monetary aggregates, hold promise to reach this goal. One of the main reasons for this enhanced efficiency of using interest rate rules to aim at specific inflation targets is that this makes the interest rate setting process transparent and can ensure the anchoring of expectations about the future path of interest rates and prices, thus better solving the time-consistency and commitment problems (Bernanke et al., 2001; Williams, 2016a).
	Therefore, to be able to assess the proper level of the short-run nominal interest rate at a point of the business cycle, besides an inflation target, the central bank needs to know the equilibrium interest rate. The concept is essential, as it gives a central bank a target, an anchor in terms of an interest rate r*, where a neutral stance is reached. This natural real interest rate plus the inflation results in the nominal short-term interest rate which gives a neutral stance on monetary policy and at which the output gap should be closed at the steady state level.
	Even though the concept has such a big importance, it is still facing significant measurement challenges. Like other unobservable variables, the estimation of the natural interest rate requires important assumptions. Estimates of r* can be obtained either through statistical and econometric methods to extrapolate the equilibrium interest rate from data using filters (e.g. a Kalman filter) or semi-structural models or can be computed using a more theoretical dynamic stochastic general equilibrium (DSGE) model. Different methodological approaches, as well as the number of different factors that affect r*, may lead to uncertainties around the estimation of the interest rate (Taylor and Wieland, 2016), leading some policymakers to warn against their increased use as a measure for the policy stance (Michaelis and Wieland, 2017). More realistic medium and large-scale models with nominal rigidities and frictions such as the canonical (Smets and Wouters, 2007) DSGE-model can present a well-defined framework to model and estimate r* using the estimation with macroeconomic data. In a similar setting based on the Smets – Wouters model combined with financial friction à la Bernanke et al. (1999) and Del Negro et al. (2017) estimate the natural rate of interest r* as the real return to a safe asset in a counterfactual economy without nominal rigidities. It is with such models that proper optimal monetary policy rules can be derived and r* is a crucial input in these rules. The most well-known approach to estimate r* has been developed by Laubach and Williams (2003) and revolves around estimating reduced form equations, derived from a standard New Keynesian model – a New Keynesian Philips curve with inflation expectations and an intertemporal IS equation. This allows the natural rate of interest to be affected by low-frequency nonstationary processes. A more recent version of these estimations is presented in Holston et al. (2017). Most importantly, both Holston et al. (2017) and Del Negro et al. (2017), as well as a number of vector autoregression (VAR) studies using interest rate trends, have pointed to a significant decline in r* throughout the past decades (Figure 2). In the case of the US e.g., the estimated r* has reached a value from 4% in 1980, to 2% before the financial crisis, to a value of around 0%-1% in recent years. In addition to structural as well as empirical estimates, a practical proxy for the natural rate of interest is the long-term government bond yield. They should approximate the long-term interest rate on a safe asset, such as government bonds, and have a long maturity that embeds the prospects regarding interest rate return beyond the current point of the business cycle. As Figure 3 shows, this indicator also points to a steady downward trend in the selected countries over the past decades. 
	/
	Source: Holston-Laubach-Williams, Federal Reserve Bank of New York, Measuring the Natural Rate of Interest, (https://www.newyorkfed.org/research/policy/rstar/overview).
	Note : Euro area before 1999 is based on calculations of synthetic euro area aggregate. Final data point: Q2 2020.
	/
	Source: Eurostat, Macrobond.
	Even when taking into account the uncertainties around its estimation, there has been a notable and unprecedented decline in natural interest rates over the past three decades across developed countries (Furman, 2016; Holston et al., 2017). The exact causes for such a decline are still under discussion. There are a number of different factors that can affect the equilibrium interest rate. A growing literature deals with the question whether this decline in r* is connected to secular developments in the economy such as demographics and aging (Gagnon et al., 2016), a secular stagnation phenomenon (Summers, 2015; Eggertsson et al., 2016) or is due just to cyclical conditions and an unfinished recovery of the global economy (Holston et al., 2017; Gourinchas and Rey, 2016). Del Negro et al. (2018) argue that indeed this was a secular trend caused by low economic growth and increased demand for safety and liquidity – a so-called convenience yield for safe/liquid assets, as discussed in Krishnamurthy and Vissing-Jorgensen (2012). The global “savings glut” hypothesis of increased global aggregate savings as a cause for low interest rates has been famously discussed also by Bernanke (2005). This explanation can also be connected to the documented fall in the global equilibrium interest rate (Rachel and Smith, 2017), besides the decline in country-specific r*. The decline of such a global equilibrium interest rate can be connected to the significant downward revision on growth and productivity expectations after the global financial crisis (along the secular stagnation hypothesis), but a big contribution to this development also comes from a change in preferences regarding savings (Rachel and Smith, 2015). 
	3. Negative interest rates effectively eased financial conditions
	3.1. Monetary policy transmission
	Figure 4: Effects of NIRP on sovereign bond yields
	Figure 5: Loan growth of euro area commercial banks
	Figure 6: Deposit interest rates paid by commercial banks in the euro area

	3.2. The reversal interest rate
	Figure 7: Development of the currency in circulation and M3 in the euro area
	Figure 8: Stylised bank balance sheet


	The transmission of monetary policy to the real economy relies profoundly on financial intermediation by the banking sector and operates through a number of channels. While these are well-established for the positive range, the literature on policy effectiveness in the negative range was only of theoretical nature due to a lack of data for big economies prior to 2014 (for an overview, see Beyer et al., 2017, Figure 1). In this section, we discuss how channels were expected to operate under NIRP and review recent empirical studies to reassess our understanding of their effectiveness. We then focus on adverse side effects that created some of the reservations against entering negative territory and pursuing further rate cuts, particularly in terms of bank profitability and financial stability.
	Overall, policy rate cuts in negative territory have eased financial conditions and operated in similar ways as standard interest rate cuts, however additional channels affected the transmission (Boucinha and Burlon, 2020; Altavilla et al., 2019). Empirical analyses of NIRP suggest that transmission was most effective via the interest rate and bank lending channel which we discuss in the following. Empirical studies on macroeconomic effects, though, in particular for the period in question, should be weighed against the econometric difficulty to establish causality because a range of UMP measures – in particular the large scale asset purchasing programs (APP), forward  guidance, and targeted longer-term refinancing operations (TLTRO) – could have introduced confounding factors and interaction effects. Moreover, discrete fiscal policy measures also interacted with monetary policy. 
	Policy rate cuts are known to have a positive effect on credit demand via the interest rate channel. If transmission works properly, money market rates, that is interbank lending rates, directly reflect changes in policy rates due to arbitrage opportunities. If the policy rate adjusts market participants’ expectations of future short-term rates, nominal rates on longer maturities decrease as well. As a result, the yield curve shifts downwards, corporate borrowing costs in real terms fall and this induces demand for credit to finance additional investment.
	There is strong evidence that the pass-through by money market rates was effective, irrespective of the jurisdiction (euro area: Eisenschmidt and Smets, 2018; Denmark: Jensen and Spange, 2015, Sweden: Angrick and Nemoto, 2017; Switzerland: Grisse and Schumacher, 2018). Figure 4 shows that as a response, negative interest rates in every maturity bucket significantly reduced government bond yields in the euro area (Rostagno et al, 2019). Prior to 2014, market participants did not expect future short-term rates to become negative, this suggests that the policy successfully steered perceptions through the signaling channel of monetary policy. The signaling channel of monetary policy works by manipulating market participants’ expectations about the future stance of monetary policy and can thus also change expectations on long-term rates (De Groot and Haas, 2019). Studies suggest that the overall response of the yield curve was similar in negative compared to positive territory (Arteta et al., 2016; Wu and Xia, 2020).
	/
	Source: Boucinha and Burlon (2020) with updated data from Rostagno et al. (2019). 
	Note: The chart illustrates the impact of NIRP on sovereign yields (weighted average of German, French, Italian and Spanish sovereign bond yields), which works primarily via the short-term rate and the OIS forward curve.
	The credit channel raises the supply of credit. While aggregate data on loan growth in the euro area suggests an effective functioning (see Figure 5), we focus on individual components of this channel: the bank lending and bank balance sheet channel. In the traditional bank lending channel, lower policy rates are passed on to banks’ customers lowering their funding costs and reducing their external finance premium - as a consequence of a more favorable net worth - and enables higher lending volumes (Bernanke et al., 1999; Disyatat, 2011). NIRP can be expected to further encourage lending since a negative remuneration of excess liquidity incentivises banks to supply loans.
	/
	Source: ECB Statistical Data Warehouse, Macrobond.
	Note: This graph shows the year-on-year growth of loans extended to households and non-financial corporates by MFIs (excluding the ESCB reporting sector). The five vertical black lines indicate the months of cuts in the deposit facility rate in negative territory between June 2014 and September 2019.
	Before NIRP was introduced, many economists shared the concern that monetary policy transmission could be disturbed since banks become increasingly reluctant to pass on rate cuts as the deposit facility rate approaches and eventually crosses the zero lower bound. A range of factors can be expected to drive this disruption: for example, the degree of competition for deposits between banks, the share of fixed versus floating rate loans, and the fear that clients would switch into cash or interest-bearing bonds. In some euro area Member States, legal restrictions may also prevent banks to pass on rate cuts below zero. Consequently, banks’ net interest margins (NIM) – the difference between the interest they earn and pay for a unit of currency they intermediate – would decrease and banks’ ability to supply loans may eventually be reduced or even overcompensated by higher solvency requirements.
	 /
	Source: ECB Statistical Data Warehouse.
	Note: This figure shows selected percentile bands of annualised interest rates in percent that commercial banks pay on deposits with a maturity up to 1 year. In subfigure (a), the counterparties are households for subfigure (b) those are non-financial corporations. The sample consists of average interest rates from all euro area Member States.
	Indeed, descriptive statistics of interest rates paid on deposits in euro area Member States suggest that there is a zero lower bound for household clients, however not for non-financial corporate clients (see Figure 6). While all plotted aggregates of the former seem to react strongly to NIRP, they converge but never cross the zero threshold. Only Denmark experienced negative interest rates on deposits from private households from 2019 onwards (see Table 1). This is consistent with (Brandao-Marques et al., 2021) who find a structural break in the correlation between policy rates and deposit rates. This could also explain why significant deposit volumes were not withdrawn from clients as evidenced by relatively stable deposit shares in banks’ funding mix even after introduction of NIRP. On the other hand, the negative policy rate seems to be passed on to corporate clients: all descriptive statistics show a downward trend with the 10% lowest average rates crossing into negative territory in early 2016. While this does not establish causality, it suggests that transmission may indeed be compromised in negative territory, though more pronounced for retail compared to corporate deposits. Consequently, numerous analyses confirm the hypothesis that NIMs decrease after the introduction of NIRP (for example, Alessandri and Nelson, 2015; Borio et al., 2017).
	This reasoning raises the expectation that banks which rely more heavily on deposits compared to wholesale funding, contribute more to the disruption of policy transmission. Empirically, there is a strong heterogeneity in deposit shares of banks’ liabilities: Brandao-Marques et al. (2021) document that deposits of the non-financial private sector contribute 15% to banks’ liabilities while this figure is 70% in Japan (and 40% for the euro area).
	Causal evidence of the effects of bank funding on policy transmission is, however, inconclusive. Using contract-level loan data, Heider et al. (2019) compare lending volume and counterparty risk before and after the introduction of NIRP and find support for the hypothesis: high deposit banks reduced lending by 35% relative to low deposit banks. Other studies find contradicting results: Tan (2019) finds that high-deposit banks expand credit by 17% while Schelling and Towbin (2020) find the expansion was significantly weaker compared to low deposit banks.
	The bank balance sheet channel raises banks’ net worth and reduces external financing costs to eventually increase loan volumes. Bottero et al. (2019) measure the degree of exposure to NIRP in term of banks’ reliance on short-term funding, that is the difference between short-term interbank liabilities and assets. Inconsistent with expectation, they show that banks relatively more exposed to NIRP rebalance their portfolio away from liquid assets to credit and thereby expand supply.
	After monetary policy rates passed the zero lower bound, the question surfaced whether there exists an effective lower bound for target rates below zero and consequently also for money market rates and interest rates on deposits or credits. The possibility for households and firms to withdraw assets from bank accounts and move into cash creates a theoretical limit for negative interest rates, yet in practice holding large amounts of money in cash creates storing costs and runs the risk of theft. Thus, low levels of negative interest rates on household deposits appear possible. Corneille et al. (2021) identify additional factors fostering the tolerance of negative interest rates on deposits in an online experiment. The higher the amount on the deposit account, the lower is the tolerance of negative rate, and a longer period of negative interest rates decreases the tolerance of private households. Savers with regular savings payments are more likely to tolerate a negative interest rate as compared to irregular lump sum savers. Finally, savers are more willing to accept a negative interest rate if they expect them to be replaced by positive interest rates in the future. 
	Table 1: Interest rates on new deposits from households and non-financial corporations, March 2021
	Source: ECB.
	Note: 1Values are from March 2021 or last available value.
	At the moment, only banks in Denmark charge negative interest rates on accounts from private household (since 2019) and the threshold for charging negative interest rates has been lowered to DKR 100.000 in February 2021. Around 35% of deposits were subject to negative rates in February 2021. Table 1 shows that negative interest rates on household accounts are still seldom throughout the euro area, while negative interest rates on corporate accounts are widespread. It is yet unknown, how low negative interest rates can go in practice. The recent experience indicates some willingness to accept a negative interest rate as a kind of fee for the convenience provided by liquid deposits with low loss potential. Nevertheless, steeply increasing real estate price, booming equity prices, high raw material prices (e. g. gold), and record levels of circulating cash (see Figure 7) show that agents respond to the low interest rate environment by restructuring their portfolios away from deposits.
	/
	Source: ECB, Eurostat.
	Note: Seasonally and calendar-adjusted data, euro area (changing composition).
	Besides practical limits to move out of deposits and the willingness to switch into alternative financial and real assets, there are also theoretical reasons to expect the existence of an effective lower bound on interest rates. This bound is characterised by a reversal of the effect of expansionary monetary policy on bank lending. Usually, expansive monetary policy lowers the financial constraints for banks by providing additional liquidity and it lowers the interest rate at which banks can refinance their lending to the corporate and household sector, respectively. In the regular case, expansionary monetary policy expands lending. If the monetary policy target rate crosses the effective lower bound, additional monetary impulses will have a contractionary effect on credit provision by the banking sector. The reason is that lower monetary policy target rates reduce the interest income of the banking sector going forward, i. e. all new contracts and all contracts on variable terms will carry the lower interest rate. This negative effect on future income may be compensated by valuation gains on the holdings of fixed-interest securities by banks, but these gains are one-off and if the episode of low rates is long enough, the negative effect on interest income is likely to dominate. 
	Source: Brunnermeier and Koby (2018).
	Brunnermeier and Koby (2018) illustrate the mechanism starting from a very simple bank balance sheet, containing only loans and fixed interest government bonds as assets, and the clients’ deposits and own equity of the bank as liabilities (see Figure 8). The important feature is the high leverage of the banking sector in combination with the request for regulatory solvency capital by supervisory agencies. A successful expansionary policy will create additional lending from the banking sector, but this also requires at the same time the provision of more solvency capital. In the simple bank balance sheet of Figure 8, the earning capacity of banks depends on three interest rates: 
	 the interest rate on government bonds, rg 
	 the interest rate on deposits, rd 
	 the interest rate on loans, rl 
	and the spreads between interest rate being structured in the following way rd < rg <rl. Figure 8 shows that due to this ranking of the interest rates, even a proportional reduction in interest rates will result in lower net interest earning by banks, i. e. the reversal rate does not depend on the stickiness of deposits rates, rather it depends on the maturity transformation inherent in the banking business. Lower banking earnings in turn reduce the ability to provide additional solvency capital and thus restrict future credit expansion by diverting investment into government bonds. Because one-off valuation gains on mark-to-market assets or reduced loan-loss provisions alleviate the negative short-term effect on the ability of banks to provide loans only at the beginning of an interest rate cycle, it is obvious that a low for long interest rate cycle becomes less effective over time in inducing more lending. Brunnermeier and Koby (2018) prove the existence of the reversal interest rate if the gains from the maturity mismatch, i. e. the financing of long-term loans with short-term deposits, are sufficiently small. If banks reach the binding solvency capital constraint, the monetary policy rate hits the reversal rate because further interest rate cuts reduce profits and consequently the ability to provide additional solvency capital out of the current cashflow. Their calibrated value for the reversal rate of the euro area in 2018 was -1%, but they stress that the reversal rate is time variable and depends on the following key determinants: 
	 The amount of fixed interest government bonds held by the bank. The more fixed interest government bonds a bank holds, the bigger is the maturity mismatch between assets and liabilities, and consequently valuation gains are bigger in case of an interest rate cut. This increases the reversal interest rate. 
	 Low initial equity capitalisation of banks (higher leverage) implies that the constraint on solvency capital will be binding sooner after the drop in the interest rate. This effect amplifies the loss in net interest income and further decreases the reversal interest rate.
	 A restrictive capital constraint, e. g. a high cyclical capital puffer, implies that the constraint on solvency capital will be binding sooner after the drop in the interest rate. From this point onwards, banks are forced to invest in fixed interest government bonds rather than loans. This decreases the reversal interest rate. 
	 If the deposit supply elasticity of private households with respect to the interest rate is already high or further increases after a rate cut, banks’ profitability will decrease faster after a rate cut. A higher interest elasticity may result from private household awareness of spreads to other asset classes or from cash competition. This increases the reversal interest rate.
	 High dividend payments by banks, based on valuation gains after an interest rate cut, will reduce the ability to provide additional solvency capital. This increases the reversal interest rate. 
	 A strong initial increase in loan demand after an interest rate cut, will improve net interest earnings by banks but also creates more strain on the solvency capital. In general equilibrium the reversal rate still exists. 
	 Already low nominal monetary policy rates reduce the effectiveness of further expansive monetary policy steps. 
	The unconventional monetary policy measures like the long-term refinancing operations have alleviated the reversal interest rate effects on bank profit margin by offering cheap access of funds to banks. 
	A similar argument for an effective lower bound has been put forward by Kiyotaki et al. (2021). They use a non-exclusivity constraint which restricts the entrepreneur’s borrowing capacity to near-horizon profits, i.e. entrepreneurs will receive only short-term credit contracts from banks. Based on the maturity mismatch between the long-term costs of gross fixed capital investment and the short-term share in gross revenues that can be credibly pledged by the entrepreneur, a permanent fall in the real interest rate reduces the present value of the investment project and consequently the borrowing capacity of the entrepreneur. Overall, domestic investment can fall with a reduction in the interest rate. 
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	In negative territory, the credit channel is subject to a discontinuity: once policy rates become sufficiently low, banks are reluctant to pass on the policy rate cuts to their depositors, particularly households. As banks internalise the impact of decreasing NIMs, they need to generate profits elsewhere by adjusting their strategy. This seems to have been the case since a range of studies using bank-level data suggest that profits did not deteriorate significantly, some suggest even slight improvements (Lopez et al., 2020; Turk, 2016; Altavilla et al., 2019).
	In search for a partial or even full compensation of lower interest income, banks have a number of options. In search for yield, one option for banks is to lend to riskier counterparties and thus raising loan rates. Indeed, (Bottero et al., 2019) find that banks relatively more exposed to NIRP increase their loan supply to ex-ante riskier and smaller firms. This finding is consistent with the results of other studies. Eggertsson et al. (2019) find for Swedish banks that policy and lending rates disconnect once the policy rate entered into sufficiently negative territory. Heider et al. (2019) document that banks in the euro area that are deposit reliant, seem to increase lending to firms with higher return-on-assets volatility. It could be considered surprising that Bottero et al. (2019) find that higher risk profiles do not translate to a significantly higher share of non-performing loans. However, the absence of borrowers’ bankruptcies could be partly driven by overall improved macroeconomic conditions spurred by NIRP, UMP and expansionary fiscal policy measures.
	To compensate for profitability, banks seem to have turned to alternative revenue sources. Arce et al. (2020), Basten and Mariathasan (2020) and Bottero et al. (2019) find that banks charge higher fees on interbank deposits. Altavilla et al. (2019) document that the current low-interest rate environment in the euro area has led to higher non-interest income and had reduced loan loss provisions, while also improving bond and stock valuations and therefore resulting in capital gains.
	Apart from pursuing other revenue sources, banks profited from rate cuts in negative territory in a mechanical way (Tan, 2019). First, banks realise a revaluation gain on their fixed income assets since the discount factor increases as the safe interest rates becomes negative. Second, banks’ provisions for potential loan defaults decreases due to a stimulated macroeconomy. Third, banks’ holdings of safe securities eligible for collateralised transactions increases due to the revaluation such that their borrowing constraints ease. 
	Overall, the evidence suggests that banks prevented severe adverse effects on their profitability by implementing a range of modifications to their business strategies and have benefited from other factors not guaranteed to persist in the long-run. Deposits are usually slow to react to changes in the financial environment such that the clients’ portfolio rebalancing into safe bonds remains a risk. Also, the fact that the non-performing loans ratio has not changed significantly in response to relatively higher risk profiles, cannot be a predictor for the future since other factors and policies could have contributed to the absence of a larger share of non-performing loans.
	In this section we discuss primarily non-monetary financial institutions (NMFI) from the insurance and pension fund industries. NMFIs feel the effects of low or negative interest rates on both sides of their balance sheet. The non-life insurance industry is likely to experience a weaker effect because most of its business is short-tail, i.e. the current premium intake is used to pay current claims. Cross-subsidising the technical result by high investment returns, however, becomes impossible during a negative interest rate period. This implies upward pressure on insurance tariffs throughout all lines of the non-life business. 
	In the following, we will concentrate on the life insurance business and pension funds. Both industries collect premiums and invest the premium intake (net of transaction costs and taxes) until the life insurance contract expires or the client retires and starts to receive an annuity. This type of business regularly suffers from a maturity mismatch because there are only few assets covering exactly the time horizon between the premium intake and the annuity payment. 
	Life insurance companies and pension funds are both long-term investors with a portfolio balancing the trade-off between risk and return of a financial investment. Additionally, supervisory authorities closely monitor the riskiness of the portfolio decision to protect the plan beneficiaries from potential revaluation losses of risky investment strategies. This limits the scope of investment opportunities for NMFIs depending on the obligations fixed in the insurance contract or the occupational pension plan. NMFIs have to apply the mark-to-market principle in their balance sheet statement, consequently, they reveal revaluation gains and losses annually. 
	An effective monetary policy rate cut – particularly in combination with quantitative easing – will shift the whole yield curve downwards, i. e. the interest rate will decrease at all maturities. This creates revaluation gains for NMFIs on impact but reduces the re-investment returns on their fixed-income portfolio. Pension funds operating defined-benefit plans and life insurance companies with high-return guarantees in their product portfolio may run into difficulties fulfilling these promises. By contrast, pension funds operating defined-contribution plans and life insurance companies selling mainly unit- and index-linked contracts will have no liabilities with respect to their customers. In these cases, the customers fully bear the risk of low returns: Their future annuity will be equivalently smaller. 
	In terms of business opportunities for NMFIs, a low for long interest rate scenario may significantly reduce the demand for life insurance and pension fund products. At the same time, the increasing life expectancy magnifies the negative consequences from low interest rates on the solvency status of insurance companies and thus may reduce the supply of annuity products as well. The negative interest rate environment deteriorates or even eliminates possible gains resulting from the extension of the duration of their assets or from switching towards inflation-linked bonds. 
	For NMFIs offering defined benefit plans or guaranteed insurance contracts the liability side of the balance sheet is also affected. Corresponding to the one-time revaluation gain, the liabilities of the insurance company, the pension fund, or the plan sponsor increases on impact. This can create a feedback loop from the financial sector to the real sector of the economy, if plan sponsors have to make additional payments into the funds, to make up the shortfall. Again, the liability side of NMFIs offering few contracts with minimum return guarantees is insulated from the interest rate shock because plan beneficiaries bear the risk of low returns in the form of lower expected annuity payments. 
	Except NMFIs without guaranteed products, a protracted low interest rate will hit the solvency status of NMFIs and plan sponsors. NMFIs may be unable to recover to their pre-financial market crisis solvency status because investment returns on save assets are too low (Berdin and Gründl, 2015). NMFIs may try to avoid low investment returns by rebalancing their portfolio towards more risky assets. Boubaker et al. (2018) show for US pension funds that they rebalanced their investment portfolio after a monetary policy rate cut. Lower Federal Reserve target interest rates lead to a substantial increase of equity in the pension fund portfolio. Moreover, during periods when the Federal Reserve used unconventional monetary policy tools, pension funds shifted their allocation more aggressively from bonds to equity. Boubaker et al. (2018) also present a positive correlation between pension fund risk-taking, low interest rates, and the decline in Treasury yields across both well-funded and underfunded public pension plans. On the other hand, Defau and Moor (2021) use a sample of 890 pension funds throughout North America, Europe, Australia and New Zealand and find a significant rebalancing towards alternative assets (real estate, private equity, hedge funds) between 2000 and 2015; but pension funds seem to move more quickly into alternative assets when interest rates are high. 
	If minimum return guarantees feature an automatic feedback rule to market interest rates, the impact on solvency will be more subdued. Alternatively, life insurers may withdraw the supply of guaranteed products or reduce the guarantee level, thus shifting the investment risk to the beneficiary and avoiding solvency problems. Although Antolin et al. (2011) recommend regular monitoring and stress testing of NMFIs in a low interest rate environment, they also warn against excessive pressure by policy makers to correct the funding deficit of a plan quickly. In defined contribution pension plans, more flexibility with respect to the retirement date may help to avoid the lock-in of bad returns into a permanently low annuity payment. 
	The impact of monetary policy rates on real estate prices is only one of several channels how monetary policy affects asset prices, but housing is an important part of private households’ wealth and consumption spending. Rising real estate prices will finally have effects on the rental housing market as well because the real estate price is related to the present value of future rental payments and the expected future price development of a house. Poterba (1984) shows theoretically in an asset pricing model that interest rates can have a big impact on real estate prices. Himmelberg et al. (2005) extend this model. The elasticities derived from asset price-based models tend to be high because these models ignore real world phenomena like search and transaction costs, taxes and other types of costs associated with buying and selling decisions in the real estate market. If the standards for obtaining a credit are relaxed or hardened, this would change credit constraints and consequently the real estate price development may deviate from the prediction made by the asset price model. Furthermore, the discount rate used by private households may deviate from the market rate, particularly if private households expect interest rates to converge towards their historical mean (Glaeser et al., 2013). In this case, expansionary monetary policy shocks will not cause an immediate downward revision of the individual discount rate, and consequently, the present value of future rents and price increases will remain constant. Finally, the asset price model ignores the supply side of the real estate market completely. If supply responds quickly to rising real estate prices, then prices should be pinned down by building costs and land prices (Glaeser et al., 2008). 
	Economic theory suggests a time variable elasticity of real estate prices with respect to the interest rate. Himmelberg et al. (2005) show that if the interest rate is already low before a rate cut, then a further rate cut carries a higher response of real estate prices to a one percentage point reduction in interest rates. The non-linearity is due to the discount factor in the asset pricing model. 
	Figure 9 gives a first graphical illustration of the relation between real interest rates and house price inflation measured in real terms, i.e. after recognising consumer price inflation. The sample consists of all European Union (EU) Member States for which interest rates and real estate price are available between 2000 and 2020. We add Switzerland, the United Kingdom and the US to the sample and we distinguish three periods in Figure 9: the period before the financial market crisis from 2000 up to 2007 is marked by blue dots. The second period is marked by green dots and starts in 2008. The end of this period is country specific and depends on the year when negative interest rates have been introduced. For countries without a negative interest rate the second period runs until 2013, the year before the euro area switched towards negative interest rates. Finally, the third period covers the period of negative interest rates and it is marked by brown dots.
	Short-term/
	Long-term/
	Source: Eurostat, OECD, OeNB.
	Note: The sample consists of EU Member States for which data are completely available, Switzerland, United Kingdom, and the US with a total of 22 countries. Real interest rates and real estate prices are deflated by the consumer price index. The pre-crisis period runs from 2000 to 2007. The negative interest rate period is country specific, for Denmark (2013-2020), for Switzerland (2015-2020), for Sweden (2015-2019), and for the euro area and all other countries (2014-2020). The financial market crisis period starts in 2008 and ends with the introduction of negative interest rates.
	During the pre-crisis period, the average real short- and long-term interest rates were almost everywhere positive and average real estate inflation varied substantially across countries. During the financial market crisis, short-term real interest rates were already negative for many countries while long-term interest rates remained remarkably high. This reflects the widening of spreads between German government bonds and the euro area periphery. Real estate inflation, however, was negative during the crisis in most of the countries. During the third period of negative policy rates, short-term rates were close to zero or lower everywhere, while real long-term interest rates remained positive in some of the countries. Real estate prices increased strongly during this period throughout the sample. Overall, the picture is not very clear for the relation between short-term real interest rates and real estate price inflation but in the lower panel, combining long-term real interest rates with house price inflation, a negative relation emerges. 
	Table 2: Estimated effects of a plus one percentage point monetary policy shock after two years
	Source: Williams (2016b) Table 1 and authors’ own elaboration.
	In contrast to simple scatter plots, which ignore too many potential explanatory variables, empirical models are more informative because they allow the estimated response of house prices to interest rate changes to depend on other explanatory factors. Most of the empirical evidence has been produced for the US real estate market but there are also some results based on international data sets. Table 2 shows an overview of estimates collected by Williams (2016b) and adds some further evidence to it. Overall, the interest rate effect differs substantially across studies with the smallest (-1.7) and the largest (19.0) effect resulting from the analysis focusing on US data. Eickmeier and Hofmann (2010) show that the house prices response does not emerge immediately after the policy stimulus, rather real estate prices peak 10 to 16 quarters later. They also show that the estimated price response depends on the time series used to measure real estate prices. Models for the US which are based on the Case-Shiller price index tend to give higher elasticities as compared to models using the National Association of Realtors housing price index. Unlike real estate prices, stock and bond prices respond immediately to a monetary policy stimulus. 
	Most of the studies listed in Table 2 show values in a narrow range between -6 and -8, i.e. a one percentage point decrease in real interest rates will result in a real estate price increase between 6% and 8%. The mean response across the studies focusing on US data is around -8%. For all other countries considered, the mean price response is somewhat lower at around -7%. 
	Together with the reduction in the natural rate, developed countries also experienced a substantial decline in total factor productivity (TFP) growth. Cette et al. (2016) show that the productivity slow-down in the US started already around the year 2005 and that TFP levels in major continental European countries lost touch to the US on the technology frontier mainly due to structural rigidities and the misallocation of capital during the low real interest rate period after the introduction of the euro. Teulings and Baldwin (2014) provide an early sum up of possible sources for the productivity decline.
	The relation between interest rates and productivity is obvious in the conventional microeconomic optimisation model with homogenous firms: Due to decreasing returns of capital, an additional unit of capital will ceteris paribus produce a lower marginal product. In this basic model, investments will be undertaken until the marginal product equals the price of capital. Consequently, a lower interest rate will induce additional investment in a lower productivity activity. 
	In a macroeconomic context, variations in other inputs, productivity growth and firm heterogeneity change this logic but, in some cases, TFP will still decline within a low interest rate environment. If firms differ with respect to their financial constraints, their initial wealth, or their relative position as a market leader in an industry, lower interest rates may have adverse effects on TFP. Gopinath et al. (2017) start from the observation that real interest rates in Spain declined remarkably between 1999 and 2007. During this period foreign capital flowed into Spain and the return to capital across Spanish firms became more dispersed. In a data set of Spanish firms, Gopinath et al. (2017) found more dispersed returns across firms were accompanied by a decline in TFP. They explain this relation by a misallocation of capital towards firms with low financial constraints (large firms) rather than firms with productive short run investment opportunities. In a model with size-dependent financial constraints (lower for large firms) and adjustment costs, the decline in the real interest rate generates capital and debt accumulation by large firms, an increase in the dispersion of the marginal productivity of capital across firms, and a decline in TFP relative to its efficient level. TFP declines because capital is not allocated to its most efficient use as some productive but financially constrained firms with low net worth are not able to grow in the short run. 
	An alternative explanation for the widening productivity gap across firms has been developed by McGowan et al. (2017). They stress the role of “zombie” firms emerging in a prolonged period of low interest rates, which is accompanied by a policy of credit forbearance by banks and the persistence of crisis-induced support for small and medium sized enterprises. The capital sunk in nonviable zombie firms tends to crowd-out growth opportunities of healthy non-zombie firms because it reduces their ability to attract capital. Furthermore, this policy mix creates barriers to entry. A direct consequence of zombie congestion is the tendency for a widening gap in TFP between firms, with young firms being more affected. Another type of heterogeneity results from incomplete competition. Liu et al. (2020) link the declining TFP growth over the last two decades to the increase in market concentration within US industries and the low interest rate environment. In their theoretical model, market leaders in an industry interact strategically with their followers. At very low interest rates, market leaders invest more aggressively in response to lower interest rates relative to their followers because they attempt to avoid neck-and-neck competition. Market followers, expecting this response in advance, become discouraged and invest less from the beginning. At sufficiently low interest rates the discouragement effect dominates, economy-wide measures of market concentration will rise and aggregate productivity growth will fall. 
	5. Conclusion
	Negative interest rates have entered the unconventional monetary policy toolkit of modern central banks after the global financial crisis. While there has been previous scepticism towards their feasibility and practical use, given the low inflation environment and the active use of multiple unconventional monetary policy tools, several central banks have introduced NIRP. The evidence so far points towards cautious optimism regarding NIRP as a monetary policy instrument. In the euro area, NIRP has contributed to bank lending growth and has provided a macroeconomic impulse, similarly to the other unconventional monetary policy tools. Such positive impulses can also have additional, indirect effect by increasing banks’ net worth, pushing long-term yields downwards, compressing risk premia and therefore helping borrowers’ creditworthiness. 
	The main adverse effects of NIRP – negative impact on bank profitability and an excessive pressure for cash hoarding – have not yet materialised in the euro area according to most recent evaluations. What is more, the positive effects through the aggregate macroeconomic impulses from NIRP, combined with positive effects on the quantity of credit, as well as on banks asset prices, might have fully compensated for the negative effects on banks due to lower interest rate margins. So far, through the first years of its usage, financial stability dangers spurring from NIRP have also not materialised. 
	Further negative effects may affect non-monetary financial intermediaries like insurance companies and pension funds. Non-life insurance companies may have to increase their tariffs because revenues from investment income cannot be used to cross-finance the operating business. The effect on life insurance companies and pension funds depends on the volume of contracts with minimum return guarantees. The combination of low interest rates with minimum return guarantees may jeopardise their solvability because the guarantee may turn effective. Non-monetary financial intermediaries active in the old age provision business may alternatively implement riskier investment strategies. Plan sponsors may also have to pay additional contributions to the plan. If the beneficiaries bear the investment risk, lower investment returns will consequently reduce the annuity payments. 
	From a consumer perspective, possible asset price inflation in the real estate sector is important with respect to acquiring home ownership and its potential inflationary effects on rental rates. International evidence suggests that a one percentage point decrease in the interest rate will cause an increase in real estate prices of 6% to 8% over the following three years. Asset price models imply that real estate inflation rates grow in a non-linear way if the real interest rate becomes ever smaller. 
	In a long run perspective, low interest rates contribute to low total factor productivity growth by tilting access to external finance by firms towards large corporations, blocking funds in nonviable zombie firms and encouraging strategic investment by market leaders. On the other hand, green investments with low expected returns and long periods of amortization become more feasible. 
	The steady decline in the natural rate of interest throughout the past decade, partly driven by structural factors, however, determines that a low interest rate environment may be here to stay in advanced economies. Such a low interest rate environment would necessitate the more often usage of NIRP after significant macroeconomic shocks. The studies and evaluations discussed throughout this paper are documenting the effects of NIRP through its initial years. Further and ongoing assessment would be needed to see whether the adverse effects do not settle in in the long term – if the lower for longer environment does not lead to an increase in the negative side effects of NIRP. Furthermore, while first steps into negative territory might have been benevolent, it is possible that further interest rate decrease might show a non-linear effect. The risks of using NIRP very often or pushing rates too low into negative territory should not be underestimated. Central banks should assess such risks on an ongoing basis and provide evidence whether the nature of the transmission mechanism is not affected as this unconventional monetary policy tool is used more frequently. While on average NIRP has been a useful tool so far, central banks should also monitor how it affects other sectors – especially the non-bank financial sectors, including pension funds, which might suffer significantly from a lower for longer interest rate environment.  
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	Abstract
	A widespread concern about negative policy rates is that they might depress bank profits and encourage risk-taking. We find that the impact of negative rates per se is limited. Other policy measures (TLTROs, tiered deposits) have largely neutralised the impact of NIRP on bank profits. Asset purchases might have been more important by compressing the yield curve. Any small positive impact of negative rates on lending and aggregate demand may have been swamped by the negative impact of low rates on productivity.  
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	EXECUTIVE SUMMARY
	● The presumption that negative interest rate policies (NIRP) depress profitability of banks and lead to more risk-taking is widespread, but difficult to document. The available evidence does not suggest a large effect either way.
	● Much of the literature does not distinguish between low and negative rates. This contribution focuses mainly on negative policy rates, not “low for long”.
	● Negative rates are supposed to constitute a special case of low rates because banks have not been able or willing to institute negative deposit rates for retail deposits, thus leading to a loss of revenues.
	● This potential impact of negative rates on bank profitability could be substantial, but it has been offset by two other policy measures: targeted longer-term refinancing operations (TLTROs) and tiered deposits.
	● Banks have re-financed almost half of their lending to non-financial corporations (NFCs) through very cheap long-term lending from the ECB (longer-term refinancing operations [TLTRO]). The interest savings alone from the TLTRO compensated the loss of income from not charging negative rates on household deposits. 
	● Under the two-tier deposit scheme introduced in 2019, the negative rate applies only to about three quarters of excess reserves, providing further relief to banks.
	● The popular model of a “reversal rate” (Brunnermeier and Koby, 2018) does not assume that negative rates are special. On the contrary, the reversal rate, i.e. the level below which further rate cuts become contractionary, could well be positive in this model.
	● Bank profitability has not shown a clear trend in the euro area since NIRP was introduced in 2014. Profitability as measured by standard indicators has in general remained low, but increased slightly since NIRP started. Whether this was because of NIRP or in spite of it is impossible to prove, given that different indicators point in different directions. Moreover, there is great heterogeneity across different national banking markets.
	● A number of indicators suggest a slight reduction in banks’ risk since 2014, and again there are large differences between different countries.
	● A more important negative side effect of “low for long” might arise through an entirely different channel, namely through the impact on competition since low rates give an advantage to incumbent firms, making it easier for them to either buy up competitors or price them out of the market. A prolonged period of low/negative rates could thus have a negative impact on growth.
	1. INTRODUCTION
	Following the 2008-2009 global financial crisis, central banks in several developed economies employed unprecedented monetary policies including quantitative easing (QE), forward guidance, and lowering their policy rates to zero (ZIRP). In the summer of 2014, the ECB went further and adopted a negative interest rates policy (NIRP) to provide additional monetary stimulus to the economy, and thus to get inflation up to a level consistent with its price-stability mandate (“below but close to 2%”). However, this policy, like other unconventional measures, has remained controversial. The debate has mostly centred on the possible side effects of NIRP and the transmission of monetary policy. 
	The longer-term consequences of keeping rates negative have been studied for some time, first under the heading: “low for long” (with negative rate regarded as being simply a special kind of low interest rate). A 2016 European Systemic Risk Board (ESRB) report (ESRB, 2016), on the danger of “low for long”, was mainly concerned with the life insurance sector, which has considerable contracts outstanding with guaranteed rates of return above the current rates (on riskless securities). This concern has abated as the actual returns on the portfolios of life insurance companies have remained high enough to cover the older guaranteed returns given the performance of stock markets. Very recently the ESRB has returned to this argument finding more reasons to be concerned about the negative impact of an environment of ‘lower for longer’ for the wider financial system (ESRB, 2021).
	One interpretation of “low of long” means that as short-term rates (determined basically by ECB policy rates) remain low for a long time, the long-term rates fall towards the level of the short-term ones. This was the case for a few years after negative rates were first introduced in 2014. By 2018-2019 long-term riskless rates as proxied by the ten-year Bund had converged to the policy rates of the ECB. However, recent developments in financial markets have illustrated once more that central banks have only a limited influence over long-term rates. Over the last months, riskless long rates have increased substantially although the ECB has not changed its stance. 
	In economic theory, there should be little difference between very low but positive and negative interest rates. However, in practice it seems that negative rates constitute a special case because de facto banks are reluctant to charge for deposits. This seems to be the case much more for household deposits than for deposits by commercial entities. Schnabel (2020) shows that only a very small fraction of household deposits are remunerated at negative rates. In this sense, negative rates are special. This report will thus concentrate on the impact of negative rates, not on the effect of low interest rates in general.
	We set the scene in Section 2 by describing the timeline of negative rates, emphasising the fact that most NIRP steps were accompanied by other policy actions, some of which offset the impact of NIRP on profits and some of which may have had a negative impact on profits of banks.
	Section 3 examines the model proposed by Brunnermeier and Koby (2018), which emphasises that the reversal rate could also be positive. In Section 4, we discuss whether key features of the model correspond to reality. Section 5 concentrates on different measures of profitability since the start of NIRP, and Section 6 provides a summary of the literature on NIRP and risk-taking.
	The discussion about the potential limits to the effectiveness of negative policy rates to stimulate bank lending, and thus to influence aggregate demand, neglects another strand of the literature which has investigated the impact of low interest rates on productivity and supply. Several contributions to this literature have found that lower interest rates can have a negative effect on productivity growth. We briefly summarise this strand of the literature in Section 7. Section 8 concludes the paper.
	2. Negative rates in the euro area
	A closer look at the history of negative rates in the euro area reveals that they were introduced and changed in a very gradual manner. Moreover, many of the steps concerning negative rates were accompanied by other measures, making it difficult to disentangle the impact of negative rates from that of these other measures.
	The ECB first set its deposit rate at a negative value in June 2014 (-0.1%). It decreased this later the same year to -0.2 %, with further cuts of 0.1 points in 2015, 2016, and 2019. Each step was thus only ten basis points whereas the “normal” change in policy rates was 25 basis points as long as the deposit rate was positive.
	The introduction of negative rates in 2014 was accompanied by the first TLTROs, which provide term financing at special low rates. Later pushes of the deposit rate further into negative territory were accompanied by the asset purchase programmes, which are designed to lower long term rates, and the final lowering of the deposit rate was accompanied by the introduction of a two-tier system, under which part of excess reserves are exempted from the negative deposit rate. Figure 1 illustrates this.
	Box 1: The two-tier system
	Figure 1: Key ECB policy interest rates, TLTRO, PSPP
	/
	Source: Authors’ own elaboration based on data from ECB Statistical Data Warehouse.
	All these concomitant changes make it difficult to isolate the impact of negative rates in terms of monetary policy transmission and key mechanisms such as the pass-through of funding costs to loan rates. 
	A further difficulty for empirical studies regarding the impact of negative policy rates on credit growth is that the deposit rate is the price for one very short-term financial instrument, namely excess reserves at the ECB, which can be withdrawn on a daily basis. This is why one would expect the rate on sight deposits at commercial banks to be closely related to the deposit rate of the ECB.
	However, this represents only one aspect. Bank loans to non-financial corporations (NFCs) are usually for 3-5 years. Banks will thus price their loan rates with respect to the riskless rate of this tenor. Other policy measures, such as bond buying programmes and forward guidance were especially designed to influence (lower) longer-term rates, including this intermediate part of the yield curve. When the ECB uses several instruments at the same time as it introduces negative rates (or lowers them further) it becomes impossible to disentangle the impact of the negative rate from that of bond buying or forward guidance.
	The broader point is that banks are engaged in maturity transformation, they “borrow short and lend long”. The profitability of banks thus increases typically with the slope of the yield curve, bank profits are higher when medium to long term rates are above the short-term rate. What matters for bank profitability is thus not the level of the short-term rates, but the difference between long and short rates. When the ECB started the public sector purchase programme (PSPP) (its largest asset purchase programme), the intention was to compress the yield curve. Any negative impact on bank profitability one observes after 2014 could thus have been the consequence of a compression of the yield curve, rather than the inability of banks to set negative deposit rates.
	Figure 1 also shows that the magnitude of negative rates is small (0.5% in total over several years) compared to the changes in the deposit rate in the first decade of the euro. Clearly, paying particular attention to 0.5% negative rates makes sense only if negative rates are somewhat special, i.e. if lowering the deposit rate from 1% to 0.5% is qualitatively different from lowering it from 0 to -0.5%. Negative rates are supposed to be special because banks might not be able to set negative rates on the deposits they need to finance lending. Schnabel (2020) shows that this has partially been the case. Banks seem to have been able to pass negative rates on their deposits from NFCs, but not on household deposits. This observation allows one to calculate an order of magnitude of the potential impact of NIRP on bank profits.
	Household (sight) deposits amount today to about EUR 4 trillion. The inability of banks to transmit fully negative ECB rates to these customers could mean a potential loss of roughly 0.5% of this sum, or about EUR 20 billion per annum. It has been shown above that the “effective” negative rate is closer to -0.4% if one takes into account the tiered deposit scheme in force from 2019. The effective loss for banks might thus be closer to EUR 16 billion. The loss from not charging negative rates on household deposits is thus equal to the direct cost banks have to pay on all their excess reserves.
	Moreover, the ECB is offering banks substantial amounts of long-term financing at, or even below, the ECB’s deposit rate. As of May 2021, this long-term financing amounted to over EUR 2 trillion, equivalent to nearly half of all the lending by banks to NFCs. Banks will be charged a rate of potentially 50 basis points below the deposit rate if they meet certain thresholds on loan growth. This means that banks can obtain funding at -1%, much less than even the zero rate they maintain for most household deposits. A 1% gain on EUR 2 trillion represents a subsidy of EUR 20 billion annually. The TLTROs can thus offset on their own the cost of negative ECB deposit rates for banks.
	In principle, one needs to distinguish between the stimulating impact of negative rates by lowering the market rates for very short-term assets and the impact on profits. The tiered deposit scheme is designed to maintain the incentive of low interest rates while cushioning the impact on profits. By contrast, the TLTROs were explicitly designed to provide incentives for more lending, with the impact on profits just being a side effect.
	Schnabel (2020) argues that NIRP has had a positive impact on loan growth in the euro area by enhancing the monetary policy transmission. She argues that a survey of existing studies arrives at the conclusion that the growth of loans extended to NFCs has been higher, since the start of the NIRP in mid-2014, than it would have been in a counterfactual scenario of non-negative policy rates (see Figure 2 below).
	However, the difference between the actual growth of loans and the median of the counterfactual estimates is minute, only 0.3% per annum. Over several years, a 0.3% difference can accumulate, but even over seven years one would arrive only at a gain of about 2%. Given a total volume of lending to NFCs of less than EUR 5 trillion, this would translate into additional lending of EUR 100 billion, less than 1% of the euro area economy (distributed over seven years).
	Moreover, it is not clear what the counterfactuals assume about the TLTROs, which could be considered as a part of NIRP, and might have had a substantial impact on lending.
	Figure 2: Estimated impact of NIRP on bank loans to firms (percentage p.a.)
	/
	Source: ECB Economic Bulletin, Issue 03/2020, Altavilla et al. (2018), Bubeck et al. (2019), Bottero et al. (2019).
	Note: The blue line is the actual annual NFC loan growth (six-month moving average). Based on a range of empirical studies, the grey area represents the dispersion in loan growth among banks according to their exposure to NIRP-specific effects. The dashed line represents the median across all studies.
	3. Model of the reversal rate
	The reversal interest rate is defined as the rate at which accommodative policy becomes contractionary. This concept is proposed and theoretically examined by Brunnermeier and Koby (2018). They start with a partial equilibrium model, which means that they look only at the activities of a single bank and do not examine the impact higher or lower bank lending overall might have on the entire economy. Central to their model are two financial frictions. One limits lending to a certain multiple of the net worth of the bank (not its capital, this distinction is important). The other one forces banks to hold a certain amount of liquid assets, again as a proportion of net worth.
	The first element is supposed to reflect the fact that banking regulation forces banks to hold a certain amount of capital proportional to the amount of lending the bank does (or more general the amount of risky assets on the balance sheet of the bank).
	The second element corresponds to the liquidity coverage ratio (LCR) under which banks have to hold a certain part of their balance sheet in highly liquid high-quality assets to be able to make good any sudden loss of deposits. 
	An often overlooked aspect of the model is that it does not assume that negative rates are special. Negative deposit rates can arise at commercial banks in this model, but this does not have to be the case. In this model, banks will always set a rate on their deposits that is below the policy rate set by the central bank. This implies that a policy rate of zero would correspond to a negative deposit rate at commercial banks.
	It is possible that the reversal rate could be positive, and the rate commercial banks offer on their deposits could then be either positive or negative, depending on the mark-down banks adopt towards their depositors.
	Other, conventional, elements of the model are the assumptions that firms will demand more loans if the bank lowers the interest rate and that depositors will increase their deposits if the bank offers a higher rate. However, there is no special effect as the deposit rate offered by the bank goes negative.
	Box 2: The reversal rate in a nutshell
	4. The model and reality
	In this section, we compare briefly the main elements of the model with a number of key elements of the structure of the euro area banking system, in order to check whether the mechanisms described by the model operate in reality.
	The key element of the model is the assumption that the capital constraint for the bank depends on its current period net interest income, which in turn depends on the interest rate set by the monetary authorities. In reality, however, banking regulation is based on the accounting, or regulatory, value of the capital of a bank, which is not adjusted when the interest rate changes. This implies that the regulatory capital constraint is not affected by current profits and the interest rate.
	This is an important point because in the traditional banking model, in which loans are limited to a multiple of capital (in reality the regulatory capital, i.e. the capital as defined in great detail in banking regulations) there can be no reversal rate. When banks face limits on how much lending is allowed given their capital structure, they will simply go up to that limit. Lower central bank policy rates can, under certain circumstances, lead to lower bank profits. But, whatever the level of profits, whether high or low, banks still have an incentive to increase lending up to the limit imposed by regulators. This remains true as long as lending rates exceed deposit rates, which is largely the case as documented below. Repullo(2020) also emphasises this basic point.
	High profits can lead over time to more capital, but this build-up of capital is too gradual to be compatible with the assumption of the model that the capital ratio is defined in terms of net worth. Repullo also makes this point and argues that the accumulation of profits contributes over time to higher equity (only if profits are not distributed as dividends), but that this process takes time. The profitability of banks is very low in Europe. This implies that the accumulation of profit can contribute only little to the accumulation of capital, which in turn means that it is the level of current capital which represents the main constraint.
	The main limit to bank lending in the Brunnermeier-Koby model is the variable “net income” which is also called “net worth”, should rather be called “lending margin” (on loans to NFCs). As will be shown below, this lending margin oscillates around 1.5%. However, banks now hold close to 10% of capital against such loans. It would thus take a long time for changes in the interest margin to lead to a significant change in capital.
	In the longer run, the level of capital available to the banking system should depend on its profitability. Investors will provide banks with additional capital only if the rate of return in banking is at least equal to the rate of return available in other sectors (on a risk-adjusted basis) and capital would be taken out of banks as long as expected profit rates elsewhere are higher. In the long run, one would thus expect that bank lending would indeed depend on the profitability of banks. This raises the question of whether a reversal rate might still exist, as deeply negative rates could lower the profitability of banks so much that capital flees the sector, reducing its ability to provide loans. Repullo investigates this issue and finds that there can be no reversal rate even if the supply of capital reacts to bank profitability.
	Another aspect of this model which does not take into account reality is that the maturity of loans and deposits is implicitly the same. This is difficult to accept given that the core of the business of banks is to use short-term deposits to fund longer-term loans and mortgages.
	Another feature of this model for which it is difficult to find an equivalent in reality is the assumption that the value of equity of banks is a function of the riskless interest rate. The book value of equity is usually just the difference between assets and liabilities. One could of course argue that the market value of equity of banks in general is a function of the riskless rate. But this does not mean that the book value of equity should be just the difference between the value of all assets (loans and the riskless asset) minus deposits.
	There are other, perhaps minor, aspects of the model that also do not seem to be in line with reality. For example, the funding cost for banks can also be influenced by other monetary policy instruments, like the TLTRO. As documented above, banks have re-financed almost half of their lending to NFCs via very cheap long-term lending from the ECB (TLTROs). Moreover, under the two-tier deposit scheme introduced in 2019, the negative rate applies only to about three quarters of excess reserves.
	Moreover, one needs to take into account that, since it is not possible to charge negative rates on household deposits, lost income can be offset by higher fees. Murai and Schnabl (2021) document that the share of fee income in total profits has increased from 5% to 20% since 1999 for Japanese banks which have been operating in a very low interest rate environment for a long time.
	One also needs to keep in mind that lending to NFCs constitutes only a small part (13%) of the total assets of banks. Overall bank profitability is determined by many other factors.
	5. A look at the data
	Even if there is no reversal rate, there still remains the concern that negative rates might have depressed bank profits because household deposit rates have not become negative, at least not on a wide scale. We thus provide some indicators of profitability. 
	In the following charts we show in general the data for the four largest euro area economies, because in most instances the euro area average is not representative of anything. Individual countries are not clustered around this average. The large countries (which dominate any average) are either below or above that average.
	The numbers for profits used in these statistics are of course the accounting profits reported by banks. The managers of banks have an incentive to smooth profits. After a financial crisis, losses on non-performing loans (NPLs) are often recognised only with a delay, in order to give the banks time to replenish their capital. This is what happened in those countries most under financial stress in 2011-2012. For this reason alone, one would expect a number of years with low or even negative profits after 2012. NIRP was introduced in 2014 when this process of recognising losses on NPLs was still going on, making it difficult to identify the impact of negative rates.
	Another reason why trends in reported profits might be misleading is that from time to time major institutions experience a crisis which is often the result of having hidden problem loans until they are discovered and all acknowledged at once. This leads to sudden large losses which might come after a period of apparent profitability. 
	Figure 3: Return on assets (percentage)
	/
	Source: Authors’ own elaboration based on data from ECB Statistical Data Warehouse.
	Note: “EA” is euro area.
	Figure 3 illustrates these problems. The return on assets (RoA) is extremely variable (and mostly negative) in Italy up to 2016. The RoA is less volatile elsewhere, but there are large differences across countries. The return on assets lowest in Germany for some years now, only about a third of the return of French banks. The average for the euro area, which is in the middle of these extremes, has considerably increased since 2014. This suggests that either NIRP did not have any impact on profitability (for the reasons outlined above: TLTROs and tiered deposits) or there were other factors, which more than offset the inability to charge negative rates on household deposits.
	However, another piece of evidence would seem to confirm the presumption that negative policy rates depress the interest margin of banks because the cost of deposits cannot fall below zero. The lending margin on loans to NFCs is shown in Figure 4. It is apparent again that there are very large differences across member countries, but these differences do not correlate well with the data on overall profitability presented above. Banks in Italy have the lowest margin, most of the time since 2012, 50% lower than those in Spain. But the difference in profitability is much smaller. This could be due to higher loss rates in Spain or higher non-interest income in Italy (which will be documented below). What is even more surprising is that the lending margin has been almost exactly the same in France and Germany, but that the RoA are very different as shown above. The lending margin, which in the model presented above plays a crucial role is thus in reality not a good indicator of profitability.
	Figure 4: Lending margins on loans to NFCs (percentage point)
	/
	Source: Authors’ own elaboration based on data from ECB Statistical Data Warehouse.
	Note: First three months average.
	Here again one can observe the long shadow of the financial crisis for Spain and Italy. The lending margin shot up during the crisis, but this was due to the fact that banks had to ask for higher rates to cover expected losses. Once the economy recovered, the lending margins declined because fewer firms went bankrupt, reducing the loss rate on lending. The lending margin has been less variable in countries where banks were not subject to financial stress in 2011-2012, like France and Germany.  ESRB (2021), which looks only at the euro area average emphasizes the fact that one can observe a (small) fall in the margin, after the introduction of negative rates.  Our interpretation is different as the euro area average is influenced by the delayed impact of the financial stress in countries like Italy or Spain.
	Another important element contributing to profitability is the income from fees and commissions. Figure 5 below again shows very large differences, which explain the discrepancies between the data on RoA and lending margins. Banks in Italy earn much more from fees than those in Germany. But this source of income seems rather stable, showing on average a slight increase since 2014, which could be partially explained by the substitution of negative rates on deposits by fees.
	Figure 5: Ratio of net fee and commission income to total assets (percentage)
	/
	Source: Authors’ own elaboration based on data from ECB Statistical Data Warehouse.
	The yield curve compression through asset purchases might have had a stronger impact on bank profitability than negative (policy) rates. It is no coincidence that the second and third waves of the TLRO, which provide lending at subsidised rates, were introduced when the three-year rates (on riskless government bonds) reached new lows in 2016 and 2019.
	6. Risk-taking channel
	Another key concern about NIRP is that negative interest rates can pose risks to financial stability. Banks with profitability might increase their risk. The financial crisis of 2008-2009 showed that excessive risk-taking by banks can be very costly to the economy. It is thus understandable that more risk-taking by banks is seen a priori as undesirable. However, the term “risk” can have many different meanings, especially for banks. For example, the risk for banks increases if they hold less equity to absorb unexpected losses. A thin cushion of equity is generally held to have been one of the key causes of the global financial crisis. After this crisis, supervisors all over the world forced banks to hold more equity. This type of risk is thus in principle controlled. But when banks extend more credit to new borrowers they take another type of risk, one that might be desirable. One of the aims of low interest rates is to encourage this type of risk-taking, on condition that the risk be recognised and adequately provisioned for.
	Schnabel (2020) thus argues that inducing risk-taking should be regarded as a feature, not a bug, of negative rate policies. The purpose of NIRP is to encourage higher bank lending to stimulate the economy. More lending necessarily means more risk-taking by banks.
	The ECB, in different functions, is responsible for both types of risk. By setting low, and now negative, policy rates, it encourages risk-taking. At the same time, its supervisory arm, the Single Supervisory Mechanism (SSM), is responsible for banking supervision, whose main aim is to “de-risk” banks. This creates the danger that one arm of the ECB (monetary policy) encourages banks to take risks by lending to new borrowers, while another arm prevents banks from doing so in the pursuit of financial stability. 
	Even before central banks introduced negative rates there were warnings that banks were likely to “search for yields” in response to decreased profitability at the cost of expanding loans with lower credit quality (Rajan, 2005; Borio and Zhu, 2008). This phenomenon has been the subject of a number of empirical studies. Most of these studies deal with the issue of the consequence of low interest rates in general (as opposed to negative rates). Many of them find evidence of increasing banks risks in response to low rates (Altunbas et al., 2010; Gaggl and Valderrama, 2010; Maddaloni and Peydró, 2011; Buch et al. 2014; Genay and Podjasek, 2014; Jimenez et al., 2014; Aramonte et al., 2019; Ioannidou et al., 2015; Andries et al., 2016; Dell’Ariccia et al., 2017). Fewer studies look more specifically at negative rates (Nucera et al., 2017; Hong and Kandrac, 2018; Basten and Mariathasan, 2018; Heider et al., 2019). 
	The effect of interest rates on banks profitability and risk-taking can be very different depending on a bank’s business model, balance sheet, degree of capitalisation and banking system, and regulatory environment. This is emphasized in Buch et al. 2014; Dell’Ariccia et al., 2017; Nucera et al., 2017; BIS, 2018; Boungou, 2019. Table 1 provides a structured overview of the existing empirical literature on risk-taking, including the measures used to assess the bank’s risk. Further below we look at some of these measures for the EU's big four economies (alongside the euro area as a whole). 
	Box 3: Literature on risk taking and low or negative rates
	Table 1: Measures of risk in the literature
	Source: Authors’ own elaboration
	Note: (1) Z-score is computed as the ratio of the return on assets plus the capital-asset ratio, to the standard deviation of assets returns. (2) SRisk is the estimated capital shortfall of a bank, conditional on a 40% drop in a world equity index over a six months-ahead horizon.
	The empirical studies surveyed here have generally found that banks increase risk-taking in response to lower rates. But here again the impact of negative rates in the euro area since 2014 is difficult to pinpoint in the aggregate data, especially lending to NFCs. 
	A key indicator of risk-taking for regulators is the ratio of risk-weighted assets to total assets, where risk-weighted assets means that each asset is given a risk weight which could range from zero (sovereign bonds, for example) to 100% or more (some loans to NFCs, for example).
	Figure 6 shows that this indicator has been rather stable and on a declining trend since 2008, where again the change is most noticeable in countries under financial stress (Spain and Italy), with little change for France and Germany. This trend has most probably been due to the pressure of supervisors who wanted to de-risk banks after the financial crisis. It is difficult to detect any change after the start of NIRP in 2014. After that date, one observes a small increase in Germany, but the decline continues in Spain and Italy. The small increase in risk-weighted assets in Germany is compatible with the hypothesis that the negative deposit rate of the ECB had its strongest impact in Germany where rates were already close to zero. But the increase is too small to have had any significant impact.
	Figure 6: Ratio of risk-weighted assets to total assets (percentage)
	/
	Source: Authors’ own elaboration based on data from ECB Statistical Data Warehouse.
	Another more basic indicator, which is directly related to the models of banking mentioned above is the ratio of loans to deposits. Figure 6 below shows that this ratio has declined continuously (except for France, one year) since 2014, i.e. the start of NIRP.
	This decline in the aggregate deposit ratio is probably due also to a macroeconomic factor, namely the increase of the savings rate in the euro area. As savings tend to take the form of bank deposits in Europe, any increase in the overall savings rate is likely to lead to higher bank deposits. If investment does not increase at the same time, the ratio of loans to deposits must fall in the aggregate.
	Figure 7: Loan-to-deposit ratio (percentage)
	/
	Source: Authors’ own elaboration based on data from ECB Statistical Data Warehouse.
	The literature often uses another measure of risk, namely the volatility of the return of banks. Some studies have used the standard deviation of the return on assets over the preceding five years. But this measure is itself rather volatile due to the large jumps in profits illustrated above. Figure 8 shows the very large difference across Member States and the large jumps in this measure for countries like Spain where one year of large losses led to large jumps in the volatility measure based on five years of data. The euro area average has fallen slightly since 2014 (from 0.6% to 0.4%), indicating that NIRP did not lead to an increase in risk-taking large enough to overcome the overall reduction in risk due to resumption of steady growth after the financial crisis.
	Figure 8: Volatility of return on assets (over five years, percentage)
	/
	Source: Authors’ own elaboration based on data from ECB Statistical Data Warehouse.
	These traditional indicators of risk-taking by banks thus show a decline, rather than an increase in risk taking by banks. But one might also use other, indirect, measures of risk.
	For example, one would expect that lending to higher risk customers would be associated with higher interest rates and loan losses. However, this has not been the case. NPL ratios have fallen, rather than increased since the start of NIRP. Interest rates charged to NFCs have also fallen over time, indicating that banks actually perceive a falling risk of default of their customers. 
	The fall in NPL ratios might be due to the gradual recovery of the economy from the deep recession in 2011-2012, but the fall in interest rates, relative to the refinancing costs of banks (the lending margin shown above in Figure 4) is not compatible with the hypothesis that banks have taken on more risk (unless one assumes that banks are knowingly taken on more risk without being compensated for it).
	One measure of whether banks are taking more risks is the interest rate on loans to NFCs. The rates on risky loans (or rather the difference between the cost of capital and these rates) needs to increase if the banks incur more risk. (Banks can incur more risk by investing in risky securities, but this is not how the usual banking model works.) The cost of borrowing (which includes more than just the interest rate) of NFCs has fallen over the last years (absolute and relative to ECB policy rates).The same applies to a more narrow concept, namely the interest rates on loans to NFCs. Banks were thus not compensated for higher risk in lending to NFCs.
	A general problem with linking indicators of risk after 2014 to negative rates is that there is another confounding factor. 2014 was also the year that the ECB took over the responsibility of supervising the bulk of the euro area’s banking system. It is generally agreed that the ECB enforced the existing banking regulations more strictly than the national supervisors had done before. Moreover, the regulations themselves were tightened, adding for example, a minimum of highly liquid assets which banks have to hold. These developments forced banks to de-risk their balance sheets, potentially more than offsetting any impact on risk-taking negative rates might have had.
	7. Low rates and low productivity
	The generally accepted view of monetary policy is that it cannot affect the “natural” or equilibrium rate of interest, which is determined by longer run trends in the savings investment balance. The task of monetary policy is merely to maintain price stability. The central bank can push actual inflation towards the price stability target by (temporarily) setting its policy rates below the natural rate when inflation is too low (and vice versa: when inflation is too high, the central bank should increase its policy rate above the natural rate) (ESRB, 2021; Gros, 2019). 
	One could thus argue that monetary policy should not be held responsible for the negative impact of lower interest rates on productivity, which operates in the medium- to long-term, and policy rates should in principle be fluctuating around the natural rate, sometimes above and sometimes below. However, the ECB has now held its policy rates in negative territory for a number of years, and this may have contributed to the observed fall in productivity growth.
	This literature has found several reasons why low interest rates might lower productivity growth. 
	One channel is via market structure. Incumbent firms are always tempted to deter new competitors by charging a low price today in order to secure or maintain a monopoly position for later (Liu et al., 2019). 
	Aghion et al. (2019) argue that the relationship between financial conditions and growth is (inverted) U-form: a financial crisis kills investment and growth. Super accommodative financial conditions are also bad for growth.
	Empirical evidence is provided by Cette et al. (2016) who argue that a decline in real interest rates can trigger unfavourable resource reallocations that reduce total factor productivity. They argue that this has been the case particularly for the Southern members of the euro area since 1995, and can explain the fact that in these countries total factor productivity even fell (a phenomenon which has been dubbed the “great unlearning”, Hassan and Ottaviano, 2013)
	ECB’s TLTROs illustrate the potential impact of low rates on productivity. Under the TLTRO III, banks can refinance additional loans to NFCs or households at rates up to 50 basis points below the ECB deposit rate (which is minus 50 basis points). This means that banks will have an incentive to refinance even loss-making investments.
	8. CONCLUSION
	Two basic points often get mixed up in the debate about the potential side effects of negative rates.
	First of all, one needs to distinguish between low rates and negative ones. Negative rates are supposed to constitute a special case because banks face a psychological hurdle in setting negative deposit rates for their customers (when they are households).
	Second, the ECB can freely set only its own policy rates, the key one being the rate on excess reserves held by banks. But longer term rates are set in the market.
	The policy rate of the ECB determines one important, very short-term interest rate for banks, and has in the past been a key determinant for the rate banks pay on sight deposits. Lower ECB deposit rates thus usually also lead to lower funding costs for banks. But this pass-through is less strong with negative rates, potentially impairing bank profitability. However, the profitability of banks is also affected by many other interest rates. Long-term interest rates are also very important for banks because lending to NFCs is usually at 3-5 years and mortgages are even more long-term (up to 20-30 years). This implies that the profitability of banks depends much more on the difference between long and short rates (the so-called yield curve) than on the level of the ECB’s short term deposit rate, and whether it is negative or not.
	The ECB cannot set these long-term rates, but it has tried to influence them through its asset purchase programmes (APP, PEPP). Arguably, these actions have had a stronger effect on the profitability of banks than the negative deposit rates. Negative long-term might be more damaging to the profitability of banks than the negative rate on excess deposits.
	Moreover, the ECB has taken two steps to mitigate the perceived risk to bank profitability (from its negative rate on excess reserves). In 2019, it exempted about one quarter of all excess reserves from the negative rate. As early as 2014, about the time when negative rates were first introduced, the ECB also offered banks special medium-term (three-year) refinancing at favourable rates, which were improved later in 2016 and 2019. Under the TLTRO, the interest cost for the bank could be as low as 50 basis points below the deposit rate. These exceptional rates are linked to the growth of lending and thus not unconditional, but the volume of these operations is so large that the interest rate subsidy provided by the ECB outweighs the cost which derives from the inability of banks to charge households negative rates on sight deposits.
	In this way, the ECB has already compensated for the negative effects of NIRP. A NIRP that consists of negative deposit rates plus TLTRO, plus a tiered deposit system, would not be expected to have a negative effect on profitability and risk-taking.
	All in all, the importance of negative rates seems vastly overrated.
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