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Abstract 

The use of statutory reserve requirement as a monetary policy tool has arguably diminished in recent years. 

Moreover, the money multiplier, a fundamental macroeconomic theory, which deals with the relationship 

between the monetary base, required reserves and the money supply, has been a target for some heavy 

critique.  

The money multiplier theory encompasses a required reserve ratio, excess reserve ratio and currency ratio 

to explain the changes in the money multiplier. The multiplier, which in itself is the ratio of the broad 

money and the monetary base, is described as decreasing function of the ratios. In this paper we calculate 

the respective ratios and employ a linear regression model based on the multiplier theory to examine the 

relationships between the ratios. The effects are estimated individually in USA, Eurozone, Japan and in a 

panel data analysis combining all three currency areas.   

We find that the reserve requirement ratios do not significantly explain the changes in the money 

multiplier in the USA or in the Eurozone. However, the reserve requirement ratios are found to have a 

significant effect in Japan and in the pooled data analysis. Further, in all of the cases, except in the 

Eurozone, the empirical model of the multiplier is found to explain significantly the variation in the 

multiplier, albeit with poor explanatory power in the pooled model.  

The varying explanatory power of the model and the altering significance of the reserve requirements 

suggests that the multiplier theory does not hold exactly.  This implies that the effectiveness of the reserve 

requirements as a tool of monetary policy should not be taken as granted in contemporary economies. 
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1. Introduction 

This paper deals with the conventional money creation theory and its potential shortcomings. In 

the centre of the focus is a fundamental macroeconomic theory: the money multiplier. 

Specifically, our research tries to identify if reserve requirements have an effect on the money 

multiplier, as the theory would suggest. The results provide insight on the usefulness of reserve 

requirements as a monetary policy tool and address the explanatory power of the money 

multiplier theory in general. 

  

The money multiplier is a fundamental theory used in macro and monetary economics and in the 

centre of the conventional money creation theory. It is regularly taught in introductory 

economics books and courses even though it has been a target for heavy critique and is accused 

of being outdated, misleading (Hein & Stewart, 2002) and even unrealistic (Carpenter & 

Demiralp, 2012). If the possible shortcomings of the model are not fully appreciated, numerous 

business and economics undergraduates risk entering the job market without fully grasping the 

weaknesses of this simple model and its implications in practice. The textbook multiplier may 

indeed provide a false idea of reality. Understanding the mechanisms of the money supply and 

how the banking sector operates is critical for economic decision making and monetary policy. 

Therefore, even though most economists, central bankers and other policy makers are most likely 

aware of the pitfalls of the simple theory, a fallacious theory could cause problems in the publics 

views of the policies being implemented. This could have severe consequences on, for example, 

how markets form expectations and therefore on policy efficiency.    

  

The foundation of the money multiplier stems from what is known as fractional reserve banking. 

Under fractional reserve banking, commercial banks are not assumed to just hold the money 

deposited. As it is rather rare that customers will withdraw their deposits in full, banks tend to 

hold only a fraction of the original money deposited. The rest can be used to generate profits by 

granting loans (Angel, 2016).  

 

The intuition behind the money multiplier theory is as follows: The monetary base, issued by a 

central bank, goes through sequential rounds of depositing and lending in the commercial 

banking system. This leads to a multiplication of the original monetary base issued.  

In more detail, it is assumed that a central bank issues a certain amount of money to the 

economy. This stock of money is known as the monetary base, base money, central bank money, 
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high powered money et cetera. This paper sticks to the concept of monetary base. The central 

bank injects this monetary base to the economy either as reserves credited to the account of a 

commercial bank or by issuing currency to the public. Which channel it chooses does not matter 

as long as the monetary base eventually finds its way to a commercial bank. As the monetary base 

gets deposited into a bank, the bank is able to create a loan to a customer. The customer uses the 

borrowed money as a medium of transaction and thus the money eventually ends up in the hands 

of a third party, and on the respective party’s bank’s account. At this point the process starts 

again, as the third party’s bank is able to create a new loan to a new customer.   

 

This process eventually leads to a multiplication of the original monetary base and by these 

means the commercial banking system creates money into the economy. According to the 

multiplier theory, this money creation is limited, inter alia, by what are called reserve requirements; 

a mandated fraction of deposits, set by a central bank, which the commercial banks are required 

to set aside. It is a part of deposits that cannot be lent forward (Bhatti & Khawaja, 2018; Lawn & 

Wood, 1989).  A more detailed and algebraically sophisticated explanation is provided in the 

theory section.  

 

Economics textbooks often provide two main functions for the reserve requirements. 

First, the reserve requirements have been in place to ensure safety of the deposits. For people to 

be willing to deposit their money in the bank, they need to feel safe that they may withdraw their 

deposit when needed. Hence, the reserve requirements have been in place to ensure sufficient 

bank liquidity and therefore to prevent bank runs and to maintain financial stability (Mora, 2014).  

 

Besides ensuring liquidity, the second main function of the reserve requirements has been to act 

as a tool of monetary policy. By adjusting the level of reserve requirements, the central bank is 

able to adjust the fraction of deposits that the commercial banks are able to lend and hence via 

the money multiplier, to adjust the general level of money supply. Even though intuitive, and 

continuously taught in universities, both of these arguments are in the centre of the critique 

towards the conventional money creation theory and the money multiplier approach (Hein & 

Stewart, 2002). 

 

Not all economists seem to agree with the conventional multiplier theory. Moreover, central 

banks in numerous countries, for example, the UK, Sweden, Canada, New Zealand and Australia 
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have given up statutory reserve requirements nowadays, further posing questions on the necessity 

of reserve requirements.  

 

The focus of this paper is on the reserve requirements, but it is not the only issue with the 

conventional money creation theory. Although many of the issues related to the conventional 

money creation theory are generally recognized, there seems to be a lack of empirical studies in 

the field. Whether this is due to lack of endeavour or difficulties in estimation remains unclear.   

However, the valiant purpose of this paper is to contribute by empirically addressing one of the 

many alleged problems in the conventional money creation theory: the effect of reserve 

requirements on the money multiplier.  

  

To measure the aforementioned relationship, an ordinary least squares regression analysis is 

performed to examine the effects reserve requirements have on the money multipliers across the 

USA, the Eurozone and Japan. Moreover, panel data regression is conducted to estimate the 

effects when pooling all of the currency areas together. The respective currency areas are selected 

based on their importance to the world economy. Further, a majority of the previous research has 

focused on the USA and India. Therefore, examining the effects in the Eurozone and Japan is 

seen as a needed extension to previous research. In addition, a sample of large, developed, yet 

quite different economies, is anticipated to generate more thorough results as well as allowing for 

important differences to surface. Therefore, the method employed is awaited to yield new and 

innovative results. The panel data aspect of this paper is expected to provide more depth and 

originality to the analysis as most of the previous research has focused on analysis of time series 

in single currency unions.   

 

Data on monetary aggregates and their components is made widely available by central banks of 

most areas. This allows for a collection of trustworthy time series data and calculation of the 

money multiplier and the related variables, based on the theoretical approach introduced in the 

following section. 

 

The results of this paper are to some extent inconclusive. The effect of the reserve requirements 

on the money multiplier are not found to be significant in the USA or Eurozone. However, in 

Japan and in the panel data regression, the effects are found to be significant and even large in 

magnitude in the case of Japan. These findings suggest that the impact reserve requirements have 

on the money multiplier should not be overestimated and therefore, at least their use as an 
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effective monetary policy tool in a modern economy should not be taken for granted. Besides 

this, the econometric model of the multiplier is found to significantly explain the variation in the 

money multiplier in all of the focus groups except in the Eurozone. However, the explanatory 

power it provides varies from strong in the USA and Japan to almost non-existing in the panel 

data regression and insignificant in the Eurozone.  

 

2. Theory 

This section provides a more detailed algebraic explanation of the money multiplier theory. It 

further lays the foundations for the empirical study, as the identities introduced are used in 

generating the data series and the econometric model.  

 

The simple money multiplier below is derived from the sum of all (infinite) rounds of lending 

and depositing as illustrated in Table 2.1. (Carpenter & Demiralp, 2012): 

 

Simple money multiplier:   𝑚𝑚 =
1

𝑟𝑟
 (1)  

 

Note that this multiplier is not tested in this paper, it does however provide a very useful 

illustration as it describes the change in the multiplier, ceteris paribus, to a given change of 

reserve requirements ratio. The fraction of reserve requirements for deposits is given by rr. The 

simple money multiplier only takes the effect of reserve requirements into account and not the 

impact of excess reserves or currency held by the public. The simple money multiplier gives a 

picture of how the relationship between reserve requirements and the money multiplier is 

configured. The complete, standard multiplier is derived next. 

 

Money supply (M) consists of currency (C) and deposits (D) whereas the monetary base (MB) is 

made up of currency (C) and reserves (R) (Bhatti & Khawaja, 2018). This gives the following 

identities: 

 

M = C + D (2) 

MB = C + R (3) 

 

The money supply and monetary base has the following theoretical form: 

 

M = mmMB, rearranging: mm = 
𝑀

𝑀𝐵
 (4) 
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Where mm is the money multiplier. Rearranging shows the multiplier as the ratio of the broad 

money to the monetary base. Assuming first that no currency is held by the public, with no 

excess reserves and reserve requirements a fraction equal to 0.1 of deposits (rr=0.1), an increase 

in the monetary base by the central bank, for instance an increase in currency of 100 leads to 

several rounds of lending and depositing. Using T-accounts of the commercial banks, the process 

is outlined below. 

 

TABLE 2. 1 - ILLUSTRATION OF THE LENDING-DEPOSITING ROUNDS 

Stage Bank number Deposits Reserves 

1 1 D1 = C(1-rr)0 = 100(1-0.1)0 = 100 R1 = rrD = 0.1*100 = 10 

2 2 D2 = D1(1-rr) = 100(1-rr)1 = 100(1-0.1)1 = 90 R2 = 0.1*90 = 9 

3 3 D3 = D2(1-rr) = 100(1-rr)2 = 100(1-0.1)2 = 81 R3 = 0.1*81 = 8.1 

N N DN = DN-1(1-rr) = 100(1-rr)N-1 RN = 0.1*DN 

Infinity All banks 
100 ∑  

∞

x=0

(1 − rr)x =
100

rr
= 1000 

 

Adapted from (Matthews, Giuliodori, & Mishkin, 2013) 

 

The 100 unit increase in currency or reserves by the central bank is immediately deposited by the 

beneficiary (as no currency is assumed to be held). The 100 increase in deposits at the first 

commercial bank means 10 of those have to be kept as reserves and thus 90 can be lent out. The 

loan of 90 is eventually spent ending up at commercial bank 2. The increase in deposits of 90 

must again be matched with 10% kept as reserves, thus 81 can be lent out. This process 

continues and the last row gives the sum of all interactions of lending and depositing, converging 

to equation 1 (Matthews, Giuliodori, & Mishkin, 2013). Holding the money multiplier constant, 

the equation suggests that an increase in monetary base by the central bank leads to an increase in 

money supply.  

 

Furthermore, currency held by the public and excess reserves can be added to the multiplier by 

expressing currency and reserves as fractions (where c and r are the fractions respectively, and 

where r refers to both the fraction of excess and required reserves) of the amount of deposits 

(Bhatti & Khawaja, 2018): 

 

C = cD , rearranging: c = 
𝐶

𝐷
 (4) 
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R = rD , rearranging: r = 
𝑅

𝐷
 (5) 

 

Combining equations 2 to 5, and substituting these into equation 4 gives the following relation 

between the money supply and the monetary base (Tule & Ajilore, 2016): 

 

𝑀 =
1+𝑐

𝑟+𝑐
MB (6) 

𝑚𝑚 =
1+𝑐

𝑟+𝑐
 (7) 

 

Reserves (r) can be broken down into two components, excess reserves (er) and required reserves 

(rr). Giving the following equations for the money multiplier and money relation (Tule & Ajilore, 

2016): 

 

𝑀 =
1+𝑐

𝑟𝑟+𝑒𝑟+𝑐
MB (8) 

𝑚𝑚 =
1+𝑐

𝑟𝑟+𝑒𝑟+𝑐
  (9) 

 

The money multiplier is a calculation based on the variables in equation 9, the multiplier is not a 

variable that can be directly observed. The multiplier should further equal the ratio of the broad 

money to the monetary base. This calculation is similar to how central banks calculate and 

express their money multiplier statistics. Using the theoretical identities, the multiplier (equation 

9) is tested empirically as discussed in more detail in the method section. Note that the multiplier 

consists of a division of ratios, hence, expressing the multiplier fully includes the calculations 

described in equations 4 and 5. Therefore, the full multiplier identity is expressed in equation 10.  

 

𝑀

𝑀𝐵
= 𝑚𝑚 =

1+𝐶/𝐷

𝑅𝑅/𝐷+𝐸𝑅/𝐷+𝐶/𝐷
  (10) 

 

An increase in reserves and therefore monetary base by a central bank, through an open market 

purchase of an asset from a commercial bank or through an increase in currency for example, 

should according to the conventional money multiplier theory lead to an increase in the money 

supply. With the commercial bank being in possession of spare reserves, it will lend out the 

additional reserves and the lender will spend the money which will eventually end up at another 

commercial bank (Hanley, 2012).  
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TABLE 2. 2 - THEORETICAL RELATIONSHIPS BETWEEN THE VARIABLES 

Variable Change in variable in 
column one 

Direction of change in 
money multiplier 

Direction of change in 
money supply 

Monetary Base (MB)  -  

Required Reserves Ratio (rr)    

Excess Reserves Ratio (er)    

Currency Ratio (c)    

 

Table 2.2 summarises the movement of the money multiplier and money supply as a result of 

changes in the ratios and monetary base according to the predictions of the money multiplier 

theory. According to the theory, a rise in the reserve requirement ratio leads to a decrease in the 

money multiplier (as can be seen in equation 9), meaning that the money supply decreases for any 

given level of monetary base. Only increases in the variables are shown in the table above but any 

decreases have the exact opposite impact on the multiplier and money supply.  

 

A change in monetary base does not impact the money multiplier as it does not enter into the 

equation 8, however, an increase in monetary base is followed by a uniform change in the money 

supply due to a larger base being available for deposit creation. Higher reserve requirements 

result in commercial banks being compelled to hold a higher level of reserves for any given level 

of deposits, meaning that less loans can be created. As a consequence, the money multiplier 

decreases and subsequently the money supply is reduced through equation 8. (Carpenter & 

Demiralp, 2012). This is the conventional theoretical intuition of the reserve requirements as a 

monetary policy tool. By adjusting the reserve requirements, ceteris paribus, the central bank can 

control the fraction of deposits the commercial banking sector is able to lend forward. This is 

embodied in the money multiplier and eventually transmitted to the money supply.  

 

The impact of a change in the excess reserve ratio is similar. An increase in the currency ratio 

impacts the money multiplier as currency is not a part of deposit creation and each round of 

lending leads to leaks in deposits, meaning commercial banks have less deposits from which to 

create further loans (Zhang & Ruan, 2013). The money multiplier thus makes clear predictions in 

the direction of change in the money multiplier from changes in the variables. As equation 9 and 

Table 2.1 show, the theoretical multiplier is a decreasing function of the ratios of reserve 

requirement, excess reserves and currency. 
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3. Literature Review  

Previous research has continuously failed to advocate the multiplier theory and the importance of 

the reserve requirements. In general, severe fundamental issues have been identified with the 

conventional multiplier theory which empirical studies have further confirmed.    

 

A majority of the critique towards the conventional money creation theory can be, broadly 

speaking, divided into two categories; the passive role of commercial banks and the idea that 

money creation is solely controlled by the central bank. The former, refers to the misconception 

of the direction of the causality in the theory. The commercial banks are seen as passive 

institutions that only act as intermediaries, lending forward deposits customers bring in or the 

reserves the central bank supplies. The latter relates to the view that central banks control lending 

behaviour and money creation of commercial banks by imposing reserve requirements and 

controlling the monetary base (McLeay, Radia & Thomas, 2014). In other words, the use of 

reserve requirements as a monetary policy tool. Even though these topics are overlapping and 

connected, the latter problem will be at the centre of this paper as we focus on the role of the 

reserve requirements.  

 

Friedman and Schwartz (1963) pioneering work established a relationship between reserve 

requirements and the money supply (via the money multiplier). However, nowadays a majority of 

economists seem to disagree with the traditional view that banks would act as bare intermediaries 

(Howells, 1995; Tobin, 1963; Benes & Michael, 2012). The opposing view suggests that banks do 

not sit and wait for deposits but lend money to their customers in the limits of their profitability. 

When a loan is granted, a bank credits the respective account and creates new money into the 

economy. The suggestion that loans create money (and not the other way around) is not new. 

James Tobin already mentions “fountain pen money” in his paper back in 1963.  The “fountain 

pen” metaphor refers to the idea that money gets created by the strokes of bank managers’ pens 

as they underwrite new loans to their customers.  

 

This is closely related to a broader discussion of exogenous and endogenous money supply, a 

phenomenon that has been studied by multiple economists. Accordingly, Peter Howells (1995) 

argues that there is “a wide spread agreement” that money supply is endogenously determined. 

He supports the idea that the commercial banking sector keeps making loans according to their 

profitability, and hence, create more money in the economy. This view is supported in a number 

of papers (Tobin, 1963; Benes & Michael, 2012) and it challenges the conventional theory, where 
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the money creation begins on the asset side of the bank, from an increase in reserves via open 

market operation or from an increase in deposits.  

 

This issue of the unrealistic sequence of events suggested by the money multiplier is not the main 

concern of this paper. However, it might provide insight on the second source of critique. If the 

view that the commercial banking sector is in charge of the money creation by creating loans is 

accurate, it seems unlikely that the use of reserve requirements as a monetary policy tool would 

be effective. This suggestion becomes clearer in the following discussion. 

 

The second major source of critique is related to the idea that central banks independently 

control the amount of money in the economy via reserve requirements (McLeay, Radia & 

Thomas, 2014). As the traditional multiplier theory suggests, the central bank has control over 

the money supply if it controls the monetary base and the multiplier. The central bank is assumed 

to control the monetary base by implementing open market operations. When the central bank 

executes an open market purchase it buys securities, such as government bonds from the 

commercial banking sector and pays by crediting the banks accounts with reserves, leading to an 

increase in the monetary base. Open market sales have the opposite effect on the monetary base; 

the central bank sells securities to a bank, which now pays with reserves leading to a reduction in 

the monetary base.  

 

Besides this, according to the conventional theory, the central bank decides the level of required 

reserves that the commercial banking sector has to hold by controlling the reserve requirement 

ratio. This dictates the fraction of deposits the bank has to keep in the reserves and, therefore, 

how much can be lent forward. Hence, this should act as a constraint to the money creation by 

commercial banks. In other words, the reserve requirement ratio should regulate how much of 

deposits can be pushed through the money multiplier. 

 

This, however, is not necessarily what the research suggests as the exogeneity of reserve 

requirements seems questionable (Federal Reserve Bank of Dallas, 1989). Howells (1995) further 

addresses the second issue with the theory by suggesting that the demand for reserves, that the 

lending creates is accommodated by the central bank. This is where the conversation goes back to 

the inverted direction of the causality again: Howells argues that commercial banks create loans, 

which in turn determine the quantity of reserves required. In this scenario, reserve requirements 

do not constrain lending and money creation of banks. This view is supported by others. For 
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example, Jaromir Benes and Michael Kumhof (2012), argue that reserves do not impose a 

significant limit to the money creation of the commercial banking sector. The reason is that most 

central banks are currently targeting the interest rate and inflation level, not the actual monetary 

aggregates, such as the quantity of the reserves. Therefore, the central banks have to supply the 

reserves demanded by the banking sector at a given overnight rate as central banks cannot target 

both the amount of reserves and overnight rate simultaneously. Similarly, to any monopolist 

controlling the supply in any market, a central bank cannot control both the quantity (of reserves) 

and the price (the overnight rate) concurrently.  

 

They further conclude that commercial banks are almost independently in charge of the money 

creation creating loans in limits of their profitability. This implies, that the constraints on the 

money creation stem from underlying market conditions rather than from the variables entering 

the multiplier equation. This calls into question the amount of control the central bank has over 

the money supply and disputes the use of reserve requirements as a tool of monetary policy. 

 

Further evidence is provided by Kydland and Prescott (1990) in their analysis of business cycles 

and monetary aggregates in the U.S. Their study finds that the monetary aggregate M2 led the 

business cycle while the M1 aggregate lagged slightly or moved in sync with the cycle. Indicating 

that the broader money supply preceded the narrower one. The finding is important, as it shows 

that the demand for reserves was indeed accommodated by the Federal Reserve. This provides 

evidence that the direction of causality suggested by the multiplier is not realistic. To summarize, 

reserve requirements did not limit the lending behaviour of banks as the conventional money 

creation theory and the money multiplier approach would suggest. This was further observed 

during a period in the early 1980’s when the Federal Reserve was officially targeting the monetary 

aggregates.  

 

One of the most profound empirical studies concerning the money multiplier was conducted by 

Carpenter and Demiralp in 2012. They analysed the transmission mechanism of monetary policy 

in the USA using a VAR model based on the money multiplier. Their findings are similar to 

previous ones, questioning its reliability and the underlying assumptions. They find that the 

Federal Reserve supplied the reserves demanded at a given overnight rate. Moreover, they 

discovered no evidence that the changes in the reserves would affect the lending behaviour of 

commercial banks. Finally, they find that open market operations did not have any direct effect 

on bank lending. These results strongly undermine the control the central bank has over the 
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money supply, at least by the means suggested by the multiplier theory. The authors conclude by 

stating that the text book multiplier as a transmission mechanism of monetary policy is 

misleading and that the simple multiplier model does not provide an accurate description of 

reality. 

 

Further empirical studies on the importance of the reserves and the multiplier have been 

conducted by Krishna Iyer (1970) and Menon (1988). Both studies analysed the money supply in 

India over a twenty-year period, finding more evidence against the significance of the money 

multiplier and the reserve requirements affecting the multiplier.  

 

The necessity of reserve requirements has also been examined by Hein and Stewart (2002). In 

their study the authors scrutinized TED-spreads, which is a common risk measure for banks. 

Their findings challenge the traditional view that reserve requirements are in place to ensure bank 

sector safeness. Indeed, Hein and Stewart find no evidence that a decrease in reserve 

requirements would have increased the perceived riskiness of banks as measured by the TED-

spreads. The authors explain these findings by rationalizing that the bank profitability should be 

inversely related to the amount of reserves they need to hold. Making intuitive sense, as the 

reserves cannot be profitably lent out. The authors further argue that reserve requirements are 

rarely used as an expansionary monetary policy tool, as the Federal Reserve has a tendency to 

sterilize any changes in reserve requirements by offsetting open market operations, as they try to 

maintain steady short-term interest rates.   

 

In conclusion, there is strong case that the multiplier approach might not hold in practice or even 

provide an accurate description of the money creation process. The underlying theoretical 

assumptions seem questionable and previous research has identified numerous pitfalls in the 

theory. Firstly, it seems likely that commercial banks do not act just as passive intermediaries, 

lending out deposits provided by customers or reserves supplied by central banks. It seems more 

plausible that the banks create loans in the limits of their profitability dictated by market 

conditions.  

 

Secondly, the previous research suggests that the central banks do not control the lending 

behaviour of banks by controlling reserve requirements. The central banks do indirectly set the 

price of the reserves, that is, the overnight rate, but they supply the reserves demanded at this 

given rate. Therefore, if the reserve requirements do not impose a restriction on bank lending, 
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neither should they affect the money supply or serve as an efficient monetary policy tool. Despite 

the fact that previous literature has frequently failed to advocate the theory, it is still continuously 

taught in universities. This paper tries to examine if this critique is actually justified.  

 

4. Data Section 

This section describes the methods used to collect the data. This is done by introducing the 

dataset gathered, appreciating its potential limitations as well as rationalising its uses. In addition, 

the latter part of this section provides a summary set of descriptive statistics on the full data set 

used and a correlation matrix for the panel data. 

 

All of the data gathered has been imported from the respective currency areas’ central banking 

institutions’ official databases. These institutions are; the European Central Bank and its 

Statistical Data Warehouse, Federal Reserve Board and its data releases and Bank of Japan and its 

Time Series Data Search. The particular currency areas were selected based on the similarities in 

their reporting standards, availability of their data and previous research, floating exchange 

regimes and finally due to their significant role in the global economy.    

 

The time period for the observations varies between central banks. To ensure satisfactory 

comparability and to enable the use of monthly panel data, a time period from January 2005 – 

January 2019 has been selected. Panel data was preferred to make it possible to consider the 

cross-sectional and time dimensional aspects of the data and thereby to ensure an efficient 

explanation of the phenomena and further, to allow for generalizability of the results.   

 

The construction of the data set included calculating the M1 money multiplier, the required 

reserve ratio, the excess reserve ratio and the currency ratio for all currency unions, in a matter 

described in the theory section. These variables were calculated on monthly basis for each 

currency area. The data series collected and used to perform the ratio calculations are reported in 

detail in Table 4.1.  

 

M1 was selected as the money supply measure of interest, as it best fits the theoretical 

framework. The theory implicitly assumes a direct impact of reserves on the multiplier and thus 

the use of assets with longer maturities than overnight deposits necessitates the use of lags, on 

which the theory is unclear. Similar theory-based reasoning, previous studies (Carpenter & 

Demiralp, 2012; Menon, 1988), central bank guidelines (Bank of Japan, 2019; European Central 
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Bank, 2019a) and statistical releases (European Central Bank, 2019b; European Central Bank, 

2019c) were employed as the basis of the data selection.  

 

The method described required gathering data in large measures. After the ratios were calculated, 

the final panel data set considered 168 periods for two cross-sections and 136 for one cross-

section. This accounted for a total of 472 (unbalanced) observations. The unbalanced nature of 

the panel arises from the fact that the European Central Bank has some minor breaks in their 

monthly data, starting primarily after 2015. However, the robustness of the series was confirmed 

by comparing the results reported in the Table 6.1. to a series excluding the time periods 

containing breaks for all subjects (appendix I). No significant differences were found and thus 

this is not considered a problem.  

 

TABLE 4. 1 – DESCRIPTION OF THE DATASET 

Theoretical USA Eurozone Japan 

Money 
Supply 
(M1) 

C+D 

Currency outside the central bank 
system, excluding vault cash, traveller’s 
checks, demand deposits at commercial 

banks and other checkable deposits 

Currency in 
circulation + 

overnight deposits 

Cash currency in 
circulation + demand 

deposits 

Monetary 
Base 

C+ER+RR 
Balances maintained in central bank + 

currency in circulation 

Bank notes in 
circulation, central 
bank reserves and 

recourse to the 
deposit facility 

Reserves 
+ currency * 

Deposits Deposits 
Demand deposits and other checkable 

deposits held exclusively on commercial 
banks 

Overnight deposits M1-C* 

Currency Currency 
Currency outside U.S. Treasury, Federal 

Reserve Banks and the vaults of 
depository institutions 

Currency in 
circulation 

Currency in 
Circulation excluding 
the Bank of Japan's 

holdings 

Required 
Reserves 

Required 
Reserves 

Total required reserves 

 

Total required 
reserves 

 
 

Total required reserves 
for institutions subject 

to reserve 
requirements 

Excess 
reserves 

Excess 
Reserves 

Total reserves (Equals total reserve 
balances maintained plus vault cash 
used to satisfy required reserves) less 

required reserves* 

Total excess reserves 

Total excess reserves 
for institutions subject 

to reserve 
requirements 

Notes  
Not seasonally adjusted, prorated 

averages of biweekly average stocks 

Not seasonally 
adjusted, end of 
month stocks 

M1 seasonally 
adjusted, otherwise 

not adjusted average 
amounts outstanding 

Notes: *Based on authors’ own calculations 

 

Table 4.1 further compares the dataset used in this study to an ideal theoretical set. The series 

selected for each variable are considered as the best approximations of the theoretical ones. 
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However, comparing the theoretical dataset presented in Table 4.1 and the actual series used 

gives rise to some potential issues. No single database provides all the series needed. Therefore, 

finding consistent data throughout the different central banks is challenging as the definitions and 

reporting practises vary between the currency unions to some extent. Due to this, all of the series 

are not identical to each other by their components. Furthermore, to acquire as comparable and 

consistent data as possible some adjustments were performed. The heaviest assumptions are 

made in the case of Japan as the Japanese banking sector structure differs to some extent from 

the other areas. In contrast, the Eurozone and USA provide relatively comparable series. The 

adjustments made are described in detail later in the text.  

 

Table 4.2 provides descriptive statistics for the panel data utilised, that is, including the data of all 

three areas. The average of the reserve requirement ratio is 5%. The standard deviation at 3.5% is 

larger than the standard deviation of all three countries individually, as there is naturally a greater 

variation in observations for the pooled data. The maximum for the pooled data is given by a US 

observation (February 2018) and the minimum by a Japanese observation (June 2006). The 

money multiplier mean is approximately at 3, implying that on average during the 14-year time 

period considered, the monetary base issued by central banks has approximately tripled in the 

hands of the commercial banking sector. Further, this only considers the M1 money supply, a 

relatively narrow description of the money supply. It is reasonable to believe that the respective 

multiplier of aggregates M2 and M3 are significantly larger in magnitude. The largest degree of 

variation is brought by the Japanese data, which has the highest standard deviation at almost a 

double compared to the two other countries. The maximum value for the multiplier being the 

Eurozone’s observation of December 2005 and the minimum value being given by the US 

money multiplier of August 2014.  

 

Table 4.3 shows the descriptive statistics of the three areas individually. The U.S. required 

reserves ratio time series has an average of about 10%, by far the highest amongst the three 

countries. The US also has the maximum value and the highest minimum value. The standard 

deviation at 0.7% is the median value amongst the countries. On the contrary, the US money 

multiplier has the lowest average at 1.1, lowest maximum, minimum value and standard 

deviation. This makes intuitive sense, after all, the multiplier should be a decreasing function of 

the required reserves ratio.  
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Japanese data provides the lowest average for the reserve requirement ratio at 1.6%, the lowest 

maximum value, minimum value and standard deviation. The Eurozone data produces the 

highest average money multiplier value at 4, highest maximum and minimum value. 

The maximum and minimum values above are to be expected due to the timing of the financial 

crisis, with the money multiplier being largest before the crisis and smallest after the crisis. This 

behaviour is likely to reflect the large-scale asset purchases programs that took place counter to 

the crisis, leading to sharp increases in the monetary base and decreasing multipliers. This trend 

will be revisited later in the discussion section.   

 

TABLE 4. 2 - DESCRIPTIVE STATISTICS – PANEL DATA 

 
Required Reserves 

Ratio 
Excess Reserves 

Ratio Currency Ratio Money Multiplier 

Average 0.05111 0.43543 0.51581 2.94693 

Standard deviation 0.03547 0.61968 0.47818 1.68754 

Maximum 0.10934 1.99613 1.64450 5.77625 

Minimum 0.01130 0.00019 0.16358 0.68471 

 

TABLE 4. 3 - DESCRIPTIVE STATISTICS - INDIVIDUAL CURRENCY UNIONS 

USA 
Required Reserves 

Ratio 
Excess Reserves 

Ratio Currency Ratio Money Multiplier 

Average 0.09536 1.06180 1.13643 1.08378 

Standard deviation 0.00701 0.68493 0.27529 0.38010 

Maximum 0.10934 1.99613 1.64450 1.78634 

Minimum 0.07936 0.00291 0.82006 0.68471 

Eurozone 
    

Average 0.04141 0.03485 0.19436 4.00888 

Standard deviation 0.01805 0.05560 0.01394 0.76074 

Maximum 0.06830 0.17811 0.21815 5.02532 

Minimum 0.01777 0.00019 0.16358 2.48083 

Japan 
    

Average 0.01563 0.17172 0.18620 3.84867 

Standard deviation 0.00218 0.19315 0.01003 1.51688 

Maximum 0.01775 0.50966 0.20351 5.77625 

Minimum 0.01130 0.00054 0.16438 1.66147 

 

TABLE 4. 4 - CORRELATION MATRIX – PANEL DATA 

 ∆M1 Money 
Multiplier 

∆Required 
Reserves Ratio 

∆Excess 
Reserves Ratio 

∆Currency Ratio 

∆M1 Money Multiplier 1.00000 -0.10519 -0.24088 -0.03562 

∆Required Reserves Ratio -0.10519 1.00000 0.23587 0.62532 

∆Excess Reserves Ratio -0.24088 0.23587 1.00000 0.11916 

∆Currency Ratio -0.03562 0.62532 0.11916 1.00000 
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4.1 USA 

For the USA, the M1 series includes travellers’ checks of non-bank issuers. However, this series 

is not included in the deposit (D) series for USA, as it is not in line with the simplified model and 

travellers’ checks further only comprehend a relatively small part of reservable deposits in the 

USA. This approach to deposit series has been used in previous studies of the money multiplier 

(Carpenter & Demiralp, 2012).   

 

In addition, no consistent series for excess reserves are provided by the Federal Reserve Board. 

Therefore, a simple algebraic manipulation shown in Table 4.1 is carried out to generate a series 

in line with the rest of the sample, the theoretical framework and the Federal Reserve Board’s 

guidelines and reporting practices. Similar practices have been used by the Federal Reserve Bank 

of St. Louis (Federal Reserve Bank of St. Louis, 2019) to generate a series for excess reserves.  

 

4.2 Eurozone 

The Eurozone monetary base series used includes borrowing from the European Central Banks 

discount window. However, the recourse to the deposit facility is not included in the simplified 

theoretical definition of the monetary base and therefore is excluded in the multiplier model 

analysed in this paper. 

 

4.3 Japan 

The Japanese monetary base is calculated as (excess and required) reserves plus currency in 

circulation. The reason for this manipulation is that the Bank of Japan series on the monetary 

base is adjusted for reserve requirement ratio changes and thus is not suitable for our purposes. 

Reserves encompass those of all institutions mandated to hold required reserves, providing a 

definition comparable to that of the theoretical framework. As demand deposit data for these 

specific institutions is not available, deposits are calculated as money supply minus currency, 

providing deposit data as close as possible to that of the deposits held by institutions with reserve 

requirements.  

 

5. Method 

The effects of the money multiplier variables are being identified by the means of regression 

analysis. First, a pooled ordinary least squares regression (a pooled OLS from here on) is used to 

analyse the first difference form of the panel data introduced. The pooled OLS regression model 

is shown in equation 5.1. The analysis will be further extended to study the effects in the 
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individual currency unions. This is done by applying a similar OLS regression (equation 5.2), to 

the first difference form of the time series data of the individual currency areas (time series OLS 

from here on). 

 

The empirical models tested are based on the theoretical framework introduced in the theory 

section. The theory predicts a negative relationship between the dependent variable and the 

explanatory variables as described in the Table 2.2. The resulting estimates will be tested for 

statistical significance as shown in the hypothesis in Equation 5.3 and 5.4. The theoretical 

relationship between the dependent and the independent variables is not strictly linear. However, 

the following linear approximation is employed for simplicity: 

 

Equation 5.1. 

∆𝑀𝑀𝑖𝑡 = 𝛽0 − 𝛽1∆𝑟𝑟𝑖𝑡 − 𝛽2∆𝑐𝑖𝑡−𝛽3∆𝑒𝑟𝑖𝑡 + ℇ𝑖𝑡 

 

Equation 5.2. 

∆𝑀𝑀𝑡 = 𝛽0 − 𝛽1∆𝑟𝑟𝑡 − 𝛽2∆𝑐𝑡−𝛽3∆𝑒𝑟𝑡 + ℇ𝑡 

 

Where, ∆𝑋𝑡 = 𝑋𝑡 − 𝑋𝑡−1 

 

As the focus of this paper is on reserve requirements, the empirical hypothesis takes the 

following form for both the pooled and the time series OLS regressions: 

 

Equation 5.3. 

𝐻0: 𝛽1 = 0 

𝐻1: 𝛽1 0 

 

To determine if the model in general explains significantly the changes in the money multiplier, 

the following joint hypothesis is further tested for both the pooled and the time series OLS 

models: 

Equation 5.4. 

𝐻0: 𝛽1 = 𝛽2 = 𝛽3 = 0 

𝐻1: 𝛽1  0, 𝛽2  0, 𝛽3  0  
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The underlying series were found to be nonstationary, the Durbin Watson d-statistics for all 

series were close to zero implying severe positive autocorrelation. Further graphical analysis of 

the correlograms implied first-difference stationary (integrated of order one) processes. The series 

were not found cointegrated in an Engle and Granger test. Therefore, the series were 

transformed to a first difference basis, to restore stationarity, to guard for autocorrelation and 

multicollinearity. The stationarity of the first-difference series was confirmed by performing the 

Augmented Dickey Fuller unit root-test for each individual series. The results indicate stationary 

series except in the case of Japan’s excess reserves ratio, which remained nonstationary (appendix 

II). However, as 15/16 of the first difference series are stationary, this does not result in a risk of 

spurious regression. Thus, it is not considered as a severe issue and for the ease of interpretation, 

the first difference form series are considered sufficient. Furthermore, the absence of 

autocorrelation was also confirmed from the d-statistics, now close to two (appendix III).  

 

No significant multicollinearity was found between any of the first differenced individual series in 

the time series OLS model using the variance inflation factor-method (VIF). For all individual 

time series, the VIF-factor was below two (appendix IV). In addition, no significant correlation 

was found in between the variables in the first differenced panel data (Table 4.4). Furthermore, 

the pooled OLS model is not assumed to be prone to multicollinearity due to its very nature: 

large number of observations and the use of both, ratio and first-difference data. In summary, no 

evidence was found to believe that the regressors would be severely correlated. 

 

The first difference form series were further tested for heteroscedasticity. Several tests were 

conducted to identify severe heteroscedasticity, such as Breusch-Pagan-Godfrey and White’s 

general heteroscedasticity test with cross-sections. The first differenced series for the USA and 

Japan were found to be heteroscedastic. The results of the White’s test are provided in appendix 

V. For these series the White’s heteroscedasticity-consistent variances and standard errors 

(HCSE) are applied, to ensure robust estimates. 

 

The panel data model was tested for cross-section and period heteroscedasticity using the 

Likelihood Ratio (LR) test. The test results can be found in appendix VI, indicating cross-

sectional and time period heteroscedasticity. Therefore, the White Diagonal coefficient 

covariance method is applied to correct the standard errors in the pooled OLS model.  
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Several options were considered to determine the correct estimation method for the panel data. 

The pooled OLS model was selected based on the results of an F-test for comparing a nested 

model (appendix VIII) and a Breusch-Pagan Lagrange multiplier (appendix VII). Both tests were 

shown to prefer the pooled OLS method over the Fixed Effect or Random Effect models. 

Therefore, no Hausman test was needed to conclude pooled OLS as the favoured estimation 

method.  

 

6. Results 

The coefficient estimates for the individual currency unions as well as for the pooled model are 

reported in Table 6.1. The results displayed (Table 6.1) vary to some extent between countries.  

As predicted by the theory, the dependent variables have a negative relationship between the 

independent variable, except the first difference of the currency ratio for USA and the pooled 

model. The hypothesis testing is done at a 5% significance level.  

 

TABLE 6. 1 – ESTIMATED EFFECTS ON THE 1ST DIFFERENCE FORM M1 MULTIPLIER 

 USA Eurozone Japan All 

Constant 

-0.00169 
(0.00113) 

-0.00876 
(0.01347) 

0.00836* 
(0.00470) 

-0.00765 
(0.00496) 

∆Required Reserves Ratio -0.71313* 
(0.38457) 

-9.54053* 
(5.72552) 

-25.95964*** 
(3.30604) 

-2.77903*** 
(0.93101) 

∆Excess Reserves Ratio -0.39495*** 
(0.04887) 

-2.54093* 
(1.46711) 

-10.45317*** 
(1.30695) 

-0.49106*** 
(0.04518) 

∆Currency Ratio 0.04665 
(0.05277) 

-3.68767 
(5.25302) 

-15.39451*** 
(3.03422) 

0.18024** 
 (0.08448) 

Observations 168 136 168 472 

R-squared 0.80729 0.04836 0.68601 0.06142 

F-statistic 228.99930*** 2.23592* 119.4396*** 10.20909*** 

Notes: Standard errors in parenthesis. *significant at 10%, **significant at 5% and ***significant at 1%. 

 

6.1 Pooled 

For the pooled model, combining data from all three currency unions, the full model as well as 

the first difference form of the required reserve ratios are found to be statistically significant. 

Therefore, both the null hypothesis that the coefficient of the first difference of the required 

reserves ratio is zero and the joint null hypothesis of all coefficients being equal to zero can be 

rejected.  

 

Against the theoretical prediction the coefficient of the first difference form currency ratio is 

found to be positive. The R-squared at just above 6% is considered relatively low, implying that 
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approximately only 6% of the variation in the differenced M1 money multiplier can be explained 

by the model. Although the empirical model has been differenced, the coefficients can be 

interpreted similarly to a regular OLS regression. That is, a unit increase in the first differenced 

required reserves ratio leads to a -2.78 decrease in the money multiplier. However, with the 

reserve requirements in a decimal form, a unit increase implies an 100% increase in the reserve 

requirement ratio and is thus of no practical useful interpretation. Nonetheless, a 1% increase in 

the first difference form reserve requirement ratio leads to a 0.0278 decrease in the money 

multiplier. Percentage point changes in the reserve requirement ratios provide a more practical 

interpretation of the results, as changes of this magnitude have been observed, for example, in 

January 2012 when the European Central Bank lowered the required reserves ratio from 2% to 

1%. 

 

6.2 USA 

The null hypothesis that the coefficient of the first difference of the required reserves is zero 

cannot be rejected for the USA. The joint null hypothesis that all of the coefficients are equal to 

zero is be rejected, as the overall model is found to be statistically significant. The first difference 

of the excess reserves ratio is found to be statistically significant, while the other variables are not. 

Against the theoretical prediction, the currency coefficient was discovered positive albeit small 

and not statistically significant.  

 

Furthermore, according to the R-squared, the multiplier model seems to explain the variation in 

the M1 multiplier strongly. The USA has the highest R-squared of the four regressions at around 

81%. This implies that approximately 81% of the variation in the differenced M1 money 

multiplier variable can be explained by the model. A 1% increase in the first difference form 

reserve requirement ratio leads to a 0.0071 decrease in the money multiplier. 

 

6.3 Eurozone 

The first differenced required reserves ratio is not found to be significantly different from zero, 

that is, the null hypothesis that its coefficient is equal to zero cannot be rejected. For the 

Eurozone, the overall model is not found to be statistically significant and the null hypothesis of 

all coefficients being equal to zero cannot be rejected. Further, none of the coefficients proved to 

be significantly different from zero.  
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In line with the theory, the independent variables have a negative relationship with the dependent 

variable. Yet in general, the model seems to provide only little explanatory power with the R-

squared at just below 5%. An interpretation in a matter similar to that of the USA implies; a 1% 

increase in reserve requirements leading to around a 0.095 decrease in the multiplier. 

 

6.4 Japan 

The reserve requirement ratio coefficient for the Japanese regression is found to be statistically 

significant together with all the other variables. Therefore, the null hypothesis that the coefficient 

of the first difference of the required reserves ratio is zero is rejected. Moreover, the overall 

model is discovered to be statistically significant, hence the joint null hypothesis of all coefficient 

being equal to zero is rejected. Notably, the magnitude of all of the coefficients and especially the 

reserve requirements (-25.87) were found to be relatively large.  

 

The R-squared was comparably high at around 69%, implying that approximately 69% of the 

variation in the differenced M1 money multiplier can be explained by the model. The coefficient 

can be interpreted as a 1% increase in reserve requirements leading to a relatively large decrease 

in the money multiplier of around 0.26. 

 

7. Discussion 

As presented in the previous discussion, the results of the empirical multiplier model vary greatly 

between currency areas. Amongst the individual currency areas, the effect of the required reserves 

ratio was only found to be statistically significant in Japan, although the effect was also found 

significant in the pooled model. Moreover, the overall model was found significant in all of the 

cases, except in the Eurozone. Keeping this is mind, the extent to which the model explains the 

changes in the multiplier ranged from roughly 81% and 69% in the USA and Japan, to 

insignificant in the Eurozone and almost non-existing in the pooled model.  

 

The results seem fairly inconclusive, as the explanatory power of the model varies significantly, 

and the effect of the required reserve ratio was found insignificant in the Eurozone which 

represents the country with the median average ratio. Therefore, it does not seem plausible either 

that the money multiplier theory would work more accurately on generally higher or lower 

average levels of required reserves.  
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What remains ambiguous is the positive coefficient of the currency ratio found in the USA and 

the pooled model. Even though statistically insignificant in the USA, the underlying theory would 

predict a negative relationship existing. These findings make it difficult to generalize the results, 

as it seems that the applicability of the multiplier theory alters between subjects and does not 

necessarily depend on the actual level of the required reserve ratio. 

 

The insignificant nature of reserve requirements in 2/3 of the currency unions could be at its 

strongest interpreted as an indicator that the reserve requirements do not affect the money 

multiplier in a way that the conventional theory would suggest. These findings are consistent with 

the research introduced earlier by McLeay, Radia and Thomas (2014) and Kydland and Prescott 

(1990).  

 

This paper adds to the critique towards the textbook description of the central banks 

independently controlling the amount of money in the economy using reserve requirements as a 

monetary policy tool. The results are further in line with the work of Benes and Michael (2012), 

whom argue that the commercial banks are almost independently in charge of the money creation 

without consideration of reserve requirements. Therefore, the findings of this paper do cast a 

doubt on the necessity and functioning of reserve requirements as a tool of monetary policy and 

concur with the research of Hein and Stewart (2002). Further, the discoveries of this paper 

extend the previous research as we identify similar results in the Eurozone whereas the previous 

research has mainly focused on the USA.  

 

Where the findings of this paper are not completely in line with previous research (Carpenter & 

Demiralp, 2012) is that the general model explaining the changes in the multiplier was not 

rejected in ¾ of the cases, albeit the poor explanatory power in the case of the pooled model. 

Despite this, the statistical significance does not imply causality, nor should it be interpreted as 

proof of a realistic model. Indeed, there is no reason why the argued misconception of the 

causality, describing banks as passive institutions, could not coexist with the results found here. 

However, the discussion is detailed further in the following individual country analysis, as we 

consider the development of the money multipliers over time. 

 

One possible factor affecting the results of this study is the global financial crisis that started in 

2007 and the monetary policy measures that followed. The crisis was answered with 
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implementation of quantitative easing and other non-standard measures of monetary policy in 

several currency areas, including our sample.  

 

Moreover, during crisis, bank lending and broad money expansion can be distracted by factors 

not captured by the money multiplier model. Indeed, new loans to large borrowers were shown 

to decrease by 47% during the peak of the global financial crisis. This negative effect on lending 

was amplified if the banks experienced difficulties in attracting deposits or faced an inflated risk 

of credit line drawdowns (Ivashina & Scharfstein, 2010). These factors provide an example of the 

many dimensions influencing the lending behaviour of the banking sector. The reduced lending 

might manifest as a “broken” money multiplier. A standard measure to fight recession for central 

banks is often to increase the monetary base. If this increase in the monetary base does not 

transform to the broad money by increased bank lending, the money multiplier is likely to 

decrease. This can be seen from the identity in Equation 6, where rearranging shows the 

multiplier as the ratio of broad money to the monetary base. If it is possible that the bank lending 

channel does not distribute the reserves from expansionary monetary policy, the monetary base 

does not get to multiply.  

 

Additionally, this could provide a potential explanation to the strongly significant excess reserves 

observed in all of the cases except the Eurozone. It is possible, that when the bank lending 

channel and the multiplier do not function properly, the reserves supplied by central banks only 

lead to an increase in the excess reserves. These concerns might explain some of the poor 

explanatory power of the multiplier theory in the pooled model analysed in this paper.  

 

Another important consideration that could clarify some of the lack of significance found in the 

effect of the reserve requirements is a current general shift in policy towards liquidity regulation. 

As mentioned in the introduction, several countries have abandoned the statutory reserve 

requirements or lowered them. Further, stemming from the Basel regulation, many banks in 

currency unions, such as the Eurozone and the USA, have adapted new regulations that focus on 

liquidity measures and capital requirements rather than required reserves. Under these liquidity 

measures not only the required reserves as a fraction of deposits are considered but a whole stock 

of “high quality liquid assets” (Basel Committee on Banking Supervision, 2010). This allows for 

the use of a broader stock of assets to satisfy the liquidity requirements. Arguably this approach 

describes bank liquidity in a rather more realistic manner. 
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No large changes have been conducted in the focus countries in required reserves during the time 

period of this study. Hence, even during the global financial crisis the central banks left the 

reserve requirements almost untouched. The European Central Bank being the only currency 

union who cut its requirements, in early 2012. Thus, it seems to some extent evident that in the 

contemporary environment central banks do not at least frequently use the reserve requirements 

as a tool of monetary policy as presented in many economics textbooks. This view is further 

supported by Hein and Stewart (2002). However, it is plausible that the results reflect other 

differences’ in the mandates of the central banks, such as difference in priorities between 

inflation and growth or differences in whether overnight rates or monetary aggregates are 

targeted. 

 

The most obvious limitations of this study are the necessary assumptions made in the data 

collection and the simplicity of the functional form tested. The data sets used, and the necessary 

adjustments performed are laid out and described in detail in the data section and in Table 4.1. 

The most significant measures were employed for the data of the Bank of Japan. This was needed 

to ensure comparability and consistency between the subjects. However, economic theory and 

central bank guidelines have been followed to assure as consistent and coherent data collection as 

possible.  

 

Another potentially significant assumption made, is the linear relationship assumed between the 

variables. This is not perfectly in line with the theoretical form of the money multiplier but is 

used in this study as an approximation.  

 

To summarise, it is likely that during “normal” times when bank lending is not disturbed by other 

factors, the money multiplier theory might provide results different from the findings of this 

paper. Additionally, as in many currency unions the contemporary policy focuses more on the 

general liquidity and adequate capitalization of the banks rather than statutory reserves, at most, it 

could be argued that the required reserves might not play as important role in ensuring liquidity 

as they have historically. However, as described in detail below, the results found in the individual 

currency unions make intuitive and economic sense. 

 

7.1 USA 

The reserve requirements were not found to be significant in determining the changes in the 

money multiplier in the analysis of the USA. This finding is in line with previous research such as 
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Carpenter and Demiralp (2012). It could be argued that the reserve requirements may not play an 

important role as a monetary policy tool in the USA as they cannot be used to significantly alter 

the multiplier and therefore the money supply.  

 

However, the model seems to explain the variation in the USA’s M1 money multiplier strongly 

which is not completely in line with the previous research. However, as mentioned earlier, based 

solely on this, it cannot be argued if the multiplier approach accurately describes the reality of the 

sequence of events in money creation which is likely the main concern of the previous studies.    

 

We can identify a large decrease in the USA M1 money multiplier in the midst of 2008. Around 

this time the U.S. Federal Reserve started its quantitative easing programs to fight the global 

financial crisis. The decrease in the money multiplier as a response to these large-scale open 

market operations is common trend and further observed in the Eurozone and Japan.  

 

This implies that the base money supplied by the central bank does not always automatically get 

multiplied or at least it might operate with a serious lag. At its height, this could be interpreted as 

an indicator that the money creation might start from the commercial banking sector as the 

increase in the monetary base has not led to an increase in broad money. As already stated, this 

discrepancy is likely enhanced during distress, when bank lending is strongly affected by factors 

other than the ones embodied in the money multiplier.   

 

7.2 Eurozone 

The Eurozone is the sample currency union with the median average level reserve requirements. 

Therefore, it is not peculiar that the effects of the required reserves were not found to be 

significant in the area. As in the case of the USA, in its height this could be seen as an indicator 

of the ineffectiveness of the use of reserve requirements as a monetary policy tool. What might 

yet distract the money multiplier analysis in the Eurozone over this time period is the effect of 

quantitative easing.  

 

The monetary policy measures adapted in the beginning of the financial crisis have affected the 

Euro area money multiplier significantly. The money multiplier has experienced a decreasing 

trend following the European Central Bank’s full allotment lending announcement in late 2008, 

the long-term refinancing operations (VLTRO’s) in 2011 and especially after the beginning of the 

large-scale asset purchase program in 2015. These non-orthodox monetary policy measures have 
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contributed to a significant increase in the monetary base, yet this increase in the base has not 

been transmitted to the broad money (European Central Bank, 2017). This implies that the 

supply of the base money, or central bank reserves, has not found its way to the hands of the 

public. Therefore, once again, it does not seem that the commercial banks automatically continue 

to lend to the public in the limits of the reserve requirements. This train of thought is in line with 

the findings of this paper: The standard money multiplier model does not significantly explain the 

changes in the Euro area M1 money multiplier.  

 

7.3 Japan 

The fact that the money multiplier model and its components; especially the impact of the 

required reserves were found to be very significant and largest in magnitude in Japan is 

interesting, as it counters what the theory predicts. Japan is the sample country with the lowest 

average reserve requirements. Following the multiplier intuition, we would expect that the low 

average level of required reserves would manifest as a less significant restriction on the bank 

lending and therefore have less of a significant effect on the multiplier. This is exactly opposite to 

the results of this paper, as the full model and all explanatory variables are found strongly 

significant and large in magnitude in Japan. The unexpectedly large coefficient estimates imply 

that even small changes in the reserve requirements ratio would have powerful consequences. For 

example, a one percentage decrease, similar to the one conducted in the Eurozone in early 2012, 

would lead to an almost 26% reduction in the multiplier and therefore in the money supply. The 

effect is strongly compelling and would make the use of reserve requirements a vigorous 

monetary policy tool in the area. 

 

The limitation of these results lies in the definition of the reservable deposits for Japan. As the 

deposit data used for Japan is based on the algebraic manipulation shown in the Table 4.1, 

whereas the amount of total required reserves was gathered from the Bank of Japan’s database, it 

is possible that the ratio of these two overestimates the effect of the required reserves. The 

relative differences in the Japanese banking sector structure transmits to the data used and could 

therefore explain some of the relatively significant estimates. Another potential concern is the 

government ownership over the Bank of Japan which might provide some further insight on the 

findings.  

 

Throughout the time period considered, Japan has also been implementing quantitative easing. 

Similar to the Eurozone and the USA, the unconventional monetary policy was followed with a 
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decreasing, broken, money multiplier (Financial Times, 2011). However, unlike in the Eurozone, 

some evidence can be identified that the quantitative easing policy actually was followed by 

increased bank lending (Bowman, Cai, Davies & Kamin, 2015). Therefore, it is possible that 

Japans money multiplier process could operate in a healthier manner and following the increased 

bank lending, the multiplication of the monetary base would take place. At its height, this could 

be seen as an indicator of reduced financial distress and a more coherently functioning bank 

lending channel. Therefore, it is plausible that the multiplier model relatively accurately describes 

the changes in the money multiplier in Japan as indicated by the results of this paper. 

 

8. Conclusions 

The reserve requirement ratio is found significant only in the case of the Japanese multiplier 

model (when looking at individual currency unions), for which it was strongly significant and 

comparably large. No significant effect can be identified in the USA or in the Eurozone. 

However, the effect is found significant in a panel data regression, which pools together all the 

three currency areas. More generally, the overall model based on the multiplier theory was found 

to significantly explain the changes in the M1 money multipliers in all of the cases, except the 

Eurozone. However, the explanatory power offered by the model varies greatly between the 

currency areas, ranging from approximately 81% and 69% in USA and Japan, to the low of 5% in 

the Eurozone and statistically insignificant in the pooled model.  

 

Nonetheless, the finding of reserve requirement insignificancy is consistent across two out of 

three individual currency areas and calls into question the impact of reserve requirement ratios on 

the money multiplier. This casts a doubt on the theoretical intuition behind the money multiplier 

and the uses of the reserve requirements as a monetary policy tool.  

 

The limitation of data availability for Japan could have amplified the relation between reserve 

requirements and the money multiplier. Furthermore, differences in reporting standards across 

the currency unions may have impeded comparisons between the currency areas.  

 

Another possible hindrance of the results is the linear approximation employed in the 

econometric model of multiplier. Such an approximation may not be realistic especially 

considering the variation associated with the variables during the global financial and the 

European sovereign debt crisis. Therefore, further studies are needed to evaluate these findings 

employing a non-linear approach, data of a higher consistency between currency unions and 
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absence of financial distress and unconventional monetary policies. Hence, future studies are 

needed to confirm the findings of this paper and to ensure generalizable results. This is especially 

true in the case of Japan and the Eurozone, where there is a lack of comparable research.  

 

Furthermore, the currency unions and central banks in our study were of a free-floating exchange 

rate regime. Thus, the results presented above may not hold in a generalization to currency 

unions of a different nature. The empirical data over the fourteen years does however provide a 

reasonable timeframe, including both recessions and booms. Moreover, the data has been 

adjusted to provide as comparable data as possible between the unions.  

 

The results in the USA and the Eurozone suggest that the use of reserve requirements as a 

monetary policy tool may be fruitless. These findings add to the argued critique of the multiplier 

theory, undermining the control that central banks are presented to have over the money creation 

process by adjusting reserve requirements. The results further accompany the findings of the 

previous studies in the USA and extend them to the Eurozone. For the Bank of Japan and the 

pooled model, the results are in contrast to those just listed and reserve requirements could still 

prove to be an effective apparatus when implementing monetary policy.  

 

We conclude that as the explanatory power of the model and the significance of the reserve 

requirements in explaining it vary greatly, the textbook multiplier theory does not hold exactly 

nor should the use of reserve requirements as an effective monetary policy tool be taken for 

granted in modern economies.  
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Appendices 

I 

ESTIMATED EFFECTS ON THE 1ST DIFFERENCE FROM M1 MULTIPLIER - PANEL DATA 

EXCLUDING TIME PERIODS CONTAINING BREAKS FOR ALL SUBJECTS 

 

 Panel 

Constant -0.00999 (0.00522) 

ΔRequired Reserves Ratio -2.76428 (0.93480) 

ΔExcess Reserves Ratio -0.50327 (0.04690) 

ΔCurrency Ratio 0.17354 (0.08511) 

Observations 456 

R-squared 0.06039 

F-statistic 9.68265*** 

Notes: Standard errors in parenthesis. *significant at 10%, **significant at 5% and ***significant at 1%. 
 
 
 
     
II 

ADF TEST - NULL: UNIT ROOT (NON-STATIONARY) 

 

 Money multiplier Required Reserves Excess Reserves Currency 

Panel 278.683*** 263.516*** 91.0548*** 30.2059*** 

USA 
-7.67735*** 

-3.84114*** -8.85356*** -2.15479** 

Eurozone -9.78619*** -26.42883*** -4.38398*** -3.73248*** 

Japan -4.76071*** -12.62294*** -0,93703 -2.05758** 
Notes: Standard errors in parenthesis. *significant at 10%, **significant at 5% and ***significant at 1%. 
Automatic lag length based on SIC. Newey-West automatic bandwidth selection and Bartlett kernel (panel). 

 
 
 
     
III 

DURBIN-WATSON D-STATISTICS FOR REGRESSION RESULTS IN TABLE 6.1 - RULE EMPLOYED: 
D-STAT ≈ 2.00 IMPLIES NO SEVERE AUTOCORRELATION 

 

 Durbin-Watson d-statistic   

Panel 1.83456***   

USA 1.71390***   

Eurozone 1.85106***   

Japan 2.02744***   

Notes: ***considered ≈ 2.00    
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IV 

VARIANCE INFLATION FACTOR (VIF) - SERIES:  TIME SERIES, 1ST DIFFERENCE FORM 

DEPENDENT VARIABLE: ΔM1 MULTIPLIER. RULE EMPLOYED: VIF < 2.00 IMPLIES NO SEVERE 

MULTICOLLINEARITY. 

 

 ΔRequired Reserves Ratio ΔExcess Reserves ratio ΔCurrency 

USA 1.80348 1.12948 1.90742 

Eurozone 1.02373 1.00219 1.02518 

Japan 1.02467 1.07929 1.10490 

 
 
 
     
V 

WHITES GENERAL TEST OF HETEROSKEDASTICITY (WITH CROSS TERMS) - SERIES: TIME 

SERIES, 1ST DIFFERENCE FORM. NULL: HOMOSKEDASTICITY 

 

 W-statistic  

USA 87.41812***  

Eurozone 2.60663  

Japan 131.5901***  
Notes: W=Number of Observations * R-squared. *significant 
at 10%, **significant at 5% and ***significant at 1% 

 
 
 
     
VI 

LIKELIHOOD RATIO (LR) TEST OF HETEROSKEDASTICITY - SERIES: TIME SERIES, 1ST 

DIFFERENCE FORM. NULL: HOMOSCEDASTIC 

 

 LR Ratio  

Cross-section 445.4738***  

Period 510.5863***  

Notes: *significant at 10%, **significant at 5% and ***significant at 1%. 
 
 
 
     
VII 

LAGRANGE MULTIPLIER TEST FOR PANEL DATA - NULL: NO RANDOM EFFECT 

 

  Cross-section One sided Period One-sided Both 

Breusch-Pagan 0.42366 2.95924* 3.38290* 

Notes: *significant at 10%, **significant at 5% and ***significant at 1%. 
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VIII 

F-TEST COMPARING POOLED OLS VS. FIXED EFFECT MODEL (FEM)  NULL: POOLED OLS 

PREFERRED 

 

 Statistic  

Cross-section F 0.65464  

Notes: *significant at 10%, **significant at 5% and ***significant at 1%. 
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