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Abstract 

An increasing number of economies are moving their interest rates towards the theoretical zero 

bound of interest rates in response to the COVID-19 crisis; there is a growing need to study the 

implications negative interest rates have on the effectiveness of the monetary policy. Between 

2012 to 2016, five central banks moved their interest rates into negative territory in a precarious 

experiment aimed to reflate the respective economies after a series of aftershocks from the 

global financial crisis of 2008. Consequently generating a significant amount of empirical data 

that economists can conclude from. The effects of negative interest rates are still a largely 

uncharted area of research. Still, a small but growing body of literature has been published on 

the effects of negative interest rates, and we aim to add on to that knowledge. We use a 

difference-in-difference method to compare the pass-through of interest rates in two economies 

between 2012 through 2019, Norway with positive policy rates, and Sweden with negative 

policy rates. The results indicate that there was a pass-through of policy rates to retail rates in 

Sweden, and therefore it was an effective monetary tool. 
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 Introduction 

In parallel to writing this thesis, the world economy sustained a substantial shock. Immediately 

after we established the statement, structure, and drafted the first words, the coronavirus was 

gaining a foothold in Europe after putting China to a halt. The series of developments that 

ensued only reaffirmed the importance of gaining further insights into the effectiveness of 

negative interest rates on reflating the economy after a crisis. Whereas, after a rapid increase 

in the number of confirmed coronavirus cases, authorities declared a state of emergency one 

after another and initiated lockdown measures that put the world economy in a stranglehold.  

With the sudden disruption in revenue, a substantial number of firms will undoubtedly fall 

victim to bankruptcy, adding to the ever-increasing downward pressure on output. In response 

to the turmoil, government bodies put the hammer down and announced economic stimulus 

measures in the form of tax deferrals, employment-related compensation schemes, as well as 

fiscal- and monetary stimulus to subdue the panic. The first actions that were taken were 

interest rate cuts, the US Federal Reserve first slashed the federal funds rate by 50 basis points 

from 1.75% down to 1.25% and then two weeks later, on March 15th 2020, from 1.25% to near 

zero (“Fed Slashes Rates Again to Shore up Economy as Coronavirus Spreads,” 2020). Other 

central banks announced reductions as well, for instance, the Reserve Bank of Australia 

reduced their rate by 50 basis points over two weeks to 0.25%, the Bank of Canada lowered 

their policy rate by 50 basis points to 0.75%, and Norges Bank dropped their rate to zero percent 

for the first time in its 200 year history (Government Response – Global Landscape - KPMG 

Global, 2020; Policy Rate Reduced to Zero Percent, 2020).  

These reductions come at a time when interest rates are already near all-time lows. In the 

past three decades, interest rates have been declining steadily and are struggling to rebound 

after economic shocks (Bean et al., 2015). Most economies today seem to be approaching or 

are already at the theoretical zero bound of interest rates, but some countries have already gone 

into negative territory. Between 2012 to 2016, for the first time in economic history, the Swiss 

National Bank, Sveriges Riksbank, Danmarks Nationalbank, Bank of Japan, and the European 

Central Bank all lowered their key policy rates below zero, effectively passing the zero lower 

bound. A constraint that many economists considered infrangible, not unlike Newton’s laws of 

motion, is for physicists. The zero bound initially emerged due to the assumption that if a 

central bank lowers the key interest rate below the nominal interest rate of cash, which is zero, 

a liquidity crisis will develop. That is, consumers would rush to withdraw their funds and store 
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it in paper currency instead. However, the precarious experiment of the five central banks we 

mentioned above had no such effect. No liquidity problems occurred. Which begs the question, 

how low can we go? 

Setting policy rates in response to shocks in the economy has been a powerful tool for 

conducting monetary policy. Still, decision-makers must be certain of the effectiveness of their 

policy on the economy to ensure that their efforts are not adding fuel to the fire. When 

introducing the negative policy rate, the European Central Bank wrote in an accompanying 

article “If a bank holds more money than is required for the minimum reserves and if it is not 

willing to lend to other commercial banks, it has only two options: to hold the money on an 

account at the central bank or to hold it as cash. But holding cash is not cost-free either − not 

least since the bank needs a very safe storage facility to warehouse the banknotes” (ECB, 

2014). However, the Swiss National Bank had a different view; in their announcement, they 

stated that a negative policy rate does not affect the laws of economics (Eggertsson et al., 2017). 

The two different perspectives the central banks had when they first went negative illustrates 

that there is no real consensus on why, when, and if interest rates should go negative. The only 

thing they seem to have in common is the lack of an effective mechanism to reflate the 

economy. 

Research on the effects negative interest rates have on the economy is still underway and 

is a long way from establishing a general basis. A small but growing body of literature has been 

published on the short-term effects in studies that use empirical data. When enacting a policy 

decision, it is prudent to be certain that it will have the intended impact. In this case, setting the 

interest rates negative will lead to expansionary effects on the economy. Some research papers 

have been published addressing the pass-through of negative policy rates to retail rates. One 

such study uses a difference-in-difference approach and shows that when negative interest rates 

are enacted, banks are unwilling to set deposit rates below the zero boundary, this results in 

more risk-taking by banks together with lower profits, as well as weaker growth in loan 

volumes (Heider et al., 2018). Another paper by Eggertsson, Juelsrud, and Wold (2017) 

expanded on the subject of the lower bound of deposit rates and found with a similar difference-

in-difference approach that it was most likely near zero. In light of this result, they constructed 

a New Keynesian DSGE model to evaluate the effects on the macroeconomy. The main result 

of this research was that if deposit rates are bounded at zero, negative interest rates are not 

expansionary. Seeing the importance this topic has on monetary policy, we found it pertinent 
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to look at the effects of negative interest rates from a different angle to contribute to the existing 

knowledge.  

Therefore, the following research question this paper tries to answer is: 

Are negative policy rates an effective monetary tool? 

To reach a conclusion, we use time series data from two different countries, one that 

had negative interest rates and the other positive rates during the same period. After we have 

satisfied the parallel trend assumption, we use a difference-in-difference approach to compare 

the two. Sweden was among the first countries to lower their policy rates below zero. The 

chosen comparison country was Norway, as it is a neighboring country that shares similarities 

when it comes to the economy. More importantly, they moved their policy rates in the same 

manner in the years before the negative interest rates in Sweden were introduced. With our 

coverage of policy rates, both positive and negative, and our research, we will attempt to 

conclude whether negative interest rates can be used as an effective monetary tool.  

In the second chapter of this paper, we will examine how policy interest rates are used 

as a control mechanism for output and inflation to establish a foundation on which we can 

compare negative interest rates. We will also analyze the changes in policy rates to see what 

factors have been putting downward pressure on the policy rates. We will then proceed to 

chapter 3, where the origins of negative interest rates will be examined along with the various 

proposals that have been made concerning economic interventions at the zero bound, we will 

then add on to that discussion by addressing the trade-offs of negative interest rates. When we 

have provided a context, the difference-in-difference research will be conducted in chapter 4. 

The data used is gathered from the statistics bureau of Norway and Sweden in addition to the 

Organization for Economic Co-operation and Development, and bank financial indicators from 

the International Monetary Fund. After that, we will perform robustness checks in chapter 5, 

discuss our results in chapter 6, and lastly, present our conclusions in chapter 7. 
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 Policy Interest Rates 

In economies that have adopted a centralized currency system, there is generally a monetary 

authority that is tasked with maintaining a certain level of stability in the internal market. They 

ordinarily have the role of governing the currency in the economy by responding to changes in 

inflation, interest rates, real GDP, or other macroeconomic factors. For this purpose, the 

authorities involved use a particular set of tools and instruments to influence the agents in an 

economy to adjust their propensity to consume. Throughout most of the 20th century, one of 

the most vital tools in monetary policymaking is the ability to adjust interest rates. In this 

chapter, we will cover how policy rates are decided, implemented, and how they influence the 

economy. We will also see the evolution of policy rates and examine what factors might be 

putting downward pressure on policy rates.  

2.1. What Are Policy Interest Rates and How Do They Work?  

To stabilize the economy, a central bank has a multitude of tools at their disposal. First, they 

have the minimum reserve requirement, where the commercial bank constituents are required 

to deposit a certain percentage of their debt liabilities in the central bank. This is primarily to 

control the risk the commercial bank is exposed to. Still, it also affects the velocity of the money 

supply; a higher required reserve limits the amount of capital the bank can lend out (Fabozzi et 

al., 2014). Next, the central bank lends financial institutions capital overnight so they can fulfill 

their minimum reserve requirements. The central bank discounts these types of loans with the 

discount rate, which subsequently impacts the interbank lending rate. Thirdly, the central bank 

can provide liquidity to financial institutions by buying or selling bonds or enter into repo 

agreements, where the central bank takes an eligible asset as collateral and provides a secured 

loan. Although the primary function of the overnight market is to provide liquidity, they also 

control the money supply in the economy. The interest rate in this market is called the key 

policy rate, or the policy interest rate (Wright, 2014). The central bank has a multitude of other 

tools as well, such as forward guidance, where the central bank communicates the future 

direction of their monetary policy, so the agents in the economy can adjust their expectations 

accordingly. Another measure is an intervention in foreign exchange markets, where the central 

bank manipulates the exchange rate by buying or selling currency to influence inflation. 

To stabilize inflation, the macroprudential authorities, predominantly central banks, 

must monitor the financial system to recognize risks and vulnerabilities. The type of risk they 

primarily seek out is the systemic risk—for example, extreme risk exposure of banks, or 
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excessive borrowing by corporations or households. The macroprudential policies are set up to 

avoid risks from impacting the financial system more broadly or becoming more systemic. The 

policies are enforced to promote financial stability (A Quick Guide to Macroprudential 

Policies, 2017). 

The monetary policy decision-maker1 follows three key forecasting variables when 

determining the policy interest rate. Firstly, the expected inflation rate plays a crucial role; most 

monetary policy decision-makers try to stabilize the inflation according to a set inflation target. 

If expected inflation is above the target, ceteris paribus, the decision-maker will likely want to 

increase the policy interest rate to put downward pressure on inflation. Another key element is 

the unemployment rate. If unemployment is expected to rise, savings will presumably rise with 

the added unemployment. This indicates that the inflation rate will fall. Presumably, the central 

banks will want to lower the policy interest rate to get the markets moving again and to 

stimulate the economy. The last key forecasting variable is the output gap, which is the 

difference between potential GDP and real GDP. If there is a positive gap, or what is called 

an expansionary gap, then inflation is likely to be high. Therefore, the decision-maker would 

want to raise the policy interest rate to slow down the expansionary process (Parkin, 2016). 

A convenient way to demonstrate the effect monetary policy has on an economy is to 

look at a model of the monetary transmission mechanism. The model can vary between 

economies and the tools they rely on; therefore, we will present one put forth by Mishkin 

(1995).  

 

  

 
1 The decision-maker can be a single policy maker, but in recent years, monetary authorities have been  

  increasingly giving this role to a committee (Fischer, 2017). 
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Figure 1: Monetary Transmission Mechanism 

 

Source:  Our interpretations of the concepts presented by Mishkin (1995)  

When the monetary decision-maker decides on a policy change to respond to the key 

variables we discussed above, it affects the economy in a variety of ways, as can be observed 

in Figure 1. Two policies can be adopted, either an expansionary or a contractionary decision, 

and are most often announced as a policy rate change. We will discuss further how a central 

bank implements the decision in chapter 2.1.1. First, we will discuss briefly how the decision 

influences the inflation rate through the monetary transmission mechanism. 

As can be observed in Figure 1, the monetary policy change affects the inflation rate 

both directly and indirectly through different channels, i.e., interest rates, asset prices, credit 

rates, and exchange rates. The interest rate channel can be explained by this diagram: 

 
𝑀 ↑ ⇒ 𝑖 ↓ ⇒ 𝐼 ↑ ⇒ 𝑌 ↑ (1) 

 Where 𝑀 ↑ indicates an expansionary policy decision that leads to a decline in real 

interest rates (𝑖 ↓) and, in turn, leads to the agents in the economy, either households or firms, 

to increase their investments due to a more favorable price of funding. This culminates in a rise 

in output (𝑌 ↑) (Mishkin, 1995).  

The key assumption in diagram (1) is that the real interest rates rise or decline in 

accordance with the monetary policy direction. If this relationship is dissevered or has a lesser 

throughput, the monetary authorities’ ability to stabilize the economy will have less potency. 

This relationship plays a vital role in our research and will be discussed further in chapter 4. 
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2.1.1. The Implementation of the Monetary Policy Decision 

The main objective of changing the policy rate is to stabilize inflation. By changing the policy 

rates, the decision-maker is either trying to make loanable funds more affordable, or savings 

more appealing by influencing the deposit and loan rates at commercial banks, and other 

financial institutions. The central bank cannot obligate the commercial banks, or other financial 

institutions, to set their interest rates equal to the policy interest rate. However, the commercial 

banks generally use the policy interest rate with added risk premium when deciding the loan 

interest rate. In the following chapter, we will examine how a monetary policy decision is 

implemented. The process can be very different between countries, and for that reason, we will 

see how the decision is implemented in Norway and Sweden, the two countries we survey in 

chapter 4.  

The process is very similar in both countries. In Sweden, the central bank, Sveriges 

Riksbank, has an overnight market where the central bank interacts with commercial banks and 

other members of the financial markets. The overnight market is strongly linked to the Sveriges 

Riksbank’s payment system RIX, where banks will make payments to one another. By 

determining the rate at which banks will lend and borrow from in the RIX, the Sveriges 

Riksbank can influence the overnight rate and get it close to the policy interest rate. The RIX 

and the overnight market are closely linked but are not the same thing. In the RIX, banks will 

loan and borrow from one another during the day, where they will either end with a surplus or 

a deficit. In the overnight markets, they can either balance their surpluses or deficits with other 

banks or with the Sveriges Riksbank. The Sveriges Riksbank can influence the overnight rate 

at which the banks will lend and borrow from each other. When the central bank conducts 

business with the banks in the overnight market, the Sveriges Riksbank can choose an overnight 

repo rate (How a Monetary Policy Decision Is Implemented, n.d.). In Norway, the central bank, 

Norges Bank, has a similar system when implementing its policy rate. Banks can both make 

deposits at the Norges Bank and get the policy rate or borrow and lend from other banks at a 

rate close to the policy rate (Monetary Policy Objectives and Instruments, n.d.). 

2.2. The Evolution of Policy Interest Rates.   

The monetary policy decision-maker decides on a regular interval, with exceptions for 

particular circumstances, the policy interest rates according to the economic prospers at that 

time. In recent years, policy interest rates have been lowered substantially, with some countries 

lowering their interest rates below the zero bound for the first time, as can be observed later in 

Figure 2. To understand this trend better, we need to examine which economic factors might 
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be having these downward effects on the policy interest rate. First, we will go over theoretical 

explanations, following that, we will analyze data to see what has occurred for the policy rates 

to drop. Lastly, we will examine inflation targeting to see if that has had any impact.   

2.2.1. Theoretical Explanations 

In the wake of the market crash in 2008, long-term interest rates were lowered substantially, 

with some economies going to zero. However, the long-term interest rates began to decline 

years before the great recession, implying that other variables are involved. The nominal 

interest rate composes of the real interest rate with added inflation. When observing the 

historical data, this decline in long-term nominal rates might be associated with a fall in the 

long-term risk-free real interest rate rather than a decline in expected inflation, which has been 

mostly steady throughout the years (Bean et al., 2015). What economic factors are the driving 

force behind the decline of policy rates? 

The equilibrium interest rate is highly associated with investments and savings. The 

more people save, the less they spend, and therefore circulation of money in the economy is 

reduced. This would, for example, lead to a decision to lower the interest rates to stimulate the 

economy. In Low for Long (2015), four economists studied what factors could be putting 

downward pressure on the real interest rate. They presented four conclusions. Firstly, that an 

aging population as a result of increased longevity and decreasing fertility was contributing to 

higher savings. With everyone saving, the monetary decision-maker would, in theory, want 

more money to stimulate the system and would, therefore, lower their interest rates. Secondly, 

the trend of capital streaming from developing to advanced economies was resulting in 

downward pressure on the global real interest rate. For instance, China has become one of the 

largest exporters in the world and is deeply involved in investments overseas. Thirdly, they 

concluded that a change in the supply and demand for safe assets was lowering the risk-free 

real interest rate, especially after the financial crisis in 2008. This hypothesis can be backed up 

with the increase in equity risk premia in recent years. Safe assets are, for example, real estate 

property, cash and treasury bills, any asset that is not very risky in terms of liquidity. Lastly, 

the four economists concluded that although a fall in investment propensity seems less 

convincing as an explanation of the pre-crisis downward trend in real interest rates, it does 

seem likely to have played a role in explaining developments since 2008 (Bean et al., 2015). 

In another paper, economists questioned the Low for Long conclusion. In a paper for 

the Bank of International Settlements, economists Borio, Disyatat, Juselius, and 
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Rungchareoenkitkul (2017), say that a relationship between real interest rates and saving-

investment determinants appears weak. Although the relationship can explain some parts of the 

decline in interest rates for the past 30 years, a change in saving-investment determinants can 

not solely explain this evolution. In the paper for the Bank of International Settlements, they 

concluded that a change in monetary regimes consists of relentless changes in real interest 

rates. Furthermore, external effects on the real interest rates of countries seem to represent 

unique variations in the interest rates of countries influencing global monetary and financial 

conditions, rather than widespread movements in global saving and investments. This all leads 

back to their point that the monetary policy ultimately decides real interest rates (Borio et al., 

2017). 

As discussed earlier, the equilibrium interest rate is highly associated with investments 

and savings according to academic theories. Little investment and high savings would put 

downward pressure on the policy interest rate. Therefore, the demographic changes should 

have an impact, as the theories explain and are described in Low for Long. With an aging 

population, more savings are being put into the pension funds leading to less investment. We 

also concur with the results from the Bank of International Settlements, that the monetary 

policy ultimately plays a big role in the evolution of real interest rates, and more than one factor 

is causing the downward pressure. We will examine if inflation targeting has had a significant 

impact on lowered interest rates in chapter 2.2.3.  

2.2.2. Data Analysis 

The theoretical explanations put forward in the chapter before, say that a change in monetary 

policies and the saving-investment determinants are having a declining effect on interest rates. 

With data from nine countries in addition to the eurozone, spanning 26 years, we can observe 

the movement of short-term interest rates, which are closely related to, and move in tandem 

with the policy rates (OECD, 2020).  

In Figure 2, we see that there has been a steep decline in the short-term interest rates,  

alternatively called money market rates. Most countries seem to move in sync with each other 

over the years, having a steep decline on two occasions. First around 2000 and again around 

2008. Those time periods mark two big worldwide financial recessions, the dot-com bubble 

and the financial crisis of 2008. In this chapter, we will examine these recession periods 

individually to evaluate the economic landscape and to see which factors lead to the steep 

decline of policy rates. 
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In both examinations, we will have an in-depth look at events specific to the United 

States. The rationale is that both recessions originated in the United States, which is highly 

influential in the worldwide economy. The economic impact may vary in severity, and the 

effects can lag between countries. By way of illustration, the financial collapse of 2008 led to 

a worldwide economic recession that affected every economy.  

The first event we will examine is the dot-com bubble. Leading up to the collapse in 

2000, computers became a household staple, and the worldwide web had been introduced to 

the public. The economic landscape had changed with the Taxpayer Relief Act of 1997. The 

bill lowered numerous federal taxes in the United States. For example, people with children 

under the age of 17 received a tax credit, the top marginal long-term capital gain rate was 

lowered, and capital gains on the sale of private residences were exempted from taxation 

(Taxpayer Relief Act of 1997, 1997). After the act was passed, individuals had more capital, 

which they allocated mostly in technology companies. The increased demand lead to 

overvaluation in the market as stock prices skyrocketed. Chairman of the Federal Reserve, Alan 

Greenspan, tried to give the valuations a positive spin. He argued that the output of technology 

Figure 2: The Trend of Short-Term Interest Rates 
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companies might be incorrectly measured and claimed expenditures should be capitalized. 

Therefore, causing an underestimation of productivity and GDP growth. He later added that 

innovation needs time before its productiveness can be measured. Thus, the skyrocketing prices 

were justified, and investors were reassured (Teeter & Sandberg, 2016).  

With new legislation that led to more capital to invest and consequently, an overheated 

market, a bubble formed that inevitably burst in April 2000. As we discussed in chapter 2.1, 

the macroprudential authority should monitor systemic risks and vulnerabilities in the financial 

system, including the stock market. In this case, the Federal Reserve might have been able to 

cool down the markets by adopting a contractionary monetary policy to respond to the 

overvaluation of technology companies and, thus, the formation of the dot-com bubble. As can 

be observed in Figure 2, in the years before the collapse in 2000, there is little movement in 

interest rates in the United States. After the collapse, there was a substantial drop in interest 

rates in reaction to the downward pressure on output. 

The next big decline we see in interest rates is when the financial crisis of 2008 

occurred. With the deregulation of credit default swaps and other derivatives (Commodity 

Futures Modernization Act, 2000) along with permits for banks to use deposits to invest in 

derivatives (Gramm-Leach-Bliley Act, 1999) the banks started to invest more in unregulated 

assets that brought on added risk for the banks.   

In the years following the dot-com bubble, policy rates were low, which made mortgage 

loans more affordable. With the deregulation, banks, hedge funds investors, and CDS issuers 

were profiting from the derivatives. As the macroprudential authorities identified the risk taken 

by the banks, the Federal Reserve increased policy rates. As the default rate on loans increased, 

the bubble finally burst, first in the banking crisis in 2007, and then in Wall Street in 2008 

(Amadeo, 2019).  

There is always a cascading effect coursing through the economy. One action will lead 

to a reaction. In both recessions, we saw that a sudden and steep increase in investment led to 

the economy overheating. According to the macroprudential policy theory, a monetary 

authority should respond to the conditions in the financial system. However, in the two events 

we examined, there was not a lot of consistency between the expansionary and contractionary 

monetary responses between the recessions. The uneven response might be a factor in the lower 

long-term interest rates we are experiencing today. 
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2.2.3. Inflation Targeting 

In the Theoretical Explanations chapter, we split the downward effects into two different 

categories. We discussed the investment-savings determinants in chapter 2.2.2., by taking a 

closer look at the economic climate before the recessions and how the investment-savings 

determinants affect the policy interest rate. We will now discuss the second category or a 

change in the conduct of monetary policy. The introduction of inflation targeting is an example 

of one of those changes, and by examining them, we will get an idea of whether inflation 

targeting is putting downward pressure on the policy interest rates.  

Inflation targeting came about in the 1990s. It is a monetary policy strategy that mainly 

consists of five factors: 

1. The public declaration of a target for inflation. 

2. A pledge that the main goal of monetary policy is price stabilization. 

3. An information inclusive approach, where several variables are used to determine the 

positioning of policy instruments. 

4. By communicating to the public, and the markets, about strategies, goals, and 

decisions, the monetary policy strategy becomes more transparent. 

5. Inflation targeting increases the accountability of the central bank for reaching their 

inflation targets. 

The tool of inflation targeting is, therefore, more substantial than just to set an inflation target 

(Mishkin, 2000). 

As stated above, inflation targeting is a tool used to stabilize prices. The actual inflation 

target varies between countries, as there is disagreement about what level of inflation is optimal 

to stabilize prices. Alan Greenspan, former Chair of the Federal Reserve, defined the optimal 

price stabilizing rate of inflation as one low enough that households and companies in the 

economy do not consider it when making everyday decisions. An inflation rate between 0 to 

3% would meet this criterion, although most countries keep the target above zero. The 

argument is that by setting the inflation target to zero, the central bank would increase the 

likelihood of deflation, which could lead to financial instability and severe contractions in the 

economy. Inflation targeting has been criticized as a monetary policy instrument. Those who 

critique it say that inflation targeting is too unyielding; it can lead to added output instability 

and could lower the economic growth, for example. A monetary policy instrument will lag to 
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the inflation outcome. It takes time for the process to work. Therefore, some say it is hard to 

control inflation (Mishkin, 2000). 

At the beginning of this chapter, we posed the question of whether inflation targeting 

was putting downward pressure on the policy interest rates. We will now take a closer look at 

the change in short-term interest rates after implementing inflation targeting. The two countries 

examined will be Norway and Sweden, our two research countries in chapter 4.  

In 2001 the Norwegian central bank, Norges Bank, set their inflation targeting to 2,5%. 

Later on, in 2018, the bank set its inflation target to 2% (Skonnord & Knudsen, 2018). The 

vertical line shown in the following graph shows the implementation. The data shown on the 

graph spans from 1990 to 2019. We will examine what effect the implementation in 2001 had. 

The change in 2018 is too new to be examined further.  

As can be observed in Figure 3, short-term interest rates were volatile in this timeframe, 

with a couple of economic events occurring. First, in the 1990s, the Scandinavian countries, 

Norway, Sweden, and Finland went through a recession. The recession explains the steep drop 

in short-term interest rates in the early 1990s (Englund, 2015). Next, we saw a big drop in 2002. 

The inflation targeting was set in 2001; however, the dot-com bubble occurred in 2000. The 

decline in short-term interest rates in 2002 could be lagged effects from the dot-com bubble or 

Figure 3: Inflation Targeting in Norway 

Source: OECD  
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a result of the implementation of the inflation target. Again, in 2008 there is a steep decline in 

the interest rates, presumably from the global financial crisis that occurred in 2008. To get a 

clear idea of the effects, we calculated the average short-term interest rates in the ten years 

before the implementation and ten years after. The average short-term interest rates from 1991 

to 2000 in Norway was 6.87%. In the ten years after the implementation, from 2001 to 2010, 

the average rate was 4.17%. The short-term interest rates declined by 2.70% in this timeframe. 

The decline could be a result of economic recessions, inflation targeting, or other factors we 

failed to consider. From the graph and the data calculated, we can conclusively say that short-

term interest rates have declined considerably in the timeframe examined.  

Next, we will examine inflation targeting in Sweden. A target of 2% inflation was 

implemented in 1995 after years of instability in Sweden (The Inflation Target, 2018). In the 

following graph, we see a significant decline in the short-term interest rates. As mentioned 

when examining Norway, there was a recession in Scandinavian countries in the 1990s, which 

impacted Sweden in 1992 that subsequently lowered interest rates (Englund, 2015). The 

vertical line represents the time of the inflation target implementation.  

As seen in Figure 4, there is a clear decline in short-term interest rates after the 

implementation. From 1995 to 2003, terms-of-trade dropped by 13% as export prices declined, 

and import prices soared. Still, this should not cause an instant drop as can be seen from 1995 

Source: OECD  

Figure 4: Inflation Targeting in Sweden 
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to 1997 where the rates fell by 3%. To our knowledge, there were no major economic events 

occurring in 1995 in Sweden other than the implementation of the inflation targeting.  

To get a clearer idea of the effects, we calculated the average short-term interest rate in 

the five years before and after the target was set. In the five years before, the average rate was 

10.77%. The high rate is most likely a result of the Swedish recession. From 1995 to 1999, the 

average rate was 5.19%. The decline in the ten years was, therefore, 5.58%, which is a 

significant decline. Although the decline can be closely related to the recession in 1992, the 

steep decline in 1995 suggests that the inflation target has had a downwards effect on the short-

term interest rate.  

We can speculate from observing the graphs and the changes in short-term interest rates 

before and after the implementation of inflation targeting. However, we can not conclusively 

say that inflation targeting has a downward effect on policy interest rates in these economies. 

In-depth research would have to be conducted that is outside the scope of this paper.  

Policy interest rates are a very important tool for monetary policy decision-makers to 

reach their goal of price stabilization. With policy interest rate decisions, the monetary 

authority can decide to stimulate, or slow down, the economy through the monetary 

transmission mechanism. Most policy interest rates have been lowered substantially over the 

last two decades with the combination of changes in savings-investment determinants and 

monetary policy changes. As discussed previously, some countries have set their policy rates 

to zero or below. In chapter 3, we will discuss the implications of negative interest rates and 

the challenges they might present. 
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 Negative Interest Rates 

In this chapter, we are going to explain negative interest rates thoroughly. First, we will cover 

a short history of negative interest rates. Following, we will discuss proposals to remove the 

zero lower bound and their implications. Lastly, we will cover the trade-offs of negative interest 

rates and present our research topic.  

3.1. A Short History of Negative Interest Rates  

Initially, the negative interest rate debate formed in Silvio Gesell’s ideas on taxing money 

(Blanc, 1998). Albeit, his idea was never implemented on a large scale, it gained considerable 

recognition from economists such as John Maynard Keynes and Irving Fisher, with the former 

describing Gesell as an “...unduly neglected prophet, whose work contains flashes of deep 

insight and who only just failed to reach down to the essence of the matter...” (Keynes, 1936). 

The essence of the matter is referring to Gesell’s failure to recognize the preference for liquidity 

in his economic model. Silvio Gesell (1862-1930) was a successful German merchant that 

emigrated to Buenos Aires, where he published his first study in 1891. He continued to publish 

short literature on monetary problems of the late 1880s in Argentina. In his retirement, he 

moved to Switzerland, where he developed his economic model in his book, The Natural 

Economic Order, originally published in 1916.  

Although his work is founded on the issues with Mehrwert, the surplus-value investors 

enjoy, the book is prefaced as a stark antithesis to Marxist theory. His primary influence was 

the French socialist Pierre-Joseph Proudhon, another opponent of Karl Marx (Gesell, 1958). 

Gesell argued that Marx’s proposals suffered from numerous fallacies. Namely, the 

assumption that capital consists of material goods, Gesell found this was absurd; instead, he 

found Proudhon’s explanation much more convincing, that interest was a condition of supply 

and demand. Furthermore, Gesell not only disputed Marx’s assumptions but his proposed 

solutions to abolish surplus value as well. As Marx’s doctrine vowed, the only way to free the 

working class from the oppression of capitalists is to expropriate their possessions and use 

methods such as strikes to wipe out the oppressor’s surplus-value. Mr. Gesell objected this 

profusely; he supported Proudhon’s writing, that strikes would only exacerbate the problem it 

is prescribed to solve (Gesell, 1958). 

Instead, Gesell proposed a solution that would curb the inclination of money holders to 

hoard cash with a rather unconventional method of introducing depreciation to notes, 

subjecting cash holders to arrange for a monthly stamp on notes that would decrease their value 
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by a certain percentage, a stamp scrip. This approach would subject cash to the same natural 

decay as goods, to ‘let it be attacked with moth and rust’ as Gesell put it. His rationale was that 

holding money is essentially risk-free and carries no cost. Unlike goods, that are subject to 

shrinkage due to spoilage, damage, and obsolescence and thus holding them incur substantial 

costs. This capability puts money holders at an advantage over those possessing goods and 

allows them to withhold their money from circulation as long as market conditions are 

unfavorable, and force those possessing goods to pay the money holders a fee to incent them 

to put their money into circulation. This ‘fee,’ he explained, is the surplus-value, the Mehrwert 

(Gesell, 1958).   

Gesell’s theories were never widely accepted by his peers, his work was regarded as 

heterodox and non-academic by most, but his ideas garnered a small but considerable following 

from both political parties and respected economists during the interwar period when monetary 

problems ran rampant worldwide. John Maynard Keynes designated a whole chapter in his 

most acclaimed book, General Theory. Although Keynes never entirely accepted Gesell’s 

theory of interest, he acknowledged his idea of stamp scrip as logical but unrealistic in practice 

(Keynes, 1936). Another notable admirer was Irving Fisher, that wrote a book on Gesell’s 

theories, Stamp Scrip, released in 1933. He tried to convince President Roosevelt to enact an 

experiment to boost the economy in the United States during the Great Depression, although 

to no avail (Blanc, 1998).  

However, an experiment was conducted in a small town in Austria in 1932 to 1933. 

Wörgl is a remote town and had a population of about 2,000 at the time, 1,500 of which were 

unemployed. The incumbent mayor, Michael Unterguggenberger, devised a system based on 

Gesell’s stamp scrip theory and issued stamped notes backed by a reserve of the Austrian 

schilling. The holders would need to procure a stamp that would depreciate its value by 1% 

every month for it to remain a legal tender. These measures set off a brisk acceleration on the 

circulation of cash in the township, some residents even fulfilling their debt obligations early 

to avoid getting a stamp. The experiment was altogether a success, as the town’s economic 

status recovered sharply. All this notwithstanding, the Bank of Austria banned local stamped 

money in September 1933. Attempts to repeat the success of Wörgl suffered from significant 

flaws. In one case, the notes were to be stamped at each transaction, resulting in a deceleration 

of circulation (Blanc, 1998).   
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After the Second World War, deflation ceased to be a problem for most economies. As 

prosperity returned, Silvio Gesell’s monetary proposals swiftly disappeared from the academic 

discussion and remained so until the late 1990s when Japan experienced an era of rapid 

deflation. With the threat of a liquidity crisis looming, economists dusted the cover of Silvio 

Gesell’s writings and debated if any form of his proposals would be appropriate for Japan, 

although no such measures were taken (See, e.g., Buiter & Panigirtzoglou, 2003; Fukao, 2005; 

Goodfriend, 2000). The case of Japan remained an oddity to the rest of the world until the 

global financial crisis in 2008, when the European Union, Sweden, Denmark, and other 

countries faced the same deflationary circumstances. Today the downward pressure is only 

growing as we discussed in chapter 2. 

3.2. Removing the Zero Lower Bound  

When Keynes expanded on his economic model in his last book, General Theory, one of his 

assumptions was that interest rates could never be negative. This, he explained, was due to the 

insignificant cost for consumers of storing cash, as well as the inescapable intermediary costs 

for institutions of bringing together borrowers and lenders. Keynes was intrigued by possible 

solutions to remove the constraint; he was most interested in Gesell’s ideas of stamped money 

and discussed in detail ways to implement them (Keynes, 1936). Since his writings, the 

monetary system has become far more convoluted. With most transactions being electronic 

presently, a simple stamp will not suffice. Today, liquidity comes in many forms; the most 

conventional of which is cash and comprises of both paper currency and electronic currency. 

While charging negative interest in electronic currency is straightforward, the complications 

emerge with paper currency.  

Furthermore, other liquid assets must be considered, such as marketable securities, 

money-market funds, and even cryptocurrency. Implementing public policy without 

accounting for the different types of liquid assets it is improbable when limiting hoarding 

effectively. Since Gesell’s stamp scrip proposals, academics have concocted a more 

contemporary approach to set the constraint more deeply negative to account for the modern 

monetary system and increase the capacity of central banks to react to deflation with interest 

rates.   

One of the more well-known solutions is to get rid of paper currency entirely; after all, 

most transactions are already going electronic. A less extreme route would be to phase out large 

denomination bills, making cash hoarding more strenuous. A solution first introduced as a 
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countermeasure for black-market activity (Henry, 1976; Rogoff, 1998, 2015, 2017; Sands, 

2016). As one of the highest costs of carrying cash is storing it safely, restricting access to large 

denomination notes would raise that cost due to the larger volume of low denomination notes 

it would take to store the same value. Nevertheless, taking large notes out of circulation has 

not been met without controversy. The main argument for this approach is that notes already 

have a diminishing role in legitimate markets; with new payment innovations, the need for cash 

is decreasing by the day (Sands, 2016). Others argue that this proposal degrades their freedom 

of choice, opening them up for increased scrutiny from corporations and the government. 

Additional disadvantages are that this method would not hinder determined individuals from 

exchanging their currency for one that has large denomination notes. For example, the Swiss 

National Bank issues a CHF 1,000 note (equivalent to around USD 1,000 at the time of writing 

this paper). Regardless of the flaws, any restrictions on large denomination notes should 

increase the carrying costs of money in theoretical terms. Still, the proponents of this approach 

admit that doing so does not eliminate the zero bound, but instead allow monetary authorities 

to set interest rates more deeply negative.   

Another solution would be to tax paper currency directly, as Silvio Gesell suggested, 

and we discussed previously in this chapter. When Japan was experiencing deflation in the late 

1990s, economists resumed the discussion of taxed money and possible modern versions of it 

since physically stamping money would be a somewhat archaic method. Marvin Goodfriend 

(2000) proposed that instead of stamped money, a magnetic strip would be attached to the notes 

to keep track of the time the cash spent outside the banking system and the interest would incur 

when redeposited (Rogoff, 2017). The downside of this approach is that in a simple transaction, 

the recipient would need to scan the magnetic strip to ascertain its real value. While it would 

be easy for retailers to arrange for a scanner, it might be more difficult for the technologically 

impaired in the secondhand market, for example.   

A different approach can achieve the same outcome as stamped money, one that 

requires a lot less administrative work. Robert Eisler (1932) proposed a system of dual 

currencies that would split up into electronic money, that would be the main currency, and then 

a pegged cash currency. This concept has been reconsidered with the modern economy in mind 

by Buiter (2009) and, most recently, Rogoff (2017). In this system, the main currency would 

be the numéraire and would denominate prices, income, taxes, and public fees, and a new 

secondary cash currency is issued. The central bank would then set the cash currency’s 

depreciation rate to depreciate at the same rate as the key interest rate. A dual currency system 
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is not by any means a new concept, China issued the renminbi as a secondary currency to the 

yuan to curb hyperinflation in the late 1940s and is still in circulation today. With a cash 

currency, administrative work would be kept to a minimum and can mostly be handled by 

computers. Instead of inferring the real value of the notes by reading a stamp or scanning the 

magnetic strip, one would only need to look up the exchange rate between the main currency 

and the cash currency. 

Nonetheless, creating a dual currency system is not without its problems. As Buiter 

(2009) points out, the value of a fiat currency can only be explicitly set by the monetary 

authority. Still, the exchange rate between the main currency and the cash currency depends 

entirely on the collective choice of the market agents. If the market does not account for the 

built-in depreciation rate when exchanging the new cash currency, the zero bound condition 

will remain in place with the new currency as it did in the old system.  

In the past decade, another obstacle has presented itself that sets the viability of 

eliminating the zero bound in question. With Bitcoin being the prototype, cryptocurrency was 

born with the lofty objective of offering a decentralized monetary mechanism that eliminated 

the need for third-party intermediation. The technology, built on a chain of digital signatures, 

could allow agents in the economy to store their cash if any of the aforementioned proposals 

would be adopted. If a cryptocurrency would replace the national unit of account, it would 

ultimately make central banks powerless to conduct monetary policy with traditional tools. 

Some economists argue that the central banks would need to intervene in crypto markets to 

have any effect on interest rates (He, 2018).  

In the decade virtual currency has existed, there has been no prevalent basis in 

regulation, with some countries classifying it as an asset and others as foreign currency 

(Regulation of Cryptocurrency Around the World, 2018). Even as cryptocurrencies have 

facilitated electronic black-market transactions, regulators struggle to find methods to govern 

crypto due to the ubiquity and anonymity of the transactions as every transaction is virtually 

untraceable. If this experience is an exemplification of any attempt to impose regulation on 

crypto to safeguard a central bank’s ability to set interest more deeply negative, they are in for 

a rough ride.  

Cryptocurrency has not yet gained widespread adoption as a payment mechanism, but 

was that to happen; a cryptocurrency could take over as the unit of account in an economy. As 

Buiter (2009) pointed out: “Monetary economics has very little to say about what or who 
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determines what the numéraire is or about what physical, fiat or imaginary substances serve 

as numéraire.” In countries with hyperinflation, there are examples where a foreign currency 

has taken a role as a unit of account, while the national currency served as the means of 

payments in retail transactions (Buiter, 2009). 

As discussed in this chapter, there is a myriad of proposals to move the lower bound of 

interest rates more deeply negative or remove it altogether. As we see, there is no common 

basis on the subject and the viability of such proposals.  

3.3. The Trade-Offs of Negative Interest Rate Policies  

Now that we have considered the implications of the zero bound on the viability of negative 

nominal interest rates, it is helpful to contemplate the full trade-offs of such policies by omitting 

the lower bound. To demonstrate the full effect of negative interest rate policies, we assume 

that central banks could eliminate the zero bound, and setting nominal rates deeply negative 

would not affect the liquidity preference of the agents in an economy.   

In theory, eliminating the zero bound would restore the signaling power of central 

banks in low inflation environments, enabling them to respond to deflationary pressure by the 

conventional method of moving the key policy rate downward and consequently induce a 

decrease in the real rate of interest. This would lead to a lower discount rate, that the agents in 

the economy consider the opportunity cost of spending cash today versus saving it for future 

consumption. If the decline is large enough, the discount rate would become negative and 

distort the time value of money; at a -2% annual rate, you would be able to borrow $100 today 

and pay back $98 after one year. In other words, a dollar today would be worth less than a 

dollar tomorrow, making borrowing very appealing, and more projects would become 

profitable. Thus, given these assumptions, a negative nominal rate would contribute to a boost 

in aggregate demand and a rise in expected inflation and move the inflation rate back towards 

the inflation target. Nevertheless, negative interest rates could lead to a variety of adverse 

effects generated by both the low level of the interest rates and the fact that they are negative; 

we will discuss these effects below.  

Assessing the effects negative nominal rates have on exchange rates is a challenging 

feat as a plethora of variables affect them. Both internal and external market conditions can 

affect the demand for currency, and therefore the rate of interest has limited explanatory power 

on exchange rates. However, even though there would be no zero bound on interest rates, a 

negative interest rate would entice investors to move the capital to higher yield jurisdictions, 
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which would put downward pressure on the currency. The size of that pressure would be 

determined by the market conditions in the corresponding jurisdiction, higher inflation, or 

expected inflation in the external market could counter this effect. Another way the central 

bank could curb this effect would be to enact temporary capital controls, limiting the outflow 

of capital from the economy while the positive impact the negative interest rates would have 

on aggregate demand, and consequently, the inflation rate, would materialize.   

The distortion in the time value of money could, by itself, bring an abundance of 

detrimental repercussions that engender inefficient markets. When the profitability constraint 

is decreased significantly, projects that were before unprofitable will become profitable. If a 

project is financed with a floating rate note in a low-rate environment, the profitability 

will subside to its former level as the effects of the negative rates would increase aggregate 

demand and induce a rise in interest rates. Another repercussion of negative interest rates is the 

delay of the demise of insolvent firms. In an empirical study concerning the effects of near-

zero interest rates in Japan from 1995 to 2007, there was evidence of financial institutions 

lending to otherwise insolvent borrowers, or firms commonly termed ‘zombies’ due to their 

tendency to scrape by and barely meet their obligations to their debtors (Caballero et al., 2008). 

This delay impedes the efficient allocation of capital and therefore stymies healthy competitors 

from taking over their market share, a fundamental principle that makes free markets effective.  

Another ramification of negative rates is the inequality that would develop between 

savers and borrowers. Due to the time value of money, savers with a lot of capital tend to be 

older than borrowers as they have accumulated their wealth over their lifetime. Borrowers tend 

to be younger than savers since they will need funds to invest in the foundation of their life, for 

example, getting a mortgage to buy a house (Bean et al., 2015). Negative interest rates would 

benefit the borrowers to the detriment of savers and generate a re-distributional impact that 

could lead to intergenerational inequality. Furthermore, individuals with higher incomes 

generally have better access to lines of credit. Therefore, they might not be as dependent on 

keeping as high a share of their capital in liquid assets as the lower class. And as credit would 

be cheap, or even profitable under negative interest rates, there could be considerable social 

inequality as well.  

Although higher asset values and lower funding costs may compensate for the adverse 

effects of negative interest rate policies, they are not brought on without their adverse effects. 

A fundamental principle of the price of financial assets is that the present value of the cash 
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determines the value of the asset flows the investor expects to receive from the investment 

(Fabozzi et al., 2014). The investor calculates the present value from the required rate of return, 

the minimum compensation an investor will accept. The required rate of return, alternatively 

called the discount rate, has an inverse relationship with asset values; a decrease leads to a 

higher present value of cash flows and, therefore, the value of the asset. By the nature of 

numbers, a 100 base point change in the discount rate leads to greater changes in the present 

value of cash flows when the discount rate is low. In other terms, a 100 base point change from 

a 1% discount rate is proportionally greater than the same change when the discount rate is 9%. 

Take, for example, a bond that has a 5% coupon rate and a $1000 face value. Following 

is a table from where you can see the change in price as a percentage at a given discount rate 

change, shown in the first column. The equation used in the calculations shown in Table 1 is 

as follows: 

∆Bond Value =  [
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  (2) 

Where: 

• C is the coupon payment 

• M is the face value  

• r0 is the discount rate at time 0 

 

• r1 is the discount rate at time 1 

• n is the time to maturity 

 

 

Table 1: Price Change in Bond Prices 
 

∆DR    Years to maturity  

    5    10    15    20  

-3% to -2%    -4.6%    -8.51%    -12.01%    -15.28%  

-2% to -1%    -4.6%    -8.37%    -11.73%    -14.83%  

-1% to 0%    -4.5%    -8.22%    -11.45%    -14.38%  

0% to 1%    -4.5%    -8.08%    -11.17%    -13.91%  

1% to 2%    -4.4%    -7.93%    -10.88%    -13.43%  

2% to 3%    -4.4%    -7.79%    -10.59%    -12.95%  

3% to 4%    -4.3%    -7.65%    -10.30%    -12.46%  

4% to 5%    -4.3%    -7.50%    -10.01%    -11.96%  

5% to 6%    -4.2%    -7.36%    -9.71%    -11.47%  

Source: Adapted from Foundations of Financial Markets and Institutions, by Fabozzi and Frank J. (2014) 
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Notice that at lower discount rates, the percentage change in price magnifies at the same 

change as the discount rate. Albeit, negative interest rates would raise asset value while 

simultaneously becoming more volatile and increase the risk to investors (Fabozzi et al., 

2014). As covered in chapter 2.1, the objective of macroprudential authorities is to avoid risks 

from impacting the financial system broadly or systemically. By lowering interest rates into 

negative territory, resulting in more volatility and added risk, you could argue that the 

macroprudential authorities would be acting against their objectives.  

3.4. The Effectiveness of Negative Interest Rates 

Confronted with low inflation and persistently downward trending interest rates, central banks 

are facing challenges at offsetting temporary shocks with adjustments to the interest rate level. 

As a consequence, conventional monetary policy tools are being reassessed, and new 

instruments have emerged. When faced with the global financial crisis of 2008, monetary 

decision-makers responded by reducing the policy rate, in some cases, to near-zero. However, 

it failed to deliver the desired effect, as real output was still declining or growing very leisurely. 

Economists urged central banks to rethink their role as “a lender of last resort” and reshape 

their function to one that addresses the modern financial system in which financial institutions 

have a substantially bigger role in providing credit. In an article by Willem Buiter, he urged 

central banks to consider this new structure and act accordingly. He coined this new role of 

central banks as market maker of last resort and wrote in his article “The first and most direct 

way to discharge the market maker of last resort function is through open market operations 

in a much wider range of financial instruments, especially private sector securities than central 

banks normally are willing to trade in “ (Buiter & Sibert, 2007). This type of open market 

operation was first used in the deflationary crisis in Japan in 2001. It was still a relatively 

obscure topic in monetary economics when Buiter wrote his article. Today it is known as 

quantitative easing (QE) and has been used several times in responding to the global financial 

crisis and subsequently in aftershocks. Although quantitative easing seemed to increase real 

output, some central banks felt there was still more that could be done. As we discussed earlier, 

between 2012 and 2016, the Swiss National Bank, Sveriges Riksbank, Danmarks 

Nationalbank, Bank of Japan, and the European Central Bank all lowered their short-term 

policy rates below zero, passing the theoretical zero lower bound. So far, the effects of this 

have not lead to any bank runs in the respective economies, but were these reductions effective 

at stimulating the economy? 
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The effectiveness of policy interest rate changes is most commonly measured by the 

pass-through of the policy rate, through interbank lending rates, and sequentially into short-

term interest rates, which is the cost for banks to secure deposits that they can then lend out to 

borrowers. Essentially, the pass-through rate measures the penetration of the interest rate 

change through the financial system to the end consumer (Bondt, 2005).  

Bank external-finance premiums reduce with increased net worth and thus enable them 

to lend more. There should also be an effect on financial institutions' deposit rates. With full 

pass-through, the deposit rates should move equally to the policy rate change. As the policy 

interest rates have become negative, the deposit rates have not been able to move in tandem 

with the policy rate. If financial institutions moved their deposit rates negative, there would be 

a flight into non-interest bearing mediums. The fear of deposit withdrawals keeps banks from 

lowering their deposit rates below zero (Heider et al., 2018). The revenue of banks mainly 

emanates from the spread between short-term rates, such as deposit rates, to long-term rates, 

such as loan rates. Since banks are unwilling to lower the deposit rates significantly below zero, 

could there be a floor on loan rates? The answer to this question is essential in determining if 

negative interest rates are effective at stabilizing the economy. 

After Sveriges Riksbank introduced a zero-policy rate, it announced open market 

purchases on government bonds with above-average rates, the bank grew desperate as 

deflationary pressures persisted, and uncertainty in the global economy grew. In February 

2015, Sveriges Riksbank moved its policy rate past the theoretical zero bound into -0.1%, 

making it one of the first countries to take on such an experiment. The bank decided to reinforce 

its policy decision, and concurrently unleashed comprehensive QE (J. Ewing, 2015). During 

the same period, Norway had a similar trend as Sweden, as we will see in chapter 4, but had 

the benefit of having higher interest rates at the outset of the deflationary period. In chapter 

2.2.3. we examined inflation targeting in Sweden and Norway. A possible explanation for 

Sweden’s lower interest rates might be that they introduced inflation targeting eight years 

earlier than Norway.  

In chapter 4, we use a difference-in-differences approach to compare Sweden, who 

introduced negative rates in 2015, and Norway, who had positive rates during the same period. 

With data from these countries, we will examine if policy interest rates had a reduced pass-

through on deposit and loan rates, which should help us to conclude if negative policy rates 

were effective in monetary policy for Sweden. As presented in diagram (1), in chapter 2.1, the 
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key assumption is that the real interest rates move in accordance with the monetary policy 

direction. If they fail to do so, the monetary tool becomes less effective at stabilizing the 

economy. 

For the research conducted in chapter 4, we put forward the following hypotheses. 

𝐻0: 𝐴 𝑐ℎ𝑎𝑛𝑔𝑒 𝑖𝑛 𝑝𝑜𝑙𝑖𝑐𝑦 𝑟𝑎𝑡𝑒𝑠 𝑑𝑜𝑒𝑠 ℎ𝑎𝑣𝑒 𝑎𝑛 𝑒𝑓𝑓𝑒𝑐𝑡 𝑜𝑛 𝑡ℎ𝑒 𝑏𝑎𝑛𝑘𝑠’ 𝑑𝑒𝑝𝑜𝑠𝑖𝑡 𝑟𝑎𝑡𝑒𝑠 𝑤ℎ𝑒𝑛  

𝑝𝑜𝑙𝑖𝑐𝑦 𝑟𝑎𝑡𝑒𝑠 𝑎𝑟𝑒 𝑛𝑒𝑔𝑎𝑡𝑖𝑣𝑒 

𝐻1: 𝐴 𝑐ℎ𝑎𝑛𝑔𝑒 𝑖𝑛 𝑝𝑜𝑙𝑖𝑐𝑦 𝑟𝑎𝑡𝑒𝑠 𝑑𝑜𝑒𝑠 𝑛𝑜𝑡 ℎ𝑎𝑣𝑒 𝑎𝑛 𝑒𝑓𝑓𝑒𝑐𝑡 𝑜𝑛 𝑡ℎ𝑒 𝑏𝑎𝑛𝑘𝑠´ 𝑑𝑒𝑝𝑜𝑠𝑖𝑡 𝑟𝑎𝑡𝑒𝑠 𝑤ℎ𝑒𝑛  

𝑝𝑜𝑙𝑖𝑐𝑦 𝑟𝑎𝑡𝑒𝑠 𝑎𝑟𝑒 𝑛𝑒𝑔𝑎𝑡𝑖𝑣𝑒 

𝐻0: 𝐴 𝑐ℎ𝑎𝑛𝑔𝑒 𝑖𝑛 𝑝𝑜𝑙𝑖𝑐𝑦 𝑟𝑎𝑡𝑒𝑠 𝑑𝑜𝑒𝑠 ℎ𝑎𝑣𝑒 𝑎𝑛 𝑒𝑓𝑓𝑒𝑐𝑡 𝑜𝑛 𝑡ℎ𝑒 𝑏𝑎𝑛𝑘𝑠’ 𝑙𝑜𝑎𝑛 𝑟𝑎𝑡𝑒𝑠 𝑤ℎ𝑒𝑛 𝑝𝑜𝑙𝑖𝑐𝑦  

𝑟𝑎𝑡𝑒𝑠 𝑎𝑟𝑒 𝑛𝑒𝑔𝑎𝑡𝑖𝑣𝑒 

𝐻1: 𝐴 𝑐ℎ𝑎𝑛𝑔𝑒 𝑖𝑛 𝑝𝑜𝑙𝑖𝑐𝑦 𝑟𝑎𝑡𝑒𝑠 𝑑𝑜𝑒𝑠 𝑛𝑜𝑡 ℎ𝑎𝑣𝑒 𝑎𝑛 𝑒𝑓𝑓𝑒𝑐𝑡 𝑜𝑛 𝑡ℎ𝑒 𝑏𝑎𝑛𝑘𝑠’ 𝑙𝑜𝑎𝑛 𝑟𝑎𝑡𝑒𝑠 𝑤ℎ𝑒𝑛 𝑝𝑜𝑙𝑖𝑐𝑦  

𝑟𝑎𝑡𝑒𝑠 𝑎𝑟𝑒 𝑛𝑒𝑔𝑎𝑡𝑖𝑣𝑒  
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 The Research 

4.1. The Difference-In-Difference Estimator – Methodology  

Difference-in-difference research follows strict guidelines. It is a quasi-experimental method 

that uses empirical data from two groups to obtain an appropriate counterfactual to estimate a 

causal effect. The two groups are defined as a treatment group and a control group. The two 

groups need to have been following the same trendline before an intervention occurred to be 

suitable for the research. The intervention can be an implementation of a policy or a large-scale 

program, or in our case when negative interest rates were set (Difference-in-Difference 

Estimation | Columbia University Mailman School of Public Health, n.d.). 

There are always three assumptions that must hold in order to evaluate the causal effect. 

That is the exchangeability, positivity, and Stable Unit Treatment Value Assumption. On top 

of them, some key assumptions must hold in order to perform research using the difference-in-

difference method. First, an intervention unrelated to the outcome at the baseline. Second, there 

is no spillover effect. Thirdly, the composition of intervention and comparison groups for 

repeated cross-sectional design is stable. Lastly, the parallel trend assumption needs to hold. 

The parallel trend assumption is the most critical assumption of the ones added; it is also one 

that is hard to fulfill. What it entails is that the difference between the two groups would have 

to be constant over time if the treatment had not occurred (Difference-in-Difference Estimation 

| Columbia University Mailman School of Public Health, n.d.). 

Three dummy variables must be added to the regression model when using the 

difference-in-difference method. Firstly, a treatment dummy, which represents the groups, i.e., 

1 for the treatment group and 0 for the control group. Secondly, an intervention dummy that is 

equal to 1 after the intervention occurred and 0 before. The last dummy is an interaction 

dummy, which is equal to 1 when both treatment and intervention dummies are equal to 1, but 

0 otherwise. The interaction dummy tells us the effects of the intervention on the treatment 

group (Difference-in-Difference Estimation | Columbia University Mailman School of Public 

Health, n.d.).  
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4.2. Literature Review 

When performing research, it is imperative to review the existing literature on the subject to 

establish existing knowledge, the methods used, and weaknesses in current studies. In this 

section, we provide a basis for our research topic and present the context of the methods we 

utilized. We will review research where the difference-in-difference method has been used, in 

addition to studies that examine the effectiveness of the monetary transmission in economies 

where negative interest rates have been introduced. 

The first research is the most notable when it comes to the difference-in-difference 

method and gives an insightful overview of the basics behind the method. The paper by Card 

and Krueger (1993) posed the question of whether a rise in the minimum wage would lead to 

unemployment. Their research was based on a policy change that happened in 1992 in New 

Jersey. To get a clear comparison, they needed to look at a state where there would not be a 

spillover effect of the policy. Therefore, they gathered data from New Jersey and compared it 

to data from Pennsylvania before and after the minimum wage was raised in New Jersey. Their 

dataset included the variables employment, wages, and prices of goods. Their dataset was panel 

data, where the difference-in-difference method is often used. The results of this paper show 

that unemployment does not increase as minimum wage at fast-food restaurants increases, and 

even suggests that employment goes up when looking at high wages. It also suggests that much 

of the added cost of the rise in the minimum wage is passed on to consumers as they pay a 

higher price for goods after the policy change (Card & Krueger, 1993).  

The second paper is by Gigineishvili, Determinants of Interest Rate Pass-Through: Do 

Macroeconomic Conditions and Financial Market Structure Matter? (2011) where he 

examined cross-sectional data with a wide range of macroeconomic and financial variables 

from 70 countries. His objective was to find the structural determinants of pass-through. Some 

key explanatory variables that he used were per capita GDP, inflation, NPL, liquidity, ROE, 

and market volatility. Gigineishvili used multiple linear regressions and concluded that per 

capita GDP, inflation, interest rates, and competition in the lending sector were among 

variables that had the largest effect on interest rate pass-through. Variables like market 

volatility and excess liquidity in the banking system lessened the pass-through (Gigineishvili, 

2011). His research suggests that the variables used in his experiments are effective 

determinants for interest rate pass-through. Therefore, we decided to use some of his 

determinants in designing our model. 



29 

Lastly, a recent paper by Campos, Going Negative at the Zero Lower Bound: The 

Effects of Negative Nominal Interest Rates (2019). The paper studies the effects of negative 

rates where banks intermediate the transmission of monetary policy. With yearly data from 

commercial banks spanning 28 years and 19 countries, Campos was able to construct a dynamic 

stochastic general equilibrium model (DSGE). Campos concluded that lowering policy rates 

below the zero bound might be less effective than lowering them in the positive range. He 

concluded that deposit rates remain bounded at zero, and therefore bank profits are constricted 

as bank profits are largely derived from the spread between deposit and loan rates (Campos, 

2019). Although our research is similar to the one conducted by Campos, his research is 

focused on determining the effects on financial intermediaries to reach a macroeconomic 

conclusion through a DSGE model with a large dataset of multiple countries while we will use 

a difference-in-difference method with data from two countries.  

By combining concepts and methods from the different papers mentioned above, we 

were able to construct a regression model using the difference-in-difference method.  

4.3. The Econometric Analysis 

Our hypotheses, defined in chapter 3, was whether a change in policy rates influenced bank 

deposit or loan rates when policy rates are negative. To test the hypotheses, we will use the 

difference-in-difference method to compare a country with negative policy rates to one with 

positive policy rates. As we saw in Figure 2, in chapter 2, Sweden was among the first countries 

to lower their policy rates below the zero bound substantially. We, therefore, chose Sweden as 

our treatment group. With no two economies being identical, we observed that Norway and 

Sweden were similar enough to perform this experiment. Norway is, therefore, the control 

group in this research.  

4.3.1. The Parallel Trend Assumption 

To use the difference-in-difference approach, we need to establish a parallel trend assumption. 

In the following graph, we see the deposit and loan rates for both counties. The intervention 

year, or when Sweden lowered its interest rates to negative, is represented with the vertical line 

in 2015Q1. The x-axis represents quarterly data, spanning seven years from 2012 to 2019, 

while the y-axis shows the deposit and loan rates percentages. From Figure 5, we can see a 

parallel trend.  
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We can also observe a parallel trend in short-term interest rates in Figure 6. The short-

term interest rates between the countries move almost equally before the intervention, shown 

with the vertical line in 2015Q1. As demonstrated both in Figures 5 and 6, the parallel trend 

assumption holds for Sweden and Norway. 

Figure 6: Short-Term Interest Rates in Norway and Sweden 

After establishing that the parallel trend assumption holds for Norway and Sweden, 

other similarities between the countries, such as political, cultural, and geographic factors, 

further assured us that the pair was a good fit for difference-in-difference research.  

Figure 5: Parallel Trend for Norway and Sweden 

Source: OECD  

Source: OECD  
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4.3.2. Regression-Adjusted Models 

Using the difference-in-difference method, along with the papers covered in the literature 

review, we constructed two regression-adjusted models.  

𝐷𝑒𝑝𝑜𝑠𝑖𝑡𝑖𝑡 = 𝛽0 + 𝛽1𝑇 + 𝛽2𝐼 + 𝛽3𝑇 ∗ 𝐼 + 𝛽4𝐶𝐴 + 𝛽5𝑅𝑂𝐸 + 𝛽6𝐿𝐼𝑄 + 𝛽7𝐼𝑁𝐹𝐿 + 𝜀𝑖𝑡 (1) 

𝐿𝑜𝑎𝑛𝑖𝑡 = 𝛽0 + 𝛽1𝑇 + 𝛽2𝐼 + 𝛽3𝑇 ∗ 𝐼 + 𝛽4𝐶𝐴 + 𝛽5𝑅𝑂𝐸 + 𝛽6𝐿𝐼𝑄 + 𝛽7𝐼𝑁𝐹𝐿 + 𝜀𝑖𝑡 (2) 

The two regression-adjusted models are constructed the same way, with the same 

independent variables but different dependent variables. In model (1), the dependent variable 

is the average deposit rate at banks and mortgage companies in Norway and Sweden. In model 

(2), the dependent variable is the average loan rate at banks and mortgage companies in Norway 

and Sweden. Our independent variables are seven in total. First, we have three dummy 

variables. The treatment dummy (T), the intervention dummy (I), and the interaction dummy 

(T*I). Following, we have four explanatory variables. The current account balance as a 

percentage of GDP (CA), the return on equity (ROE), the liquidity variable (LIQ), and finally, 

inflation (INFL). The i represents countries, while the t stands for time. The data is quarterly 

and spans eight years, from 2012 to 2019. The data gathered is time series data from two 

countries.  

The independent variables are constructed from dummy variables required by the 

method used, and explanatory variables derived from Gigineishvili (2011). The dummies used 

are the treatment dummy, an intervention dummy, and an interaction dummy. The treatment 

dummy (T) denotes the treatment group, i.e., the dummy is equal to 1 when we have data for 

Sweden, but 0 for Norway. The intervention dummy (I) denotes when negative interest rates 

were introduced. Therefore, the dummy is equal to 0 before negative interest rates were set, 

and 1 after. Lastly, we have the interaction dummy (I*T), which signifies when we have both 

Sweden, and negative interest rates, i.e., 1 for Sweden after negative interest rates and 0 

otherwise. We use this dummy to measure the effect of negative interest rates in Sweden. 

With our four explanatory variables, we try to cover both macroeconomic and financial 

factors, as discussed in chapter 4.2. In selecting which explanatory variables would make a 

good fit for our model, we referenced the literature. In the paper by Gigineishvili (2011), he 

concluded that the per capita GDP, inflation, NPL, liquidity, return on equity, and market 

volatility was the optimal determinants of interest rate pass-through. However, his paper did 

not conclude that these were the only effective variables at determining interest rate pass-

through, only that they were the most significant in his survey. When we designed our model, 
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we decided to use the current account as a percentage of GDP (CA) as our macroeconomic 

factor instead of the per capita GDP. This ratio captures the net factor of income and net cash 

transfers, which indicates the level of international competitiveness. With our two groups being 

neighboring countries and could potentially reach the same customer base in their commercial 

banks, it is important to capture the level of international competitiveness. 

In the research by Gigineishvili (2011), he concluded that inflation is a good 

determinant of interest rate pass-through. As inflation is one of the key variables decision-

makers consider when conducting monetary policy, we found no reason to object his findings 

and added inflation as one of the explanatory variables in our model. The next explanatory 

variables we add are the return on equity for banks (ROE), which measures the profitability of 

banks. And liquidity (LIQ), which is the liquid assets to short-term liabilities in the financial 

system. Both variables are a measure of the financial health of lending institutions and are listed 

as good determinants interest rate pass-through in the research by Gigineishvili (2011).  

4.3.3. Expanding the models 

After constructing the two regression-adjusted models, we decided to expand the scope. We 

would like to examine if adjusting for time had any significant effect since we had time series 

data. We would also like to compare the results for the dummies in models (1) and (2) with the 

exact change in percentage negative interest rates in Sweden had on deposit and loan rates. We 

expanded the first set of regression-adjusted models and created three more. 

The first set of regression models are the original ones presented in 4.3.2.  

𝐷𝑒𝑝𝑜𝑠𝑖𝑡𝑖𝑡 = 𝛽0 + 𝛽1𝑇 + 𝛽2𝐼 + 𝛽3𝑇 ∗ 𝐼 + 𝛽4𝐶𝐴 + 𝛽5𝑅𝑂𝐸 + 𝛽6𝐿𝐼𝑄 + 𝛽7𝐼𝑁𝐹𝐿 + 𝜀𝑖𝑡 (1) 

𝐿𝑜𝑎𝑛𝑖𝑡 = 𝛽0 + 𝛽1𝑇 + 𝛽2𝐼 + 𝛽3𝑇 ∗ 𝐼 + 𝛽4𝐶𝐴 + 𝛽5𝑅𝑂𝐸 + 𝛽6𝐿𝐼𝑄 + 𝛽7𝐼𝑁𝐹𝐿 + 𝜀𝑖𝑡 (2) 

Since we have time series data from two countries, we would like to add a time variable 

to account for time. The second set of regression models are: 

𝐷𝑒𝑝𝑜𝑠𝑖𝑡𝑖𝑡 = 𝛽0 + 𝛽1𝑇 + 𝛽2𝐼 + 𝛽3𝑇 ∗ 𝐼 + 𝛽4𝐶𝐴 + 𝛽5𝑅𝑂𝐸 + 𝛽6𝐿𝐼𝑄 + 𝛽7𝐼𝑁𝐹𝐿

+ 𝛽8𝑇𝐼𝑀𝐸 + 𝜀𝑖𝑡 
(3) 

𝐿𝑜𝑎𝑛𝑖𝑡 = 𝛽0 + 𝛽1𝑇 + 𝛽2𝐼 + 𝛽3𝑇 ∗ 𝐼 + 𝛽4𝐶𝐴 + 𝛽5𝑅𝑂𝐸 + 𝛽6𝐿𝐼𝑄 + 𝛽7𝐼𝑁𝐹𝐿

+ 𝛽8𝑇𝐼𝑀𝐸 + 𝜀𝑖𝑡 
(4)  

To restate, we have the treatment dummy (T), the intervention dummy (I), the interaction 

dummy (I*T), the current account as a percentage of GDP (CA), the return on equity (ROE), 
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liquidity (LIQ), inflation (INFL), and the new time variable (TIME). The i stands for the 

country, while the t stands for time.  

Next, we would like to see if the effects would vary when adding the short-term interest 

rate (IR) into the equation: 

   𝐷𝑒𝑝𝑜𝑠𝑖𝑡𝑖𝑡 = 𝛽0 + 𝛽1𝐼𝑅 ∗ 𝑇 + 𝛽2𝐼𝑅 ∗ 𝐼 + 𝛽3𝐼𝑅 ∗ 𝑇 ∗ 𝐼 + 𝛽4𝐶𝐴 + 𝛽5𝑅𝑂𝐸 + 𝛽6𝐿𝐼𝑄

+ 𝛽7𝐼𝑁𝐹𝐿 + 𝜀𝑖𝑡 
(5) 

𝐿𝑜𝑎𝑛𝑖𝑡 = 𝛽0 + 𝛽1𝐼𝑅 ∗ 𝑇 + 𝛽2𝐼𝑅 ∗ 𝐼 + 𝛽3𝐼𝑅 ∗ 𝑇 ∗ 𝐼 + 𝛽4𝐶𝐴 + 𝛽5𝑅𝑂𝐸 + 𝛽6𝐿𝐼𝑄

+ 𝛽7𝐼𝑁𝐹𝐿 + 𝜀𝑖𝑡 
(6) 

The short-term interest rate, also known as money market rate, is the rate at which short-

term government bonds are issued or traded in the market, or short-term loans are made 

between financial institutions. Between the policy interest rate and the short-term interest rates, 

there is a strong substitution effect that keeps their movement almost identical (Parkin, 2016). 

In the model, we multiply the short-term interest rate with the treatment dummy, with the 

intervention dummy and then with both. To recap the treatment dummy (IR*T) was equal to 1 

for Sweden, and 0 for Norway, the intervention dummy (IR*I) was equal to 0 before the 

negative interest rates in Sweden, i.e., before the first quarter in 2015, and 1 after the negative 

interest rates were set. Lastly, the short-term interest rate is multiplied to the interaction dummy 

(IR*T*I), which is equal to 1 when we have both Sweden, and negative interest rates, otherwise 

the dummy is equal to 0. By doing this, we see more clearly the impact of short-term interest 

rates on the deposit and loan rates. We still have the explanatory variables from the first sets 

of equations. The current account balance as a percentage of GDP (CA), the return of equity 

represented (ROE), liquidity (LIQ), and inflation (INFL). 

Finally, we would like to adjust for time after we have added short-term interest rates 

to our models. In this set of equations, we have the same variables as in equations (5) and (6) 

with an added time variable. Where i denotes country and t is time.  

  𝐷𝑒𝑝𝑜𝑠𝑖𝑡𝑖𝑡 = 𝛽0 + 𝛽1𝐼𝑅 ∗ 𝑇 + 𝛽2𝐼𝑅 ∗ 𝐼 + 𝛽3𝐼𝑅 ∗ 𝑇 ∗ 𝐼 + 𝛽4𝐶𝐴 + 𝛽5𝑅𝑂𝐸 + 𝛽6𝐿𝐼𝑄

+ 𝛽7𝐼𝑁𝐹𝐿 + 𝛽8𝑇𝐼𝑀𝐸 + 𝜀𝑖𝑡 
(7) 

 𝐿𝑜𝑎𝑛𝑖𝑡 = 𝛽0 + 𝛽1𝐼𝑅 ∗ 𝑇 + 𝛽2𝐼𝑅 ∗ 𝐼 + 𝛽3𝐼𝑅 ∗ 𝑇 ∗ 𝐼 + 𝛽4𝐶𝐴 + 𝛽5𝑅𝑂𝐸 + 𝛽6𝐿𝐼𝑄

+ 𝛽7𝐼𝑁𝐹𝐿 + 𝛽8𝑇𝐼𝑀𝐸 + 𝜀𝑖𝑡 
(8) 
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4.3.4. Data 

The data is collected from various sources, and a list of sources can be found in Appendix C.1. 

The deposit and loan rates for Norway are collected from Statistik sentralbyrå, and the deposit 

and loan rates for Sweden are collected from Statistikdatabasen. The data for the short-term 

interest rates, the current account balance as a percentage of GDP, and inflation are collected 

from the Organization for Economic Cooperation and Development (OECD). The data for 

return on equity is retrieved from the Financial Soundness Indicators at the International 

Monetary Fund (IMF). Lastly, the liquidity variable is calculated from data available at the 

Financial Soundness Indicators at IMF. The data is quarterly spanning from 2012 to 2019. Our 

observations are 64 for every variable.  

Table 2: Dataset Descriptive 

Variable 
Output 

Name 

Equation 

Label 
Observations Mean 

Std. 

Deviation. 

Deposit rates  Deposit  Deposit 64 0.890 0.813 

Loan rates Loan Loan 64 3.145 0.857 

Treatment dummy Treatment T 64 0.500 0.504 

Intervention dummy Intervention I 64 0.625 0.488 

Interaction dummy T*I T*I 64 0.313 0.467 

Current Account as a % of GPD CA CA 64 5.811 3.154 

Return on Equity ROE ROE 64 13.104 3.456 

Liquidity LIQ LIQ 64 48.681 43.337 

Inflation INFL INFL 64 1.533 1.102 

Short-Term Interest Rates * Treatment IR*T IR*T 64 -0.009 0.530 

Short-Term Interest Rates * Intervention IR*I IR*I 64 0.195 0.726 

Short-Term Interest Rates * Interaction IR*T*I IR*T*I 64 -0.172 0.278 

Time  Time TIME 64 16.500 9.306 
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4.4. Results 

The results of the regressions of each model are shown in the tables below. The tables list the 

unstandardized coefficients, i.e., the beta and standard error, and the main results of the 

estimation with the number of each regression number shown above the results. 

Table 3: Deposit Rates Results 

Dependent Variable: Deposit Rate 

 (1) (3) (5) (7) 

Treatment -1.06*** (0.16) -1.12*** (0.14)     

Intervention -1.05*** (0.12) -0.86*** (0.12)     

Interaction 0.32*** (0.13) 0.38*** (0.12)     

CA 0.06** (0.02) 0.04** (0.02) 0.16*** (0.02) 0.11*** (0.02) 

ROE -0.02*** (0.01) -0.01* (0.01) 0.00 (0.01) 0.00 (0.01) 

LIQ -0.02** (0.00) -0.00*** (0.00) -0.01*** (0.00) -0.01*** (0.00) 

INFL -0.10** (0.04) -0.71* (0.04) -0.63 (0.06) -0.03 (0.06) 

Time   -0.22*** (0.01)   -0.34*** (0.01) 

IR*T     0.11 (0.14) -0.17 (0.14) 

IR*I     -0.24* (0.12) -0.07 (0.12) 

IR*T*I     1.29* (0.48) 1.19*** (0.42) 

R2 0.945 0.959 0.874 0.906 

N 64 64 64 64 

Notes: The standard errors in parenthesis, *p<0.1, ** p<0.05, *** p<0.01 

To restate the variables, we have the treatment dummy, the intervention dummy, the 

interaction dummy, the current account as a percentage of GDP (CA), return on equity (ROE), 

liquidity (LIQ), inflation (INFL), time variable, short-term interest rates in Sweden (IR*T), 

short-term interest rates after intervention (IR*I), and short-term interest rates in Sweden after 

intervention (IR*T*I). We have 64 observations in every model, and our R square is high. A 

high R square and the effect time has on inflation, especially in equation 3, suggests that there 

are autocorrelation and multicollinearity in some of the equations. Normally, the researchers 

would choose to adjust for autocorrelation, but since we ran the data through the statistic 

software SPSS, we could not adjust for autocorrelation in the models.  

We can observe from the results that there is consistency, and a carry-through effect, 

between the models. The carry-through effect can be seen in the interaction variable, the current 

account as a percentage of GDP, and in liquidity. There is consistency between models when 
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variables are significant. For example, the inflation variable has a declining effect on the 

deposit rate when it is significant.   

From the table, we observe that in models (1) and (3) the intervention dummy, i.e., after 

negative interest rates were set, has a lowering effect on the deposit rates. In models (5) and 

(7), when short-term interest rates have been considered, the intervention shows similar results. 

In every model, the current account beta is positive and significant. The return on equity (ROE) 

is only significant for models (1) and (3), while liquidity (LIQ) is significant in every model 

covered in Table 3. Both variables have a negative effect on deposit rates when increased by 

1%. The time variable has a lowering effect on the deposit rates, which is expected since deposit 

rates have lowered substantially in the time frame covered. In models (1) and (3), inflation 

(INFL) has a lowering effect on the deposit rate. The effect can be explained with conventional 

monetary conduct, where policy rates are lowered with increasing inflation. The lowered policy 

rates should result in lower deposit rates through the pass-through effect. The inflation variable 

is insignificant in models (5) and (7), a possible consequence of multicollinearity. The 

interaction term is the variable that explains how negative interest rates in Sweden affect the 

deposit and loan rates. If we lower the short-term interest rates in Sweden after the negative 

interest rates are set, then deposit rates will be lowered by 1.19% to 1.29%.  

In the following table, the results of regression for each model with loan rates as the 

dependent variable are presented.  
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Table 4: Loan Rates Results 

Dependent Variable: Loan Rate 

 (2) (4) (6) (8) 

Treatment -0.41* (0.21) -0.46** (0.20)     

Intervention -0.69*** (0.16) -0.55** (0.17)     

Interaction -0.75*** (0.17) -0.70*** (0.17)     

CA -0.05** (0.02) 0.03 (0.02) 0.12*** (0.02) 0.09*** (0.02) 

ROE -0.17 (0.01) -0.01 (0.01) 0.01 (0.01) 0.01 (0.01) 

LIQ -0.00 (0.00) -0.00* (0.00) -0.01*** (0.00) -0.01*** (0.00) 

INFL -0.66 (0.06) -0.05 (0.06) -0.29 (0.06) -0.01 (0.05) 

Time   -0.16** (0.01)   -0.02*** (0.00) 

IR*T     0.63*** (0.12) 0.44*** (0.13) 

IR*I     -0.06 (0.11) 0.05 (0.11) 

IR*T*I     1.13*** (0.42) 1.06*** (0.39) 

R2 0.916 0.922 0.914 0.925 

(N) 64 64 64 64 

Notes: The standard errors in parenthesis, *p<0.1, ** p<0.05, *** p<0.01 

In Table 4, we have the same independent variables as in Table 3. The R square is high, 

and there are 64 observations in every model. When comparing the two tables, we see a stronger 

carry-through effect between variables in Table 3.  

From Table 4, we observe that in Sweden, the loan rates were 0.41% to 0.46% lower 

than in Norway. However, after taking short-term interest rates into account, 1% lower policy 

rates in Sweden led to 0.44% to 0.63% lower loan rates. The time variable has a lowering effect 

on loan rates, similar to the effects it had on deposit rates. When examining the interaction 

variable in models (2) and (4), we can observe that in Sweden, after negative interest rates 

where set, loan rates were 0.70% to 0.75% lower. In models (6) and (8), we observe the same 

effects. As 1% lower short-term interest rate in Sweden, after policy rates moved negative, led 

to 1.06% to 1.13% lower loan rates. In Table 3, we observed a higher decline in deposit rates 

when evaluating the interaction variable, which is in accordance with other studies covered in 

the literature review (i.e., Campos, 2019). Financial institutions are incentivized to keep deposit 

rates low, and loan rates high to maximize their profits as their profit mainly comes from the 

spread between them. 
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 Robustness checks 

5.1. Significance and Fit of the Model 

In our results, the significance of each variable is denoted with a star, one for each significance 

level (*). To see the significance of each model, we performed an overall F-test that can be 

found in Appendix B.1. The p-value for each model is under 1% significance level. This 

indicates that the independent variables have significant explanatory power on the dependent 

variable in each model.  

From the tables, we saw a high R square that indicated that the data was capturing 87% 

to 96% of the variation in deposit rates, and 91% to 92% of the variation in loan rates. These 

are high percentages, which is not necessarily a good thing. To estimate if the model fit is good, 

we plotted the residuals. As illustrated in Appendix A.1, the plotted residuals imply that the fit 

of the model is best for models (5) and (6), where we account for short-term interest rates, but 

not time. We, therefore, conclude that models (5) and (6) represent the pass-through of negative 

interest rates most accurately.  

5.2. Autocorrelation 

Autocorrelation is often a problem with time series data; the problem occurs when the error 

term transfers from one period to another (Wooldridge, 2015). We expect to have some 

autocorrelation since we have time series data. To test for autocorrelation, we performed a 

Durbin-Watson test. The test itself can be found in Appendix B.2 with calculations. The results 

of those tests can be seen in the table below.  

Table 5: Durbin-Watson Test 

Model Durbin-Watson Result 

(1) 1.502 Negative autocorrelation 

(2) 1.592 Negative autocorrelation 

(3) 1.260 Negative autocorrelation 

(4) 1.453 Negative autocorrelation 

(5) 3.010 No autocorrelation 

(6) 3.048 No autocorrelation 

(7) 2.414 Inconclusive 

(8) 2.539 Inconclusive 
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Models (5) and (6) showed no autocorrelation. In the chapter before, we discussed how 

those models gave us the most accurate results.   

5.3. Multicollinearity  

A multicollinearity problem can occur when two or more independent variables are correlated 

with each other. The criterion is that the more independent variables you have, the probability 

of having a multicollinearity increase (Wooldridge, 2015). We have numerous independent 

variables, so we expect to have some problems with multicollinearity. 

For multicollinearity, we used the VIF test, which determines how correlated 

independent variables are with each other. The VIF test can be found in Appendix B.3. The 

results showed us we have a problem with multicollinearity between the independent 

explanatory variables. On of our explanatory variables is inflation, which policy interest rates 

are based on, to have a multicollinearity problem between inflation and the short-term interest 

rate variables is not surprising. In Appendix B.3, there are more in-depth results where every 

variable is examined.  

A multicollinearity problem could lead to variables registering as insignificant when, 

in fact, they are significant. This could be the case for some of our variables, for example, 

return on equity and inflation in models (5) and (6). It can also intensify results, i.e., the amount 

of change short-term interest rates in Sweden after implementation has on deposit and loan 

rates.  

5.4. Heteroskedasticity 

Heteroskedasticity is a problem more common in cross-sectional data rather than time series 

data. Since we use time series data, we do not expect to have a problem with heteroskedasticity. 

We began by examining residual plots, seen in Appendix A.3, to see if a coned shape figure 

were visible, which would indicate a problem with heteroskedasticity. In the plot residuals, we 

did not see any indication that there was a problem with heteroskedasticity, but to be more 

accurate, we decided to conduct another test. A Breusch-Pagan test is a well know statistic test, 

used to determine if heteroskedasticity is present. In Appendix B.4, the Breusch-Pagan test can 

be found. After conducting the test, we concluded that there is no heteroskedasticity problem 

with our models.  
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 Discussion  

With the persistent downward trend of policy rates worldwide, we found it imperative to study 

negative interest rates to add on to the existing knowledge. We designed models that utilize the 

difference-in-difference method to compare a country that had moved their policy rates 

negative to one that is economically similar apart from the level of interest rates. We chose 

Sweden as our primary subject as they moved their interest rates negative in 2015 to combat 

the continued downward pressures their economy was experiencing. The comparison country 

needed to be similar to Sweden, and after comparing a number of countries, we found that 

Norway had the closest parallel trend to the interest rate data from Sweden.  

After consulting existing literature, we constructed eight models to determine the 

impact negative policy rates in Sweden had on deposit and loan rates. The first four models 

showed the effect negative policy rates in Sweden had on deposit and loan rates. In the latter 

four models, we observed the pass-through of interest rates in Sweden after policy rates were 

moved to negative territory. The models had consistency and some carry-through effect in 

independent variables. After further examination of each model, we concluded that models (5) 

and (6) had the best fit and should, therefore, give us the most reliable results. According to the 

Durbin-Watson tests, there were negative autocorrelations in models (1) through (4), no 

autocorrelation in models (5) and (6), with the results for models (7) and (8) inconclusive. Our 

VIF test indicated that multicollinearity was present in the data, which was expected since we 

have numerous closely related variables, namely inflation and short-term interest rates. Lastly, 

the Breusch-Pagan test revealed that we did not have a problem with heteroskedasticity.  

From Tables 3 and 4, we have the ability to conclude the following results. In model 

(5), when the current account as a percentage of GDP (CA) is raised by 1%, the deposit rates 

rise by 0.16% as well. This is an accurate depiction of what would happen theoretically. When 

current accounts rise, the exchange rate usually strengthens, which would transfer to higher 

rates, both deposit and loan rates. We observe in equation (6), a 1% increase in current account 

as a percentage of GDP (CA) results in 0.09% higher loan rates. The return on equity (ROE) is 

insignificant for both deposit and loan rates, and so is inflation (INFL). This could be a result 

of our multicollinearity problem. The liquidity variable (LIQ) is significant at a 1% significance 

level, and the change is the same for both the deposit and loan rates. If liquidity rises by 1%, 

then deposit, and loan rates are lowered by 0.01%. Finally, we have short-term interest rate 

variables. The short-term interest rate treatment variable is insignificant for deposit rates, while 
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short-term interest rate intervention is insignificant for loan rates. Again this could be due to 

the multicollinearity present in our data. The most critical variable is the short-term interest 

rate interaction variable. The variable tells us what effect a change in short-term interest rates 

in Sweden after negative interest rates were introduced, have on the deposit rate and loan rate. 

The variable is significant for both models (5) and (6). In model (5), we see that when short-

term interest rates are lowered by 1% in Sweden after negative interest rates were implemented, 

the deposit rates decline by 1.29%. In model (6), when short-term interest rates are lowered by 

1% in Sweden after negative interest rates were implemented, the loan rates decline by 1.13%.  

The results from our models are somewhat consistent with existing literature on the 

topic. The main findings Campos (2019) presented were that a cut in interest rates below the 

zero bound would lead to slightly impeded pass-through of interest rates than the same change 

when they are positive. In our results, the estimators indicate that there was a full pass-through 

in Sweden when policy rates were lowered in negative territory, but the estimators might be 

inflated due to the presence of multicollinearity in our data. Bearing this in mind, we can 

conclude that there was a pass-through from short-term rates to deposit and loan rates. Taking 

into account that deposit rates never moved into negative territory in the time period we used 

and that banks seem to be unwilling to break the zero boundary as we discussed in chapter 3.4.  

The results might have been different if policy rates would have been moved more deeply 

negative.  

Economies that lower their policy rates to the same level Sweden did in the period 

covered should experience similar results, i.e., a change in negative interest rates should pass-

through to deposit and loan rates. If similar research to ours were to be conducted, we would 

recommend using a statistics software where you could adjust for autocorrelation. In time series 

data autocorrelation is common, to be able to adjust the model for it would benefit the research 

and give a more precise result.  

Our objective was to see if negative policy rates could be used as an effective monetary 

tool. To reach a conclusion, we put forth the alternative hypothesis that a change in policy rates 

did not influence the banks’ deposit or loan rates when the policy rates were negative. After 

reviewing the results, we conclude that we could not reject the null hypothesis. In other words, 

a change in policy rates, below the zero bound, influences deposit and loan rates, and can, 

therefore, be used as an effective monetary tool.  
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 Conclusion 

In today's economy, more central banks are considering moving their policy rates below the 

zero-bound with the objective to gain financial stability and stimulate the economy. The long-

term effects of negative policy rates are still uncharted territory. We have seen how policy rates 

are decided, implemented, and their evolution. Along with the coverage of policy rates, we 

examined the history of negative interest rates and their trade-offs. After building a foundation, 

we conducted our research.  

We used the difference-in-difference method to see if a change in negative interest rates 

in Sweden would pass through to deposit and loan rates of financial intermediaries. Our 

research has its limitations. We had a problem with multicollinearity and autocorrelation, 

which we were not able to adjust for in the software we used. The data is also a limiting factor 

since negative policy rates have not been in place for a long period of time, nor have they been 

set deeply negative. These limiting factors could be addressed in future research. From our 

research, we concluded that a change in negative interest rates did pass-through to the financial 

system and, therefore, could be used as an effective monetary device.  
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Appendices 

Appendix A: Output 

A.1 Descriptive Statistics 

 

A.2 Output for Models  

Model (1)  
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Model (2)  

 

 

Model (3)  
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Model (4)  

 

 

Model (5)  
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Model (6)  

 

 

Model (7)  
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Model (8) 

 

 

 

A.3 Residuals Plots for the Models 

Model (1) 
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Model (2)  

 

Model (3)  
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Model (4)  

 

 

Model (5)  
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Model (6)  

 

 

Model (7)  
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Model (8) 
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A.3 Correlations Table 
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Appendix B: Robustness Checks 

B.1 F-Test 

The ANOVA Table for Model (1)  

 

 

The ANOVA Table for Model (2) 

 

The ANOVA Table for Model (3) 
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The ANOVA Table for Model (4) 

 

The ANOVA Table for Model (5) 

 

 

The ANOVA Table for Model (6) 
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The ANOVA Table for Model (7) 

 

The ANOVA Table for Model (8) 
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B.2 Autocorrelation Test 

The model summary, shown in Appendix A.2, should give us a Durbin-Watson output for each 

model. Our critical values, with a 5% significance level, a sample size of 64 and 12 to 13 

regressors, are: 

4 − 𝑑𝑙 = 4 − 1,802 = 2.198 

4 − 𝑑𝑢 = 4 − 1,120 = 2.880 

If the Durbin-Watson output is lower than 2.198, then we have a negative correlation. 

If the Durbin-Watson output is higher than 2.88, there is no correlation. The test is inconclusive 

if the output falls between 2.198 to 2.88  

The Durbin-Watson output for each model is:  

Model Durbin-Watson Result 

(1) 1.502 Negative autocorrelation 

(2) 1.592 Negative autocorrelation 

(3) 1.260 Negative autocorrelation 

(4) 1.453 Negative autocorrelation 

(5) 3.010 No autocorrelation 

(6) 3.048 No autocorrelation 

(7) 2.414 Inconclusive 

(8) 2.539 Inconclusive 
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Durbin-Watson Statistic 
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B.3 Multicollinearity 

In a VIF test, we are trying to see if there is a problem with multicollinearity, i.e., the correlation 

between independent variables. If the VIF output is higher than 5, it is very likely that 

multicollinearity is present, and if it is above 10, there is a definite multicollinearity problem. 

 

VIF Outputs: 

Dependent Variable: Treatment 

 

No multicollinearity 

Dependent Variable: Intervention 

 

 

Some indication of multicollinearity present 

between dummy variables. 
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Dependent Variable: Interaction 

 

 

No multicollinearity 

 

Dependent Variable: Current Account as a Percentage of GDP 

 

Likely some multicollinearity between current account and short-term interest rates * 

interaction and between current account and short-term interest rates * intervention.  
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Dependent Variable: Return on Equity 

 

Multicollinearity present between ROE and short-term interest rates * interaction. Some 

indication of multicollinearity present.  

Dependent Variable: Liquidity 

 

Definite multicollinearity between liquidity and short-term interest rates * interaction. 

Indication of other problems with multicollinearity.  
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Dependent Variable: Inflation 

 

Definite multicollinearity between inflation and short-term interest rates * interaction. 

Indication of other problems with multicollinearity.  

Dependent Variable: Time 

 

Definite multicollinearity between time and short-term interest rates * interaction. Some 

indication of multicollinearity present.  
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Dependent Variable: Short-Term Interest Rates * Treatment 

 

Some indication of multicollinearity 

present. The high VIF between the 

treatment, interaction, and intervention 

variables is not surprising since they are all 

a multiple of short-term interest rates. 

 

 

Dependent Variable: Short-Term Interest Rates * Intervention 

 

No multicollinearity 
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Dependent Variable: Short-Term Interest Rates * Interaction 

 

 

No multicollinearity 

 

Summary  

Multicollinearity present between explanatory variables.  
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B.4 Heteroskedasticity 

Heteroskedasticity is the problem where the variability of a variable is unequal across the range 

of values of a second variable that predicts this. Or, more simply, a test of homoscedasticity of 

error terms determines whether a regression model’s ability to predict a dependent variable is 

consistent across all values of that dependent variable. This problem mostly occurs in time 

series data, so we need to test for it.  

If there is a heteroskedasticity problem, we would see a coned shape in the residuals 

plot. In our residual plots shown in Appendix A.3, there are no coned shapes present, but the 

test is not accurate enough, in our opinion. Since Heteroskedasticity is a big problem in a time 

series data, we also want to conduct a more accurate test. We, therefore, conduct a Breusch-

Pagan test. There we squared the residuals of each model. The Breusch-Pagan equation is as 

follows N*R2. With the hypothesis:  

𝐻0: 𝐸𝑟𝑟𝑜𝑟 𝑣𝑎𝑟𝑖𝑎𝑛𝑐𝑒𝑠 𝑎𝑟𝑒 𝑎𝑙𝑙 𝑒𝑞𝑢𝑎𝑙, 𝑖. 𝑒. ℎ𝑒𝑡𝑒𝑟𝑜𝑠𝑘𝑒𝑑𝑎𝑠𝑡𝑖𝑐𝑖𝑡𝑦 𝑛𝑜𝑡 𝑝𝑟𝑒𝑠𝑒𝑛𝑡 

𝐻1: 𝐸𝑟𝑟𝑜𝑟 𝑣𝑎𝑟𝑖𝑎𝑛𝑐𝑒𝑠 𝑎𝑟 𝑛𝑜𝑡 𝑒𝑞𝑢𝑎𝑙, 𝑖. 𝑒. ℎ𝑒𝑡𝑒𝑟𝑜𝑠𝑘𝑒𝑑𝑎𝑠𝑡𝑖𝑐𝑖𝑡𝑦 𝑝𝑟𝑒𝑠𝑒𝑛𝑡 

We have the same sample size for all models, 64 and over 62 degrees of freedom. In 

the chi-square table below, we see that our critical value is 43.188, with a 5% significance 

level. The test is calculated in the table below.  

Model R2 Breusch-Pagan value Result 

(1) 0.198 12.672 <43.188, no heteroscedasticity 

(2) 0.240 15.36 <43.188, no heteroscedasticity 

(3) 0.190 12.16 <43.188, no heteroscedasticity 

(4) 0.249 15.936 <43.188, no heteroscedasticity 

(5) 0.140 8.96 <43.188, no heteroscedasticity 

(6) 0.162 10.368 <43.188, no heteroscedasticity 

(7) 0.272 17.408 <43.188, no heteroscedasticity 

(8) 0.341 21.824 <43.188, no heteroscedasticity 

  

With these results, we conclude that there is no heteroskedasticity present at a 5% 

significance level. We cannot reject our null hypothesis.  
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Chi-square Distribution  

 

  



74 

Appendix C: The Data 

C.1 The List of Sources for the Data 

Variable  Source:  

Deposit rates in Norway (07222, n.d.) (11018, n.d.) 

Deposit rates in Sweden (Banks´ Deposit Rates. Month 1989M01 - 2020M03, n.d.) 

Loan rates in Norway (07200, n.d.) 

Loan rates in Sweden 

(Lending Rates to Households and Non-Financial 

Corporations, Breakdown by Maturity. Month 1987M01 - 

2020M03, n.d.) 

Short-term interest rates (OECD, 2020) 

The current account balance as 

a percentage of GDP 

(Balance of Payments BPM6: Current Account Balance 

as a % of GDP, n.d.) 

Inflation 
(Key Short-Term Economic Indicators: Consumer Prices - 

Annual Inflation, n.d.) 

Return on equity 
(IMF Data Access to Macroeconomic and Financial 

Data, n.d.) 

Liquidity Data from the IMF along with our calculations 
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