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Abstract

Along the lines of neoclassical theory, a system dynamics model has been developed to describe the
most important mechanisms governing the physical output of goods and services in the economy in
interaction with the financial system. The model gives a meaningful reconstruction of the overall long-
term dynamical behaviour of the financial-economic system, including the endogenous modeled crisis.
The occurrence of the boom- and bust-cycles can be understood and to a reasonable extent predicted
from the asset price driven credit cycle. The model confirms Minsky’s instability hypothesis, in which
the euphoria over apparently ever increasing (asset) prices, GDP, wages, consumption and loans turn the
system into the downward spiral of the bust, when financing cost becomes unbearable for individual
households and the economy is no longer stimulated by a continuously decreasing interest rate when it
approaches the zero level.

The current financial system appears to be fundamentally unstable. Lacking central coordination,
decentralized money creation causes unjustified euphoric herd behavior of the many private banks, with
then create monetary economic growth that is bound to suffer from boom-and-bust behavior.

The model experiments show that money creation by the government, according to a ‘money creation
rule” which is directed to price stability and / or employment, can stabilize the boom-bust cycles. At a
constant price level, both the physical and the monetary production and consumption then follow a
pathway of stable, continuous growth, which reflects the increased productivity which results from
technical progress.

Price stability and the associated positive effects on employment and GDP can be realized by creation of
debt free money at a rate corresponding to the growth of the real, physical economy (without inflation);
in the model experiment this was about 1,5 % / year, resulting in an annual saving of government (and
thus taxpayers’) money in the order of 10 billion € / year, plus the additional reduction of interest to be
paid on government debt ( 5 to 10 billion € / year) and the extra money to be created in case a certain
level of inflation (e.g. 2 %) would be preferred politically (2 % is about 12 bn €).

This money can be used to lower taxes and to invest in physical and social infrastructure, for example in
more sustainable energy and transport systems.
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1. Introduction

Seven years after the 2007 /2008-financial crisis which ‘no one saw coming’, the measures to improve
the financial system appear to be limited to strengthening the supervisory network. But the associated
flight forward into more Basel-regulations on top of the many which are already in place, will be
counterproductive. Increasing regulation will show diminishing returns and exponentially increasing
complexity at the same time. For civilized societies, increasing complexity is a threat which is
comparable to that of a dysfunctional financial system (Tainter 1988). Apparently, solutions to the
problem has to be found on a more fundamental level.

Already twenty years before the 2007 / 2008 crisis, that fundamental level was adressed by the
American economist Minsky. He warned for the instability of the current financial-economic system:
‘the Wall Streets of the world generate destabilizing forces, and from time to time the financial
processes of our economy lead to serious threats of financial and economic instability, that is, the
behaviour of the economy becomes incoherent” (Minsky 1986). Minsky regrets that ‘what was lost was
a view of an economy always in transit because it accumulates in response to disequilibrating forces that
are internal to the economy; instability is an inherent and inescapable flaw of capitalism’. Succesful
functioning of an economy will inevitably lead to ‘euphoria’, in which expectation grow irrationally
high. In his 1970 paper, Minsky remarks that ‘once euphoria sets in, financial institutions accept
liability structures —their own and those of borrowers- that, in a more sober expectational climate, they
woud have rejected’ (Minsky 1970).

In this process, money does matter. The inherent instability is related to the creation of money: ‘in a
world in which money is mainly demand deposits at commercial banks, much of the financing of
business involves the creation of money - as debts are entered upon the books of banks - and the
destruction of money-as debts are repaid’ (Minsky 1986). Minsky’s financial instability hypothesis ‘is a
theory of the impact of debt on system behaviour’ (Minsky 1992).

Indeed, the huge creation of ‘money as debt” (MaD) since the deregulation in the 1990’s, in combination
with ICT and globalization, has led to serious volatilities and instabilities in regional economies. At the
same time, it has burdened many governments with large debts, partly as a result of coming to rescue
the banks that caused the crises, which leaves them with large interest payments on the one hand and
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insufficient financial means to stimulate necessary social transitions. A second motivation for a more
fundamental approach is the importance of a well-functioning financial system for the now inevitable
and coinciding societal transformations, forthcoming from the current crisis situations in climate
change, energy, food and water supply and large scale migration out of numerous conflict areas.

This brings about the twofold objective of this paper:

- studying the functioning, in particular the instability of the current financial-economic system in
order to explore the feasibility of policy measures for a more fundamental improvements, such as
amongst others proposed by Positive Money in the UK (www.positivemoney.org; Jackson and
Dyson 2012); and Benes and Kumhof 2012);

- exploring the contours of a financial-economic system which can support the transition to a
sustainable society, following amongst others the approach of Jackson (2009) in his search for
‘prosperity without growth’.

To this purpose, a dynamic simulation model has been developed to explore the interactions between the
financial and the (real, physical) economic system. The focus is on the mechanisms that led to the
financial-economic crisis of 2007 / 2008 and on the importance of loans as a cause of financial and
economic instability. As such, the objective of the model exercise is the understanding and, eventually
confirmation of Minsky’s financial instability hypothesis. The model provides the ‘laboratory’ setting in
which the instabilities and associated socio-economic unsustainability of the current financial-economic
system can be studied and the feasibility of more sustainable alternatives can be explored. In particular,
we study the gradual shift away from the current ‘money as debt’ paradigm towards a ‘debt free money’
(DFM) approach. The model aims to contribute to a reformulation of the conditions under which the
financial system again can become a means to the ends of the economy.

2. Model description

‘The conclusions based on the models derived from standard theoretical economics cannot be applied to
the formulation of policy for our type of economy’, wrote Minsky in 1986; ‘the models don’t deal with
time, money, uncertainty, financing of ownership of capital assets, and investment’. More recently,
after the crisis, Werner (2012) repeated the message that leading economic theories and models as well
as influential advanced textbooks in macroeconomics and monetary economics do not feature money.
Against this background Werner advocates a new interdisciplinary research program on ‘banking and
the economy’. He calls for, and presents an introduction to ‘a concrete model linking banking and the
economy via the reflection of a fundamental, yet usually neglected fact about banks of which both
finance and economic experts are often unaware for the majority of their career: banks create the money
supply through the process of ‘credit creation’ (Werner 2014).

The Sustainable Finance (SF) Model presented here is a system dynamics simulation model which
indeed links both the real economy to the financial system and money. As a second important feature,
the model explicitly considers disequilibria. Unlike traditional macro-economic models assume, the
system is never in equilibrium; there are continuously feedback mechanisms and adjustment processes
at work that make the system tend towards a steady-state in an oscillatory fashion. The SF model thus
simulates the interaction between the economic and the financial system, as shown in Figure 2.1.

1 The economic system is modeled as a two-sector closed economy in which goods and services are
produced using capital and labour. The model simulates the interactions between producers (firms),
consumers, banks and government in both monetary and physical terms®. There are two sectors
(manufacturing and services) and three groups of consumers:

! Also the assets of pension funds are included but they play a minor role in the present version of the model.
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- one with a negative net deposit (being the sum of their deposit minus debts) and a borrowing
but no lending capability; these indebted consumers obtain their income from labour wages;

- asecond group which has a positive net deposit and a lending capability. A part of the deposit
is converted to government bonds. These consumers obtain their income from labour wages,
interest on savings and bonds dividends;

- athird group, which obtains its income from labour , interest on savings and from dividends,
both from bonds and from shares (capital investments).

Government, redistributes wealth by taxation and social payments and by providing societal

functions (education, infrastructure etc.).

Thus, the real economy is modeled according to the mainstream economic theory in order to avoid
unnecessary paradigmatic discussions. The model builds on work done by Godley and Lavoie
(2007), Hallegatte et al. (2008), Yamaguchi (2010), Van Dixhoorn (2013) and others.
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Figure 2.1 A schematic representation of the two parts of the Sustainable Finance model: the (real
physical) economy (left) and the financial system (right) and their interconnections.

2 The financial system is represented by a balance sheet of a hypothetical bank. It can be seen as the
aggregate of all commercial banks into a single Aggregate Bank (AB), which supposedly has the
same properties as the individual banks. Banks then give loans to consumers, firms and the
government, and have money from firms and consumers on the deposits at their liability side. It
implies that money is merely seen as bank deposits (M1-M3) at the liability side of the balance
sheet of the AB. The movements of money (in €) between the deposits of the AB are (only) dictated
by the interactions between the productive and consumptive sectors of the real economy.
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2.1 The Economic System

The mechanisms governing the real economic system both the manufacturing and the services sector ?
are summarized in Figure 2.2. Reference is made to the respective equations to be discussed below.

Production or output is denoted with Y; and demand for the respective goods and services D;, i=1,2 5 In
general, the production of goods and services Y in period t+1 will not match the actual demand D in
period t+1, because of divergent expectations among producers and consumers, as will be discussed in
more detail later. This discrepancy is simulated by way of an inventory H, being the accumulated
difference between supply and demand”. In formula: dH/dt = Y — D Hallegatte et al. 2008).

In the model the inventory H tends towards zero because we include feedbacks via prices and
employment. If more goods are produced than sold on the demand side (Y > D), the inventory H will
increase. As a result, the price will decline, which permits consumers to purchase more goods and
services at the same wages (and the same amount of money in circulation). If demand is higher than
production (D >Y), the inventory H will decrease or become negative and the reverse will happen. So
the discrepancy between actual Output (‘supply’) and Aggregate Demand determines the Price p.

A second disequilibrium is the one between actual employment and desired employment. In the model
the wage rate W is the mediating variable that tends to bring actual and desired employment closer to
each other, on the assumption that wages rise at above-desired and fall at below-desired employment
levels (Hallegatte et al. 2008). The resulting Price p and Wage level influence the Labour force L
through adjustments in the hiring/firing rate dL/dt, which influences indirectly the net Investment level.
The resulting Capital Stock K and Labour force L determine Output Y, via an exogenous Technology
factor. The product of the Labour force L and Wage rate w equals Wagesum W. Part of the Wagesum W
is turned into monetary Consumption C, leaving the remainder for (not indicated) savings. Via the Price
p, monetary consumption is translated into physical Consumption C/p, which together with the physical
investments forms Aggregate Demand. These investments are determined by the calculated profitability.

2 We distinguish the manufacturing and the services sector, because of the empirical evidence that the labour-capital ratio, the
substitution mechanisms and productivity growth features are rather different, also over time, although the rapid growth in ICT
may be depreciate such evidence.

3 As is explained later on, we use the symbol D = Dy/p to denote demand in physical units, in contrast to Dy, in monetary
units.

* H is also referred to as working capital or goods-in-process. It represents materially stored goods and services (H>0) or unmet
demand for goods and services (H<0) in the ‘marketplace’. In a system dynamics view, it is the physical equivalent of the
financial bank deposits dealt with later on.
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Figure 2.2 Scheme of the real economy model. Grey boxes indicate stocks that are governed by
differential equations. Solid arrows indicate physical flows; dashed arrows indicate
informational flows. Corresponding equations are indicated.

Production

In economic models, the production of goods and services by means of a combination of labour, capital
and technology is formulated in the form of an — abstract — production function (cf. Appendix A).
Often, economists use a (nested) production form of the simple form Y ~ KL%, the so-called Cobb-
Douglas (CD) production function. This formulation implies a unitary substitution elasticity between
capital and labour and, therefore, a diminishing return upon ever more capital input. Recently Piketty
(2014) has pointed to the empirical evidence of an increasing share of capital in the production process
and in the national income. This suggests that there is no decline in the productivity of capital in the
substitution process, one explanation being the subsequent waves of generic technologies such as ICT
and robots.

To account for this tendency in the economic process and to relate Piketty’s findings to the current
model applications, a Constant Elasticity of Substitution (CES) production function is applied as it
allows for higher and/or changing levels of the substitution elasticity. Its mathematical form is (Arrow et
al. 1961; Jackson and Victor 2014):

o—1 g

YK, Lo)= (ak(F) + (1—a) a) (%)) Gh° (1)

with o the capital-labour substitution elasticity and a the parameter which distributes production
(initially) to capital K and labour L. A represents technology-driven increase in labour productivity and
is assumed to follow an exogenous exponential trend. Higher levels of 6 (¢ > 1) imply easy substitution
between capital and labour (e.g. in robotization) which corresponds with the empirical evidence of
rising capital share in production and income. The parameters a, A and ¢ have different values in the
manufacture and the service sector.

In the special case in which the substitution elasticity o =1, the CES production function is not defined
and one can use the equivalent CD production function:

® We indicate physical units with the capital letter G and monetary units with the capital letter M.
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Y = K. (A L)', Gyl (2)

The exponent a now represents the (fixed) output elasticity of capital and equals in this formulation the
fraction of output that befalls on the factor capital. To maintain transparency, the model is described in
subsequent paragraphs on the basis of the CD function, as a special case (¢ = 1) of the CES-production
function. The model uses the CES function and thus takes into account the tendency towards increasing
substitution elasticity and share of capital in the production process:

Y is expressed in physical units of (durable and non-durable) goods and services, with an aggregate
price p and hence a monetary value pY. L is in person-years or person-hours and is converted into
money through the wage rate w. K is in physical units too, i.e. machinery, equipment, buildings,
infrastructure etc. and is converted into monetary values through the price of capital px. The capital
stock K wears out with a depreciation rate 5, which is taken constant. Hence, the capital depreciation
rate equals 6 K.

Total output Y consists of (durable) investment goods such as machinery, equipment, buildings and
infrastructure, and (non-durable) consumption goods and services®. These goods and services are
exchanged on the market at an aggregate price p, which links the real physical economy of production
and the monetary economy of income for employees and investors through the following equation:

pY = wL +(p+90)pgK [M/yr] 3)

with wL the rewards for labour, p the interest rate at which firms can acquire money (see below), § the
depreciation rate and (p+6) px K the money flow to be paid to capital owners. The important question
is: what drives changes in capital stock K and in labour force L in response to the demand for goods and
services, and what drives this demand for goods and services? To answer this question, an incremental
approach of the various decisions is followed, which differs from an approach in which macroeconomic
identities are used to drive these decisions (Hallegatte et al. 2008, Keen 2011, Van Dixhoorn 2013).

Growth of output happens when investments are made in order to satisfy expected growth in demand. In
the model simulation, investment takes only place as long as the additional profits from higher output
sales exceed the cost of the additional investment i.e. as long as the net marginal capital productivity is
positive. Similarly, additional labour is hired until the marginal labour productivity exceeds net
revenues. Thus, both the desired levels of capital and of labour are driven by their respective marginal
productivities. In this way the economy tends towards a steady-state in which production is efficient in
the sense that it occurs on the production frontier given by the production function at employment level
L and capital stock level K with an optimal i.e. least over-all cost K-L-ratio (see Appendix B).

Labour input: (un)employment

If the economy grows because it operates below its production frontier (Solow’s optimal growth path in
Appendix B) as given by the production function, or because of growth in the capital stock, the labour
force and/or technological progress, there is hiring demand for more employees. For an increase in the
labour force dL, the marginal production in each sector will increase at a rate of p dY in monetary
terms, with p the price of goods and services respectively and Y the physical production in the
respective sectors.

The cost of this additional labour equals w dL with w the wage level in monetary units (per hour). The
marginal profit rate per additional labour expressed in wage units can thus be written as:

_ pdY-wdL _ Ba_Y_l
- wdL ~ wl

[-] (4)

(R

® One should be aware that a society’s capital stock is a very heterogeneous quantity, with buildings and structures amounting
up to two third of the total manufacturing capital stock (De Vries 2013). It is thus an extreme simplification to describe an
advanced society with two aggregate capital stocks. We do think, however, that in first instance the basic dynamics is simulated
well enough for the purpose at hand.
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Given the diminishing return character of the CD production function, additional labour input will result
in decreasing marginal labour productivity dY /0L and the marginal profit rate will tend towards zero.
Because

F] _ 1-a
L= B9k (3) =a-o; [ )
it is seen that m, = 0 for:
(1-a)pY = wL [M] (6)

at which level the net profit rate from labour force expansion has fallen to zero. This is the equilibrium
value to which an economy with rational entrepreneurs tends to go.

The change in the labour force dL will be some function of the (expected) profitability of hiring
additional labour i.e. of m,. In first instance the simplifying assumption is made that the relationship is
linear. This can be interpreted as saying that firms act upon a potential change in labour productivity on
average proportional to their scale In equation form and assuming a certain relaxation time 1, t0
represent labour market frictions and inertia:

E_HL _1 paY _
i (Wﬁ 1) L [hriyr] @)

Using that 0Y/JL = (1-a) Y/L (egn. 5), this equation says that as long as an additional unit of labour
yields an (expected) net gain, that is, p dY > w dL or pY > wL/(1-a)), more labour will be hired, at a rate
proportional to the marginal labour productivity expressed in wage units: p (0Y/JL) /w.

Capital input: investment

Similar to labour, there is a demand for capital investments in excess of the depreciation rate 6 K if the
economy operates below its production frontier and/or for a growth in the labour force and/or
technology. As with labour, it is assumed that investors increase the capital stock with an amount dK.
Then the net gain or profit in monetary units equals the additional output p dY minus the cost of the
additional capital. Because the depreciated capital has to be replaced, it is also a cost. The additional
costs of an increase dK is px (p dK + & dK), with py the price of one unit of capital (see e.g. Mankiw
2006).

The variable p indicates the interest rate at which the firm can get a loan or some other form of capital,
i.e. the base Central Bank interest rate plus a premium for the intermediaries such as banks and for a
perceived risk. The marginal profit rate per additional capital expressed in capital cost units can now be
expressed as:

_ pdY-pg (p+8) dK _ LG_Y 1 .
MK = T ok(pr&)AK  px 0K (p+6) [ ®)
For convenience it is assumed that the trend in the price of capital coincides with the aggregate price p
of goods and services, i.e. the price of capital pk follows the general price level and p/pk ~ 1. Then,
investments will only be made if the marginal capital productivity 9Y /0K exceeds (p+3)’.

The change in the capital stock will, besides depreciation, be some function of the (expected) profit of
investing additional capital, reflecting the willingness of entrepreneurs to invest. Again, the simplifying

" Another way to derive this condition is to start from total output Y being equal to the wages w L plus gross profits I1. Because
the existing capital stock has to be replaced, net profits equal: IT = pY — wL — § px K. The marginal profitability is now given
by on/0K which equals p 0Y/0K — px(p+9).
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assumption is made that the relationship is linear®. As gross investment includes the replacement
investments 6K, the dynamic equation for capital K, and thus (intended) gross investment I, becomes, in
physical units:

lyoss = 52 ="EK = = (L= - 1)K [Glyr] ©)

dt TK TK ﬁ(p+5) -

assuming a certain relaxation time tx. The value of 1« represents the time period over which
entrepreneurs respond to the (change in) return on investment. Using that dY/0K = a Y / K, this
equation states that firms will invest in new production opportunities as long as the (expected) profits
are positive, that is, dY > (p+6) dK or oY > (p+8) K. It will be done at an overall rate proportional to
the marginal capital productivity expressed in capital cost units: 0Y/0K / (p+6). As with labour,
additional capital input will result in decreasing marginal capital productivity and the marginal profit
rate will tend towards zero. Thus, the simulated economy tends towards a stationary state which can be
calculated by equating the marginal profit rates for labour and capital to zero (see Appendix B).

The interest rate is primarily calculated directly from the demand and supply of money, as given by the
change in the liquid assets available on the financial markets, to be discussed in the next paragraph.
Therefore, in the model the interest rate is supposed to be inversely proportional to the relative amount
of money (M) on the bank accounts ‘liquid assets’ of consumers firms and government. In this paper we
have defined net liquid assets as deposits of L-, LC- consumers and firms, minus consumption, bonds
and shares:

dp - _ = d Mnetliqass [_] (10)

Tp  Mnetiigass

Prices: supply demand adjustment

The primary adjustment mechanism that drives supply and demand towards equilibrium in the model is
through the price p. There are consumers who demand goods and services D¢ and there are investors
who have a demand for investment goods D,. Both make up the (monetary) aggregate demand Dy, =
D¢ + D,. Under the assumption of equilibrium, economic output Y over the time period considered
equals aggregate demand D in physical units, i.e. D = Dpon /p. In reality and in our model formulation,
output Y will differ from demand D, and there will be a surplus (inventory) or a shortage (unmet
demand), indicated by dH/dt =Y — D. We postulate that this feedback mechanism is via the ratio of the
level of the inventory H and the demand D (Hallegatte et al. 2007):

v _ _ p (ﬂ) [M/Glyr] (11)

dat 1y \D
with 1, a relaxation parameter that represents the inertia in the system. Note that the price p is constant if
H = 0and dH/dt = 0. In case of a low price rigidity (z,, is small), fluctuations in H are quickly
accommodated by price adaptation. Increasing demand means higher prices and increasing production

will result in lower prices. In case of a high price rigidity (z,, is large), fluctuations in H are only slowly
absorbed through price adjustments.

Wages: labour market adjustment

There is one more supply side mechanism in the model. When entrepreneurs decide to hire or fire
labourers, there will be negotiations about and adaptations of the wage rate, based on the observation

8 Such a relation implies that investments are considered, on average, proportional to the total profits made in the
manufacturing and service sectors respectively. See e.g. Keen (2011) for a relationship with investments being a quadratic
function of profitability. Hallegatte et al. (2008), following other authors, make the interesting distinction between investment
decision-making in a managerial economy and a shareholder economy. Here, we follow the simplified rules assumed to be
valid for a managerial economy.
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that in a capitalist economy a shortage of labour will drive up wages whereas a surplus will do the
reverse. Hence, a third differential equation is introduced concerning wages. The wage level w is
assumed to be dependent on the employment level, following Rose (1967) and Hallegatte (2008):

By Lo [M/hriyr] (12)

dt Tw

with e the actual employment level which equals L / Lmax, 1, iS the characteristic period during which
the wage level changes as a result of the changing employment level; e, the level of employment at
which the maximum wage has to be paid on the labour market and L .« the maximum size of the labour
force °.

The wage rate w is constant when actual employment equals desired employment level, L = Lge *°. If
the employment rate e = L/L 5« differs from a desired level of employment eges = Lges/Lmax (Which is
associated with full employment and is supposedly some collective feeling about what it should be and is
aspired by the government cqg. society), then an equilibrating process starts through a delayed wage
change. If e is still above the desired level eq, and the employment level e starts falling, the rate of
change dw/dt is still positive and wages increase but at a declining rate; once e falls below the desired
level eg, dw/dt turns negative and wages will start to fall.

Consumption

From the vast literature on modeling consumption, three main categories of consumption functions

emerge:

- In the first place, consumption is considered to be dependent on income level. Consumption is then
writtenas C= a+bpY,

in other words: there is a constant, independent consumption level (basic needs) and a part which is
proportional to income Y (‘discretionary income”). The proportionality constant b is the marginal
propensity to consume. In general b is smaller than one, which expresses Keynes insight that ‘men
are disposed, as a rule and on the average, to increase their consumption as their income increases,
but not as much as the increase in their income’ (Davidson 2011:51).

- Asasecond line of thought, the propensity to consume b might be considered to depend on the
interest level, rather than being constant. The assumption then is that consumers tend to increase
their savings when interest rates, and thus the return on their bank deposits, fall, and vice versa. It
reflects the underlying rationale of inter-temporal maximization of discounted utility and the Ramsey
rule in economic theory (see e.g. Barro and Sala-i-Martin, 2004).

- Apart from dependency of consumption on the income level, consumption might simultaneously
depend on the level of wealth , as proposed by Godley and Lavoie (2007). The underlying
assumption is that a certain, small fraction of the wealth is consumed, wealth being defined here as
the amount of money on the bank M.

After model simulations with these three types of consumption functions, the third approach was
chosen, following Godley and Lavoie (2007) :

C=b;. Foe + by. M (Miyr)  (13)

® This relationship is in its general form known as the Phillips curve. The assumption of a linear feedback is probably incorrect
but made for simplicity reasons (Hallegatte et al. 2008). Keen (2011) uses a nonlinear function such that there is no change in
wage rates when the ratio L/L . = 0.94. Above it, there is a steep rise in wages; below it there is an increasing and below a
value of 0.8 constant decline in the wage rate. In this equation and in the price equation (egn. 10) we have experimented with
additional terms that track the change in employment and inventory; such fine tuning is not included in the results presented
here.

10 Note also that in this way the tension between the optimal labour force Lopt from an efficiency point-of-view and the
societally desired level Lg is simulated through a supply response of entrepreneurs and a societal negotiation process between
labourers and entrepreneurs. The desired employment level is highly value driven and topic of current social debate.See also
Appendix C.
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where C is consumption, Fp is income minus taxation T, M is wealth and b; and b,, the respective
coefficients (constants). Consumption is calculated for the three categories of consumers with the
dynamically changing levels of F and W. Depending on the category, net income is (mainly) comprised
of income, dividend and / or social payments. The indebted consumers have a wealth level M close to
zero or negative and are supposed to spend all their net income on consumption, implying b, = 0 and b;
=1.

Velocity

Money circulates through the production — consumption cycle. Given the total amount of money in the
system, the so-called money base M being the sum of all deposits, the frequency with which it circulates
through the economy can be calculated. This so-called velocity of money v is for a given annual output
of pY given by:

p.Y = M.v [M/yr] (14)

The monetary output of the economy — pY which is the equivalent of GDP — thus can grow by increase
of either the money base M, the velocity v or both. In case of a constant amount of money M in the
financial system, growth of output pY can still be realized by an increase in velocity.

Eqn. 14 is not explicitly applied in this study, as there are serious doubts about its validity (Werner
2012).

2.2 the Financial System

Unlike in standard economic growth models where investments are assumed to match savings in the
time period considered, there is a financial sector in the model which intermediates between savings and
investments. This disequilibrium exists because investors asses their demand for money on the basis of a
variety of signals, one of these being the mismatch between supply and demand.

As indicated in a previous section, the mismatch between supply and demand is simulated with a stock
variable H that is defined as the difference between production Y and aggregate demand for
consumption and investments D (Figure 1.1). It represents an inventory of not-sold or not-produced
goods and services '*. Simultaneously, the consumers base the decision on how much to consume and
how much to save on a variety of factors too, in particular on their net income and on their bank
deposits (Mp, M, and M¢). At first, the financial system model will be described, after which the
connections between economic and financial system can be discussed.

Bank balance sheet: assets and liabilities

The financial system is modeled as the balance sheet of the Aggregated Bank (AB) with two entries:
assets and liabilities (Figure 2.1). The total assets always equal the total liabilities. The stock of money
equals the sum of all the liabilities on the right hand side. Only the ownership of money changes: there
are continuous transactions of money between the various deposits, dictated by the processes which take
place in the real economy. ‘Money’, in the form of bank deposits, always remains on the liability side of
the AB. Unlike physical capital stocks which turn into waste or are recycled and formally ‘depreciated’,
the total amount of money involved in these transfers remains constant and in the bank deposits,
whatever happens in the real economy.

The interactions within the financial system are schematically presented in Figure 2.3 and by means of
the ‘Godley’-matrix of the mutual transactions in Table 1.

It is the equivalent of the bank deposits with its reservoir function in the financial economy, to be discussed below.
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Figure 2.3 Scheme of the financial system model.
SFM transaction matrix
Consumers Firms Government Bank
inDebted Labour / Bonds Capital / labour
labour income income income
Consumption - G - C -Cic +C
Government consumption + Cgov - Cgov
Shares - E + E
Investment retained earnings
dividends + Div - Div
Bonds - B + B
Repay bonds (and interest) +repay B - repay B
Wages + Wy, + W + Wp Wirms - Weoy
Loans +BLp + BLfirms + Blyg, - BL
Repay of loans - repay BlLp - repay Blgims - repay Blgg, + repay BL
Interest on loans -px Blp - P1X BLfims - pix Blgoy, + pxBL
Asset transfers - 0.8x BLp + 0.4xBL, + 0.4xBL,
Interest on deposits + Pax Mp +Pax M +PaX My +PaX Meirms  +Pa X Mgoy -pPaxM
Interest on bonds +(py+0.02) x B +(pqt0.02) x B
Social Payments +SP -SP
Taxation Income Profit Wealth -Tp -T, -Te = Tirms +T

Value Added Tax

- taxratex Cp - taxratex C_

- taxratex C¢

+taxratex C

Table 1 ‘Godley’-matrix of the mutual transactions within the financial system.
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The liability side of the balance sheet of the AB holds the following deposits (variable names in italics
refer to Table 1):

Firms Firms acquire money on their deposits (Mfirm) by selling products to the three groups of
consumers, holding deposits Mp, M and M, and to public (Government) agents. They
obtain interest over the deposits via the AB deposit (Myank) With a deposit interest rate ry.
In order to produce goods and services, firms pay wages to the three groups of consumer /
labourers (Wp, W, and W,c). The balance between costs (wages) and income (sales
revenues) is net profit. Firms pay tax to the government over the net profit (Firm tax).
Firms can borrow money for investments from consumers and banks.

Consumers  As indicated, consumers are disaggregated into three categories: indebted (D-)consumers
with loans, non-indebted (L-)consumers, having their income from labour and non-
indebted (LC-)consumers having income from both labour and capital investments
(dividends).

InDebted

consumers  D-consumers can take up a bank loan BL, in particular to be used for acquisition of real
assets (housing). The loan, over which interest (BLp X interest rate r)) has to be paid, has
to be serviced over the repay term, resulting in a yearly repay. The loan is deposited onto
the Mp-deposit from where 20 % is directly spent on consumption of goods and services.
The remaining 80 % of the loan is transferred in equal amounts to the deposits of the L-,
and LC-consumers, selling the real assets against the current asset price. Now the
previous owner has the money on his deposit and the ownership of the physical is
transferred to the borrowing, and thus now indebted D-consumer. So in case of mortgage
loans to D-consumers, the principal sum ends up at the M_ and M deposits of L-, and
LC-consumers.

Labour income

consumers  The L-consumers (as well as the LC-consumers) buy bonds from the Government, which
are repaid later with an interest level 2 % above the current interest rate on (normal)
deposits rg.

Labour-and Capital

income consumers
These LC-consumers receive, besides wages, dividend over the money they have lent to
firms in the form of shares. They also receive interest over their deposit and the
repayments over the part of the loans to Consmin that is used for real estate purchase, as
explained above. These flows are annually transferred to the asset side of the Consplus
(Consplusdeposit).

Financial

Markets On the Mp, M, M ¢, M5 deposits, profits are accumulated, shares and bonds are bought.
If corrected for the ‘own’ and direct consumptions of these categories, the transactions
between these deposits can be seen as representing the ‘financial markets’.

Government The government deposit Mgy, is made up with income from taxation of firms (tax) and
from consumers plus interest on the deposit. The deposit outflow are the expenditures in
the form of wages to government employees (government wages), of social benefits
(social payments) and of government consumption Cy, in the form of payments to firms
for production of infrastructure, interest payments on government debts a.o.

Banks The interest over the various deposits is transferred by banks from the bank deposit
(Myank) to the deposits. On the other side of the balance sheet, banks pay interest to firms,
consumers and government over their respective deposits. The interest rate on deposits rq
is lower than the one on loans r), reflecting the ‘spread” which generates the profit of the
bank; this spread can be considered as ‘bank fee’. The rate rq is chosen such that the
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received total interest on loans equals the total interest paid on deposits / liabilities, plus
the spread.

Interactions between investments, savings and interest rate

Previously, it was seen that in the stationary state the savings rate s =1/(pY) equals a 6/(p+08) (Appendix
B). In the process of economic growth, there is no such equilibrium as the savings rate s is determined
by the decisions of the LC- consumers which are only indirectly related to the demand for investments.
The decoupling of investment and consumption/saving decisions implies that investors cannot know
whether the required investments as indicated by the profitability criterion (eqn. 9) can be satisfied.

In the model, investments are split up into:
- investments to replace existing, depreciated capital; these investments are paid by the firms
themselves from retained earnings, accumulating on their deposit;
- investments to expand physical production capital; the funds for these investments come form
shares, which are bought by the LC-consumers.
At the end of the day, all net profits, minus depreciation costs go to the LC-consumers as dividends.

The relevant feedback mechanism is that share holders check whether there is enough money on their
bank deposits to buy shares. If not, the interest rate p will increase in proportion with the ratio of the
required investment and the available deposit. This is the familiar presumed relationship between
required investments and the cost of money i.e. real interest rate (see e.g. Mankiw 2007:61). This
mechanism is introduced in the model by first checking the required investments as given by egn. 9
against the availability of liquid assets in the financial markets:

plgross = Min (p Irequiredy I\/IC lig ass) [M/yr] (15)

These liquid assets Miq o5 are calculated as the LC-consumer and firms bank deposits minus LC-
consumption (eqgn. 13b). It represents the amount of money available after consumption for buying
government bonds and / or firm shares.

Government: taxation, debt and social payments

In the model of the conventional financial system, government is represented explicitly by a flow of

revenues from taxes and expenditures in the form of wages paid to government employees, investments

in infrastructure and social payments. The taxes are raised from:

- firms on the basis of the net profit (i.e. after having paid dividend to the Consplus);

- consumers / workers on the basis of gross wages; in a later stage also the effects of a wealth tax is
considered;

- consumption as value added tax (VAT) on the actual consumption goods and services.

Government debt is constrained to a maximum level of 60% of GDP, in accordance with the EU-
directive. As soon as this level is reached, the level of taxation will increase and the level of government
spending will decrease, in order to bring and keep the debt below the 60 % of GDP.

There are two mechanisms of social payments:

- the first one is proportional to the total wages of the indebted consumers, assuming that a certain
fraction of them needs and gets financial support. Social payments are (also) allocated to the
category of indebted consumers, as only in this category 100 % of net income is consumed.

- the second mechanism assumes social payments to be a function of both wages of indebted
consumers and the level of unemployment. As a consequence, social payments by the government
increase when unemployment rises. In combination with government revenues tending to decline
with rising unemployment, the government has to take loans by the emission of bonds. This
increases government debt.
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Loans

Loans given by the aggregate bank (AB) to borrowers appear on the left hand asset side of the balance
sheet. The increase in assets is balanced by the same increase in liabilities on the right hand side, in the
form of new deposits. This happens also as a loan given by one bank will be deposited to another bank
after one or more economic transactions. It results in a new balance between the asset and liability sides
of the AB. Given our assumption of a single aggregate bank, the liabilities only increase to the extent
that loans are given and decrease to the extent that loans are repaid. In the present model, the
fundamental role of commercial banks is understood as double entry bookkeeping, in which money is
created *out of nothing’ and disappears again later in the process when the created loan is repaid
(Werner 2014). The scale on which banks can create loans is limited by the ‘capital ratio’ requirement,
i.e. the requirement that the ratio between equity (own capital) and the sum of the outstanding loans of
the bank does exceed a certain minimal (van Dixhoorn, 2013).

Firms can borrow money for investments directly from consumers by emitting shares, with the LC-
consumers rewarded for it with dividend. They can also borrow money from the bank in the form of
firm debts (BLgirms). This money appears on the asset side of the balance sheet and is simultaneously
available for investment on the liability side as deposit. In the current model runs, firm investments are
mainly financed from their own profits (retained earnings) and by shares sold to LC-consumers.

Government bonds

When expenditures exceed revenues, government needs additional funding by selling government bonds
on the financial markets and/or borrow money from (private) banks. In the current model runs, 75 % of
the government money is assumed to be funded by bonds which are bought by both the L- and the LC-
consumers and 25 % is obtained as bank loans. Government policies are expected to balance
expenditures and revenues within the constraints of its annual budget and its accumulated debt. In the
model, the government debt is constraint to a fraction of 60 % of GDP, as practiced in the EU. When
this level is exceeded, taxes are increased and expenditures are reduced. In political practice this is done
in the ratio 1/3 versus 2/3, but in the model taxes and expenditures are increased and decreased
respectively with the same rate for practical reasons.

Constraints; available deposits and bank capital ratio

There are two built-in constraints in the system. The first one concerns the availability of the M- and
M, ¢ deposits to fund bonds and of the M, c-deposit to fund shares. The L- and LC-consumers first they
pay the expenditures for consumption from their deposit; the remaining, ‘saved” money can be used for
buying shares and/ or bonds. In other words: the M, - and M, ¢- deposits minus the L- and LC-
consumption is considered as a model representation of the available liquidity. If the sum of the funding
requirements for the shares and bonds is higher than the amount available in these ‘liquid assets’,
buying of shares is constrained and, eventually, the buying of government bonds too.

A second constraint is related to bank equity. Banks are required to maintain a certain minimum ratio
between own capital (Bank equity) and total loans, the so-called capital ratio. In the model this is set at
0.05. Income (interest over these loans) in surplus of the required reserve level, is paid as bank loan to
all three categories of consumers (bank employees).

In case of financial crisis, with negative growth in output, a certain fraction of loans is assumed to
default. In that case, non-serviced debts are written off against bank equity, shortening the bank balance
sheet. In the current model, the mechanism is studied in which, in case of financial crisis ( ‘Minsky
moment’) the government directly has to supply the funds to restore the reserve according to the capital
ratio (bail out). This then results in increased government debt, which, given the EU-constraint on
maximum national debt < 60 % of GDP, translates into increased taxation and/or reduced expenditures,
which subsequently adds to the already existing stress on the system and intensifies the downward
economic spiral. In order to study the role of money creation in the process leading to crisis, this bail out
mechanism is studied separately.
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2.3 The Credit cycle and he Minsky moment
Asset prices

In Minsky’s financial instability hypothesis, bankloans (‘credit”) plays an important role, in interaction
with asset prices and inflation. Bezemer an Zhang (2014) found the interaction between mortgage credit
growth and house prices to be a good predictor of a credit boom. The larger the share of mortgage credit
in total bank credit, the more likely booms turn into ‘bad’ busts, with subsequent credit growth
contractions. Apparently, modelling the boom-bust cycles also requires to model the asset prices.

The process is modeled in the SF-model by the provision of credit to (thus indebted) D-consumers by
banks (in this case the AB). In the case of credit for mortgage, which has historically been dominant in
the Dutch economy, the physical asset (house) is the collateral and only matters as a risk avoiding
condition for the bank to provide (and create) the money for the loan.

The amount of loans given (credit) depends on the lending risks perceived by banks and on the prices of
the assets, in particular houses, for which potential buyers want to obtain a mortgage.

According to Goodhart et al. (2008) there is evidence of a significant multidirectional link
between house prices,the amount of money, private credit, and the macro-economy. Money growth has
a significant effect on house prices and credit, credit influences money and house prices, and house
prices influence both credit and money. Also Fitzpatrick et al. (2007) found evidence of a long-run
mutually reinforcing relationship between domestic bank credit and (Irish) house prices. This
reinforcement is driven by the inflation which results from the lending and money creation process
itself. It will stimulate the wage-price spiral, additionally supported by the lower interest rates, which
result from the very process of money creation itself. This process leads to a continuously increasing
amount of money which can be lend per household.

Given these strong indications for a multi-directional link between asset (house) prices and
credit, the total amount of bank lending to the borrowing (D-) consumers is modelled via the asset price,
which in turn is derived from net income, the ratio which banks apply between the loans and the asset
prices and asset price inflation due to speculation Higher asset prices result in higher bank loans, which
generate an increase in (at least monetary) GDP and subsequently in net income. The higher net income
in turn allows higher asset prices and higher bank loans. This self propelling process is further
stimulated by speculation by means of the (newly generated) money which has reached the L- and LC-
deposits. Finally the deregulation of the financial sector allowed banks to increase the loan to value ratio
(ltv-ratio). The overall result is an accelerating increase in asset prices, GDP and debt.

In this ‘euphoric economy’, growth is expected to continue forever and increasing debt is expected to be
serviced by increasing income. But asset prices cannot go up forever. Minsky (1982) pointed out, in an
analysis of stock market bubbles, that at a given, psychologically determined (‘Minsky’) moment, trust
in ever rising price levels is lost, after which the level of lending is strongly reduced. The process
proceeds in the following steps, which are illustrated in Figure 2.4:
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Figure 2.4 The asset driven credit cycle and the ‘Minsky’ moment at which further increased lending
becomes unrealistic.
residential quote reaching the level of 0.5 defining the Minsky moment;
modelled asset price (eqn 16),
modelled number of transactions (egn.18)
modelled resulting Bank loan (egn. 17).

- initially banks anticipate (ever) increasing (net-) incomes and allow loan to value ratio’s of over
100 % of the value of the real asset (house). Based on asset prices, this Itv-ratio was in the
Netherlands about 75 % in the 1970’s and increased to 120 % just before the 2007 / 2008 crisis. It
actually went even higher because the period over which the loan has to be repaid was extended
(non-repayment loans).

- Higher ltv-ratio’s result in higher mortgages and thus in an increasing amount of newly created
money. This money enters the economy and increases liquidity in the hands of the L- and LC-
consumers who sell their houses or have serviced their (mortgage) debt. Asset (house and land)
prices are pushed upwards by speculative spending of this money.

- The ongoing rise in asset prices allow banks to give higher mortgages at the same, already very
high ltv-ratio’s.

- The ratio between debt servicing (interest plus repayment) and net income, also called the
‘residential quote’, reaches the level where an increasing number of household can no longer repay
the principal and the interest.

- Once the confidence that the loans can be paid back diminishes, the system experiences a tipping
point: banks reduce their ltv-ratio from the above-mentioned 120 % to a lower level. The asset
prices will follow but with a delay, because people do not wish to take their losses. Given the now
rising discrepancy between asset prices and available financing (for individual mortgages), the
number of transactions decrease. In the Netherlands the decrease was about 50 % for several years.

- The overall level of lending, and thus the credit flow, now decreases suddenly, due to the
simultaneous decrease of ltv-ratio, asset price and number of transactions.

- As described by, amongst others, Biggs et al. (2010), the weakening of the credit flow implies a
(moderate) decrease in aggregate demand and hence consumption via both income and wealth. This
will result in lower price levels (deflation) and in a lower GDP (pY) level. The lower price levels
result in lower labour/employment levels as producers respond with a delay to lower consumption.
With lower investment levels, physical production Y decreases, though less dramatic than the
monetary production pY because of the deflationary price drop and ongoing technological
development.
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The ‘Minsky’ moment is thus endogenously simulated. The only assumption is the evident relation
between the residential quote and an increasing fraction of households defaulting on their loan.
Empirical data (Schich and Ahn 2007) indicate for Portugal, for instance, that the average debt-over-
income ratio was less than 6 for the four lowest and less than 8 for the two highest income groups, but
had risen to values between 10 and 14 for the middle income groups. These were the most vulnerable
households with respect tpo defaulting, particularly as when hit by unemployment. The subsequent
deleveraging has also empirically been investigated (Cuerpo et al. 2015).

Boom-bust cycles will be amplified further by comparable psychological mechanisms, such as
speculation and herding behavior of shareholders.

The resulting credit cycle sub-model

The change in the asset price pas is a function of the change in net income Fp ¢ and the level of
speculation. The latter is assumed to depend in turn on the rate of change of the asset price as
speculation on these assets will be more attractive at higher asset price levels (in particular at decreasing
interest rates). Hence the following equation is used:

d Pgss — d Fpnet + 1 d Pgss (_) (16)

Pgss Fpnet Tspec Pgss

The individual loan given by a bank equals p.ss X Itv-ratio for each transaction, with the Itv-ratio the
loan-to-value ratio considered acceptable by the banks. The number of transactions Ny is the sum of
transactions for existing housing and new housing and is taken proportional to the number of D-
consumers. The overall loans given in a year is then given by:

Bank loans = Nypgns - ItV . Pass (€ly) (17)

The long-term average of changes in ownership of existing houses is about 5% / year. changes annually,
However, the actual number of yearly transactions will depend on the asset prices and loans banks are
willing to give. Increasing (individual) bank loans and decreasing asset prices will provoke more
(mortgage based) movements. The number of transactions thus is expected to change as:

d Bank loans d Dass

d Nirans = - ) (18)

Ly:1 Tp ass

With Tg; and 7, 45 specific time constants. Now the total amount of new loans for mortgages can
be derived from simulated asset prices, which can be related to empirical price levels.

Model experiments to explore system behavior
In Appendix A, model experiments are presented starting from the steady state condition of the model.

By imposing sudden stepwise changes to the model, the response of the model to those changes can be
demonstrated. Stepwise changes are imposed for (bank-) loans and for technological progress.
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Model variables

List of model variables

Manufact. Service

sector sector Cons, Cons, Cons. Firms Gov Bank
Y Physical output Y Ys
AD Physical aggregate demand ADy, ADg
H Goods inventory Hu Hs
K Capital Hm Kg
r
L Labour; number of employed workers 10° Hu Lg
e Employment L/ labour force P
A Total factor productivity Am Ag
a (Fixed) output elasticity of capital _ Ay o
o Elasticity of substitution _
M Consumer money stock 10° € Mp M, Mic  Mims Moy Myank
9
w Wages 10 €/yr WM WS WD WL WLC Wfirms Wgov Wbank
Div Dividends 10° €/yr
| Investments 10° €/yr 1y, I
1) Depreciation rate yr'1
o} Interest rate yr'1
r
B Bonds 10° €
r
E Shares 10° €
r
Div Debt 109 € Dp Drirms Dgov
r
BL (Bank)loan 10° €
F Income 10° €/ yr Fo F, Fic
c Consumption 10° €/yr ¢y, Cs Co C Cc Ceov
b; Propensity to consume on income _ bip b bic
b, Propensity to consume on wealth _ buo by buc
p Price (€ per physical unit G) €/G Pm Ps Passets
% Marginal labour profit rate _ v s
Tt Marginal capital profit rate _ Thwm Ty
v Velocity of money y'1
n Profit 10° €/yr
T Taxation 10° €/ yr T T T Tams
Sp Social payments 10° €/yr
T Relaxation parameters; yr
system inertia time constants:
Ty wage level
T labour level
L% captal investment
T interest rate
Tspec speculation on asset prices
Tirans loan /mortgage transactions
a, residential quote -
Ntrans number of loan / mortgage transactions -
Itv loan to value ratio -
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3 Empirical data and model calibration

The model presented thus far should be tested against empirical data. Unfortunately, calibrating, let
alone validating, macro-economic models is a difficult task (Sterman 2000). Most variables are
aggregate mental constructs that are heterogeneous and not directly observable; often one can only rely
on econometric relationships between a few variables.

The model is scaled to the economy of the Netherlands. However, it will be representative for the
European Union as well, given the fact that the both the mechanisms and the ratio’s between the
economic parameters are comparable. Depending on which parameters are considered (GNP, working
force, wages, consumption etc.), the overall ratio between the Dutch and the European economy is 15 to
20. As 80 % of Dutch foreign trade is realized within Europe, the interpretation of the model on the
European scale attenuates the problem of the model as a closed system (omitting import and export).

Macro-economic indicators

To obtain first guess estimates for the most important model parameters, we first collect the empirical
time series of GDP (~ pY), the labour force L, the consumer price index CPI and the capital stock K
from investment and depreciation flows for the Netherlands 1950-2010. From these data the time-series
for real output Y is reconstructed. Next, the Y-values for this period are reproduced by means of the
CES-production function, taking a plausible combination of the various parameters a, ¢ and A (eqn. 1).

900
M3 - billion €
800

700 //
600 / — F 400 billion €
500 /
400 / o
300 -

pY statistics / = 300 billion €
200

100

\

Y CES-model
0 T T T T T T T T T T Yo statistics

Figure 3.1 Physical production Y for the Netherlands 1950 — 2010 from statistical data (Y statistics);
Y as estimated according to a CES-model.
pY (GDP) in billion €/year from historical data;
M3, the money quantity in the Dutch economy1982 — 2010 in billion €;
between 1982 and 2010, the money quantity has increased with 700 billion €.

The historical GDP (~ pY) time-series and the trajectory of physical production Y, thus reproduced with
the CES production functions are shown in Figure 3.1 ( cf. Appendix D). In the same figure, the
amount of (M3-) money in circulation over the period 1982 — 2010 is shown. M0 and M1, also called
narrow money, normally include coins and notes in circulation and other money equivalents that are
easily convertible into cash. M2 includes M1 plus short-term time deposits in banks and 24-hour money
market funds. M3 includes M2 plus longer-term time deposits and money market funds with more than
24-hour maturity. The amount of M3-money increases from 100 bn € in 1950 to 800 bn € in 2010. This
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money is created and brought into circulation by commercial banks in providing loans, in particular for
mortgages. As a part of the loan is already paid back before the end of the period, the total amount of
created money is higher than the 700 billion € increase of circulating money. Because the consumer
price index CPI rose with a factor of about 1.8 between 1982 and 2010, it can be concluded that the total
money stock has increased significantly above the inflation rate.

The analysis is as follows:

a) Over the period 1950 — 2010, GDP (~ pY) increased with a factor of 65 from 9 to 587 bn €/year.
Over the same period the consumer price index has increased with a factor 8.2, indicating an increase
in real production Y with a factor of about 7 from less than 10 bn € in 1950 to more than 70 bn € in
2010. The labour size increased from 3,8 to 6,7 million person-years, i.e. a factor of 1,75. The capital
stock for producing goods and services is estimated to have increased in real terms in this period
from 6.4 to 56.8, i.e. a factor 8.9.

b) To find plausible values of the parameters a and o, the trend of increasing capital share in economic
output as observed by Piketty (2014) is used. Assuming a fixed value of a = 0.28 throughout the
period and assuming that the income share of capital did increase from 0.25 in 1950 to 0.33 in 2010
corresponding to the observed increase in capital share in some OECD-countries, ¢ is estimated to
have increased with 0.003/year from a value of 1 in 1950 to 1.18 in 2010.

c) Given the real production Y and the increase in labour force L and capital stock K, and the estimates
for a and o, the labour-augmenting productivity increase A can be estimated. A is estimated to have
risen from 1 in 1950 to about 4.4 in 2010, a growth rate of about 2.5 %/year.

d) Hence, on the basis of a CD production function, the factor L contributed (AL) “® ~ 4.35 and the
factor K contributed K* ~ 1,85 to the nearly 7-fold growth of real output Y. Combining the two
yields a total increase in physical production over the period 1950 — 2010 of 7.7, which is close to
the empirically found value of about 7.

It is remarkable that the rate of lending increases in the early 1990’s: the M3-curve is significantly
steeper after 1995 than before. The rate of money creation before 1995 is about 5 % of GDP,
temporarily reaching 10 % in the early years of the 21% century. Most likely the increased money
creation after 1995 results from the deregulation of the financial sector in the early 1990s and the
increased lending to speculative ends within the financial system itself.

Asset prices

The major part of the increased lending since the early 1990’s results for mortgage lending and thus is
related to the price level of real assets (houses). Data on asset prices, transactions and mortgage lending
are available for the Netherlands (CBS 2015). For the year 2005 the following values apply:

- Asset price (on average) 223 000 €

- Number of transactions 207000

- Loan to value ratio (on average) 1.05
These numbers gives an estimated overall bank loan of 48,5 bn €/year (egn. 17). With an estimated
repay level of 10 to 15 bn €/year, the net yearly increase in the mortgage debt (of the D-consumers)
amounts 35 to 40 bn €/year, which corresponds to the empirical data on mortgage debt. It also roughly
corresponds to the increase in the amount of M3-money shown in Figure 3.1.

The net amount of about 40 bn €/year is lent into circulation and affects the functioning of the real
economy. This amount will end up on the deposits of the L- and LC-consumers, from where it
contributes to inflation and a decrease of the interest rate. The real economy is affected to the extent that
this newly created money stimulates consumption (and thus aggregate demand) via income of the D-
consumers and via wealth of the L- and LC-consumers. The final outcome of this process is a GDP (pY)
of about 600 bn €/year in 2005.
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This allows a certain level of calibration / validation of the model: the overall cumulative bank loan,
with a marginal increase of about 50 bn € in 2005, has to result in a GDP of 600 bn €/year by then.

Financial assets

As shown in Figure 3.2, the total bank balance in the Netherlands has grown much more than suggested
by the data presented above. As 100 % of GDP corresponds in Figure 3.2 to about 600 bn €/year, it is
seen that the estimate for the mortgage loans (light blue) does correspond to the data derived above.
However, the SF-model does not account for most of the remainder. Banks have also given loans to
firms, government and other financial institutions; apart from loans to firms (egn. 15), these are not
taken into account. Lacking information on loans to financial institutions and the role of financial assets
in the process, it is assumed that these loans do not affect the price level and thus the GNP (pY) level.

Local IFRS
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500%
Financial assets
300%

Mortgages

200%

Private sector

Financial sector
other assets
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M Financiéle activa B Leningen aan
B Hypothecaire leningen kredietinstellingen
W Overige leningen B Overige activa
aan de private sector Bron: DNB, Eurostat.

Figure 3.2 Overall balance of (Dutch) banks; 100 % of GNP (left y-axis) corresponds to 600 bn
€lyear. Source; De Nederlandsche Bank DNB, Eurostat (vermeld sites??)
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4 Model results: the Dutch financial-economical system 1950-2050

In the previous sections, the equations and parametrization for the model have been introduced. In this
section the resulting computations for a simulation of the Dutch economy in the period 1950-2050 are
presented. Taking into account the empirical data presented in the previous chapter, the financial-
economic development over this period has been reconstructed. The computations were made with
values by = by c = 0.8 and b,, =0.03 for the propensities to consume with respect to income and wealth
respectively (egn. 13). The substitution rate ¢ is assumed to increase from 1 to 1.5, as a way to represent
the ongoing technology-driven ICT, robotization and the like and to account for Piketty’s observation of
an increasing share of capital in the national income (eqgn. 1). These shares increase from 0.30 to 0.40
for the manufacture sector and from 0.20 to 0.25 for the service sector.

4.1 Endogenous crisis generated by the credit cycle

The results for the modeled credit cycle are presented in Figure 4.1. The (‘Minsky’) moment of crisis is
reached as soon as the residential quote (financing costs / net income) of 0.5 is reached. This level is
rather high compared to the empirical level of about 0,25 as the (for the Netherlands very significant)
tax dispensation on mortgage interest is not accounted for. Taking this tax reduction into account would
result in a residential quote in reasonable correspondence with the empirical value.

At the moment the threshold value is reached, and defaults on mortgages strongly increase, banks
reduce the loan to value ratio for mortgages substantially, implying lower individual bank loans. Given
the slower reaction of the asset prices, lower bank loans result in a significantly lower number of
transactions (sales) . The lower level and the lower number of mortgages reduces the creation of money
and subsequent monetary economic growth (of pY). After this change from the boom to the bust cycle,
the system deleverages via deflation and wage reduction, reduced consumption and lower production; in
that final stage also the physical economy (Y) slows down.

5 Residential

‘Monetary economic . Financing costs / cy,:gm
growth’ s
/ Net Income
s Bankloans
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Figure 4.1 Results for the credit cycle and the ‘Minsky’ moment, as soon as a residential quote of 0.5
IS reached.
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The Minsky (crisis) moment is simulated under the previously discussed assumption that the residential
guote is linked statistically to the amount of defaulting mortgage lenders. The higher the fraction of net
income to be spent on mortgage costs, the higher the tendency to default. To explore when this happens
in time (the so called ‘Minsky moment’) in time, the model was run for a range of values for the
maximum allowable residential quote. The results, presented in Figure 4.2 show a rather limited time
window of about 10 years for residential quotes over the wide range from 0,45 to 0,65. Depending on
the choice for the residential quote, the Minsky (crisis) moment occurs in the model experiments
between 1993 and 2005. A residential quote of 0,5 is adopted as a reasonable average.

fraction residential quote
7
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.35
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0

1950 1960 1970 1980 1990 2000 2010 2020 2030 2040 2050
Time (Year)

residential quote : resid quote 0,45
residential quote : resid quote 0,50
residential quote : resid quote 0,60
residential quote : resid quote 0,65

Figure 4.2 Minsky moments (crisis) as a function of residential quote in the range of 0,45 to 0,65; for
residential quote values of the this wide range, endogenous crisis is reached within a small
time window of about 10 years. (Residential quote does not include tax dispensation on
mortgage interest)

Weakening credit flow and vanishing interest rate

Apart from the above mentioned mechanism of a weakening credit flow, the change from the upward
boom to the downward bust cycle around the year 2000 is also caused by a second mechanism: the
interest rate approaching the zero level. In Figure 4.3 it is shown how in the period up to 2000 the total
amount of money in the system (total liabilities) has increased by about 650 bn €. As a direct
consequence of this large increase of the amount of money, the interest rate decreases as is shown in the
same Figure. This continuous decline in the interest rate stimulates investments, more lending and
consumption. This results in continuous (monetary) economic growth. This contribution to growth halts
as soon as the interest rate reaches its lowest, zero level. Given the acceleration of the process in the last
part of the boom period (1980 — 2000), the zero level of the interest rate coincides with the sharp
increase of the residential quote.

In Figure 4.3 the reconstruction of the monetary economic development (pY) is given. The Minsky
(crisis) moment occurs when the residential quote reaches the level of 0,5 and the interest rate
approaches the zero level. In the same Figure, the (hypothetical) experiment is shown what happens
when the defaulting starts at a residential quote value of 0,7. As the graphs show, there are now two
maxima. The first maximum, around the year 2000, is caused by the stagnating effect of the till then
decreasing interest rate. The second maximum occurs around 2025, when the residential quote passes
the hypothetical value of 0,7, after which the above process starts of increasing defaults, lower Itv-
ratio’s, lower number of transactions, less bank loans, less money creation, weakening of the credit flow
etc. The resulting deleveraging of the system at this moment represents the (pure) Minsky moment The
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experiment demonstrates that the downturn from the boom to the bust phase is caused by two
mechanisms: the halting of the continuous decrease in interest rate (reaching its lowest level) and the
Minsky moment in which the credit cycle reaches its tipping point.
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interest : baseline

Total Liabilities : baseline

Figure 4.3 Results for the modelling period 1950 -2050 for total liabilities and interest rate.
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Figure 4.4 Modeled (monetary) economic development (pY) for the baseline case (left) with residential
quote = 0.5, and the hypothetical case where the residential quote = 0.7 (right). In the
latter case the separate effects of the interest rate approaching zero and the Minsky moment
of suddenly weakening credit flow becomes visible.
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Summarizing, it can be concluded that the large scale granting of credits and the inherent creation of
money by commercial banks provokes financial crisis along two routes:

- the creation of large amounts of money borrowed in mortgages makes it increasingly probable that
the part of the households (L-consumers) will default. This is simulated as a discrete event at a
certain threshold level of the residential quote and is dynamically tantamount to a tipping point in
the system (Minsky moment),

- the large amounts of (new) money brought into the system also results in a continuous decrease of
the interest rate, which in itself stimulates (monetary) economic growth via increased investments
and increased consumption. Approaching the zero level, this stimulation will stagnate, resulting in
economic stagnation as well;

4.2 Simulations for the Dutch economy 1950 -2050

The integral results of the reconstruction of the period 1950 -2010 and the simulated extrapolation for
the period 2010 -2050 is given in the Figures 4.5 a and b. For the period 1950-2000, the trajectories of
monetary output (GDP), price, consumption, employment and investments are reproducing the historical
time-series rather well. In the first few decades (1950-1990), the high investment rate in combination
with increases in labour productivity by means of new technology and organization, leads to
accelerating growth in GDP (~ pY; Figure 4.1a upper left). Therefore, the employment rate remains
above or close to the high desired level, despite the growing population and thus labour force (Figure
4.1b upper left). Indeed, the model indicates a continuously tense labour market, which is partly a model
artefact as we keep the desired employment level constant. Historically one can read the wave of
immigrants and the gradual introduction of women on the labour market into these numbers.
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Figure 4.5a Results for the modelling period 1950 -2050 for monetary production (pY), total
production (Y), Price (M- and S-sector) and consumption; b; = 0.8 b, = 0.03 and 0=1.3.
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As part of the wage-price spiral and central bank policies, in combination with psychological and
political processes, the money stock has increased at such a rate that prices and wages kept increasing
throughout these decades; the price level in 2000 was ten times the price level of 1950. If the money
stock had remained constant, prices would have declined as all productivity increase would have been
absorbed in the price (deflation). In the reference run, the net additional money creation as ‘debt of
consumers’ amounted to some 550 bn € around 2000 apart from an additional 100 bn € of loans of
private banks to the governent. The level of money creation (Figure 4.3 left; total liabilities) is in overall
agreement with the empirical data of Figure 3.1.
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Figure 4.5b Results for the modelling period 1950 -2050 for employment, monetary investents, wages
and the fraction of shares (versus retained earnings) in overall investments.

In the lower right of Figure 4.5b the investments by the emission of shares is given, as fraction of total
investments (egn. 15). In the first phase (of rapid econmic growth) investments are mainly financed by
share emissions. In later periods of less pronounced economic growth, the investments via retained
earnings .become more important

The role of Government

Government spending on direct investments and social payments has to be balanced against taxation. In
case spending exceeds income from taxation, the government has to borrow from the financial markets
and directly from banks. For the current model runs, it is assumed that the government acquires 75 % of
the money on the financial markets by selling government bonds. This then reduces the amount of
‘liquid assets’ on these markets (as formed the deposits of both the L- and the LC-consumers, minus
their consumption). The remaining 25 % is lend from private banks, which implies that this money is
newly created.
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According to EU-regulations, the government debt is constrained to 60 % of GDP (~ pY). In case the
debt is increasing above this level, government spending is reduced and taxation is increased, both with
consequences for the economic system as a whole. As shown in Figure 4.6 the government debt is
maintained on the level of 60 % GDP during the first part of the modeling period (Govdebtfrac). In
Figure 4.6 lower right, also the relative level of taxation is presented. In the years after the crisis
taxation is increased in an attempt to stay within the 60 % constraint on government debt. The level of
government spending (consumption) is correspondingly reduced (not shown).

It should be remarked that the bail out of banks by the government to restore their capital ratio after
large scale default on loans at the Minsky moment is not included in the baseline computation presented
here, as the model does not (yet) allow for incidental debts > 60 %. As a consequence, the model
increases the relative tax level (in Figure 4.6 lower left) such that the 60 % debt level is maintained.
This tax increase aggravates the crisis situation significantly, resulting in a relative dramatic effect. In
Figure 4.6 lower right, the modeled overall decrease in GNP (pY) for a 40 bn € bail out is presented,
showing the dramatic effect.. For the time being it is concluded that the government bail out response to
the crisis is a third factor, apart from the interest rate approaching the zero level and the sudden
reduction of the credit flow, in the downturn of the economic situation.
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Figure 4.6 Government debt, debt as fraction of GDP (pY), with the 60 % EU-constraint (upper
right), relative taxation level (lower left) and monetary economic development (lower
right) under 40 bn € bail out by the government.
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Conclusion; lack of coordination

It is concluded that the model can give a meaningful reconstruction of the overall long-term dynamical
behaviour of the financial-economic system. With the restricted set of assumptions, the occurrence of
the boom- and bust-cycles can be understood and to a reasonable extent predicted.

At first, increased lending generates a continuous flow of newly created money into the (consumptive)
economy which drives partially inflated growth. This flow halts as soon as the residential quote reaches
the tipping point for large scale default on loans and, due to the same lending process, the interest rate
approaches zero. Eventual bail out of banks by government to restore their capital ratio’s aggravates the
situation further.

At the moment of crisis, the positive effect on consumption, and thus on production and
employment, is lost and a downward wage—price spiral sets in. During the subsequent bust period, the
repay gives the reversed signal to the system, keeping it downward sloping, until ongoing technological
progress restores growth of the physical production, allowing the monetary economy finally to recover.
However in the current situation, then the same dynamics will repeat itself, with the same, predictable
outcome.

The current financial system appears to be fundamentally unstable. The boom and bust cycle of
euphoric upswings and disrupting downturns has its underlying cause in the lack of coordination in the
process of money creation. Money is created by private banks, which decide on the basis of (local)
company and financial market indicators and not on indicators of the system as a whole e.g. stability.
The Central Bank, who has the required oversight of the system as a whole, does not have the possibility
to control the decentralized money creating process. The Bank’s ability to determine the (lending)
interest rate is not effective, in line with the growing insight (Werner, 2012) that ‘the interest rates
appear as likely to follow economic activity as to lead it’. Lacking central coordination, (monetary)
economic growth by decentralized money creation is a self fulfilling prophecy which brings about the
unjustified euphoric herd behavior of the many private banks creating too much money, believing in the
ongoing rise of asset prices and monetary GNP-growth. After the inevitable disruption, the system has
to be recovered by the government through centralized coordination, which can only be done, at least
partly, at the expense of the tax payer.
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5 A sustainable financial-economic system

In search for an alternative, more ‘sustainable’ financial-economic system, the fundamental flaws of the
current system has to be overcome. The findings of the previous paragraph suggest room for essential
improvement in the centralization of the money creation process. Money creation by the one Central
Bank instead of the many private banks, could be continuously adjusted to the actual state of the
economic system. This as rational as possible adjustment of the amount of money, together with the
control of the interest rate, would allow a significant, if not complete elimination of the boom — bust
cycles and would bring about the associated stabilization of the financial- economic system.

To explore the merits of such a reformed financial system with Central Bank coordinated money supply,
numerical experiments were made in which the system was switched (hypothetically) to the new,
centralized system, after the financial crisis of the current system (shortly after the year 2000).

The reformed system is based on two main elements; full reserve banking and debt free money creation
(NEF 2013, van Dixhoorn 2013, www.positivemoney.org). Prior to that, the current liability deposits
are replaced by two types of accounts; transaction accounts and investment accounts as proposed by
Positive Money (Jackson, 2012):

Transaction accounts are actual money, formally at the Central Bank and thus are guaranteed for 100
%. Private banks can administer these accounts on behalf of the customer, but these banks cannot use
the money on these accounts for making loans or funding its own investments. Electronic payment
services and money transfers operate on these transaction accounts. Transaction accounts have the same
position for money ownership as cadastral systems have for land ownership. Ownership is guaranteed
by the State and cannot be affected by any private intervention whatsoever.

Investment accounts are records of money that has been provided (by customers) to private banks to be
invested. The money on these accounts are risk-bearing liabilities of the private banks to the customer.
There might be gains and losses in the process, both for the banks and for the customers.

Full Reserve Banking

In the case of Full Reserve Banking (FRB), banks give loans as well but in this case the loan has to
come from investment accounts and has to be backed for 100 %. Via banks as a service providing
intermediary, the ‘usufruct’ of the money on the Investment account is temporarily transferred from the
investment accounts of lending consumers to the accounts of the borrowing, indebted consumers. This
implies that holders cannot withdraw the corresponding part of their Investment account .

Banks thus become brokers on the financial markets. As the money used by the borrower is ‘existing’
money, brought in, among other ways by savings, there is no new money created; the total amount of
liabilities remains the same.

This mechanism is modeled by transferring the lend money from the L- and LC- deposits to the D-
deposit of the indebted consumers (leaving he total liabilities unchanged). However, from these L- and
LC-deposits also the government bonds and firm shares are to be paid. Lending from plus- to min-
consumers, via the bank as intermediate, is restricted by the amount of money which remains available
as the ‘liquid assets’ part on the L- and LC- deposits, after the bonds and shares have been paid.

As an alternative, the bank may borrow money from the Central Bank. The commercial bank lends this
money to the borrower at a higher interest rate, which accounts for the risk of non-repayment and on the
availability of money. In the process, the Central Bank can create the money eventually out of nothing,
in the same way as this is done in the present situation by commercial banks
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Debt Free Money and the money growth rule

As a consequence of Full Reserve Banking, the amount of money is fixed. However, in a physically
growing economy, where more goods and services become available while the total amount of money
stays the same, prices have to go down (deflation; cf. chapter 3). To keep prices at a constant level in a
physically growing economy, the amount of money has to increase at the same rate as physical
production is increasing (cf. section 4.2).

Instead of creating ‘money as debt’ in the form of debt which borrowers have with banks, the

government has the (legitimate) right to create ‘debt free money’(DFM) herself. This money is created

without the need to pay back or to pay interest. Governments channel the created money in three ways

into the real economy:

- money can be lent to commercial banks as intermediates between the Central Bank and investors, in
the way it has been described in the previous chapters and

- money can be invested directly in democratically chosen projects without interference of the
financial system. Such investments, in physical (roads, railways, renewable energy etc.) and social
(health, education etc.) infrastructure increase aggregate demand and stimulate the economy, as
suggested by Keynes.

- tax-levels can be reduced; in doing so, not the government, but the consumers (are expected to)
stimulate aggregate demand into a social / political desirable direction.

Depending on the economic situation, government can partition the money created between these three
channels. The common objective of Central Banks has been the stabilization of prices, but other
objectives are possible too, e.g. a certain level of (un)employment. In all cases, the amount of money to
be created follows from an explicitly formulated ‘money growth rule’. By giving a legal status to such a
money growth rule (and its independent body, the ‘Money Creation Committee, as suggested by
Positive Money, Jackson, 2012), the fear that governments would be seduced to create too much money
becomes hypothetical. In model terms, this means that money which is created and brought into
circulation by the government (via the Central Bank) is introduced into the financial-economic system
via government expenditures and/or tax reductions. Both stimulate the real economy. In case of
centralized, constraint money creation, interest levels will go up, given the increased demand for a
limited amount of money. In that case it is a political choice to maintain or to increase the amount of
money creation. In all cases the Keynesian stimulation of the economy can be far more effective than by
means of interest rates only.

The experiments presented in this chapter are based on the target of price stability as this is the primary
objective of Central Bank. As a consequence, there is no inflation or deflation. Eventually the choice for
a moderate inflation could be incorporated in the money growth rule. However, the choice for inflation
(and also deflation) is a political one.

Price stability by means of Debt Free Money creation

To explore the effects of the combined full reserve banking (FRB) and debt free money (DFM)
approach against the current money as debt (MaD) system, model experiments are made in which
money is created from the simulated Minsky moment by the government at a rate at which the price
level p remains constant (price stability as objective). An additional target can be to gradually reduce the
existing government debt.

The results of the experiment are shown in Figure 5.1 to Figure 5.4. Herein, the baseline represent the
current MaD system and the FRB- DFM trajectories describe the alternative FRB-DFM-approach for
the period up to 2050. Comparing the two, the following observations are made:

- As aresult of money creation, total liabilities (the stock of money in the system) increase as shown
in Figure 5.1. During the first half of the period, before the crisis, the simulated liabilities rise from
an (estimated) initial 200 bn € to 850 bn €. After the transition around the year 2000, the total stock
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of money keeps rising in both experiments to about 1200 bn € by 2050. However, in the FRB-DFM
experiment the money creation has become the prerogative of government and money becomes
debt-free (DFM). In the current model simulations, the objective of maintaining price stability
requires that money is created at a rate of 1,5 % to 2 % of GDP (~ pY) per year (Figure 5.2 right).

- Inthe simulation, the government debt as a fraction of GDP is gradually reduced from the current
level of 60 % to a much lower level at the end of the simulation period because of the assumed

repayments. ( Figure 5.1 lower right).

- Under the FRB-DFM conditions, the interest level is expected to be lower than in the MaD case
because of the combined result of money creation and decreasing government debt. On the other
hand, the indebted consumers are now borrowing from the deposits of the L- and LC-consumers,
with intermediation by banks, and without money creation. This brings the interest rate over all on a

higher level (Figure 5.1 lower left).
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Figure 5.1 Model results for MaD (before 2000) and FRB-DFM (after 2000); Total liabilities (upper
left), Consumer debt (sumdebt; upper right), Interest rate (lower left) and Total government

debt (lower right) (cf. Figure 4.3 and 4.6).
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Figure 5.2 Money creation (absolute and in %/year) under FRB-DFM to achieve a constant price
level.
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Figure 5.3 Model results MaD (before 2000) and FRB-DFM (after 2000); GNP (pY; upper left),
physical production Y (upper right) , Price (lower left) and Asset price (lower right).

- Asaconsequence of the money growth rule, the average price level remains constant after the
(Minsky) moment of crises (Figure 5.3 lower left). The technology-induced deflation in the base run
is countered.

- Unlike in the base run, both GDP (~ pY) and the physical production (Y) show a continuous
increase in the FRB-DFM experiment. This stems from the real increase in productivity (Y/L)
which results from technological progress. The change in pY corresponds to the change in physical
production Y times the (constant) price level. In other words, the amount of newly created money
keeps pace with the growth of the real, physical economy.
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- Although the money creation is not targeted directly at employment, the employment level can be
maintained near the ‘full employment” goal of 90 % of the labour force (Figure 5.4 upper left).
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Figure 5.4 Model results under money as debt (MaD) before 2007 and combined full reserve banking
(FRB) and debt free money creation (DFM) after 2007; money creation is targeted at
maintaining a constant price level. Baseline is MaD over the full period 1950-2050.

Conclusion

These model experiments show that money creation by the government, according to a ‘money creation
rule’ which is directed to price stability and / or employment, indeed can stabilize the boom-bust cycles
that occur in the present Money-as-Debt situation. At a constant price level, Both the physical (YY) and
the monetary production and consumption (pY) can be made to follow a pathway of stable, continuous
growth, with constant prices and technology-induced income growth in the real economy.

In the current simulations, and without an eventually (politically) desired inflation, this requires of debt
free money(DFM) at a rate of 1,5 - 2 % of GDP per year, which is significantly below the range of 3 —
10 % per year at which private banks have been creating money over the last 50 years. The
government-created money can be spent by the government. At the current GDP (~ pY) level of 600
billion €/year, this would amount to 10 to 15 billion € per year, apart from the saved interest payments
on the declining government debt which is at the current low interest rate in the order of 10 billion €
lyear as well. In case an inflation rate of 2 % would be required, an additional 12 bn € has te be created,
raising the total amount of money to be spent by the government (including lower tax rates) to over 30
bn €/ year.
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6 Wealth effects

One interesting, additional aspect of the model simulations is the evolution of wealth, i.e. the average
net bank deposit, for the three different consumer classes. As stated previously, the model distinguishes

three groups of consumers:

- the L-consumers, who earn income from labour and consume all their income (partly on interest and

repayment), with a negative net wealth level Mp;
- the L-consumers, who also obtain their income from labour but have a positive net wealth My,

which permits them to get loans; and

- the LC-consumers, who obtain income from both labour and capital, and buy shares and obtain

dividends. Their wealth level is M,c.

The last two categories are assumed to buy government bonds, in the current computations in the same

amounts.

In Figure 6.1 the results are presented for the M and M, deposits, as well as the consumption and
wealth ratio’s per household for both groups of consumers.
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Figure 6.1 Model results MaD (before 2000) and FRB-DFM (after 2000);

M. c and M_-deposits;

Consumption ratio between LC and L consumers (upper right)
Wealth ratio between LC and L consumers (lower right).
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In the FRB-DFM case, the M, -deposit stays more or less at a constant level, significantly below the
baseline situation (lower left). This is explained as follows:

In the baseline, newly created money for mortgage loans ends up in equal amounts on the M and M,c
-deposits, as it has been assumed that both categories sell assets to the indebted consumers. In the FRB-
DFM experiment, loans are not given by banks but by the L- and LC-consumers via banks as
intermediates. So both groups of consumers lose this source of ‘income’ from newly created money. in
the alternative FRB-DFM case, the newly created money enters the financial-economic system via
government spending and tax reductions, thus directly stimulating economic activity. The LC-
consumers, who supply the capital investments and receive the dividend, profit from this economic
stimulation and thus compensate their ‘income’ loss.

In all cases the level of income of the LC-consumers is higher than that of the L-consumers, because
both groups obtain the same level of wages but the LC-consumers acquire on top of that capital income.
In the FRB-DFM case, where the L-consumers no longer profit from the influx of new money, the
wealth of the LC-consumers thus steadily increases over the wealth of the L-consumers. The effect is
relatively small, given the fact that the LC-consumers spent proportionally more of their income and
wealth on consumption (egn. 13). This effect of higher consumption of the LC-consumers, as a result
from both higher income and higher wealth, mask the insight into the partitioning of wealth over the
respective consumer groups.

To overcome this masking effect, the propensities to consume b;_ and b; ¢ are adjusted in such a way
that the consumption levels of both groups become more equal. For b;. = 0.85 and b; ¢ = 0.75, with

by =0, the results for this hypothetical experiment are shown in Figure 6.2. Both for the baseline as for
the FRB-DFM case, the consumption levels now are more or less the same for the LC- and the L-
consumers; Figure 6.2 left. The wealth of the LC-consumers is now increasing significantly compared to
the wealth of the L-consumers: Figure 6.2 right.
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Figure 6.2 Consumption and wealth ratio’s between LC- and L-consumers for the hypothetical case in
which b;. =0.85, by c =0.75and b, =0

The wealth of the LC- and L-consumers, inasfar as it is not used for investments in firms (shares) or in
government (bonds), remains ‘outside’ the economic process (Werner, 2012). Re-introducing this
money into the real-economy by means of a wealth tax, could have more or less the same result as
money creation for stimulating aggregate demand (Piketty 2014). This additional income for
governments can be used to lower income taxation e.g. or for specific investments in for example
infrastructure. In all cases this would imply stimulation of the real economy. In the FRB-DFM
experiment, this means that less money has to be created as the economy is stimulated by existing rather
than new money.
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The results for application of a 2 % wealth tax in the reformed FRB-DFM system are shown in Figure

6.3 and 6.4:

- Itisevident that the wealth of the L- and LC-consumers is reduced. Given the capital income of the
LC-consumers, the reduction on their M, c-deposit is smaller than the effect on the M -deposit.

- Indeed the wealth tax results in a decrease of the money stock that is needed to maintain price
stability (Figure 6.3 lower left). This confirms the mutual exchangeability of the sources from which
money is mobilized to enter the real economy, be it from the (‘unused’) liquid assets M ¢ by
increasing consumption (b), money lending from L- and / or LC-consumers to indebted consumers,
or debt free money creation (DFM).
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Figure 6.3 Model results for the FRB — DFM baseline and for a 2 % wealth tax applied to the M-
and the M_-deposit:
M, c- and the M_-deposit, the (wealth) ratio between these two categories of consumers and
the percentage of (Central Bank) created money (with respect to pY).

As shown in Figure 6.4, the effect of the 2 % wealth tax on GNP (pY) is small and negative. This also
holds for the effect on physical production Y. which can be explained from a substantially reduced level
of investments. These effects can be explained by the increased interest level (lower left). In the FRB-
DFM simulation, loans are no longer given by creating new money but by transferring existing money
from the lender to the borrower. This reduces the liquidity on the M, c- and the M_-deposits, which
causes an increase in the interest rate. A higher interest rate directly hampers the level of economic
activity. But this activity now can be stimulated, partly in a preferred direction, by means of the money
creation of the Central Bank / government. The higher interest rate restores the necessary market
condition for money lending and as such the rationalization of the economic process.
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Figure 6.4 Model results for the FRB — DFM baseline and for a 2 % wealth tax applied to the M, c-
and the M -deposit, for pY, Y, interest and investments

Conclusion

Wealth effects are mainly governed by the income of capital additional to labour and by asset related
transfers, such as the sale of real estate (houses) which has increased in price during the ‘euphoric’ part
of the boom-bust cycle. In the current system, (average) wealth effects between consumers with both
labour and capital income and consumers with only labour income are relatively small, given the more
or less equal, and substantial contributions from these asset transfers. Both categories profit in the same
manner from the creation of new money in the process of providing mortgage loans.

In the reformed situation, this is no longer the case as newly created money (by the government) is
directed to additional and targeted government spending and to tax reductions, to stimulate the
economic process. This also supports the rewards of capital, which in the form of dividends contributes
to the wealth of investors, who have funded investments via shares.
The simple model applied here so far suggests that the consumers with capital income will have of
larger and continuous growth of their wealth, compared to the consumers with only labour income.

A wealth tax (2 %) applied on the L- and LC-deposits, naturally reduces these deposits, and thus

increases interest rates, with a slight negative effect on economic growth.
But a wealth tax reduces the amount of money which has to be created to stabilize the economy via
stabilization of the price level. The money which now ends up at the deposits of LC- and L-consumers
than (for a small part) is recirculated into the real economy, via additional government spending or
reduction of other tax rates, such as value added tax, thus stimulation aggregate demand and economic

activity.
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7 General conclusion

Along the lines of neoclassical theory, a system dynamics model has been developed to describe the
most important mechanisms governing physical output of goods and services in the economy in
interaction with the financial system. The model has been parameterized for a 600 bn €/year (Dutch)
economy 1950-2010 in order to reproduce and investigate the time paths of some key economic
variables. In particular, the model distinguishes explicitly the financial system and the process of money
creation and debt formation. Some of the mechanisms are illustrated with separate model experiments,
notably on the effect of loans, the role of technology and the increasing share of capital (as with e.g.
robotization) in the production process (see Appendix A). The model experiments allow the following
conclusions:

¢  The model can give a meaningful reconstruction of the overall long-term dynamic behaviour of the
financial-economic system. The occurrence of the boom- and bust-cycles can be understood and to
a reasonable extent predicted from the asset-price driven credit cycle. The model confirms
Minsky’s instability hypothesis, in which the euphoria over apparently ever increasing (asset)
prices, GDP, wages, consumption and loans turn the system into the downward spiral of the bust,
when financing cost becomes unbearable for individual households and the economy is no longer
stimulated by a continuously decreasing interest rate towards zero.

e  The current financial system appears to be fundamentally unstable. The boom and bust cycle of
euphoric upswings and disrupting downturns has its underlying cause in the lack of coordination in
the process of money creation. Money is created by private banks, who decide on other criteria than
the stability of the system as a whole. Lacking central coordination, (monetary) economic growth
by decentralized money creation brings about the unjustified euphoric herd behavior of the many
private banks creating too much money, in the belief of and speculating on an ongoing rise of asset
prices. The Central Bank does not have the possibility to control the decentralized money creating
process. The Bank’s ability to determine the interest rate is not effective. After the inevitable
disruption, the system has to be rescued from societal chaos by the government through centralized
coordination, at least for a large part at the expense of the tax payer.

e  Control, or at least significant weakening of the boom-bust cycle, and herewith avoiding inflation
during the boom- and deflation during the bust-phase, can be achieved by centralized control over
money creation. The model experiments show that money creation by the government, according to
a ‘money creation rule’ which is directed towards price stability and / or employment, indeed can
stabilize the boom-bust cycle (as demonstrated for the most recent cycle). At a constant price level,
both the physical and the monetary production and consumption then follow a pathway of stable,
continuous growth, which reflects the increased productivity which results from technical progress.

e  Without inflation price stability and the associated positive effects on employment and GDP can be
realized at a 1,5 % / year creation of debt-free money, significantly below the range of 3 — 10 %
money creation by private banks over the last 50 years. At the current GDP level of 600 billion
€/year, this would mean about 10 billion €/year, not counting the saved interest payments on the
declining government debt (at the current low interest rate in the order of 10 billion € /year). This
results in in an annual saving of government (and thus taxpayers’) money of some 20 billion
€/year. In case a certain level of inflation would be politically desired (e.g. 2 %), an additional 12
bn € could be created (and spent). The overall money flow of about 20 - 30 bn € / year can be used
to lower taxation and for democratically chosen investments in for instance an efficient and
renewable energy system;.

e In the current simulations government debt was gradually eliminated. Full employment as a
societal goal could be achieved within the context of the current model assumptions, in particular
with respect to the propensity to consume.

e Additional model experiments suggest that a wealth tax can reduce the need for new money to be
created.
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8 Discussion

In 1936 the so-called Chicago Plan was launched, with the intention to give an answer to the financial
crises of 1929. It focused on a restructuring of the financial system by centralizing money creation with
the government and disentangling private and public responsibilities. In a recent IMF-study, Benes et al.
(2012) concluded on the basis of simulations with a Dynamic Stochastic General Equilibrium (DSGE)
model that the original claims of the 1936-Chicago Plan are valid. Our simulations with the SF-model
confirm the results of this recent IMF-study.

Taking into account the recommendations of the (revisited) Chicago plan and the UK-proposals of
‘positive money’(Jackson and Dyson, 2012), and assuming that such an alternative has to be realized at
EU-level, the alternative for the current system can be summarized as follows:

- Money is created debt-free by the (EU-)government via an independent body (European Central
Bank - ECB), according to a legally agreed money growth rule. Although independent, the money
creating institution ECB is under full governmental / democratic control (European Parliament).
Under the Maastricht Treaty of 1992, money creation by national governments is not anymore
allowed within the framework of the European Union. Nevertheless, the current Quantitative Easing
(QE) program of the ECB comes close to the government led, debt-free alternative for the present
financial system, be it that the money is used to buy bonds from financial institutions (banks, pension
funds etc.) with less positive effects for demand driven economic growth. A transition to the
alternative system is possible within the framework of the European monetary system. It would
allow direct investments in Europe-wide infrastructure with positive aspects on economic growth
and European cohesion, without interfering in the present discussion on the mutual obligations of the
individual European countries.

- Public and private responsibilities, rights and risks are fully separated and internally consistent; there
is no public responsibility for private risks. This disentanglement of responsibilities is achieved by
distinguishing:

- public, transaction accounts, which customers (formally) have at the Central Bank (eventually
administered via commercial banks), and which are fully guaranteed by the State. The electronic
payment system is part of this public infrastructure and does not depend (only) on the continuity
of commercial banks.

- private investments accounts, which function via private financial institutions (banks) and are
risk-taking. Profits and losses are only of private, not public concern. Bail-outs of banks by
public money has become unnecessary and impossible. Moral hazard is eliminated.

- In this alternative, commercial banks still can play a very relevant societal role as intermediates on
the financial markets. Their core expertise in risk analysis is a key functionality in intermediating
between the money creating government, private savings and pension funds on the one hand, and the
need for finance from the side of business and consumers (mortgages) on the other.

- Increasing (Basel-) regulation, needed to control the current public-private entanglement, leads to
more complexity, with rapidly increasing inefficiency. Complexity can be reduced by public-private
disentanglement, leaving the private part to the complexity reducing market mechanisms. In that
case, monitoring of the private part of the financial system can be minimized to consumer
information.

The current EU quantitative easing program

As illustrated by the model results, after the financial crisis prices will decrease and inflation during the
boom-cycle is replaced by deflation in the bust cycle. Recently, the ECB launched its bid to revitalize
the Eurozone economy and counter the too low inflation rate with a €60 bn-a-month bond-buying
program. Based on comparable practices in the UK in 2009, Lyonnet and Werner (2012) amongst many
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others have criticized this specific form of the more general Quantitative Easing approach. The
enormous amounts of newly created money accumulate within the financial system, without direct
stimulation of the economy. They propose that the Central Bank should more directly target the growth
of bank credit by QE for GDP-transactions. Only in that case a QE-program might fit in the proposal for
reform discussed here (Benink et al. 2015).

Legitimacy of money creation by the government

Although beyond the scope of this paper, the proposed reform can also be motivated from a more
fundamental point of view and in addition to the considerations with respect to system instability as
discussed here. As already pointed out by Aristotle in his Ethica Nicomachea (350 BC), ‘money exist by
law, not by nature’. Money is not a commodity, but a social construct (Van Dixhoorn 2013). This
implies that money has to be created by (groups in) society, in practice usually the State and that the
money supply is a government prerogative. . Since Aristotle, numerous philosophers, economists and
politicians including Locke, Franklin, Paine, Berkeley, de Montesquieu , Ricardo, Lincoln, Jefferson
and Jackson have supported this view.

The current money-as-debt (MaD)system, with money creation by private banks, cannot be considered
beforehand as ‘normal’. On the contrary, the system is from a relatively recent date, the end of the 17"
century, when in the ‘Glorious Revolution’ the concept of the Bank of Amsterdam was transferred to
London and ownership changed from public (the city of Amsterdam) to private (...?). William
Paterson, the founder of the Bank of England stated that ‘the bank hath benefit of interest on all moneys
which it creates out of nothing’ (Zarlenga, 2002). Since then the struggle for power over the creation of
money has caused many conflicts and even wars.

The usual argument in favor of privatized money creation is the alleged assertion that poorly run money
systems of the past were under governmental control. In most cases these assertions refer to developing
countries and the German hyperinflation of 1923. However, closer examination of the hyperinflation in
interwar Germany points to the contrary: it was rather the pressure from the World War | allies (UK,
USA) to privatize the German Bank rather than public governmental control that brought he inflation
about. After taking control back by the government by Reichskanzler Schacht, the hyperinflation was
halted within one year (Zarlenga 2002). It also should be realized, as shown in this paper, that over the
last decades private banks and not governments have created the enormous amounts of money that have
led to the 2007 / 2008 financial crisis.

From a political point of view, the Central Bank is under full governmental and democratic control,
though legally independent in order to prevent interference by short-term oriented political forces.
Comparable to the judicial power as the ‘third power’, the Central Bank would be part of a ‘fourth
power’, which can act with great independency according to a priori defined rules but, at the end of the
day, under full democratic control.
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Appendix A Model experiments to explore system behaviour

In order to understand the dynamical behaviour of the model, some computational experiments are
made to study the reaction of the model system to (sudden) changes in loans and technology, as these
factors appear to be significant in the process of understanding the relation between the economic and
the financial system. To this end the model is run without the sub-systems for government and banks,
without technological growth and with a constant population (labor force). After an initial period of
about 20 years, the model reaches the stationary state, which allows the study of the effects on stepwise

changes for loans and technological progress.

The amount of money in the model only increases when it is created in the form of loans (money as
debt). In order to explore the effect of loans on the behaviour of the system, a hypothetical bank loan of
5 billion (bn, 10%) € is given during a 10 year period starting arbitrary in year 40 (Figure A.1 upper left).
The experiment is made both for the case the loan is repaid and the case it is not repaid. The results are

presented in Figures A.1 and A.2.

interest

Bankloans
100
s no repay
o
S 50
d)
25 repay
0
0 10 20 30 40 50 60 70 80 90
Time (Year)
Bankloans : baseline Bankloans : repay
Bankloans : no repay
Price
5
no repay
3.75
25
1.5 repay
0
0 10 20 30 40 50 60 70 80 90
Time (Year)
Price : baseline Price : repay

Price : no repay

Figure Al

100

euro/Year

.06
repay
.045
.03
.015
no repay
0
0 10 20 30 40 50 60 70 80 90 100
Time (Year)
interest : baseline interest : repay
interest : no repay
Investments
20
15 repay
10
5
no repay
0 L
0 10 20 30 40 50 60 70 80 90 100
Time (Year)

Investments : baseline
Investments : no repay:

Investments : repay

Model response to an annual loan of 5bn € during a 10 years period.
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Figure A.2 Model response to a annual loan (with and without repay) of 5 bn € during a 10 year
period.

As the lending comes to an end (in the year 50), the effects on both the real and monetary economy
become negative as the loans have to be repaid and physical consumption and production decrease
below initial levels. After repayment, the system returns to its initial, stationary state (baseline).
Lending, and thus money creation, has a temporary effect on the economy, initially positive, negative
later. This confirms the conclusions of Bezemer et al. (2013) in a study on the significance of financial
development for growth: ‘even though credit flows may give a short tem stimulus to growth, the longer
term effect of financial development is negative’.

In case the loans are not repaid, the money which is created in the lending process is not destroyed by
repayments but remains in the system. As the graphs in Figure A2 show, the economy now does not
return to its initial state. In particular, the interest rate will remain at a lower level than in the baseline
case because more money remains available as ‘liquid assets’ (Figure A.1 upper right). As a
consequence of the lower interest rate and thus higher investment level, and in combination with the
stimulation of consumption (aggregate demand) by the loan, also the physical output Y remains on a
higher level than before the loan was given.

Technological progress

The response of the system to a sudden, stepwise technological improvement (breakthrough) in the
manufacture sector is given in Figure A.3. Overall physical production Y increases significantly, which
at the same time results in a corresponding drop in price level for the manufacture sector. As a
consequence the effect of the monetary economy (pY) is negligible.

Page 46



[Van Egmond and De Vries - Sustainable Finance Model] version octobre 2015

TFPtotM Y
9 30
Technological ste .
g P Technological step
7.75 225
6.5 15
/\/\/ baseline
5.25 baseline 75
4 0
0 10 20 30 40 50 60 70 8 90 100 0 10 20 30 40 5 60 70 8 90 100
Time (Year) Time ('Year)
TFPtotM : baseline TFPtotM : technology Y : baseline —— Y : technology
PriceM pY
2 20
Technological step
15 15
s baseline baseline
S 1 10
3
5 5
Technological step
0 0
0 10 20 30 40 50 60 70 8 90 100 0 10 20 3 40 50 60 70 8 9 100
Time (Year) Time (Year)
PriceM : baseline ————————— PriceM : technology PY : baseline PY : technology

Figure A.3 System response to a stepwise change in the total factor productivity, as the result of a
technological breakthrough.

Increasing share of capital in national income

Empirical data indicate that the share of capital in the national income shows an increasing trend
(Piketty 2014:222). This trend is explained by, among others, the increasing substitution elasticity ¢
which might reflect that capital increasingly can substitute labour through application of ICT and robots
in many economic and social domains. As this is expected to be an important factor in explaining the
GDP (~pY) growth from its constituting factors (growth accounting), the effect of an increasing
substitution elasticity ¢ was studied.

The experiment is made for the full model over the modeling period 1950 - 2050. The results are
presented in Figure A.3, for sigma o -values, increasing from 1 in 1950, to 1.5 (baseline), 2 and 3 in
2050. The corresponding time development of ay (upper left) show an increase from the initial 0.3 in
2050 to 0.4 in the baseline case, up to a (hypothetical) 0.7 for ¢ = 3. The KL-capital-labour ratio shows
the increasing share of capital in the production process, with comparable implications for physical
production Y. The increase in pY (GDP) is less pronounced, given the decline in price level, although
this deflation in less in case of larger capital share.

Employment (not shown) remains on a higher, more constant level compared to the baseline case. This
is a consequence of the (model-) behavior in which production at higher capital inputs increases to a
higher overall level, thus creating again full employment.
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Appendix B Stationary state

This appendix contains a brief description of the mathematics of the real economy model. A more
thorough analysis of the set of differential equations of both the real and the monetary economy has
been made recently in Mathematica (Gomez 2015). This analysis indicates that the equations used in the
SF-model represent a quite stable system, but that the propensity to consume and the fraction of firm
investments that is taken up as loan are two assumption for which the model outome is sensitive, The
simulation experiments also suggest that debt-based money does not imply a growth imperative.
Stationary states and optimality

The basic differential equations governing the behavior of the model economy are the following:

dK _mepe _ 1 (OY 1
dat ;K Ttk (aK p+é 1) K [G/yr] (Bl)
dL _m,, _ 1 (padY
E‘Eﬁ‘Fiﬁﬁ_lﬁ’ [hriyr] (B2)
b v (ﬁ - epuir) With € = L/L e, [M/hriyr] (B3)
Z_f = ﬂp (Di) [M/Glyr] (B4)
dH _ _
—==Y-D [-] (BS)

These derivations use a CD production form Y ~ K%L~ (egn. 1). Recall that the output elasticity of a
production factor X equals X (dY/dX) / Y. Inclusion of the additional feedbacks from a supply-demand
mismatch and the financial model equations makes a formal analysis of the system more complex. It is
postponed to a subsequent report.

When the net gain on hiring an additional unit of labour equals the net gain of investing an additional
unit of capital, the optimal input of capital and labour occurs (production frontier) (egn. B2). In this
situation:

- povy 4 _ov 1 ;
M=K oL T ok Gre ] (B6)

It follows that L¢q = (1-a)-(p/w)Y, if we make the simplifying assumption that there is no supply-
demand mismatch (dH/dt = 0) or that the response from mismatch to labour market is infinitely slow (t_
= o0). Similarly, from the first equation B1 it is seen that the capital stock will be constant for K¢q =
[a/(p+6)]Y which tends to be about 1,65-Y (a=1/3; r=0=0.1). It implies a capital productivity of 0,6. It
also indicates that p has to be interpreted as the net rate of return on investments in the manufacturing
capital stock. Thus, in the simulated economy, labour and capital are growing according to their
respective (weighted) marginal productivities. The economy thus tends towards a stationary or
equilibrium state given by {Keq, Leg} = [a pY / (px (p+9)), (1-0) pY / w].

In the stationary state, (p/pk) 0Y/0K = (p+3). Using that 0Y/0K = aY/K, it is seen that for a
vanishing profit rate we get:

apY = pg(p + 6K [Miyr] (B7)
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At a vanishing profit rate, dK/dt = 0 and the economy is in a stationary state with lg.s = zero and Keq =
(1-a) pY / (pk (p10)) assuming p/pk ~ 1. The capital-output ratio is then given by K/Y = (1-a) / (p+9)
(cf. “first law; Piketty 2014). Because in the stationary state the net investment rate has to equal the
depreciation rate, we get for the savings rate:

6 =(pk 3 K) /(pY) = ad /(p+3) [-] (B8)
for p/p« ~ 1, which provides a check on the actual values chosen™.

Using eqgns. B1 and B2 it is seen that this equality implies that:

K 54 w
I (1-x) p.(p+8) [G/hr/yr] (Bg)

This is the familiar equation of neoclassical economics (see e.g. Jones 1976), with K multiplied by p to
convert it into monetary units and including the cost of depreciation. It shows that the growth path of the
economy tends towards an efficient economy, that is, one in which the output Y is produced at the
lowest total cost C=w L + (p+6) K given the production function (eqn. 1). Investor behavior is such
that the economy tends towards efficient allocation of the two production factors, in an attempt to reach
Solow’s ‘balanced growth’ path.

The behavior of the other three state variables, H, w and p, is simpler. The price change is a second
order relaxation towards the situation that output Y equals the exogenous demand D. In the situation
that demand D equals output Y (dH/dt = Y- D = 0) and H = 0 at time 0, the price remains constant (eqn.
B4). Price stability thus requires that there is no supply-demand mismatch (H = dH/dt = 0), which was
also the simplifying assumption in calculating L.

The wage level w tends towards the situation that L = ey * Lax i.€. a situation of full employment
(egn. B3). In order to keep the wage rate constant, dw/dt = 0, the condition is that L = Lgs. However,
this has to coincide with L = Ly which is the optimal level of the labour force from a supply point-of-
view. In other words, the labour market is only in equilibrium if the labour force that is optimal from a
producer point-of-view is also the socially desired level (Lo = Lges). If L deviates from the level L, at
which dL/dt =0, i.e. L = (1-a)'p Y/w, the system will be in disequilibrium. The model thus stipulates
that wage level w and labour force L oscillate around a stable attractor of the value [w,L] = [(1-a)pY,
L¢.] at the intersection of the two isoclines.

The above formulation largely follows the neoclassical description of the investment process, in as far
as it presumes the existence of a production function in physical units that can be transformed into one
in monetary units and the existence of a group of entrepreneurs who collectively have information on
the prevailing productivity of capital in order to invest towards a net zero profitability. Such a view has
been criticized by several economists, among them Keynes and later Minsky and Godwin (Davidson
2011).

12 Using a = 0,33, p=0,1 and 3 = 0,1, the savings rate equals 0,165.

Page 50



[Van Egmond and De Vries - Sustainable Finance Model] version octobre 2015

Appendix C Production functions

Aggregate economic production functions, such as the one proposed by Cobb and Douglas, have
notorious shortcomings in describing modern economic growth. For instance, Helpman (2004) points
out that the production function per se has little to offer in explaining economic growth patterns and
con- and divergence; Pottier (2014) discusses the flawed reasoning that follows from the lack of
empirical foundations. It is nevertheless widely used due to its mathematical convenience and the
relevance of capital-labour substitution in, particularly, manufacturing. Improvements are possible,
usually paid for with more awkward mathematics. For instance, the assumption of a substitution
elasticity of unity implicit in a Cobb-Douglas (CD) production function is inadequate in the context of
income and wealth inequality and Jackson and Victor (2014) suggest the use of a Constant Elasticity of
Substitution (CES) production function.

The substitution dynamics in production functions can explain only a quite limited part of economic
growth, a major reason being that productivity increase is being driven by technology and organization.
In the Cobb-Douglas production function an explicit representation of technology is absent. The role of
technology has been dealt with by introducing technological progress into the total factor productivity
TFP, here indicated with A (Romer 1990; cf. egn. 1). Because of the variety and complexity of
technology dynamics, technology is often simulated with TFP as a simple exponential or logistic
function, but also more endogenous descriptions have been proposed. In the current model, which
covers a 100-year time period (1950 -2050), the role of technological progress has been and will be
significant. We assume that labour productivity increases exogenously at a rate reflecting historical data
for European economies and the Netherlands in particular.

The omission of the role of other production factors such as energy and materials, despite their
important role in the prospects for long-term economic development, is another shortcoming.. An
alternative for this inadequacy is the production function in capital stocks only, associated with the
economist Leontief. This approach has been followed in the model of Goodwin (Goodwin 1967, Keen
2011), where output Y is expressed as proportional to the capital stock K and to the labour stock L with
the labour productivity Y/A rising exponentially. Other approaches are e.g. Weber and Hasselmann
(2005) who propose a dynamic economic model in which skilled labour is considered the only
production factor. Ayres and Warr (2005) and Kiimmel et al. (2002) consider explicitly the role of
energy in long-term economic growth. In this study, we have postponed the explicit introduction of
energy and materials to a next model version.

One important feature of a production function is the extent to which they can substitute each other is of
great importance. This is known as the elasticity of substitution o, defined as:

__ dIn(KIL)
Y aY)

d in(31|5%
and it is a measure how responsive the ratio in factor use is to a change in the ratio of marginal factor
productivity. For a Cobb-Douglas production function, ¢ can be shown to be unity (6 = 1). The effect of
substitution is then neutral in the sense that an increase in the marginal productivity of capital (i.e. the
return to capital) relative to labour (i.e. the wage rate) corresponds to an equal decrease in the capital-
labour ratio k = K/L (cf. egn. 10).
More elaborate production functions such as the Constant Elasticity of Substitution (CES) production
function has more flexibility in the extent of substitution (see e.g. Victor and Jackson 2014). In case 0 <
o < 1, an increase in the productivity ratio implies a smaller than proportional decrease in k: labour is
less easily substituted by capital, and vice versa, capital less easily substituted by labour. This might be
the case in traditional, agriculture-based societies. In case ¢ > 1, an increase in the productivity ratio
means a larger than proportional decrease in k and a continuous substitution of capital for labour is
possible. An example of the latter are generic productivity-increasing technologies such as ICT and
robotization.
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Appendix D  Historical data - the Netherlands 1950-2010

The model has been calibrated with statistical time-series for the period 1950-2010 for Dutch economy.
To this purpose, we first calculate from statistical time-series the key variables that are to be reproduced
in the historical model simulation: GDP (prices), K and L. The procedure is as follows.

We start with the historical time-series of GDP, which is equated to p Y taking p(1950) = 1 (cf. egn. 1).
The labour force L is taken exogenous as the product of the historical time-series for population P and
for labour participation e; the latter is taken constant (0,4) for 1950-1970 and from statistical time-series
thereafter. Assuming A(1950) = 1, K(1950) can be calculated for a given value of the K-L substitution
elasticity o (assumed to be constant).

Next, the annual investment rate is reconstructed. For the period 1970 -2010 statistical data on firm
investments are available. For the period 1950 — 1970 investments are derived by means of egn. 10 from
pY and estimates of the labour output elasticity o (assumed to be constant) and of the average
depreciation rate & (assumed to be constant) and the average annual interest rate r. This permits the
calculation of the time-series of the variable pair {A,,K}. The thus estimated values of the capital stock
K are very sensitive to the choice of a: the higher it is, the faster capital will accumulate. They are less
sensitive to the choice of 8, higher values meaning a faster depreciation and thus a lower rate of capital
accumulation. Higher interest rates r will also decelerate capital stock growth.

In order to account for differences in the manufacturing and the services sector, we distinguish an M-
and an S-sector and implemented the above variables with the assumption that the labour participation
in each sector is 50 % and that the two sectors have different values for 6 and a. The data suggest an
increase of the capital-labour ratio K/L with a factor 3 between 1950 and 1989; this is in reasonable
agreement with estimates by Van Ark (1995) for OECD-countries. The estimated productivity increase
in real (volume) terms is for the period 1979-2004 in the same range as the estimate produced in the
GCDD database. The resulting savings rate o in this calibration starts around 0,3 in the 1950s, drops to
values around 0,15 in the 1980s and slowly rises again to about 0,2 (cf. egn. 11). These values are also
in the range of other estimates.

Variable/parameter Unit value in base run Source; comment
GDP 10°€ 10,2 (1950) Timeseries 1950-2010 CBS; pY equal to GDP
Capital stock K, 10°€ Ky=8,4 Calculated from eqn. 1; value for NL 1950
10°€ Kom =3 assuming p=1
10°€ Kos= 1
Depreciation rate & [-1 om = 0,15 Based on estimate of average rate of 10%/yr (M)
[-1 ds= 0,12 and 5 %/yr (S)
Population P 10°p 10,1(1950) — 18 million | Timeseries 1950-2010 CBS
(2050)
Employment rate e = L/P [-] 0,38 until 1970; rising Fixed value for NL 1950-1970, time-series CBS
to 0,41 thereafter
Desired employment rate eges | [-] 0,9 Economic literature; model calibration
Labour force L, 10°p 4.4 (1950) Calculated from eqns 4 - 7
Sectoral labour force Lo 10°p 2,2 (1950) Assumption: fraction of services 50 %
10°p | 2.2 (1950)
Labour output elasticity a (in | [-] ay =0,28 Economic literature; model calibration
CES production function) [-] as =0,20
Substitution elasticity o [-] om = os = 1(1950), Economic literature; Piketty (2014); model
(in CES production function) then increasing to calibration.
om = os= 1.2 (2050);
baseline run
Consumer price p 1950=1 CBS

Page 52




