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ABSTRACT
This paper is inspired by the recent attention for the possibility of digital cash issued by the
Central Bank. Steps in that direction are very fundamental and far reaching, also because such
changes are related to the question of one-tiered versus two-tiered systems. In this paper it is
argued that such changes justify to also consider the possibility of GDP-linking of current
accounts. GDP-linking of a current account means that the amount of money on the account is
adjusted daily to the (nominal) GDP. This idea is most meaningful in case of a one-tiered system
where all economic actors have access to base money and where there is a central
administrative unit who can take care of the adaptation of the account balances. In such a
system it is relatively easy to construct a suitable GDP-proxy that can be monitored continuous
time. But by allowing commercial banks to borrow base money, the one-tiered system becomes
very flexible and banks play an important role in exercising this flexibility. The advantage of
GDP-linked current accounts is stability. The buying power of the accounts can be secured by the
application of GDP-linking. It becomes easier to develop general monetary rules. Discretion is
not necessary anymore, adding also to more stability. This is explained and explored in this
paper.

1

INTRODUCTION

The current monetary system is a two-tiered system. The Central bank (CB) issues base money,
including cash and bank reserves. That is the first tier. The commercial banks issue claims on
base money (e.g demand deposits). That is the second tier. We call that bank money. Recently
the Bank of England seriously considers the possibility to give more parties access to base
money3. They speak of digital cash. This would imply a very fundamental change of the
monetary system. In its most extreme form it might make bank money superfluous and lead to
1

This paper is closely related to the white paper by K.M. Van Hee and J. Wijngaard, “A New Monetary System with
New Monetary Policy”, www.robuustgeld.nl/english/, 2017
2
Professor Emeritus University of Groningen
3
B. Broadbent, “Central Banks and Digital Currencies”, Speech, Bank of England, 2016

1

a one-tiered system: all economic actors pay each other with base money. The debate about
this change is inspired by two developments4, both resulting from the financial crisis.
In the first place the gradual reduction of the rate at which the banks can borrow base money
from the CB. Close to zero this major instrument of monetary policy is becoming ineffective. To
keep control the CB has to switch to some form of Quantitative Easing (QE). Many monetary
economists have more confidence in interest rate oriented rules and explore therefore the
possibilities to “break” this Zero Lower Bound (ZLB). Buiter5 distinguishes three ways to
overcome the ZLB: (1) going cashless, (2) taxing bank notes somehow and (3) introducing an
exchange rate between physical cash and euro’s at current accounts. The last possibility is
presented as the most realistic. Agarwal and Kimball6 elaborate this. Breaking the ZLB is also
put forward by Rogoff7 in his plea to phase out cash.
In the second place the revival of the Chicago plan, a proposal for full reserve banking, and
recent movements in some countries to withdraw the money creating role from the banks.
These movements are inspired by the role of the banks in the development of the financial
crisis8. In full reserve banking, banks are required to have their demand deposits fully backed by
base money and government debts. See Benes and Kumhof9. It is also possible then to switch to
a one-tiered system and require that demand deposits make base money available. Important
in this respect is the “Positive Money” (PM) movement in the UK10. Huber11 gives an overview
of this and related proposals and uses the term sovereign money. He articulates the
shortcomings of the current system and the principles and advantages of a sovereign money
system The Cambridge Journal of Economics has a special issue on these proposals under the
title “Cranks and Brave Heretics”12, showing how difficult it yet is for the official economy to
position these developments.
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There is a third development that is relevant here. That is the development of crypto
currencies. The most important of these is the Bitcoin13. The idea that it is not necessary in such
a system to work with a “trusted third” is very appealing. This possibility stems from the block
chain basis of the bitcoin. Making use of this block chain principle has been explored in
between in many different financial and non-financial applications. In the BoE publications the
exploration of the possibility to broaden the access to base money is sometimes combined with
the suggestion to try a block chain approach or some other type of distributed ledger
approach14 in realizing this.
The exploration of the possibilities of digital cash is combined with the exploration of these
related possibilities: a cashless society or different forms of (physical) cash, a one-tier monetary
system instead of a two-tier monetary system, a more standardized payment system that is
easier accessible for financial service providers, application of block chain technology or other
forms of “distributed ledger”. In exploring all these possibilities the aim is to create a form of
money that facilitates a more effective monetary policy, that allows the development of
payment systems that are more efficient and more solid and reputable and that also improves
the credit provision role of the banks.
It is apparently necessary to consider such fundamental changes. In this paper we contend that
given that, it is useful to consider the possibility of GDP-linking of base money as well. GDPlinking of bonds is well explored (e.g by Kamstra and Shiller, 200815). It implies that the yield of
bonds is linked to the GDP, to realize more stability. This idea of GDP-linking can also be applied
to (individual) current accounts. GDP-linking of a current account means that the amount of
money on the account is adjusted daily to the (nominal) GDP. It is straight forward to combine
this link with taxing the current account, e.g. each day the amount on the current account is
reduced with a small fraction. This possibility of GDP-linking is most meaningful in case of a
one-tiered system where all economic actors have access to base money and where there is a
central administrative unit who can take care of the adaptation of the account balances. In such
a system it is also relatively easy to construct a suitable GDP-proxy that can be monitored
continuous time. The advantage of GDP-linked current accounts is also stability. The buying
power of the accounts can be protected by the application of GDP-linking. Adding an adequate
tax helps to create the right incentive to spend and makes the monetary system flexible.
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To illustrate the potential of GDP-linking, we develop in the next sections a one-tiered
monetary system with GDP-linking. In Section 2 the structure of the system is described. The
possibility to develop an adequate GDP-proxy is considered in Section 3. Section 4 describes
how to choose the monetary policy. Discretionary actions contribute to instability16. We aim at
a rule based policy therefore. The existence of (physical) cash complicates the GDP-linking,
because it is difficult to harmonize the value of cash with the buying power of the current
accounts. In Section 5 we will pay attention to this. Application of GDP-linking in a one-tiered
system is much more straight forward than in a two-tiered system. But in principle it is also
possible in a two-tiered system. That will be explored in Section 5 as well. Section 6 concludes
with more general questions: How far away from the current system is it? How to implement
it? What alternatives are there? What research is necessary?

2

A MONETARY SYSTEM WITH GDP-LINKED BASE MONEY ACCOUNTS

Base money accounts and CB
First a short description of the one-tiered system that is presupposed in this and the next two
sections17. The CB creates the base money and all economic actors have access to it, through
their current accounts (so called A-accounts). There is only this digital cash, physical cash does
not exist anymore. The amount of base money on an account is always positive (or zero). You
can’t pay more than there is available on the account. The government also has its own current
accounts and can’t spend more than they have on it. Also banks have, for their own business,
such current accounts. There is a central administrative unit to process the transactions and
monitor the macro-economic variables that are necessary (e.g. a GDP-proxy). Economic actors
who have a surplus of money for some time can lend it to a bank. Contracts for such a loan will
have a duration and an interest rate. The administration of such contracts will be done by the
banks. The base money of a lender is deposited on a so called B-account of the bank. The Baccount corresponds to the investment pool of PM18.From the B-account base money can be
lend to all current accounts (A-accounts).
It may be necessary, however, to create more credit facilities for capital formation for
productive investments. This points gets ample attention in the debate in the special issue of
16
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the Cambridge Journal of Economics. Fontana and Sawyer19 stress the importance of the role of
banks here and judge the PM proposals unsatisfactory in this respect. A possibility to improve
that is to give banks the opportunity to borrow base money from the CB. This is also mentioned
by the PM people in their reaction on Fontana and Sawyer20. But it is further elaborated and
structured here. We introduce the so-called C-account of a bank at the CB to administer and
register this borrowing. The base money that is borrowed from the CB is transferred from the
C-account to the B-account of the bank. The amount of a base money on a C-account is always
negative. So the total amount of base money on all accounts (A, B and C) together always
remains unchanged by transactions. Borrowing from the CB makes the C-account more
negative and the B-account more positive.
GDP-linking and taxing the accounts
Now it is explained how to link these accounts (A, B and C) to a continuous time available
macro-economic variable. The aim of such linking is to secure the buying power of the
accounts. We will discuss what types of variables are suitable and argue that a GDP-proxy is
very suitable. It will be shown how application of GDP-linking helps to realize a stable monetary
system.
Let 𝐴(𝑡) be some macro-economic (aggregate) variable that is continuously available. Linking
the current accounts to 𝐴(∙) means that the balance of each current account is adjusted to 𝐴(∙)
each time a transaction takes place. Suppose the current accounts 𝑖 and 𝑗 are involved in a
transaction that takes place at time 𝑡. Let 𝐷𝑖 (∙) and 𝐷𝑗 (∙) be the balances of these accounts.
Just before the execution of the transaction, the balances are reset in the following way:
𝐴(𝑡)
𝐷𝑖 (𝑡) ≔
∙ 𝐷 (𝑡)
𝐴(𝑡 − 𝜀𝑖 ) 𝑖
, with 𝑡 − 𝜀𝑖 the time of the previous transaction with respect to account 𝑖, and a corresponding
reset for account 𝑗. The reset is executed by the central administrative unit.
If the variable 𝐴(∙) represents a stable economic value or reflects, economy broad, price
changes, the linking procedure helps to secure the buying power of the current accounts.
Possibilities are:
1) Price indices
2) GDP-proxy’s (nominal GDP)
19
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3) Total consumption
4) The total transaction sum for all real transactions
5) Estimates of the total market value of all shares
It is important that the variable is stable, not dependent on market fluctuations, that it cannot
be manipulated, that it does not lead to speculation and that it can be monitored easily. The
variables 2), 3) and 4) seem to be most suitable. They are inclusive and stable. Variable 1) can
be made inclusive as well by choosing the right mix of price indices, but it is not easy to monitor
it directly. Variable 5) may be too dependent on market fluctuations. Variable 4) is a little easier
to monitor than variable 2) and 3), but it is subdue to fragmentation of the economy. More
fragmentation leads to a higher transaction sum. The advantage of variable 3) is that it is
related to the total VAT and maybe this relationship can be exploited in monitoring the
variable. But we choose here for the broader variable 2). The link with the real economy is
more complete for a GDP-proxy. In the next section we will define a GDP-proxy that can be
monitored sufficiently easy.
With GDP-linking the buying power of a current account follows price increases as well as
productivity increases. This may make it attractive to put money on a current account and just
leave it there, enjoying the general productivity increases as return on investment in this
current account. This necessitates to “tax” the linked account. Instead of the GDP-proxy, 𝑌(𝑡),
the taxed GDP-proxy, 𝑒 −𝜏𝑡 ∙ 𝑌(𝑡), is used. Adapting the current account balance is then
multiplication with 𝑒 −𝜏𝜀 ∙ (𝑌(𝑡)⁄𝑌(𝑡 − 𝜀)). The parameter 𝜏 has to be sufficiently large to
prevent investing in “money”. It can be used to control the development of the buying power,
e.g. inflation control. In Section 4 this is given attention.
The GDP-proxy forms a stable and real basis for the value of the current accounts. There is a
time delay however. It is possible that the current prices increase faster than the prices of a
year ago and the average price over the last year. In principle it is possible to work with the GDP
over a shorter period. But seasonality is so significant that it is difficult then to construct a
stable GDP-proxy. So, we have to accept this time delay.
The parameters of the monetary system
So, we assume that all (base money) current accounts are GDP-linked, with a tax on it. There
are four monetary parameters in this system:
1) The amount of money, 𝑀(𝑡) (as fraction of the GDP)
2) The tax rate 𝜏; the tax reduces the amount of money; by adding a corresponding
amount to one of the accounts of the government (the tax account) the total amount of
money in the system can be kept constant
6

3) A parameter that determines how much extra base money can be borrowed through
the C-accounts
4) The interest on such loans from the CB
In Section 4 the question of how to derive monetary rules for such a system is treated. We are
going to propose a fixed tax rate, 𝜏; but a market driven way to determine the amount of
money (parameter 1)) and the possibility to borrow from the CB (parameters 3) and 4)).Let
𝑀(𝑡) be the actual amount of money (as fraction of the GDP). Because of the tax, it is reduced
with 𝜏 ∙ 𝑀(𝑡) per time unit. If this is added to the government tax account, the total amount of
money remains constant. It also possible however to add more money to the government tax
account or to add less money. This possibility to correct the total amount of money is going to
be based on the (base money) borrowing behavior of the banks. So, the banks are leading here.
Loans in pico instead of in euro
Once we have this GDP-linkage for all current accounts, the financial calculations become easier
if the balance of a current account is expressed as a fraction of the GDP. The GDP of the
Eurozone is about 1013 euro. So, here one could speak of 1 pico-GDP instead of 10 euro21. If a
current account with a balance of 1 pico is not used for transactions, the balance after a year is
equal to 𝑒 −𝜏 ∙ 1 (pico), independent of the development of the (nominal) GDP, while the
balance in euro is more complex because it depends also on changes in the (nominal) GDP.
It is straightforward then to have loans also GDP-linked. A loan of 100 pico for 2 year, with an
interest of 2% implies that one has to pay each year 1 pico interest and has to pay back 100
pico at the end of the 2 year. Having all loans and bonds in this GDP-linked form leads to a
situation where all assets and liabilities are expressed in pico. Where base money is stored or
shifted to or from the future, it can be expressed in pico. The GDP-proxy forms a stable and real
basis for the financial assets. Transactions with respect to real goods and services remain in
euro, however. The continuously available GDP-proxy serves as the exchange rate. Of course it
is possible to escape this stability and have assets and liabilities in euro. That may be attractive
to risk seeking actors. But it is not necessary and does not contribute to the real economy.
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3

CONSTRUCTING AND MONITORING THE GDP-PROXY

In the previous section, we assume to have a GDP-proxy continuously available. Here we
consider the construction and monitoring of such a GDP-proxy. To realize a GDP-proxy that is
easy to monitor, we use a definition of the GDP that deviates significantly from what is
generally used22. It is important that the transactions which contribute to the GDP can be
monitored easily. The choices made here are somewhat arbitrary. There are more options.
Most important is that it shows that it can be done in a reasonable way. .
A major element in the GDP is the production of consumer goods and services. The value added
is determined by the total of (final) sales transactions under subtraction of the import.
Transactions regarding steps in the chain are a form of investment for the buyer and removes
the investment of the supplier. The difference, the added value is the contribution to the GDP.
The final step is the consumption. That removes the investment that is built up, but the total
consumption value is now added to the GDP. We are going to label only the consumption
transactions, the transactions regarding the sales to consumers, mainly the sales of final
products. This way of monitoring the GDP is easier than by labeling all transactions in the chain
The supply of non-life insurance can be treated as the supply of goods and services The
premium is the service, the reimbursed damage is a form of cost, an input. Health care can be
modelled accordingly. Buyers are households, insurance companies and the (central)
government. The same for education. Contributions of the central government are interpreted
as consumption. Local governments are also interpreted as service organizations, comparable
to healthcare and education. A contribution of the central government is a form of
consumption.
Next to consumer goods and services, there are investment goods. The added value can be
derived from the total sum of sales transactions to the users. These transactions are going to be
labeled. Just as in case of consumer goods and services, the import has to be subtracted. The
precise definition of investment goods is yet open. Most straightforward is to stick to the usual
criterion: consumption period longer than a year. To keep the labeling easy, we assume that
whether a good is an investment good is independent of the buyer. So, if it is an investment
good for a corporation, it is also an investment good for a household. The main form of
household investment remains of course residence building.

22
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The remaining actors are financial corporations (life insurance companies, banks, etc.) and
central government. Both are modelled as not contributing to the GDP. Comparable to
households. The financing costs are redirected through financial corporations to wages and
profits and to other expenses (consumption and investment). For these other expenses,
financial corporations are modelled as consumers. For the financing costs of corporations this
way of modelling financials has no influence on the GDP-proxy, since we are going to label only
the consumption transactions. But the financing costs of households are now treated as simple
income transfers, instead of as a contribution to the GDP. The reason is that we want to restrict
the GDP-proxy as much as possible to real goods and services, and it is not easy to distinguish
the payment of interest and of profit on financial products from the payment of the process
service.
The central government is modeled in the same way as financials. Taxes are redistributed
through the central government, to be spent on infrastructure, social security, education,
healthcare, local governments and the government organization itself. So, the wages paid by
government or financials are not included in the GDP-proxy. Normally these wages, also the
wages of the government, are interpreted as contributing to the GDP. We don’t do that. That
keeps the GDP-proxy closer to the market. We treat the whole central government as a
consumer. Instead of that, government services that are partly paid for by users, could be
modelled as service organizations, just as the local government organizations. The precise
distinction of what is local and what is central government is is something to elaborate further.
To monitor this GDP-proxy, we introduce the following labels:
i.
ii.

A label for all household accounts (including household serving institutions).
A label for all salary payments, private withdrawals from privately owned companies,
dividend and interest payed directly to households23, social security payments, etc.
iii. A label for expenses of all financial corporations.
iv. A label for all accounts that are used to pay investment goods.
v. A label for expenses of the central government.
vi. A label for transactions with respect to import and export of real goods and services.
To facilitate the labeling it may be necessary to have special accounts for certain types of
transactions (e.g. ii. and iv.).
These labels can be used to keep track of the expenses that form the GDP(-proxy). See also
Figure 1:
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If all such transactions go via financial corporations, it is not necessary to include them here.

a) Consumption and investment of households (and household serving institutions). We
need all transactions regarding (real) goods and services. That means that transactions
with respect to salary etc. have to be excluded. Transactions with financial corporations
have to be excluded as well. Such transactions imply the transfer of household income
to financial service providers and then to corporations or other households, or the
withdrawal of revenues from previously transferred income.
All remaining transactions together form the total of household expenditure for
consumption and investment (residences). This includes payments for healthcare,
education and local government services (or local taxes). Reimbursements to
households (e.g. insurance) can be included and are subtracted in that way from the
total of household expenditure. Payments between households have no influence on
this total. Export is added, import subtracted.
The expenses are aggregated per day24. The total sum of these expenses over the past
year, on day 𝑡 is called 𝐻(𝑡). The labeling of the household accounts may not be
expected to be perfect. There are free-lancers who use their business account for
household expenses. Direct loans to corporations are wrongly counted as expenses25.
And the labeling of salary accounts and of financial service providers is probably also not
flawless. Let 𝛾(𝑡) ∙ 𝐻(𝑡) bet he real expenses for (real) goods and services. The factor
𝛾(𝑡) is supposed to be stable. It is sufficient to re-estimate it only once every year or so.

Figure 1:
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GDP expenses

This leads to a GDP-proxy that is updated daily. If necessary it is possible to use a finer time grid.
It is possible to prevent this. But that necessitates another label and the effect is relatively small.
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b) Consumption and investment of the central government. This includes all government
expenses, except the salary payments and income transfers (also via local
governments). The expenses for healthcare and education are included.
The total of these expenses over the past year, on day 𝑡, is called 𝐺(𝑡). Given the role of
the government one may expect that this variable measures rather precisely what it
should measure.
c) Consumption and investment of financial corporations. The total of these (labeled)
expenses, on day 𝑡, is called 𝐹(𝑡). Let 𝜑(𝑡) ∙ 𝐹(𝑡) be the real expenses. The factor 𝜑(𝑡)
is supposed to be stable.
d) Expenses for investment goods by corporations (with healthcare organizations,
education institutes and local governments included). Here the label for accounts for
the payment of capital goods can be used.
The total of these expenses during the past year, at day 𝑡, is called 𝐼(𝑡). It may be
expected that corporations collaborate in supporting this label, but perfection is not
realizable. Let 𝛿(𝑡) ∙ 𝐼(𝑡) bet he real expenses. The factor 𝛿(𝑡) is supposed to be stable.
The total expenditure is equal to 𝑌(𝑡) = 𝛾(𝑡) ∙ 𝐻(𝑡) + 𝐺(𝑡) + 𝜑(𝑡) ∙ 𝐹(𝑡) + 𝛿(𝑡) ∙ 𝐼(𝑡). This
variable can be used to link the accounts with. In case of a new estimate of 𝛾(𝑡) and/or 𝛿(𝑡)
one has to take care of continuity of the estimated total expenditure. Suppose at day 𝑡 new
estimates of 𝛾(𝑡) en 𝛿(𝑡) are determined, 𝛾 ′ (𝑡) en 𝛿 ′ (𝑡). Then a factor 𝜇 has to be determined
such that 𝜇 ∙ 𝛾 ′ (𝑡) ∙ 𝐻(𝑡) + 𝜇 ∙ 𝜑 ′ (𝑡) ∙ 𝐹(𝑡) + 𝜇 ∙ 𝛿 ′ (𝑡) ∙ 𝐼(𝑡) = 𝛾(𝑡) ∙ 𝐻(𝑡) + 𝜑(𝑡) ∙ 𝐹(𝑡) +
𝛿(𝑡) ∙ 𝐼(𝑡). Thereafter we continue with 𝜇 ∙ 𝛾 ′ (𝑡), 𝜇 ∙ 𝜑′(𝑡) and 𝜇 ∙ 𝛿 ′ (𝑡) as correction factors26.

4

SIMPLE RULES ARE SUFFICIENT FOR A MONETARY POLICY

There is a fundamental debate about rules versus discretion in monetary policy (e.g. Stokey,
200227). One tends to agree that rules work better if the dynamics of the situation can be
modelled well, but that discretion may be necessary because of all unforeseen changes. It is
accepted that discretion also adds to the dynamics of the system, because actors anticipate
and react. Goodhart stresses the difference between the banking school and the currency
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school of monetary economics (Goodhart, 199828) and argues that banking school proponents
generally accept that discretion is necessary and possible, while currency school proponents are
more optimistic about the possibility of rules and more pessimistic about the quality of
discretion. (Goodhart & Jensen, 201529).
In that sense, this approach belongs to the currency school. It is going to be argued that GDPlinking helps to develop a good monetary policy that is completely determined by simple rules.
Important here is that the parameter 𝜏 can be used to control the buying power, independent
of all other choices, even if the amount of money is larger than what is necessary.
Money is a medium of exchange. It is the lubricant of the real economy. There are five “places”
where the money has to fulfill this role:
a) in households for housekeeping,
b) it is the liquid part in working capital for corporations
c) or in working capital for government,
d) it is used in the investment world, e.g. to create flexibility in the investment
portfolios; one could call this the working capital in the investment world
e) and in the last place, it is used for the formation of fixed capital.
In working capital (households, corporations and government) the money is used to buffer
temporary discrepancies between the flow of income and the flow of expenditures that are the
result of the business. In the investment world it is used to be able to change the composition
of the portfolio by selling certain assets and buying other assets. Here the transactions are
more independent of each other than in case of working capital.
The last function of money (fixed capital formation) is also performed by households,
corporations or government, but is distinguished from the working capital function, because it
is accompanied in general by significant discontinuities in the need for money. Large capital
investments for production and innovation demand extra liquidity. It is important to check
whether the monetary system facilitates this need adequately. Insofar as these capital
investments are directly financed, they belong to the investment world and the money required
is included in the money required there anyway. But another part of these investments has to
be financed or pre-financed through the B-accounts. The money that is not needed as working
capital or in the investment world as exchange money, is available for the B-accounts of the
28
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banks. From these B-accounts it can be borrowed back into working capital or investment world
and it can also be used for capital formation.
The aim is to develop simple monetary rules. First the choice of the money tax. In case of a too
high 𝜏 the available base money becomes ineffective. The economic actors search for other
possibilities to settle their transactions and the base money ends for a large part at the Baccounts of the banks and remains there. The other extreme is a too low 𝜏. For instance 𝜏 = 0.
In this case, the GDP-linkage implies that just storing base money leads to a result that keeps up
with the GDP. Storing base money becomes an attractive “investment”. The base money is
meant to be a means of exchange. So, it is important to choose 𝜏 sufficiently high to prevent
that base money is used by investors as a structural investment possibility. It is sufficient to
choose 𝜏 equal to or a little higher than the expected increase in the real GDP (𝜋̂). Recall that
0.02 is the inflation goal of the ECB. With 𝜏 = 𝜋̂ + 0.02 the buying power development satisfies
that goal. Therefore we choose 𝜏 = 𝜋̂ + 0.02 and prevent so that having base money becomes
a goal instead of a means.
Next the amount of money. To investigate the influence of the amount of money it is useful to
explore first how money is used in a situation with plenty of base money. In such a case it easily
occurs that there is too much base money for working capital (places a), b) and c)) or exchange
money (place d)). Then one has to compare keeping the money, investing it (adding it to some
investment portfolio) or making it available to a bank, where it can be put on a B-account. In
case of keeping it, the loss in buying power is equal to 𝜋 − 𝜏, which is about equal to 0.02.
Investing it leads to a profit that varies around 𝜋. The result of making it available to the Baccounts depends on how scarce this money is and on the term that is agreed upon. If there is
really plenty of money one may not expect much more than a loss of little less than 0.02. Recall
that accepting the money and not using it, leads to a loss in buying power of about 0.02. Let
−0.02 + 𝜀 be the interest paid in average by the bank. Then the bank can make it available for
investment at an interest equal to −0.02 + 𝜀 + 𝜌 + 𝛽, with 𝜌 the risk assessed and 𝛽 the
banking allowance, necessary to pay the costs for risk assessment and administrative processes
and let it contribute to the profit.
The results of all these possibilities vary with 𝜋̂, the expected growth. And this is a rather stable
variable in general. But if the return on making superfluous money available to a bank is almost
the same as the return of keeping the money, many actors may just keep the money. And all
this idle money may at some time lead to sudden runs on the existing resources and sharp
inflation. The buying power is compensated for inflation, but only with a delay. It is possible
that the current prices increase faster than the average prices over the last year. In principle it
is possible to work with the GDP over a shorter period. But seasonality is so significant that it is
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difficult then to construct a good GDP-proxy. So, we have to accept this time delay30. That
means that even in this GDP-linked system, very high inflation is not attractive.
This implies that the amount of money has to be restricted and the return on money made
available to a bank has to be significant. A possibility is to estimate the money that is
necessary. This is not easy however and may become rather speculative. In a separate note a
possibility is sketched31. But instead of using such an estimate to control the amount of money
directly, it is also possible to control the amount of money indirectly, by following the market.
That option is chosen here. In this option, controlling the amount of money is combined with
choosing the other two monetary parameters: the parameter that determines how much extra
base money can be borrowed through the C-accounts and the interest on such loans from the
CB (compare Section 2).
We switch to a formulation in pico now instead of in euro (see Section2). That makes it easier.
The following two measures are proposed:
A. Banks can borrow extra money at an interest of 𝑟 (yet to determine, the loans are GDPlinked formulated now, see Section 2) The use of this measure is interpreted as a sign
that there is too less money in the system. Applying this measure is combined therefore
with adding an extra amount of money to the system, by putting more than the money
tax on the government tax account (see Section 2). The correction is proportional to the
amount of money on loan from the CB, 𝐶(𝑡). The correction factor is chosen such that
each day 1% of the amount on loan is corrected.
B. Banks can buy specific GDP-linked government bonds, called tax bonds. The term is one
year. The buyer pays 1 + 𝑠 (pico) (see Section 2) to receive after a year 1 pico. That
means that the yield is negative, about – 𝑠, with 𝑠 to be chosen such that that yield is
better than the yield of pure base money. The use of this possibility is interpreted as a
sign that there is too much money in the system. Using this possibility is combined with
withdrawing an extra amount of money from the system, by putting less than the
money tax on the government tax account. The correction is proportional to the total
value of the active tax bonds, 𝐵(𝑡). The correction is chosen such that each day 1% of
the total value of the active bonds is corrected.
Banks have to compare borrowing from the CB and borrowing through the B-accounts.
Borrowing from the CB goes through the C-accounts. These accounts are also GDP-linked. So, if
30

Another effect of the time delay is that it makes the system somewhat counter cyclical. In case of a speeding up
economy, the increase of the amount of money is lagging behind, in case of a slowing down economy, the amount
of money decreases slower than the economy. This counter cyclicality helps to keep the system stable.
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a bank wants to repay the loan after a certain time 𝑡, they have to pay 𝑞 ∙ 𝑒 −𝜏𝑡 , with 𝑞 the size
of the loan (in pico), while the value of the borrowed money, if it remains idle, is equal to
𝑞 ∙ 𝑒 −(𝜏+𝑟)𝑡 . If a bank pays an interest of 𝛿 on the base money that is made available to her Baccount, the bank has to repay after a certain time 𝑡 an amount equal to 𝑞 ∙ 𝑒 𝛿𝑡 , while the value
of the borrowed money, if it remains idle, is equal to 𝑞 ∙ 𝑒 −𝜏𝑡 . So, if 𝑟 = 𝜏 + 𝛿 both options are
equally attractive. If 𝛿 < 𝑟 − 𝜏 using the B-accounts is more attractive.
The yield – 𝑠 on the tax bonds has to be compared with 𝛿 as well. The possibility to buy such tax
bonds makes that the interest paid on base money available on B-accounts should not be much
smaller than – 𝑠. So 𝛿 remains on the interval (−𝑠, 𝑟 − 𝜏). A straightforward possibility is to
choose 𝑟 = 𝜏 + 0.02 (= 𝜋̂) and −𝑠 just sufficiently far away from −𝜏 (> −𝜏) to guarantee that
it is more attractive to buy tax bonds than just keeping idle money, e.g. 𝑠 = 𝜏 − 0.005. Such a
parameter choice guarantees that the two possibilities (borrowing extra base money and
buying tax bonds) are not going to be used simultaneously.
The total monetary policy consists of the rule for the money tax (𝜏 = 𝜋̂ + 0.02), together with
measures A and B. Measure A settles the possibility to borrow from the CB (the parameters 3)
and 4) in Section 2). Figure 2 gives an overview.

Figure 2:
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Monetary system

Measure B creates the possibility to get rid of superfluous money (and replaces in fact
parameter 1) in Section2). The parameters 𝑟 and 𝑠 and the correction speed are fixed and
determined centrally, the decision to activate the measures is made by the banks. The two
measures together control the amount of money flexibly. Positive expectations about the
economy may create more demand of money and result in borrowing from the CB and a
corresponding addition of extra money. Negative expectations may lead to the use of money
for tax bonds and a corresponding reduction of money. Such fluctuations in expectations will
also lead to price fluctuations. But due to the GDP-linkage the quality of the system is not
sensitive to such fluctuations. Notice that the sharpest price increases are due to expected
changes in the development of the buying power and such changes are much more modest in a
GDP-linked system.
Of course there are many questions about the behavior of the amount of money and of the
various interest rates in case of such a policy. First about the influence of the parameters 𝜏, 𝑟, 𝑠
and the correction speed. Thereafter about the possibility of such policies in general, dynamics,
credit flexibility, etc. This is just to give an example of a rule based monetary policy or set of
policies that could work in such a GDP-linked, one-tiered system.

5

EXTENSIONS

This paper is about the possibilities of GDP-linking of current accounts. The advantage of that is
that the buying power of a current account can be secured rather precisely. That leads to
stability and is an important step in the direction of a rule based monetary policy. The
possibilities are most clear in a one-tiered monetary system without physical cash. That is the
system in focus in the previous sections. But it can also be applied in a two-tiered system or in
combination with physical cash. That will be sketched here.
Two-tiered system
Notice in the first place that the one-tiered system we propose is not so different from a twotiered system. Banks are free to borrow base money and to return base money for tax bonds
again. A flexibility that is comparable with the flexibility of banks in the current system. It is also
possible to give the banks a special role in monitoring and transaction processing. Instead of
working with one central administrative unit, it is also possible to distribute this role over the
banks, as long as the base money accounts are well distinguished, the transactions are
processed properly (including the GDP-linking) and the GDP-proxy is monitored well. This leads
16

to even more similarities with the current two-tiered system32. But one could go a step further.
A possibility that could be combined with the one-tiered system is to accept that banks create a
payment account (an A-account) that they use for payments of their customers. The customers
develop “drawing rights” by lending base money to the banks, put on the B-account. Depending
on these drawing rights, the bank can pay for the customer. The payment is executed from an
A-account of the bank, so with base money. To distinguish this A-account from other Aaccounts of the bank we call it the P-account. This possibility implies that in principle, it is not
necessary anymore for an actor to have an A-account. This is the first step in the direction of a
real two-tiered system.
Part of the advantages of the one-tiered system (compare Van Hee & Wijngaard, 201733) are
lost. But it could be attractive for individual actors. Whether that is the case depends on the
conditions offered by the banks. If actors keep their base money, they have a return of 𝜋 − 𝜏 on
it. In case of ample availability of base money, it is to expect that making it available to a Baccount leads to a return between 𝜋 − 𝜏 and 𝜋, depending on the term that is agreed upon.
And if that term is short, the return must be close to 𝜋 − 𝜏. In case of ample availability of base
money, there is not much room for banks to create business in this way. In case the amount of
base money is tight, the banks can make the money that is available more effective and may be
able then to create conditions that are attractive for actors. The possibility does not interfere
with GDP-linking. GDP-linking remains possible as long as the monitoring of the GDP-proxy can
be organized. It makes the collaboration of banks with a P-account necessary. The labels of the
actors involved in a transaction have to be also visible if the transaction is executed through the
P-account of a bank.
The possibility above is a two-tiered element in a one-tiered system. A complete two-tiered
system is created if all actors have to make all their base money available to B-accounts,
developing drawing rights that make it possible to let the bank involved take care of their
payments. If these drawing rights correspond one-to-one to the amount of base money put on
the B-account, the situation is similar to the systems in use (except that the clearing is
performed differently). GDP-linking is also possible here, if the banks collaborate in monitoring
the GDP-proxy. The tax on the base money (𝜏) is reflected in the return on the money that is
made available. So, the GDP-linking in this two-tiered case leads also to money with a better
controlled buying power, even if there is more money than necessary. But it is less direct and

32

It is also possible of course to use a block chain approach instead of having a central administrative unit to deal
with the transactions.
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transparent than in a one-tiered system. It is not advised, but it is possible and even in such a
system the GDP-linking has a positive effect.
Physical cash
Physical cash does not quite fit in a system with GDP-linking. The value of physical cash cannot
be linked to the GDP. The demand for physical cash is rather persevering however. It is clear
that it is not easy to abolish cash. Two aspects that play a role here are the anonymity of cash
and the perceived convenience of cash. David Wolman34 gives a nice description of the various
attitudes towards cash and the possibilities to go cashless. Some people are even religiously
involved with the anonymity and “liberty” of (physical) cash35. Other people, just as libertarian,
can just as well live without cash, but applaud for crypto currencies, like bitcoin, stressing the
same anonymity and independence of government control and hoping to be able to escape in
that way a government controlled cashless monetary system36. We are not going to discuss
such philosophical issues here, but check the consequences of the existence of such
independent currencies and explore the possibilities of also facilitating some form of cash.
The link with the GDP is directed to linking money to the real economy. Part of the real
economy is settled with other currencies. The money can only be linked to the real economy as
far as it is settled in euro, the euro-economy. People who settle their transactions in dollars or
in bitcoins etc.37, participate in fact in another economy. It is not a problem for the concept of
GDP-linking as long as these other parts of the economy are relatively small and stable.
Bartering affects also the ratio of the size of the economy and the use of money. As long as the
development of bartering is smooth, it is no problem. And the insensitivity of the monetary
system for too much money, due to GDP-linking, helps here also.
In the present two-tiered system, physical cash is a form of base money and a positive balance
on a bank current account is a claim on base money. This implies the ZLB on the rate at which
the banks can borrow base money from the CB. To break that bound, Buiter38 mentions three
possibilities: going cashless, taxing bank notes somehow and introducing an exchange rate
between physical cash and euro’s at current accounts. The last possibility is presented as the
most realistic. Buiter suggests the “wim” for a unit of cash. It may be the most realistic, it is
34
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certainly not very handy in practice. See also Agarwal and Kimball39. But they find the goal,
breaking the ZLB, sufficiently important to consider such possibilities. Here we have also two
possibilities, cash in euro or cash in pico. Cash in pico would be possible (at least in principle) in
case of 𝜏 = 0. In case of a positive 𝜏, we have the difficulties of cash taxing that are mentioned
by Buiter already. Having cash in the form of euro’s is the other, more realistic possibility.
People who prefer cash can buy this. The cash is not included in the GDP-linking. So, if they sell
it again after a year, they miss possible price increases and productivity increases. On the other
hand, they miss also the tax. If the tax is about equal to the productivity increase, switching to
cash is not attractive for speculative reasons as long as there is some inflation. The total sum of
the transactions settled with cash may be expected to remain small then. Facilitating cash in
the form of euro’s hardly corrodes the possibilities of GDP-linking.

6

CONCLUSION

This paper is inspired by the current discussion on the possibility to introduce digital cash. That
is base money that is made accessible to all economic actors. This possibility suggests to
consider monetary systems without physical cash or with physical cash only as a secondary
form of cash, a voucher, a termed claim on base money. Such systems make it possible to link
current accounts of base money to a GDP-proxy or related macro-economic variables. This
leads to completely new possibilities with respect to monetary rules and may be a reason to
revisit the acceptance of discretion in monetary policy. This is explored in this paper. It shows
that monetary stability and secured buying power can be realized indeed with simple rules.
Sections 2, 3 and 4 show the possibilities of GDP-linking in a one-tiered system. In such a
system, GDP-linking is most easy. There is a central administrative unit to keep track of a
continuous time available GDP-proxy and to update the current accounts (Section 3). Section 4
describes how a one-tiered monetary system with GDP-linking could work. The banks play an
important role in determining the amount of money in the system. Section 5 shows that it is
quite possible to combine such a system with some form of physical cash, albeit not the cash
people are used to. It is not any longer the basis for the monetary system, the base money, it is
only a claim on base money. This section shows also that, given the possibilities of a one-tiered
system, there is no rational reason anymore to stick to a two-tiered system. But even if we get
stuck with such a system, adding GDP-linking may help in creating control and stability.
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This conclusion sounds absolute. But it is in fact only tentative. There are many questions to
answer before one can speak of a real, complete proposal. I will come back to these. But the
first and main question is whether the elements in the proposal are not too different from the
actual monetary policy and the existing economic theory to accept it as a serious option. A
short summary of these “different” elements is given here.
We are used to money that is hard in the sense that if we have 10 euro in our wallet, it remains
10 euro unless we use it or lose it. We accept that the buying power of this 10 euro changes,
but the amount is save. The concept of money explored here implies that the amount of money
may change (Section 2). The system is directed to securing the buying power instead. We, the
people in general, have to get used to this new form of money. And the anti-hoarding tax that
is added does not make it easier. That Keynes appreciated the idea of such a tax40, does not
immediately remove the objections against it. An extra complication is that it has to be
combined with a transfer to cashless or at least to another form of cash. This is in itself already
a big issue (Section 5). GDP-linking may be wider applicable, but the monetary system sketched
in Section 4 presupposes a one-tiered system. The most common proposals of a one-tiered
system see no role anymore for commercial banks in determining the amount of money41.
Authors from the banking world protest against this and emphasize the importance of banking
know how in this respect42. In the proposal developed here (Section 4), banks have a more
important role in determining the amount of money, although more restricted than in the
actual system. But the structural use of tax-bonds is another new element that may be seen as
complicating.
All these new elements together make this paper a form of “economic science fiction”, unless
there are serious economists who start to elaborate the proposals. There are many reasons not
to do that. It endangers your career. The title of the special issue of the Cambridge Journal of
Economics on fundamental alternatives for the actual monetary system is meaningful: “…
’cranks’ and ‘brave heretics’ ….. “. Scientific communities function as tribes. Paul Romer stresses
that this is also true for macro economists43, referring to the “mathiness” of macro-economic
theory, but suggesting that it is more generally true. Maybe it is worse for macro-economics,
because it is difficult to experiment with economies. In macro-economics, it is apparently
dangerous to deviate from the tribe. Certainly if it is not possible to hide in the shadow of
accepted great scholars like Marx or Keynes or Minsky. In between technological developments
continue. Especially the new IT developments enforce paradigm jumps and Marx, Keynes and
40
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Minsky could not foresee these. New IT possibilities have already lead to crypto currencies like
bitcoin, to the application of blockchain principles and the development of all kind of fintech
products. Would it not be time, given the new possibilities, to reconsider the structure of the
monetary system? Do we have to stick to cash and keep supporting crime and corruption? Is
discretion still necessary and do we have to try to interpret the look of the CB president in
making her announcements? Do we have to accept the current instability and accept the
speculation connected? The size of the financial sector is a measure of its inefficiency. Is this
acceptable? This paper is meant to contribute to the exploration of the possibilities of
structural monetary innovation. Hopefully it draws the attention of real economists and is
sufficiently tempting for them to investigate the proposals in more detail.
Further research is necessary, at least with respect to the following points:
1) The effectiveness of GDP-linking with respect to inflation correction. We mentioned
already that it is a delayed correction.
2) The stability of the GDP-proxy proposed in Section 3. How frequent should the
correction factors be determined? Are there alternatives?
3) The functioning of the B-accounts.
4) The precise choice of the monetary parameters τ, 𝑟, 𝑠 and the feedback parameter (0.01
in Section 4).
5) The demand for physical cash and how to organize it.
6) The possibility to combine this official money with complementary currencies.
7) The advantage of formulating loans in pico instead of in euro.
8) The consequences for government finance of the introduction of tax bonds (Section 4).
Hopefully there are sufficient economists who agree that working on a fundamentally different
monetary system is not that ‘cranky’.
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