
 

We appreciate the reviewer’s deliberate comments on our work. Thanks to these helpful 

insights, we have made some small revisions to the manuscript in order to be clearer about 

our argument.  Next, we will respond to specific suggestions point by point.  

 

1. “Stylized facts: To improve the motivation of the paper could be interesting add 

some evidence of the change in money creation after the introduction of the new 

Basel regulations.” 

We are grateful to the reviewers for pushing us to link our theoretical conclusions with 

the stylized facts. Nevertheless, due to the novelty and incomplete implementation of 

the Basel III regulations (See the following table for the phase-in arrangements for the 

implementation of the Basel III regulations), there exist little direct empirical evidence 

regarding the impact of the new Basel regulations on money creation. Therefore, one of 

the key motivations for the current paper is to provide a theoretical prediction for the 

potential changes in the determinants of the broad money aggregate and the money 

multiplier as a result of the implementation of the Basel III accord. We hope our 

theoretical analysis could be of inspiration for future empirical studies in this regard.  

 

 

Despite the lack of readily available direct empirical evidence, our theoretical analyses 

are built on three indirect stylized facts, which are listed in the first and second sections 

of the current paper: 1) the money multiplier is not a constant as assumed in the 

traditional fractional reserve theory of banking but decreases with the expansion of 

monetary base as a result of the quantitative easing policy in countries such as the U.S.; 

2) the tightening of capital requirement will have a negative impact on bank lending, at 

least in the short-term; 3) expansionary monetary policy are less effective for capital-

Table 1. Basel III phase-in arrangements. Source: BIS 



constrained banks. Because the risk-based capital requirement was proposed before in 

previous Basel accords since the 1990s, there are more existing empirical investigations 

regarding its impact on bank behaviours than those for the LR and the LCR regulation, 

let alone the collective impacts when multiple regulations are simultaneously imposed.  

As elaborated in the second section, commercial banks are not merely financial 

intermediaries who lend out what is saved with them. Instead, the stocks of deposits and 

loans expand when the bank issues a loan. Due to the business model of the bank, its 

decision of issuing a loan depends on the profit and risk associated with the loan. In 

order to prevent the accumulation of excessive risk in the banking system, the Basel III 

accord requires that the bank should hold sufficient amount of high quality liquid assets 

and bank capital as the credit base to guard against liquidity and insolvency risk. 

Because increasing the level of credit base is often expensive or even unfeasible for the 

bank, prudential regulations render a constraining effect on bank lending, which thus 

affect the money creation process. As indicated by our results, when the bank is 

constrained by the prudential regulations of CAR, LR and LCR, the money multiplier 

will be a decreasing function of the monetary base, rather than being a constant as in the 

case where the bank is constrained by the reserve requirement. This provides a possible 

theoretical explanation for the collapse of the money multiplier observed in many 

countries after the implementation of the quantitative easing policy. For instance,  in the 

case of the U.S. during 2008-2014, although the new Basel III regulations have not been 

all implemented, risk-based capital requirement that conforms with the Basel II accord 

was already implemented and there is a lot of market pressure on bank deleveraging, 

which eventually result in the sluggish response of bank lending and the broad money 

supply to the expansion of monetary base.  

In order to make these points clearer for readers, we make two revision in the manuscript: 

 We change the title to be “The impact of Basel III on money creation: a synthetic 

theoretical analysis” so as to highlight the theoretical nature of the current paper. 

 We add the above figure regarding the empirical movement of the money multiplier 

in the U.S. as an illustration for the collapse of the money multiplier.  

Exact revisions in the manuscript are highlighted in blue and shown as follows: 



 

2.  “Model: the reasons behind the equation (27) is not clear to me. Could you better 

explain that and show what happen if you change this assumption. “ 

The assumption of IF(t) = 0.5 ∗ RP(t) is based on the definition of the calculation of 

cash inflows in stressed condition given in the official document regarding the LCR 

regulation provided by the Basel committee (https://www.bis.org/publ/bcbs238.htm).  

As indicated by the following tables, different inflow rate set by the Basel III accord for 

different types of bank assets. In general, the bank should only include contractual non-

contingent inflows (including interest payment) from outstanding exposures that are 

fully performing and for which the bank has no reason to expect a default within the 30-

day time horizon. The accord indicates that a bank should assume that maturing reverse 

repurchase or securities borrowing agreement secured by Level 1 assets will be rolled-

over and will not give rise to any cash inflows (0%). In our model, government bonds 

and bank reserves are qualified as Level 1 assets which bears 0% inflows. On the other 

hand, the inflow rate for non-HQLA assets varies from 0%-100% for different types of 

counterparties. Here we take 50% as an exemplary inflow rate for the repayments 

received from outstanding bank loans, which hence gives the expression of IF(t) =

0.5 ∗ RP(t).  Indeed, this assumption could be relaxed and the inflow rate for the 

repayments from bank loans could take other values.  

https://www.bis.org/publ/bcbs238.htm


 

 

 

Table 3. Definition of asset type and calculation of the HQLA. 

Source: BIS. 

Table 2. Calculation of cash inflows for different type of assets. 

Left column: asset type. Right column: inflow rate. Source: BIS. 



To further explore this point, we generalized this assumption with the equation of 

IF(t) = ωRP(t) , where ω  is denoted as the inflow rate of the repayments for 

outstanding bank loans. ω is generally higher when the counterparty to which bank 

loans are made has higher credit ratings and can successfully fulfil its debt obligations 

in stressed condition. Injecting this equation back to the model, we could obtain the 

following expression for the money multiplier m and money supply M under the LCR 

regulation: 

M

=

{
 
 

 
 4(𝑅 + 𝐺)

𝜇𝑟𝐿𝐶𝑅
, 𝜇 ≤

8𝜔(1 + 𝑔)

(3 + 3𝜃 + 2𝜔𝑟𝐿𝐶𝑅)(1 + 𝑔) − 2𝜔𝑐𝑟𝐿𝐶𝑅
;

(1 + 𝜃 − 2𝜔𝑟𝐿𝐶𝑅)(𝑅 + 𝐺) + 2𝜔𝑟𝐿𝐶𝑅𝐶

[𝜇(1 + 𝜃) − 2𝜔]𝑟𝐿𝐶𝑅
, 𝜇 >

8𝜔(1 + 𝑔)

(3 + 3𝜃 + 2𝜔𝑟𝐿𝐶𝑅)(1 + 𝑔) − 2𝜔𝑐𝑟𝐿𝐶𝑅
 .

 

m

=

{
 
 

 
 4(1 + 𝑔)

𝜇𝑟𝐿𝐶𝑅
, 𝜇 ≤

8𝜔(1 + 𝑔)

(3 + 3𝜃 + 2𝜔𝑟𝐿𝐶𝑅)(1 + 𝑔) − 2𝜔𝑐𝑟𝐿𝐶𝑅
;

(1 + 𝜃 − 2𝜔𝑟𝐿𝐶𝑅)(1 + 𝑔) + 2𝜔𝑟𝐿𝐶𝑅𝑐

[𝜇(1 + 𝜃) − 2𝜔]𝑟𝐿𝐶𝑅
, 𝜇 >

8𝜔(1 + 𝑔)

(3 + 3𝜃 + 2𝜔𝑟𝐿𝐶𝑅)(1 + 𝑔) − 2𝜔𝑐𝑟𝐿𝐶𝑅
.

 

It is straightforward to know that if 𝜇 >
8𝜔(1+𝑔)

(3+3𝜃+2𝜔𝑟𝐿𝐶𝑅)(1+𝑔)−2𝜔𝑐𝑟𝐿𝐶𝑅
(𝑖. 𝑒. 𝐼𝐹 < 0.75 ∗

𝑂𝐹), then 
𝜕𝑀

𝜕𝜔
> 0, 

𝜕𝑚

𝜕𝜔
> 0. In other words, if bank loans are made to borrowers with 

higher credit ratings who can provide larger cash inflows for the bank during stressed 

condition, the banking system has greater capacity to create money when constrained 

by the LCR regulation.  

For the convenience of readers with similar interest in this assumption, we add an 

appendix in the manuscript that provides a better illustration of this point, i.e. 



 

3. ”More in general, I think that the model needs some robustness check. The author 

should relax some assumption and show the results.” 

We appreciate the reviewer’s advice on further proving the robustness of our 

conclusions. As indicated by our revised title, the current paper presents a theoretical 

attempt to understand the potential impact of the Basel III accord on the money creation 

process. In order to zoom in on the complexity of the multi-polar regulatory framework 

in the new Basel accord, we build our analysis on a parsimonious model that is centred 

on the commercial bank and conforms with the stock-flow consistency. We consider a 

simplified bank balance sheet and assume that its structure in different economic states 

can be characterized by the average loan maturity θ, average default risk γ, run-off ratio 

of deposits μ, the capital-to-reserve ratio c and the government-bond-to-reserve ratio g. 

When discussing the standalone impact of each individual regulation, we first obtain the 

corresponding theoretical expressions for the broad money aggregate and the money 

multiplier and examine their dependence on the minimum policy requirement, 

𝑟𝐿𝐶𝑅 , 𝑟𝐶𝐴𝑅 , 𝑟𝐿𝑅 ,  the monetary base, the structure of bank balance sheet and general 



economic condition by taking the derivatives with respect to corresponding variables 

and parameters. Thanks to the reviewer’s previous comment, we relax the assumption 

of  IF(t) = 0.5 ∗ RP(t) by considering IF(t) = ω ∗ RP(t) and thus make our analysis 

more complete. 

As for the collective impact when multiple prudential regulations are simultaneously 

imposed, we use Figure 3 to show the transition of the effective binding constraint and 

the corresponding changes in the money multiplier. For the purpose of the simplest and 

clearest illustration, we demonstrate parameters related to the bank’s uses of funds on 

the horizontal and the vertical axis, i.e. θ ∈ [1,180](month) and γ ∈ [0,1], and vary the 

values of the parameters related to the bank’s sources of funds, i.e. c and μ, in the panels 

of (a-d). We consider c=0.8 and c=2 respectively as low and high capital level, and 

regard μ = 0.1 and μ = 0.55 as low and high deposit run-off ratio.  The choice of these 

values are based on the empirical data of the U.S. banking system from 1992 to 2009 

shown in Appendix C. Admittedly, this choice is subjective and is a specific case used 

for illustration purpose. Nevertheless, changing their values will not have big impacts 

our main conclusions that 1) the effective binding regulation, by which the bank’s ability 

to create money is constrained, varies across different economic states and bank balance 

sheet conditions; and 2) due to the transition of the effective binding regulation, the 

money multiplier depends on the parameters related to the economic state and bank 

balance sheet condition in a nonlinear way; and 3) in general, the money multiplier gets 

higher when the banking system holds higher level of capital, assets with shorter 

maturity and lower default or depreciation risk, and more stable debt-based financing 

source. To demonstrate this point, we present the result for other values of c, μ, g in the 

document of “Robustness test. pdf”. There are no qualitative difference between these 

results and the ones we show in the manuscript.  

Revisions in the manuscript that correspond to this comments are shown as follows: 

 

 

 



4.  “Figure 3: The results in Figure 3 are similar when we change the values used for 

rLCR rCAR and rLR” 

All results shown in Figure 3 are obtained for 𝑟𝐿𝐶𝑅 = 100%, 𝑟𝐶𝐴𝑅 = 7%, 𝑟𝐿𝑅 = 3%. 

These values are set according the new Basel requirements. The reviewer is right about 

that our main conclusions will not change much if we vary these values.  

5. “Table 2: The Table 2 is useful to summarize the results in the first part of the 

model. The author can try to discuss more and compare the results.” 

In response to this comments, we make the following revision in the manuscript:  

 

 

6. “Li et al. (2017): As the paper seems to be an extension of the model in Li et al. 

(2017), the authors should better explain the novelty of this paper respect to the 

other.” 

We appreciate the reviewer’s suggestion that we should clarify the novelty of the current 

model compared to the one proposed in Li et al. (2017). There are two major difference 

between the two models: 

1) Regarding the balance sheet of the representative commercial bank, we consider 

three types of assets (reserves, government bonds and loans) and two types of 

liabilities (deposits and bank capital), while government bonds and bank capital are 

not taken into account in the model of Li et al. (2017). Such modification allows us 

to analyse capital based requirements such as the CAR and LR regulation in addition 

to the LCR regulation.  

2) Li et al. (2017) only discuss the standalone impact of the LCR regulation on the 

money creation process whereas our work analyse the collective impacts of the 

simultaneous imposition of the LCR, CAR and LR regulations. This extension is an 

important step forward in enhancing the comprehensive evaluation of the Basel III 

accord as a multi-polar regulatory framework.  



Corresponding to this suggestion, the following footnote is added to the manuscript: 

 

7.  “Minor comment: In the references, there are some typos. For example, the first 

line starts with (2004), or for same paper, the author leave the expression et al. (e.g., 

Botos et al., 2016)” 

Thanks for pointing out the typos. We have made corresponding revisions to the 

references in the revised manuscript. We will be more careful next time.  

 

To sum up, we thank the reviewer a lot for the deliberate comments that help us make 

improvements of the current manuscript. For the reviewer’s convenience, we attach a 

revised manuscript along with this reply. Revisions related to the reviewer’s comments 

are marked in blue. Since we have also made some revision based on the comments 

from other anonymous readers, we mark these changes in red so as to make distinction. 
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Notes: 

 Left panels show the transition of the effective binding requirement by which the bank is constrained. The effective domain for each 

regulation as the binding constraint is indicated by different colors with green for the LCR regulation, cyan for the CAR regulation and 

purple for the LR regulation.  

 Right panels illustrate the corresponding changes of the money multiplier for the same parameter combination.  

 Changes in the average default risk 𝛄 ∈ [𝟎, 𝟏] and the average maturity 𝛉 ∈ [𝟏, 𝟏𝟖𝟎] are shown respectively on the horizontal and the 

vertical axis.  

 Different combinations for the capital-to-reserve ratio c∈ {𝟎. 𝟖, 𝟏. 𝟔, 𝟐. 𝟒}, the run-off ratio 𝛍 ∈ {𝟎. 𝟏, 𝟎. 𝟓, 𝟎. 𝟗} and the government 

bonds-to-reserve ratio g∈ {𝟏, 𝟏. 𝟖, 𝟐. 𝟔} are demonstrated in each page.  

 

Main conclusions: 

 The effective binding regulation, by which the bank’ s ability to create money is constrained, varies across different economic states and 

bank balance sheet conditions.  

 Due to the transition of the effective binding regulation, the money multiplier depends on concerned parameters in a nonlinear way.  

 In general, the money multiplier is higher with high capital-to-reserve ratio c, low run-off ratio 𝛍, low default risk 𝛄 and short loan 

maturity 𝛉. 
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1 Introduction18

Since the crisis struck in September 2008, central banks have greatly expanded19

the scope of its tools to stimulate the economy by cutting interest rates to the zero20

lower bound and taking on unconventional measures such as “quantitative easing”21

(QE). In consequence, there has been commensurate increase in the monetary base22

together with a tripling or quadrupling of the size of central bank balance sheets.23

However, these actions have had much less impact on bank lending and the broad24

money aggregate. In particular, the money multiplier, which used to be reasonably25

stable in normal times, experienced unprecedented plumbing to less than half of its26

pre-crisis level (See Figure 1 for the empirical movements of the M0 stock, the M227

stock and the money multiplier in the U.S. 1).28

Figure 1: The M0 stock (US dollar) , the M2 stock (US dollar) and the money multiplier in the
U.S. from 1981-01-01 to 2017-01-31. Data source: https://fred.stlouisfed.org.

Such collapse of the money multiplier and sluggish response of bank lending29

to expansionary monetary policy stand in stark contrast to the descriptions of the30

traditional fractional reserve theory of banking (FRT) and the related bank lending31

channel of monetary transmission. According to the FRT, the lending behavior of32

an individual commercial bank is constrained by the amount of deposits and the33

reserve requirement to which it is subject. Since the amount of required reserves is34

a fraction of the total deposits, the broad money supply by the banking system as35

whole is a multiplier of the monetary base. This money multiplier is expressed as36

the inverse of the required reserve ratio in its simplest form and is often considered37

to be constant. Therefore, a bank lending channel exists wherein monetary shocks38

to the level of bank reserves are “multiplied up” to greater changes in deposits39

and deposits, insofar as they constitute the supply of loanable funds, affect bank40

lending.41

The wide gap between the reality and the FRT suggests a serious need to42

reassess the role of banks in money creation (Werner, 2014; McLeay et al., 2014;43

Ábel et al., 2016; Botos, 2016). Inherent in the traditional view of banking are two44

1 Relevant discussions and more data illustrations for other countries can be found in Goodhart
(2015); Honda (2004); Disyatat (2011).
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assumptions: 1) the central bank controls the money supply by varying the supply45

of reserves and the required reserve ratio, and 2) the availability of reservable46

deposits is a binding constraint on commercial bank lending. Regarding the first47

point, it is argued by many (Ryan-Collins et al., 2012; Goodhart, 2010; Komáromi,48

2007) that most central banks have shifted their policy target from the quantity49

control of reserves to the price control of short-term interest rate. In order to50

achieve the target interest rate and facilitate the smooth functioning of the interbank51

payment system, reserves are supplied by the central bank non-discretionarily52

to meet the commercial bank’s demand in normal times. Thus, the amount of53

reserves are mainly determined by the structural characteristics of the payment54

system. This renders the reserve requirement policy a less important aspect in the55

central bank governing framework (Bernanke, 2007; McLeay et al., 2014). In fact,56

several countries, including Canada, Great Britain, Australia, and New Zealand,57

have no reserve requirement at all. For countries that do retain this policy, it is58

often exercised with a time lag (e.g. at least 17 days in the U.S.) (Fullwiler, 2012).59

Turning to the second point, there are a number of reasons to be skeptical about60

the causal relationship from reservable deposits to bank lending. For one, with61

increasingly ease access to non-deposit or nonreservable-deposit fundings, for62

example, due to the development of wholesale market (Carpenter and Demiralp,63

2012), the growth in loan securitization (Loutskina and Strahan, 2009), and the64

globalization of banking (Puri et al., 2011), it is very much unlikely that banks will65

cut lending because they cannot replace the shortfall of reservable deposits. More66

importantly, the implicit assumption that banks are simply a financial intermediary67

who lends out the deposits saved with them is essentially misplaced. Instead, banks68

are different from other financial institutions in that they create deposits, which is69

used as the common method of payments, out of nothing through lending (Moore,70

1988; Palley, 1994; Disyatat, 2011; Keen, 2011; McLeay et al., 2014; Werner,71

2014). In this sense, loans drive deposits rather than the other way around.72

Building on these rethinkings, we argue that in contrast to the attenuation of the73

reserve requirement as a constraint on bank lending, prudential regulations have74

played an increasingly important role in affecting bank behaviors in the money75

creation process. On the one hand, prudential regulations have become much76

more stringent after the recent financial crisis. As the most influential international77

framework of prudential regulations, the third Basel accord on banking supervision78

(or Basel III) (Basel Committee on Banking Supervision, 2011) strengthens the79

capital requirement on banks’ equity position against default risk by narrowing80

the definition of eligible capital and requesting a significant rise of the Capital81

Adequacy Ratio (CAR). On the other hand, prudential regulations have moved to a82

multi-polar regime with the additional imposition of the Liquidity Coverage Ratio83

(LCR) requirement which aims to improve banks’ liquidity risk profile in stressful84

times and the Leverage Ratio (LR) requirement which serves as a non-discretionary85
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limit on the expansion of bank balance sheet. Although it has been widely ac-86

knowledged that banks respond to changes in the tightening of capital requirements87

by cutting lending or rising loan rates in the short term (see VanHoose (2007);88

Peek and Rosengren (2010); Martynova (2015) for reviews of related literature),89

existing literatures provide no clear explanations for how the broad money supply90

is influenced by prudential regulations, especially non-capital based requirements.91

More importantly, few works2 have sufficiently addressed the research challenge92

in examining the collective consequences of multiple prudential regulations which93

take effects through different mechanisms and have interdependent interactions94

with each other.95

Therefore, in response to the call of Haldane (2015) for more efforts in address-96

ing the complexity of multi-polar regulations, this paper considers three prudential97

regulations in the Basel III framework, including the CAR, LCR and LR regula-98

tions. We focus on the immediate impact of these regulations in constraining the99

commercial banks’ ability to lend and create money. Compared with other works100

on the macroeconomic impact of Basel III (e.g. Slovik and Cournède (2011); Allen101

et al. (2012); Angelini et al. (2015); Miles et al. (2013); Yan et al. (2012); Quinaz102

and Curto (2016)), we study a shorter logic chain and make less assumptions about103

the intertwined macroeconomic causalities, so as to focus on the cumulative impact104

of multiple regulations that are imposed simultaneously. In addition, our emphasis105

on the unintended effect of the Basel III accord on downsizing credit supply com-106

plements the more extensive literature on its performance in improving financial107

stability (e.g. Krug et al. (2015); Hartlage (2012); Van Den End and Kruidhof108

(2013)), and thus lays the foundation for a more comprehensive evaluation of the109

Basel III accord.110

To provide a thorough analysis of the money creation process under Basel111

III regulations, three questions have to be answered. The first question is what112

determines the broad money supply and the corresponding money multiplier when113

the bank is constrained by only one regulation. Second, when multiple regulations114

take effect at the same time, which of them is the binding constraint that dictates the115

bank’s ability to create money. Last but not least, since most prudential regulations116

are ratio controls of the items on bank balance sheets, it is also vital to know117

how the effective binding regulation and corresponding money multiplier depend118

on the condition of bank balance sheet in different economic scenarios. With119

the answers to these questions, we will be able to understand why the money120

multiplier collapses after the massive expansion of the monetary base and advise121

policy makers on how to boost the banking system’s credit creation capacity under122

multiple prudential regulations in different conditions.123

2 Exceptions can be found in Goodhart et al. (2013); Haldane (2015); Krug et al. (2015); Xiong
et al. (2017) .
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To achieve our goals, we re-examine the money creation process by employing124

a dynamic model that complies with both accounting and stock-flow consistencies.125

For each individual regulation, we present the corresponding expressions for the126

money supply and money multiplier and examine their dependence on related127

parameters. We find that 1) under all three regulations, the money multiplier128

responds negatively to the increase of the monetary base; and 2) the broad money129

supply cannot be boosted by rising the monetary base when the banking system is130

constrained by the LR regulation; and 3) the determinants of the money supply and131

the money multiplier vary for different prudential regulations. In the case where132

multiple regulations take effect simultaneously, we find that the binding regulation133

that casts the most rigid constraint on the bank lending and money creation can be134

different when the conditions of the economy and the bank balance sheet structure135

vary. Consequently, the levels of the corresponding money multiplier and its136

determinants will also change. We argue that this result calls for special attention137

from the policy makers because the same policy may have distinct consequences138

in different scenarios.139

The following of the paper is structured as follows. Section 2 elaborates the140

role of the commercial banks in money creation and the mechanism through which141

Basel III regulations affect bank lending behaviors and consequently the broad142

money supply. Section 3 presents the model and the corresponding equilibrium143

conditions. Section 4 first presents the standalone impact of each individual144

regulation on money creation in Section 4.1 and further demonstrates the collective145

influence when all three regulations are simultaneously imposed in Section 4.2.146

Section 5 draws our conclusions.147

2 Money creation, commercial bank balance sheet and pruden-148

tial regulations149

“In the modern economy, most money takes the form of bank deposits. But how those
bank deposits are created is often misunderstood: Whenever a bank makes a loan, it
simultaneously creates a matching deposit in the borrower’s bank account, thereby
creating new money.”

—McLeay et al. (2014),Bank of England,Quarterly Bulletin 2014 Q1

150

Commercial banks play a central role in money creation. When a bank makes151

a loan, the most common way is to directly credit the borrower’s deposit account,152

which thereby expands both sides of the bank’s balance sheet. When loans are153

repaid, the amount of deposits decreases. In this sense, bank lending can never154

be constrained by the lack of debt financing source because deposits are its own155
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product. Instead, the limit on credit creation comes from the portfolio management156

of banks to maintain liquid, solvent and profitable, for both voluntary and manda-157

tory reasons. To understand this, let us take a detailed look at the bank’s business158

model and the mechanism through which the reserve requirement and prudential159

regulations take effect.160

The most fundamental way for a bank to profit is to earn the interest spread161

between its assets (e.g. loans) and liabilities (e.g. deposits), which gives the bank a162

natural motivation to make more loans and expand the balance sheet. On the other163

hand, such business model also entails the bank’s taking on various risks, which is164

rooted in the asymmetric properties of its assets and liabilities. Deposits should165

be paid on demand while loans become due only on specific dates, thereby the166

bank faces potential maturity mismatch that leads to liquidity risk. Also, banks167

face solvency risk when loans get defaulted or massive asset depreciation happens168

in economic downturns. Usually, the liquidity risk is managed by banks through169

a buffer of liquid assets and the access to stable funding sources during stressed170

market conditions, while the solvency risk is coped with by holding sufficient171

amount of capital and careful risk management of their assets (see Fig. 2 for172

illustration).173

From this perspective, one function of the reserve requirement is to serve as a174

liquidity regulation that guarantees banks’ holding of enough liquid reserves rather175

than illiquid loans to meet their payment needs because of deposit withdrawal176

or transfer. However, with the central bank’s policy target shifted to short-term177

interest rate, the commercial bank’s increasing access to funds that bears no reserve178

constraint and the facilitation of a well-functioning interbank market for reserves,179

this constraint has ceased to be an influential concern when banks make loans.180

In addition, driven by the desire for profit, banks are often prone to underesti-181

mate the liquidity and solvency risks which gradually build up during economic182

booms when the expectations for profitability are collectively good and the short-183

term fundings are stable and easy to obtain. Also, the explicit or implicit govern-184

ment guarantees in stressed conditions including deposit insurance, bailing-out185

and last-resort lending, also give rise to the problem of “moral hazard” whereby186

banks take on excessive risks and maintain lower levels of capital and liquid assets187

they would otherwise. This sort of development is argued to be the reason for the188

expansion of bank lending and the deterioration of financial stability in the lead up189

to the financial crisis (McLeay et al., 2014; Farag et al., 2013; Fullwiler, 2012).190

Therefore, in order to guard against this intrinsic destabilizing nature of the191

financial sector, prudential regulations are indispensable in constraining bank192

behaviors in a more targeted fashion (Horváth et al., 2014; Jakab and Kumhof,193

2015; Li et al., 2017; Farag et al., 2013; Dermine, 2013). Consequently, since the194

introduction of capital requirements in the Basel I accord, the impact of bank capital195

and capital regulations on bank lending has been a heated topic for researchers. In196
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Figure 2: Illustration for liquidity risk (a) and solvency risk (b). Figure adapted from Farag et al.
(2013).

the aspect of theory, several mechanisms are proposed to explain how bank capital197

and capital requirement affect bank lending: 1) the threshold effect of binding198

capital constraint, where capital-constrained banks become more responsive to199

contractionary monetary policy and less motivated by expansionary policy (Van den200

Heuvel, 2002b; Furfine, 2001; Honda, 2004); 2) the bank profit effect, where201

monetary policy tightening results in reduced bank profit that constitutes lower bank202

equity and thus leads to a persistent decline in bank lending (Van den Heuvel, 2002a;203

Chami and Cosimano, 2010); 3) the risk premium effect, where the level of bank204
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capital acts as the signal of the bank’s health for its creditors and thereby affects the205

bank’s risk premium in raising external funds (Disyatat, 2011). As for empirical206

evidences, the important roles of bank capital and capital regulations in bank207

lending have been generally confirmed. On the one hand, it is well documented208

by researches across different countries and time periods3 that individual banks’209

capital position is an important factor in determining their response to monetary210

shocks. On the other hand, more recent works (Francis and Osborne, 2009, 2012;211

Bridges et al., 2014; Aiyar et al., 2016; Mésonnier and Monks, 2014; Noss and212

Toffano, 2014) focus on the impact of varying capital requirement and estimate213

a short-term reduction of bank lending ranging from 1.2% to 4.5% due to a 1%214

increase in capital requirement.215

Notwithstanding the extensive discussions on the impact of capital requirement216

on the bank lending channel, few investigations have been made regarding the217

constraining effect of other prudential regulations on the money creation process218

such as the newly proposed LCR regulation, not to mention the more complicated219

case where multiple prudential regulations are simultaneously imposed4.220

In the Basel III accord framework, the liquidity risk is addressed by the LCR221

regulation while the solvency risk is attended by the CAR and LR regulations.222

Next, we will explain the meanings of these regulations and how they limit bank223

lending and the money supply.224

Liquidity Coverage Ratio Basel III accord requires a bank to hold sufficient225

high-quality liquid assets (HQLA) to cover its total net cash outflow (NCOF) over226

30 days in stressed conditions. Mathematically, the liquidity coverage ratio is227

defined as228

LCR =
HQLA
NCOF

. (1)229

The minimum liquidity coverage ratio was initially set to be 60% in 2015 and230

should rise in equal annual steps to reach 100% on 1 January 2019.231

According to the Basel III regulations, high quality liquid assets are assets that232

have low default risk and easy and immediate convertibility into cash at little or233

no loss of value. Meanwhile, the total net cash outflows is defined as the total234

expected cash outflows (OF) minus the total expected cash inflows (IF) up to an235

aggregate cap of 75% of the total expected cash outflows in the specified stress236

3 For the U.S., see Peek and Rosengren (1995a,b); Kishan and Opiela (2000, 2006); for EU
countries, see Gambacorta and Mistrulli (2004); Altunbaş et al. (2002); Gambacorta and Marques-
Ibanez (2011); Puri et al. (2011); for India, see Nachane et al. (2006); Albertazzi and Marchetti
(2010); for Japan, see Peek and Rosengren (1997); for Spain, see Jiménez and Ongena (2012); for
Malaysia, see Abdul Karim et al. (2011).
4 See Li et al. (2017); Xiong et al. (2017) for exception.
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scenario for the subsequent 30 calendar days, i.e.237

NCOF = OF−min{IF,0.75OF}. (2)238

The 75% cap of total expected cash outflows is introduced to prevent banks from239

relying solely on anticipated inflows to meet their liquidity requirement so that240

they must maintain a minimum amount of stock of HQLA equal to 25% of the total241

cash outflows(Basel Committee on Banking Supervision, 2013).242

Risk-based capital adequacy ratio To strength the capital framework of the243

banking sector, the Basel III accord raises the minimum requirement of bank244

capital in relation to the risk-weighted assets (RWA) and introduces two additional245

capital buffers: a mandatory “capital conservation buffer” and a “discretionary246

counter-cyclical buffer”, allowing national regulators to require additional capital247

buffer during periods of high credit growth. The risk-based capital adequacy ratio248

is usually defined based on the Tier-1 core capital (CET 1), which is bank capital249

with the highest quality classification, over the risk-weighted assets, i.e.250

CAR =
CET 1
RWA

. (3)251

Compared to Basel II, the minimum requirement of CET 1 over RWA is raised252

from 2% to 4.5%, while the mandatory “capital conservation buffer” requires 2.5%253

and the “discretionary counter-cyclical buffer” ranges from 0% to 2.5%. Therefore,254

the actual minimum requirement of CAR facing by banks is 7% in all periods and255

even up to 9.5% in certain conditions.256

Leverage Ratio The leverage ratio regulation is a non-risk-based capital re-257

quirement. It is calculated by dividing the amount of Tier 1 capital by the bank’s258

average total consolidated assets(TA), which includes the exposures of all assets259

and non-balance sheet items. In other words, the leverage ratio is defined as260

LR =
CET 1

TA
. (4)261

The leverage ratio is introduced as a backstop to the risk-based capital adequacy262

ratio with the aim of constraining excess leverage in the banking system and263

providing an extra layer of protection against model risk and measurement error.264

Basel III requires the banks to maintain a leverage ratio in excess of 3%. A265

higher minimum leverage ratio is requested by the U.S. Federal Reserve for 8266

Systemically important financial institution (SIFI) banks and their insured bank267

holding companies. It is argued by some that the simple leverage ratio is a much268

more reliable guide and predictor of actual bank default than the risk-based ratio269

(Alessandri and Haldane, 2011; Blundell-Wignall and Roulet, 2013).270

In essence, the Basel III accord sets a minimum limit on the banks’ holdings of271

high liquid assets and core capital, which serve as the credit base to guard against272
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Figure 3: Changes in the components of bank balance sheet and monitor instruments under Basel
III regulations after increasing the loan stock. (a) After making new loans in excess of due loan
repayments, the stocks of loans and deposits increase while the stocks of reserves, government
bonds and bank capital remain unchanged. (b) Along with the increase of the loan stock, banks
are exposed to higher liquidity and solvency risks. As a result, the net cash outflow, risk-weighted
assets and total assets rise accordingly. However, the amount of high quality liquid assets (including
reserves and zero-risk-weight government bonds) and bank capital, which serve as the credit
base for banks to guard against liquidity and solvency risks, do not change. (c) Because of the
increasing denominators and the constant nominators, the actual liquidity coverage ratio, risk-based
capital adequacy ratio and the leverage ratio drop and approach to their corresponding minimum
requirements set by the Basel III regulations. Therefore, given no improvement of the bank’s credit
base, the implementation of prudential regulations casts a maximum limit for the amount of loans
and deposits that can be created by the bank.

the liquidity and solvency risks for banks to conduct the business of borrowing273

short and lending long. However, it is often difficult for banks to improve their274

credit base in the short-term or without the help of external forces. While individual275

banks can adjust their holdings of the stock of high liquid assets, the available stock276
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of high liquid asset for the banking system as a whole is fundamentally dependent277

on central bank policies. For the capital stock to grow, a bank has to issue additional278

common shares or accumulate retained earnings, which will impair the bank’s279

profitability performance in terms of reduced return to equity or lower dividend280

payout ratio. Therefore, given the current level of the credit base, the credit281

creation ability of banks is constrained by the prudential regulations. Specifically,282

as illustrated in Fig. 3(a), when the lending flow exceeds the repayment flow, the283

stock of loans and deposits simultaneously increase. As a result, the amount of284

total assets rises. Meanwhile, the increase of the loan stock is accompanied by285

rising exposure to default risk, which results in higher quantity of risk-weighted286

assets. Similarly, higher liquidity risk comes with the increase of the deposit stock287

or other liabilities, which brings about larger expected net cash outflow. On the288

other hand, the amount of bank capital and that of high quality liquid assets such289

as reserves and government bonds with zero risk-weight are not directly affected290

by the behaviors of bank lending and loan repayment. In other words, compared to291

the fast easy expansion of the stocks of loans and deposits, changes in the banking292

system’s liquidity and equity positions are much slower and more dependent on293

external forces. In consequence, as shown in Fig. 3(c), the actual liquidity coverage294

ratio, risk-based capital adequacy ratio and leverage ratio usually decrease along295

with the increase of loans and deposits. When these ratios reach or come close296

to the Basel III’s minimum requirements, banks will be more cautious or stop297

the expansion of loans due to the high cost of breaching the regulation5. In other298

words, if there is no regulation, there is no theoretical limit for the credit supply of299

banks before massive defaults or funding flights kick in. But if given the minimum300

requirement of concerned prudential regulation and the current level of the bank’s301

credit base and the risk conditions of its asset and liability, we can derive at a302

maximum limit for the loans and deposits that can be created by the bank.303

3 The model304

To demonstrate the impacts of Basel III regulations on the credit creation process,305

we employ a stock-flow consistent dynamical model modified based on the work of306

Li et al. (2017)6. We consider a representative commercial bank with a simplified307

5 In order to increase the actual LCR,CAR and LR, banks may also increase the share of safe or
short-term loans and raising more stable funds. However, the effects of these actions are marginal
compared with the overall quantity control of loans and deposits.
6 Compared with the model in Li et al. (2017), we make a more realistic assumption about the
commercial bank’s balance sheet structure by considering bank capital and government bonds in
addition to reserves, deposits and loans. Such extension allows us to explore the constraining effects
of different prudential regulation including the LCR, CAR and LR regulations.
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balance sheet shown in Table. 1. On the asset side, there are three items: reserves308

(R), government bonds with zero risk-weight (B) and loans (L) with an average309

risk-weight of γ . On the liability side, we only consider deposits (D) and bank310

capital (C). Following Krug et al. (2015), we do not make distinction between core311

capital Tier 1 and other capital.312

To focus our analyses on the impacts of prudential regulations on commercial313

bank behaviors, we assume that the demand for loans is always larger than the314

supply of loans and that the interest rate is constant and profitable for the bank. In315

addition, due to the reasons mentioned in the last section, we suppose there is no316

change in bank’s liquidity and equity positions in the short-run, i.e. the stocks of317

reserves, government bonds and bank capital are constant and exogenously given.318

Also, banks are assumed to hold no voluntary buffer above the minimum capital or319

liquidity requirements. With these assumptions, we abstract from the real economy,320

loan demand and the price effect of varying interest rate while keeping only the321

minimum elements necessary in the study of the constraining effect of Basel III on322

money creation. These simplifications allow us to focus on the complexity of the323

multi-polar prudential regulation framework itself, which includes the difference324

in the standalone impact of individual policy instrument and their complicated325

interactions when simultaneously imposed. Moreover, the adopted stock-flow326

consistent framework guarantees the consistency of our analyses with both the327

accounting principle and the law of stock-flow motion. These properties make it328

easier to integrate our findings in more complicated stock-flow consistent models329

such as the inspiring work of Caiani et al. (2016) where the banking sector is330

considered to be special and not deduced to a mere financial intermediary.331

Table 1: A simplified balance sheet for a representative commercial bank

Asset Liability
Reserves (R)

Deposits (D)
Government bonds (G)

Loans (L) Capital(C)

Suppose time is discrete and the unit of each time step is one month. Due to332

the accounting consistency, the following identity between assets and liabilities333

should always hold:334

R(t)+G(t)+L(t) = D(t)+C(t). (5)335

The stocks of reserves, government bonds and bank capital are assumed to be336

constant and exogenously given. In other words,337

R(t) = R, (6)338
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339

G(t) = G = gR, (7)340

341

C(t) =C = cR, (8)342

where g is the ratio of government bonds to reserves and c is the ratio of bank343

capital to reserves.344

At each time t, changes in the stock of loans and deposits are both governed by345

the difference between the new bank lending flow (LF) and the loan repayment346

flow (RP)7, i.e.347

L(t +1)−L(t) = LF(t)−RP(t), (9)348

349

D(t +1)−D(t) = LF(t)−RP(t). (10)350

For the initial period, we assume there is no loans (L(1) = 0) and D(1) =351

L(1)+R(1)+G(1)−C(1) = R+G−C. Because the amount of deposits cannot352

be negative, R+G−C ≥ 0 must hold.353

For simplicity, we also assume all loans are amortized with an average maturity354

of θ . In other words, a new loan made at month t ′, LF(t ′), will be paid off at355

month t ′+θ . Thus the amount of repayment for this loan due at month t, denoted356

as RPt ′(t), is357

RPt ′(t) =

{
0, t 6= t ′+1, t ′+2, . . . , t ′+θ ;
LF(t ′)

θ
, t = t ′+1, t ′+2, . . . , t ′+θ .

(11)358

Thus, the total repayment flow due at time t, RP(t), can be computed as the sum of359

repayments due for all loans made in the past θ periods, which is given by360

RP(t) =


0, t = 1

∑
t−1
t ′=1

LF(t ′)
θ

,1 < t < θ ;

∑
t−1
t ′=t−θ

LF(t ′)
θ

, t ≥ θ .

(12)361

As articulated in Section 2, the bank’s decision of making new loans is constrained362

by prudential regulations because the credit base cannot be increased in the short363

7 In addition to bank lending and loan repayment, the stock of deposits will also be changed by
the flows of cash deposits and withdrawal. For simplicity we assumes no cash and focus on the
behaviors of lending and repayment.
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term. Let us denote Lmax as the maximum loan stock for the bank to satisfy the364

minimum requirement of concerned prudential regulation given the current level of365

credit base and exposures to risk. Because we do not consider the bank’s voluntary366

holding of additional credit base, the increment of the outstanding loan stock L(t)367

should be no more than its difference with the maximum loan stock Lmax, i.e.368

L(t +1)−L(t) = LF(t)−RP(t) = ρ(Lmax−L(t)), (13)369

where ρ (ρ ∈ [0,1]) controls the speed at which L(t) approaches to Lmax. From370

Equation 13, we can obtain the expression for the new lending flow as371

LF(t) = RP(t)+ρ(Lmax−L(t)). (14)372

When the dynamical model reaches the stock-flow equilibrium, all stocks and373

flows should be constant. Thus, supposing the system reaches equilibrium at time374

t∗, we should have ∀t ≥ t∗,375

L(t) = L∗, (15)376

377

D(t) = D∗, (16)378

379

LF(t) = RP(t) = LF∗ = RP∗, (17)380

where L∗, D∗, LF∗ and RP∗ are respectively the equilibrium values of loans, de-381

posits, the flow of new lending and the flow of repayment. Also, from Equations 14382

and 17, we find that the equilibrium loan stock is at the maximum value permitted383

by the concerned prudential regulation, i.e.384

L∗ = Lmax. (18)385

In addition, by manipulating Equations 9,12, 15 and 17 (details are shown in386

A), we can prove that387

LF∗ = RP∗ =
2

1+θ
L∗, t ≥ t∗. (19)388

We assume there is no cash in our model, thus the monetary base MB is then389

equal to the amount of reserves, and the broad money supply M is hereafter the390

amount of deposits. Combining Equations 5,18, the broad money supply can be391
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rewritten as a function of the maximum loan stock under the concerned prudential392

regulation as follows:8393

M = R+G−C+Lmax. (20)394

Correspondingly, based on Eqs. 6,7 and 8, the money multiplier m, defined as the395

ratio of the broad money supply and monetary base, is then given by396

m =
M

MB
= 1+g− c+

Lmax

R
. (21)397

398

Henceforth, based on this model, we move on to examine the specific impacts399

of Basel III regulations on money creation.400

4 Impacts of Basel III regulations401

In this section, we will first analyze in Sec.4.1 the standalone effect of individual402

regulation on credit creation by deriving at the maximum limit on bank loans403

when only one regulatory instrument is imposed and solving for the corresponding404

equilibrium money supply and money multiplier. We will also briefly analyze the405

determinants of the money supply and the money multiplier in each condition. Then406

in Sec.4.2, we will inspect the collective impact of the simultaneous imposition of407

all policy instruments, identify which of them is the binding constraint and analyze408

how the corresponding money multiplier changes across different economic states409

and with varying bank balance sheet condition.410

4.1 Standalone impact of individual regulations411

The liquidity coverage ratio Assume the minimum requirement of LCR is rLCR.412

The constraint in Equation 1 can be rewritten as413

rLCR ∗NCOF ≤ HQLA. (22)414

Since only reserves and government bonds with zero risk-weight are qualified as415

high quality liquid assets in our model, we have416

HQLA = R+G. (23)417

8 Note that because we do not consider banks’ voluntary holdings of excessive reserves and bank
equities above the minimum prudential requirement, these expressions reflect the banking system’s
maximum ability to create money. Since our purpose is to evaluate the policy impact of the Basel
III regulation on money creation rather than estimating the real values of the money supply and
the money multiplier, we will focus on the relative changes of these values when the regulation of
concern is different or when the economic condition varies.
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As indicated in Equation 2, the net cash outflow is a function of the expected cash418

outflow and inflow within 30 days. In real world, the total expected cash outflows419

are calculated by multiplying the outstanding balances of various categories or420

types of liabilities and off-balance sheet commitments by the rates at which they421

are expected to run off or be drawn down, while the total expected cash inflows422

are calculated by multiplying the outstanding balances of various categories of423

contractual receivables by the rates at which they are expected to flow in. In our424

model, we assume the total cash outflow (OF) comes from the potential loss of425

deposits, which is given by426

OF(t) = µD(t), (24)427

where µ is the run-off ratio of deposit loss to total deposits. The total cash inflow428

(IF) is supposed to be constituted by the expected loan repayment due in one429

month with a discount rate of 50%9 due to the assumption of stressed condition,430

i.e.431

IF(t) = 0.5RP(t). (25)432

According to the definition of net cash outflow in the LCR regulation (Equa-433

tion 2), when the total expected inflow is not less than 75% of the total ex-434

pected outflow, we have NCOF(t) = OF(t)− 0.75OF(t) = 0.25OF(t); oth-435

erwise, the net cash outflow is the difference of outflow and inflow, that is,436

NCOF(t) = OF(t)− IF(t). Putting these two conditions together with Equa-437

tions 24 and 25, the following expression for the net cash outflow can be obtained:438

439

NCOF(t) =

{
0.25µD(t), IF(t)≥ 0.75OF(t);
µD(t)−0.5RP(t), IF(t)< 0.75OF(t).

(26)440

441

Next, let us consider the first condition, IF(t) ≥ 0.75OF(t), where the LCR442

regulation is equivalent to the following constraint:443

0.25µrLCRD(t)≤ R+G. (27)444

9 According to the official document regarding the LCR regulation provided by the Basel com-
mittee(Basel Committee on Banking Supervision, 2013), different inflow rate are set by the Basel
III accord for different types of bank assets. For instance, the accord requires that a bank should
assume that maturing reverse repurchase or securities borrowing agreement secured by Level 1
assets (which corresponds to overnment bonds and bank reserves in our model) will be rolled-over
and will not give rise to any cash inflows (0%). On the other hand, the inflow rate for non-HQLA
assets varies from 0%-100% for different types of counterparties based on their abilities to fulfill
debt obligations in stressed conditions. Here we take 50% as an exemplary inflow discount rate for
the repayments received from outstanding bank loans. Discussions for relaxing this assumption are
given in Appendix C.
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Due to the accounting consistency in Equation 5, we can rewrite the above inequal-445

ity as a function of L(t):446

0.25µrLCR [R+G−C+L(t)]≤ R+G, (28)447

When Equation 28 takes equality, the bank’s actual capital adequacy ratio reaches448

the minimum policy requirement and the loan stock achieves its maximum value,449

i.e. L(t) = Lmax. With simple manipulations, it is easy to obtain that450

Lmax = (
4

µrLCR
−1)(R+G)+C. (29)451

Substituting Equation 29 into Equations 20 and 21, we have the equilibrium452

expressions for the broad money supply and money multiplier respectively as453

M =
4(R+G)

µrLCR
, (30)454

455

m =
4

µrLCR
(1+

G
R
) =

4(1+g)
µrLCR

. (31)456

From Equations 30 and 31, it is straightforward to show that457

∂M
∂R

=
4

µrLCR
> 0, (32)458

459

∂m
∂R

=− 4G
µrLCRR2 < 0. (33)460

In other words, in this situation, when the central bank raises the monetary base,461

the broad money supply will also increase, but not by a constant money multiplier.462

Instead, the money multiplier drops with the increase of reserves.463

Additionally, it can be inferred from Equation 30 that ∂M
∂G > 0, which demon-464

strates the positive dependence of the money supply on the amount of government465

bonds with zero-risk weight. Also, we find that both the the money supply and the466

money multiplier are negatively dependent on the minimum policy ratio rLCR and467

on the deposit run-off ratio µ so that ∂M
∂ rLCR

< 0, ∂m
∂ rLCR

< 0, ∂M
∂ µ

< 0, ∂m
∂ µ

< 0.468

In the second condition where IF(t)< 0.75OF(t), considering Equations 23469

and 26, the LCR regulation in Equation 22 takes the following form:470

rLCR[µD(t)−0.5RP(t)]≤ R+G. (34)471
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Similarly, when L(t) = Lmax, the above inequality takes equality. Based on Equa-472

tions 17,19 and 18, we know that ∀t ≥ t∗,RP(t) = 2
1+θ

Lmax. Also, from Equa-473

tion 5,16 and 18, we can have ∀t ≥ t∗,D(t) = R+G−C−Lmax. By substituting474

the expressions of RP(t) and D(t) in terms of Lmax into Equation 34 with a few ma-475

nipulations, we can obtain the expression for the maximum loan stock as follows:476

477

Lmax =
(1+θ) [(R+G)(1−µrLCR)+µrLCRC]

rLCR[µ(1+θ)−1]
. (35)478

As a result, the equilibrium money supply and money multiplier are respectively479

given by480

M =
(R+G)(1+θ − rLCR)+ rLCRC

rLCR[µ(1+θ)−1]
, (36)481

482

m =
(1+ G

R )(1+θ − rLCR)+ rLCR
C
R

rLCR[µ(1+θ)−1]
=

(1+θ) [(1+g)(1−µrLCR)+µrLCRc]
rLCR[µ(1+θ)−1]

.

(37)483

Correspondingly,484

∂M
∂R

=
1+θ − rLCR

rLCR[µ(1+θ)−1]
> 0, (38)485

486

∂m
∂R

=−(1+θ − rLCR)G+ rLCRC
rLCR[µ(1+θ)−1]R2 < 0, (39)487

which indicates that after a positive shock to the monetary base, the broad money488

supply will increase, but the size of the increment decreases with the scale of489

reserves. Again the money multiplier is not a constant as in the case where the490

banking system is only regulated by the reserve requirement. In addition, both491

the money supply and money multiplier respond negatively to the increase of the492

minimum requirement of LCR ( ∂M
∂ rLCR

< 0, ∂m
∂ rLCR

< 0 ).493

Furthermore, we find that the money supply is not only a increasing function of494

the bank’s holdings of government bonds (∂M
∂G > 0), but also the amount of capital495

(∂M
∂C > 0). Like reserves, government bonds are high quality liquid assets that496

contribute to the bank’s resilience against maturity mismatch. Bank capital, on the497

other hand, serve as the non-debt financing source that is not exposed to liquidity498

risk and as the signal of the bank’s health for its creditors. Therefore, other things499
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equal, well capitalized banks are able to have more expected cash inflow and less500

outflow in a liquidity stressed condition than low-capital banks. In other words,501

the banking system’s ability to create money is higher when it holds more capital.502

Apart from the amount of high quality liquid assets and bank capital, we can503

see from ∂M
∂ µ

< 0, ∂M
∂θ

< 0, ∂m
∂ µ

< 0, ∂m
∂θ

< 0 that the reduction of the bank’s exposure504

to liquidity risk, either due to more stable debt financing source or the shortening of505

the average maturity of loans, will also lead to increases in both the money supply506

and the money multiplier.507

Because the expressions for the expected cash inflow and IF∗ and OF∗ in the508

equilibrium are respectively509

IF∗ = 0.5RP∗ =
L∗

1+θ
, (40)510

511

OF∗ = µD∗, (41)512

we can rewrite the conditions of IF∗ ≥ 0.75OF∗ and IF∗ < 0.75OF∗ as a513

function of µ,θ ,g,c following the manipulations shown in B. In specific, the514

two conditions are respectively equivalent to µ ≤ 4(1+g)
(3θ+3+rLCR)(1+g)−crLCR

and515

µ > 4(1+g)
(3θ+3+rLCR)(1+g)−crLCR

.516

In summary, the full expressions for the equilibrium money supply and money517

multiplier are respectively given by518

MLCR =

{4(R+G)
µrLCR

, µ ≤ 4(1+g)
(3θ+3+rLCR)(1+g)−crLCR

;
(R+G)(1+θ−rLCR)+rLCRC

rLCR[µ(1+θ)−1] , µ > 4(1+g)
(3θ+3+rLCR)(1+g)−crLCR

,
(42)519

520

mLCR =

{4(1+g)
µrLCR

, µ ≤ 4(1+g)
(3θ+3+rLCR)(1+g)−crLCR

;
(1+g)(1+θ−rLCR)+rLCRc

rLCR[µ(1+θ)−1] , µ > 4(1+g)
(3θ+3+rLCR)(1+g)−crLCR

.
(43)521

The risk-based capital adequacy ratio For simplicity, our model does not522

distinguish the quality of bank capital and assumes all capital are qualified in the523

calculation of the risk-based capital adequacy ratio. Denoting rCAR as the minimum524

policy requirement, we can have the following expression for the CAR regulation:525

C(t)≥ rCAR ∗RWA(t), (44)526

where C(t) =C and the amount of risk-weighted assets RWA is computed as the527

product of bank assets and their corresponding risk-weight, as given by528

RWA(t) = 0∗ (R+G)+ γL(t) = γL(t). (45)529

www.economics-ejournal.org 19



conomics Discussion Paper

When Equation 44 takes equality, the banking system reaches its maximum credit530

creation ability, which yields531

Lmax =
C

γrCAR
. (46)532

Substituting Equation 46 into Equations 20 and 21, we have the equilibrium533

expressions for the money supply and the money multiplier as follows:534

MCAR = R+G+(
1

γrCAR
−1)C. (47)535

536

mCAR = 1+
G
R
+(

1
γrCAR

−1)
C
R
= 1+g+(

1
γrCAR

−1)c. (48)537

Furthermore, it can be demonstrated that538

∂MCAR

∂R
= 1 > 0, (49)539

540

∂mCAR

∂R
=−

G+( 1
γrCAR

−1)C

R2 < 0. (50)541

Similar as in the case of LCR regulation, the broad money supply is an increasing542

function of the monetary base whereas the money multiplier is a decreasing function543

of the monetary base. As indicated by ∂MCAR
∂R = 1, the increase of reserves will not544

have any multiplier effect on the broad money supply.545

In addition, the broad money supply is positively dependent on the amount546

of government bonds and bank capital (∂M
∂G > 0, ∂M

∂C > 0). Moreover, we can see547

that the values of money supply and money multiplier also depend on the average548

default risk of bank loans (γ) and the minium policy requirement of CAR (rCAR) in549

that ∂M
∂γ

< 0, ∂m
∂γ

< 0, ∂M
∂ rCAR

< 0, ∂m
∂ rCAR

< 0.550

The leverage ratio With the minimum requirement of leverage ratio being rLR,551

the bank faces the following constraint:552

C(t)≥ rLR ∗TA(t), (51)553

where C(t) =C and TA(t) = R+G+L(t) = D(t)+C. When the equality is taken,554

the loan stock reaches its maximum limit, which is given by555

Lmax =
C

rLR
−R−G. (52)556
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Correspondingly, the equilibrium money supply and money multiplier are557

MLR = (
1

rLR
−1)C, (53)558

559

mLR = (
1

rLR
−1)

C
R
= (

1
rLR
−1)c. (54)560

The responses of money supply and money multiplier to reserve shocks are respec-561

tively given by562

∂MLR

∂R
= 0, (55)563

564

∂mLR

∂R
=−( 1

rLR
−1)

C
R2 < 0. (56)565

As shown by Equation 53, the determinants of the broad money supply only include566

the minimum policy requirement of LR and the amount of bank capital. Thus, the567

only way to increase the money supply under the given LR regulation is to increase568

the amount of bank capital (∂MLR
∂C > 0). In other words, rising the monetary base569

will have no impact on the banking system’s broad money supply and the only570

consequence of this action is the reduction of the money multiplier.571

Heretofore, we have examined the standalone impact of each individual regula-572

tion on the bank’s ability to lend and create money. To conclude, we summarize573

these results in Table 2. We find that 1) the tightening of both the prudential574

requirements and the reserve requirement will have a negative impact on the bank-575

ing system’s ability to create money; and 2) in contrast to the constant money576

multiplier based on the reserve requirement, the money multiplier under the Basel577

III accord is a decreasing function of the monetary base and the broad money578

supply may or may not expand when there is a positive shock to the monetary base;579

and 3) due to the different constraining effects of different regulations to which580

the bank is subject, the money creation process are sensitive to different types of581

economic changes. For instance, the variation of the level of bank capitals can582

affect the money supply and the money multiplier only when the banking system583

is constrained by capital-based requirements of the CAR and the LR regulations.584

On the other hand, the stability of the bank’s debt-based financing source and the585

maturity structure of loans only matter when the LCR regulation is taking effect.586
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4.2 Collective impact of multiple regulations under different economic con-587

ditions588

“Regulatory measures must build upon each other and be interlocked to set consistent
incentives. Otherwise, we run the risk of individual measures conflicting with each other.
Such a lack of consistency might lessen the desired effects of the new regulations or even
negate them entirely. Impact studies are an important tool in this context. ”

—Dombret (2013), Member of the Executive Board of the Deutsche Bundesbank

589

Up till now, we have obtained the equilibrium expressions for the broad money590

supply and the money multiplier when the bank only face one regulation. However,591

without a comprehensive analysis when multiple policy instruments simultane-592

ously take effects, the evaluation of the impacts of Basel III on money creation is593

incomplete. When the bank is subject to more than one prudential regulations, its594

credit creation capacity is binded by the most stringent constraint. Therefore, by595

comparing the values of the money multiplier derived for each individual instru-596

ment in Equations 43,48 and 54 and solving for the minimum money multiplier,597

we can determine the effective binding regulation and obtain the corresponding598

expression for the money multiplier when multiple regulations are imposed at the599

same time, i.e.600

m = min{mLCR,mCAR,mLR}. (57)601

Correspondingly, the boundary conditions that mark the transitions of the binding602

constraint can be derived when the expressions for the money multiplier corre-603

sponding to either two regulations take the same value. In specific, the boundary604

condition between the LCR and CAR regulations is given by605

4(1+g)
µrLCR

= 1+g+(
1

γrCAR
−1)c,

or
(1+g)(1+θ − rLCR)+ crLCR

rLCR[µ(1+θ)−1]
= 1+g+(

1
γrCAR

−1)c.
(58)606

The boundary condition between the LCR and LR regulations is607

4(1+g)
µrLCR

= (
1

rLR
−1)c,

or
(1+g)(1+θ − rLCR)+ crLCR

rLCR[µ(1+θ)−1]
= (

1
rLR
−1)c.

(59)608

The boundary condition between the CAR and LR regulations is609

1+g+(
1

γrCAR
−1)c = (

1
rLR
−1)c. (60)610
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For the two expressions for LCR regulation to take identity,611

4(1+g)
µrLCR

=
(1+g)(1+θ − rLCR)+ crLCR

rLCR[µ(1+θ)−1]
. (61)612

Due to the mathematical complexity of the expression for the money multiplier613

in Equation 57, we set rLCR = 100%,rCAR = 7%,rLR = 3% in the following analy-614

ses and use Fig. 4 as the major illustration for analysis. By setting the monetary615

base to be constant, we focus on the transitions of the effective binding regulation616

and the relative changes in the equilibrium values of the money multiplier across617

different economic states and bank balance sheet conditions.618

To begin with, we categorize the concerning variables into two groups. The first619

group includes the variables that determine the features of the bank’s uses of funds:620

the average maturity of loans θ and the average default risk of loans γ . The second621

group contains variables that characterize the bank’s sources of funds: the average622

run-off ratio of bank liabilities µ and the capital to reserve ratio c. For the uses of623

funds, loans with longer maturity θ and higher default risk γ are often associated624

with higher profits. Nevertheless, these loans will also expose the bank to greater625

probabilities of maturity mismatch and insolvency problems. For the source of626

funds, the debt-financing source is usually stable during good times (low µ) and627

becomes flighty during economic downturns (high µ). The amount of bank capital,628

on the other hand, depends on how the bank makes a balance between profitability629

performance and risk resilience, and on how difficult to raise new equity.630

Based on these reasoning, we vary the average maturity θ and default risk631

γ and show them respectively in the horizontal and vertical axes in all panels632

in Fig. 4. Correspondingly, the equilibrium values of the money multiplier are633

presented in color. To discuss the features of the bank’s financing sources, we634

consider three scenarios: 1) the bank holds high level of capital c = 2 and faces635

low run-off ratio of debt financing µ = 0.1 ; and 2) the bank holds low level636

of capital c = 0.8 and faces low run-off ratio of debt financing µ = 0.1; and 3)637

the bank holds high level of capital c = 2 and faces high run-off ratio of debt638

financing µ = 0.55. For all scenarios, the government bonds to reserve ratio g is639

kept fixed and equal to 3. Choice of the values of parameter c in these examples640

is made based on the statistics of the U.S. banking system in the from 1992 to641

2009 as shown in Table 3. The exemplary values of parameter µ are determined642

based on the estimated run-off ratios for different types of liabilities listed in643

the official document from the Basel Committee on the liquidity coverage ratio644

regulation (Basel Committee on Banking Supervision, 2013). It is noteworthy645

that these scenarios are representative cases while there are other scenarios where646

the interactions of the three prudential regulations and the values for the money647

multipliers are different. Yet such differences are in scale, not in type, which will648

not lead to qualitative changes in our conclusions. Next, we will base our analysis649
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on these three scenarios and demonstrate how the binding regulation changes with650

economic situation and how the bank’s credit creation ability is affected.651

Fig. 4(a) presents the benchmark case for Scenario 1 where all three regulations652

can be the effective binding constraint when the default risk of loans γ varies from653

0 to 1 and the average loan maturity θ changes from 1 month to 15 years. When the654

default risk of loans is high, the bank is binded by the CAR regulation. When the655

default risk is relative low and average loan maturity is long, the LCR regulation656

takes effect. When the assets are both low in risk and short in maturity, the LR657

regulation serves as a backstop constraint on money creation. Also, in consistency658

with our result on the dependence of the money multiplier on loan maturity and659

default risk for individual regulations, the money multiplier drops when the bank660

holds assets with longer maturity and higher default risk. However, due to the661

piece-wise expression of the money multiplier, the same increment in θ and γ662

when their values are at different levels may have distinct effects on the value of663

the multiplier.664

In Scenario 2, there is no change in the bank’s debt-based financing source but665

the level of bank capital is much lower than that in Scenario 1. As a result, the666

capital constraint becomes the bank’s biggest concern. As shown in Fig. 4(b), only667

capital requirements are taking effect. The CAR and LR regulations are respectively668

responsible for the situations of higher and lower default risk. Compared to the first669

scenario, the bank’s ability to create money significantly drops with the decrease of670

its capital holdings, as indicated by the lower values of the money multiplier for the671

same default risk and loan maturity combination in Fig. 4(b) than (a). The money672

multiplier is negatively dependent on the default risk whereas it is unaffected by673

changes in the average maturity of loans.674

In addition, Fig. 4(c-d) demonstrates the changes of the money multiplier in675

Scenario 3 where bank capital is sufficient but the run-off ratio of the bank’s676

debt-based fundings is high. In this scenario, regardless of the average maturity677

and risk of loans, the bank is binded only by the LCR regulation. This result678

corresponds to the phenomenon of extreme liquidity shortage in the economic679

downturn when the roll-over of short term debt financing like wholesale funding680

are unlikely to happen or when depositors or other debtors for the bank start to681

withdraw funds due to risk aversion during market panic. Even though the bank’s682

capital holdings are still high, we can observe a significant decrease of the money683

multiplier in Fig. 4(c-d) compared to Fig. 4(a) due to the instability of its debt684

financing. Moreover, the money multiplier under this situation is only dependent685

on the length of loan maturity yet such dependence is a discrete function due to686

the piece-wise definition of the net cash outflow in LCR regulation. To have better687

illustration, we show the values of the money multiplier under LCR regulation for688

loan with maturity less than 6 months in (c) and higher than 6 months in (d).689
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Figure 4: Binding regulations and corresponding values of the equilibrium money multiplier as a
function of the average default risk γ (γ ∈ [0,1]) and the average maturity θ (θ ∈ [1,180]) of loans
under three representative scenarios with different combinations of the capital-to-reserve ratio c and
the deposit run-off ratio µ . The values of the money multiplier are computed according to Equa-
tion 57 and indicated by color with red representing high values and yellow representing low values.
Boundaries between different binding regulations are computed based on Equations 58,59,60,61
and presented by black lines that separate the state space of γ and θ . (a) Scenario 1: the bank holds
high level of capital with c = 2 and faces low run-off ratio µ = 0.1. In this case, all three regulations
can be observed in the parameter space of the maturity length θ and default risk γ of loans. (b)
Scenario 2: the bank faces low run-off ratio µ = 0.1 but holds low level of capital c = 0.8. Only
capital requirements can be observed in the parameter space. (c-d) Scenario 3: The bank holds
high level of capital c = 2 but faces high liability run-off ratio µ = 0.55 with (c) demonstrating
results for maturity less than 6 months and (d) for maturity larger than 6 months. All results are
obtained for g = 3. In both (c) and (d), the LCR regulation alone takes effect. In all three scenarios,
the money multiplier is generally higher with high capital holdings, low run-off ratio, low default
risk and short maturity length.
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As shown in Fig. 4(c), when the average loan maturity is extremely short, i.e.690

less than 2 months, the net cash outflow is solely determined by the expected cash691

outflow. In this case, the money multiplier is independent of the average loan692

maturity and the loan default risk and is generally lower than Scenario 1 and 2.693

When the average loan maturity is larger than 2 months (Fig. 4(d)), the net cash694

outflow is governed by the difference between the total cash outflow and cash695

inflow. In this case, the bank faces large loss in its funding source, and at the696

same time, have trouble in claiming its own funds back. The money multiplier is697

a decreasing function of the average loan maturity: for an average maturity of 6698

months, the money multiplier has already decreased to less than 9, which is 1/6 of699

the maximum value in Scenario 1. Nevertheless, the decline in the multiplier due700

to the increment of loan maturity for more than 6 months is extremely marginal.701

To summarize, when multiple prudential regulations are simultaneously taking702

effect, we find that 1) the effective binding regulation, by which the bank’s ability703

to create money is constrained, varies across different economic states and bank704

balance sheet conditions; and 2) due to the transition of the effective binding705

regulation, the money multiplier depends on the parameters related to the economic706

state and bank balance sheet condition in a nonlinear way; and 3) in general, the707

money multiplier gets higher when the banking system holds higher level of capital,708

assets with shorter maturity and lower default or depreciation risk, and more stable709

debt-based financing source.710

5 Concluding remarks711

The aim of the Basel III accord is to improve the resilience of the banking system712

and prevent future crisis. However, it also bears the cost of restricting financial713

activities and downsizing the loan and money supply by the banking system. This714

paper focused on the immediate impact of the Basel III accord on the money cre-715

ation process and provided a comprehensive analysis for the three pillar regulations716

in the Basel accord, including not only the enhanced risk-based capital adequacy717

regulation but also the requirements on the leverage ratio and the liquidity coverage718

ratio. Using both graphical illustration and a dynamic stock-flow consistent model,719

we elaborated on the central roles of commercial banks in money creation and the720

mechanism through which prudential regulations affect bank lending and money721

supply.722

For each prudential regulation, we studied their standalone impact on money723

creation by obtaining the equilibrium expressions for the broad money supply and724

money multiplier and analyzing their corresponding determinants. We found that725

the money multiplier, instead of being constant as assumed in the traditional FRT,726

is a decreasing function of the monetary base under all three prudential regulations.727
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This result is consistent with the empirical observations of the plumbing of the728

money multiplier after the recent implementation of the QE policy (Goodhart et al.,729

2013). In addition, we demonstrated that the determinants of the banking system’s730

capacity of money creation are regulation-specific, due to the differences in the731

mechanisms through which different prudential regulations take effect. Specifically,732

under the LCR regulation, the loosening of the minimum requirement of LCR,733

the shortening of loan maturity, the enhancement of the stability of the bank’s734

debt financing source, the increase in the bank’s holdings of bank capital and735

government bonds are all possible causes for the increase of the money supply.736

Under the CAR regulation, what affects the money creation process includes the737

minimum requirement of CAR, the default risk of loans, the amount of bank capital738

and government bonds. Lastly, the money supply under the LR requirement alone739

is solely dependent on the bank’s capital holdings. In other words, when the bank740

only faces the LR regulation, increasing the monetary base will have no impact on741

the broad money supply. This result echoes the work of Martin et al. (2016) which742

demonstrate several scenarios where changes in bank reserves will have no or even743

negative impact on the bank’s credit supply.744

In the more complicated analysis, we considered the simultaneous imposition745

of all three regulations and how their interactions make a difference in the money746

creation process. Because the bank’s capacity of money creation is binded by747

the most rigid constraint, the money multiplier under the collective influences of748

multiple regulations is obtained as the minimum value of the multipliers under749

each individual regulation, given the same monetary base and other things equal.750

For three representative scenarios of different financing source conditions for751

the bank, we demonstrated the transitions of the effective binding regulation and752

the corresponding changes in the money multiplier when there are variations753

in the risk and maturity structure of the bank’s uses of funds. We found that754

the money creation capacity of the banking system is generally greater when its755

sources of funds contain sufficient capital and stable liabilities and its uses of funds756

are less risky and have short maturity. However, due to the dependence of the757

effective binding regulation and money multiplier on the economic state and bank758

balance sheet condition, the same policy action may have distinct consequences in759

different scenarios, which calls for cautiousness of the policy makers in choosing760

the appropriate policy instrument.761

To sum up, this paper is inspired by the pioneering works on rethinking the roles762

of the banking system in money creation. We contribute to this line of thoughts by763

emphasizing the important roles of prudential regulation in money creation and by764

delineating why and how these regulations take effect. In addition, by providing a765

detailed theoretical analysis of how Basel III regulations impact on money creation,766

our work lays the foundation for more complicated studies on the macroeconomic767

impact of Basel III on economic growth. The results of this paper can be used as a768
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reference for policy makers who attempt to make adjustment to current prudential769

regulations or utilize monetary policies to compensate the constraining effect of770

the Basel III accord on money supply.771

Lastly, although the simplicity of the model is considered as a merit in the772

current analysis, it is also important to be aware of its limitations, including the773

assumption of representative bank, abstractions of interest rate and non-passive774

response of other economic entities. An extension of the model into more general775

stock-flow consistent models incorporating heterogeneous agents and more serious776

data calibration would be a fruitful possibility for future research.777

Appendix778

A Derivation of Equation 19779

Combining Equations 9 and 12, we have780

L(2)−L(1) = LF(1)−RP(1) = LF(1),781

L(3)−L(2) = LF(2)−RP(2) = LF(2)− 1
θ

LF(1),782

L(4)−L(3) = LF(3)−RP(3) = LF(3)− 1
θ
[LF(2)+LF(1)],783

...784

L(θ +1)−L(θ) = LF(θ)−RP(θ) = LF(θ)− 1
θ
[LF(θ −1)+LF(θ −2)+ . . .+LF(1)],785

L(θ +2)−L(θ +1) = LF(θ +1)−RP(θ +1) = LF(θ +1)− 1
θ
[LF(θ)+LF(θ −1)+ . . .+LF(1)],786

L(θ +3)−L(θ +2) = LF(θ +2)−RP(θ +2) = LF(θ +2)− 1
θ
[LF(θ +1)+LF(θ)+ . . .+LF(2)],787

...788

L(t−1)−L(t−2) = LF(t−2)−RP(t−2) = LF(t−2)− 1
θ
[LF(t−3)+LF(t−4)+ . . .+LF(t−θ −2)],789

L(t)−L(t−1) = LF(t−1)−RP(t−1) = LF(t−1)− 1
θ
[LF(t−2)+LF(t−3)+ . . .+LF(t−θ −1)].790

791

792

Summing these equations up, we have793

L(t)−L(1) =

{
L(t−1)+ θ−1

θ
LF(t−2)+ . . .+ 1

θ
LF(t−1),2≤ t ≤ θ +1;

L(t−1)+ θ−1
θ

LF(t−2)+ . . .+ 1
θ

LF(t−θ), t ≥ θ +1.
(62)794

With L(1) = 0, Equation 62 can be rewritten as795

L(t) =

{
∑

t−1
t ′=1

θ−t ′+1
θ

LF(t− t ′),2≤ t ≤ θ +1;

∑
θ

t ′=1
θ−t ′+1

θ
LF(t− t ′), t ≥ θ +1.

(63)796
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Combining Equation 63 with Equation 15 and 17, we have : ∀t ≥ t∗ ≥ θ +1,797

L(t) = L∗ =
θ

∑
t ′=1

θ − t ′+1
θ

LF(t) =
1+θ

2
LF∗ =

1+θ

2
RP∗. (64)798

In other words,799

LF(t) = RP(t) = LF∗ =
2

1+θ
L∗, t ≥ t∗. (65)800

B Rewriting the conditions of IF∗ ≥ 0.75OF∗ and IF∗ <801

0.75OF∗ as a function of µ,θ ,g and c802

For the first condition, IF ≥ 0.75OF , we should have803

L∗

1+θ
≥ 0.75µD∗

⇒ D∗− (R+G−C)

1+θ
≥ 0.75µD∗

⇒ [1−0.75µ(1+θ)]D∗ ≥ R+G−C.

(66)804

For Equation 66 to hold, we should always have 1−0.75µ(1+θ)> 0, i.e. µ <805

4
3(1+θ) . Substituting the corresponding expression for the equilibrium deposits806

under this condition, D∗ = 4(R+G)
µrLCR

, into Equation 66, we have807

[1−0.75µ(1+θ)]
4(R+G)

µrLCR
≥ R+G−C

⇒ µ ≤ 4(1+g)
(3θ +3+ rLCR)(1+g)− crLCR

,

(67)808

where 4(1+g)
(3θ+3+rLCR)(1+g)−crLCR

< 4
3(1+θ) always holds because809

4(1+g)
(3θ +3+ rLCR)(1+g)− crLCR

− 4
3(1+θ)

=
4rLCR(c−1−g)

3(1+θ)[(3θ +3+ rLCR)(1+g)− crLCR]
< 0.

(68)810

Therefore, the first condition of IF ≥ 0.75OF is equivalent to µ ≤811

4(1+g)
(3θ+3+rLCR)(1+g)−crLCR

. Correspondingly, the second condition of IF < 0.75OF812

can be replaced by µ > 4(1+g)
(3θ+3+rLCR)(1+g)−crLCR

.813

814
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C The more generalized expressions for the money supply and815

money multiplier under the LCR regulation after relaxing816

the assumption of 50% inflow rate for bank loans817

This assumption of 50% inflow rate for bank loans used in Equation 25 can be818

relaxed by the following equation:819

IF(t) = ω ∗RP(t), (69)820

where ω is denoted as the inflow rate of the repayments for outstanding bank loans.821

ω is generally higher when the counterparty to which bank loans are made has822

higher credit ratings and can successfully fulfil its debt obligations in stressed823

condition. Following similar procedures elaborated in Section 4.1, we can obtain824

the corresponding expressions for the money supply M and money multiplier m825

when the bank is constrained by the LCR regulation, i.e.826

MLCR =

{4(R+G)
µrLCR

, µ ≤ 8ω(1+g)
(3θ+3+2ωrLCR)(1+g)−2ωcrLCR

;
(R+G)(1+θ−2ωrLCR)+2ωrLCRC

rLCR[µ(1+θ)−2ω] , µ > 8ω(1+g)
(3θ+3+2ωrLCR)(1+g)−2ωcrLCR

.
(70)827

828

mLCR =

{4(1+g)
µrLCR

, µ ≤ 8ω(1+g)
(3θ+3+2ωrLCR)(1+g)−2ωcrLCR

;
(1+g)(1+θ−2ωrLCR)+2ωcrLCR

rLCR[µ(1+θ)−2ω] , µ > 8ω(1+g)
(3θ+3+2ωrLCR)(1+g)−2ωcrLCR

.
(71)829

It is straightforward to know that if µ > 8ω(1+g)
(3θ+3+2ωrLCR)(1+g)−2ωcrLCR

(i.e. IF <830

0.75 ∗OF), then ∂M
∂ω

> 0, ∂m
∂ω

> 0. In other words, if bank loans are made to831

borrowers with higher credit ratings who can provide larger cash inflows for the832

bank during stressed condition, the banking system has greater capacity to create833

money when constrained by the LCR regulation.834

D Calibration of model parameter based on historical data for835

the U.S. banking system836
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Table 3: Historical data of capital and reserves for the U.S. banking system

Year R ($ billion) C($ billion) CET 1($ billion) C/R CET 1/R
1992 298 263 246 0.88 0.83
1993 273 297 277 1.09 1.01
1994 304 312 287 1.03 0.94
1995 307 350 318 1.14 1.04
1996 336 376 329 1.12 0.98
1997 355 418 354 1.18 1.00
1998 357 462 379 1.29 1.06
1999 366 480 378 1.31 1.03
2000 370 530 423 1.43 1.14
2001 390 594 469 1.52 1.20
2002 384 647 517 1.68 1.35
2003 387 692 527 1.79 1.36
2004 388 850 568 2.19 1.46
2005 400 912 604 2.28 1.51
2006 433 1030 666 2.38 1.54
2007 482 1143 715 2.37 1.48
2008 1042 1154 755 1.11 0.72
2009 976 1332 918 1.36 0.94
Mean 436.00 657.89 485.00 1.51 1.14
Min 273 263 246 0.88 0.72
Max 1042 1332 918 2.38 1.54
Notes: This table provides the historical data of reserves and capital for the U.S. banking system from
1992 to 2009 used for the calibration of the model parameter c, the capital-to-reserve ratio. Data are
obtained by author based on the work of Slovik and Cournède (2011). Based on the ratio of bank capital
to reserves (C/R) and the ratio of core-Tier 1 capital to reserves (CET 1/R), we determine that c = 0.8
corresponds to relatively low capital positions and c = 2 indicates relatively high capital positions.
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Altunbaş, Y., Fazylov, O., and Molyneux, P. (2002). Evidence on the bank lending858

channel in Europe. Journal of Banking & Finance, 26(11): 2093–2110.859

Angelini, P., Clerc, L., Cúrdia, V., Gambacorta, L., Gerali, A., Locarno, A., Motto,860

R., Roeger, W., Van den Heuvel, S., and Vlček, J. (2015). Basel III: Long-term861
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