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AAnyone who believes exponenti al growth <can

madman or a nKeaneth BwarbBosldingsystem scientist and economist.

Abstract. When issuing loans to their customers, baskemingly creae
money, i.e. value, out of nothing. This represents an interesting challenge to
REA modeling, where creating value out of nothing violates the second REA
axiom. This paper presents a brief analysis of mamegtion processes and
REA and POA models of the processes.

1 Introduction

Economsts (McLeay et al. 2014 RyancColllins et al. 2013,Wikipedia: Money
Creation) recognize three types dfroad money that represent the overall money
supply tothe economy: (ipills and coins, also called fiat mongyi) central bank
reservegdepositsof banksat the central bankgnd (iii) bankdemanddepositsBills
and coins plus central bank reservesaieated by a central bank and aften called
base money. Banklemanddeposits are money created by commerbahks via
credit(loang to their customers.

Regulators in most countries specify conditions under which commercial banks
may provide loans to their customers. Best known are probably Fractional Reserve
Requirements, which specify how much money a baskidédold as a function of its
liabilities. Commercial banks may typically lend their custonsgeraltimes more
than the bankdéds #fAhigh powered moneyo,
bank plus bills and coins at the banks valiis ratio, dso called money multiplier,
depends on a country and time period, for exanipldne USAthe ratiois believed to
be arounden butin the UKthere is no limit since 1971n the absence of regulation
the real limitationof how much money the banks ateis just the confidence and
incentives of the banks

These rules allow commercial banks to provide liquidity to their customers
(Diamond, Dybyg 1983,Diamond 1997)i.e. to create new money, up to the limit set
by the regulatorsRegulators often imm® additional requirements limiting the
amount of money the banks can create. For example, Basel Il global regulatory
standard(Basel Ill, 2014)imposes capital requirements calculated as a function of
risk-weighted assets, which also limits the maximunoant that banks can lend.

In this paper we focus on the actual mechanism of creating money by commercial
banksat the operational level Specification of the rules the regulators impose on
banks, such as the formulas specifying fractional reserve rewrits or Basel IlI
capital requirements can be modeledhatpolicy level, and for the time being is out
of scope of this paper.

2 How Banks Create Money

A loan is a contract between a bank and a customer, where the customer promises to
repay the loan plus interest in the agreed period of time in the future. drte b
considers a loan an assebrthat leasthe loaned amountherefore, lhe bankposts
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the lcan on an asset account, dalancs this asset byn entry on diability account
of c ust omethdses acadwntp ars ialso; callddmand depositsgdeposit
liabilities, sight depositsbank credit bank liabilities and these terms are oftased
in the banking jargoninterchangeably A simple accounting example of this
mechanismis illustrated n Fig. 1., where a loan to a customer of 10.000 ency
units is posted as a debfan increasepf an asset accounand liability of 10.000
currency unitgs acredit(also an increase) tfiat custome¥ deposit account.

ASSETS LIABILITIES
Loan account Deposit account
10.000 10.000

Fig. 1. Balancesheet entries illustrating mechanism of money creation

The money the bank created represent real valudgalamce on the deposit account
can be exchangefbr goods and services or converted to bills and coins. To
summarize, the money creatiprocessenmmpasses two steps: (i) customer signs a
loan contact, (ii)bank increases the balance of the deposit account by the loaned
amount. This increasef the deposit accoutttalance represents new mon@sich

the bank createdeemingly out of nothirg

3  The REA Model of Money Creation

The mechanisndescribed abovegllowing commercial bankt createnew money
seemingly out of nothing, represents an interesting challenge in REA modeling, as it
violates the second REA axiof@eerts, McCarthy 2002)

The secondREA axi om states that AnAl I events effec:
eventually paired in duality relationships with events effecting an inflow and vice
v e r g(@eerts, McCarthy 2002page 12 The second axiom applies for both
exchange and conversion procassas inflow encompasses REA relationships take
and production, and outflow encompasses use, consumption and(@é@erts,
McCarthy 2002,Fig. 3). Consequently, the second REA axiom specifies that an
economic resource can only be created by using or conguamother economic
resourcesbut not out of nothing

The Loan contractin Fig. 2., is a contractcontaining a commitmeritoan, with
reciprocal commitmentRepaymenandInterest paymenfThe main idea of the REA
modelin Fig. 2., illustrating the money creation proceissthatat the economic event
Loan aneconomic agenBankprovides and &ustomelreceiveseconomic resource
Money andin the same transactiae Bank receives andCustomerprovides the
sameMoneyin a Depositevent This is a purely accounting operation that does not
changethe aggregateduantity ofthe resourcévioney but increasesjuantity of the
materialized claimDeposits representingCustomed sleposit accountcompensated
by a corresponding change in tmaterializedclaim Loans

In other words, £ustomercan at any timeleposit his own money to tligank as
an economic everibeposit which increases balance of his deposit accddaiance
of his deposit account can also be increased by takiograusing the mechanism
described aboveThis process does not creary new moneybecausdhe provide
and receive stockflows occurring simultaneouslg a n ¢ e | eac honaihteher 6s effect
resourceMoney

1 This statement will be later refined.
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When a clainDepositsexists, representinigability of a Bankto theCustomey the
Customercan at any timewithdraw the Money thus reducing the quantity of the
claim Deposits However, theWithdrawal eventdoestransferMoneyfrom the Bank
to the Customertherefore, dBankneeds enougMoneyfor the eventualWithdrawal
event. As the total balance of the deposit accocautsbeunlimited (limited only by
policies, as shown earligr the Bank needs a Seemingly Endless Source of Maney
This concept will be analyzed later.

To summarizé the REA model shows thdtanksdo not creatamoney; literary
speaking Bankscreate creditiG the REA model amaterialized claim representing

Bank 6s | Thia draditis setiled when the custométhdraws money from the
bank.
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Fig. 2. REA model of money creation

The REA model above has several features worth notindufiare development of
the REA ontology As theDepositand Loan events must occur simultaneously, and
REA ontology does not have a concept of transactogréup of events occurring
simultaneously these eventare bound bythe commitmentLoan However, tle
commitmentLoan is a promise of both an increment and deaeinit is fulfilled
both by an increment anty a decrement everthis modeldoes not violate any REA

axioms yet (REA axioms only exist for economic events, but not for commitments),
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but if axioms at the commitment level would ever be formulated, theyldhallow

for this case Consequentlythe commitment axioms shouldllow for a single
commitmentto berelated by both «provide» and «receive» relationshipsdimgle

agent.Also, note theLoan commitment is fulfilled by events in different processes

which is also unusualalthough it does not violate any REA modeling rulds

alternative perhaps more elegasblutionwould be to introduce transactiots the

REA ontology (as groups of events occurring simultaneously)ntheh e fAhybri do
commitmentcould be split into an increment arddecrement commitment.

4 The POA Model of Money Creation

Note that althouglall POA models(Possession, Ownership, Availabilitgpcheller,
Hruby, 2016)are constructedn the independentiew, that is,from a perspective of

an independent observer, the corresponding actions of the catesbe named
differently, such as Lend and Borrow the model irFig. 3. we used the same names
for the corresponding actionsuch as Loan, as it makes comparison with the REA
model easier.
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Fig. 3. POA model of money creation






