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Abstract

The Fiscal Gold Standard scenario is a scenario based on high eco-
nomic growth and low inflation. Despite the fact that we are currently
not on a monetary gold standard, it is not unlikely that such a sce-
nario oceurs in future times. Low inflation can be caused by structural
low energy prices, further budgetary discipline in the EU and stricter
financial legislation. All these factors do not limit economic growth
opportunities through technological innovations. This study describes
the economic enviromment for a pension fund in a Fiseal Gold Stan-
dard scenario and provides tools to foresee the start of this scenario
timely. The main findings of this study are that, at this time, a tech-
nological revolution is not to be expected in the near future. However,
it is shown that internet of things technology and nanotechnology have
great potential to result in significant economic growth on the long-
term. Lastly, the Fiseal Gold Standard can serve as an alternative
view for the secular stagnation hypothesis.

Keywords: Gold standard, asset and liability management, Google
Trends, Kondratieff eycles
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‘gnovation is the central issue in economic prosperity”
— Michael Porter

"Just as energy is the basis of life itself, and ideas the source of innovation, so is
innovation the vital spark of all human change, improvement and progress”

— Ted Levitt
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1 Introduction

This study gives a description of the development of a new alternative
Asset Liability Management (ALM) scenario, the Fiscal Gold Standard
(FGS). I worked on this study du an internship at Pensioenfonds ING
as part of my master thesis. It is the purpose of this study to give an
accurate viiglv on the state of both the economy and the pension fund in
the Fiscal Gold Standard scenario, a scenario of high economic growth and
low inflation.

The main goal of an ALM study is to create a strategic policy framework.
This strategic policy framework is used as a mechanism to address risks of
a financial institution due to a mismatch between assets and liabilities.
Since this scenario is developed for a pension fund, the mismatch occurs
from the fact that a pension fund has long-term liabilities to its
participants while it has short-term investment income streams. In
practice, this implies that effects on inflation, (total) equity returns and
interest rates are of major interest.

As an ALM study can be seen an iterative process, it is important to have
a complete view on all possible states of the economy. This way, the
pension fund is always aware of how assets and liabilities behave and it can
adjust its investment and risk policy timely if necessary. By developing
this new stress scenario, all quadrants in the scenario matrix in figure 1
below are filled by at least one scenario. As all guadrants are filled, this
complete view on market movements gives the ability to create a solid
strategic asset allocation policy. This prevents the pension fund from
experiencing unexpected outcomes.

Figure 1: Schematic overview of scenario matrix
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The Fiscal Gold Standard scenario serves not only the strategic asset
allocation policy of the pension fund, but this high growth/low inflation
scenario is also macro economically speaking very relevant. There is an
universal belief that low or zero inflation is an important requisite for
sustainable economic growth. Given that a new Kondratieff cycle might
start soon (see chapter 6.2 for more details) and given that, based on break
even inflation rates, inflation will stay low for the coming years, it is not
unlikely that such a scenario occurs in future times. Also, economic history
shows that the combination of high economic growth and low inflation are
not a strange couple. During the Classical Gold Standard (1870 - 1913),
inflation rates remained low and stable on the long term. while economic
growth Hourished. This is where the analogy to the gold standard comes
from.

Despite the fact that there is no gold standard nowadays, there are
multiple factors that can replicate this setting in the current economy. For
example, low inflation can be reached as a result of structural low energy
prices, while welfare gains can lead to economic growth. Also, due to
further budgetary discipline in the European Union and stricter financial
legislation, inHationary pressure is not expected from this side. This is
where the term "fiscal” refers to. All these factors lower inHation rates
without limiting economic growth opportunities through technological
innovations.

Using a panel consisting me Netherlands, United States, United
Kingdom and Germany, the scenario of high growth and low inflation is
estimated based on data from the Classical Gold Standard (1870 - 1913).
As a technological revolution is the most likely driver of high economic in a

setting of low inflation, a framework to timely foresee this revolution is
also developed.

This study continues as follows. Chapter 2 gives an economic description
of the historical context and the main differences to present economic
times. Chapter 3 analyses the data for this study. Next, chapter 4
describes the methodology nused for the forecasting results in 5. Also,
chapter 4 develops a framework to timely foresee technological innovations
using Google Trends. Results of these foreseeings and other factors that
can trigger the Fiscal Gold Scenario are discussed in chapter 6.




2 Historical context

This chapter gives a short description of the economic situation in the late
19" century. Finally, differences with the present economic world are
presented.

The period 1870 - 1913 is characterised by a myriad of economic events.
Technological changes oceur rapidly after each other and earlier innovations
are implemented at the production level. This results in significant
efficiency improvements. Helped by low inflation levels (or even deflation),
the economy experiences a steady growth. Both efficiency improvements as
well as low inflation levels contribute to substlitial wealth increasements.
The stable price level is a consequence of the gold standard.

The gold standard is a monetary system where the value of a currency is
based on fixed amount of gold. determined by the monetary authority.
During the gold standard, th@e level is a result of demand and supply
of gold. Since every economy under the gold standard has a fixed exchange
rate, the domestic price level is mainly determined by global (exogenous)
factors. Among others, examples of global exogenous factors are periods of
war (as economies temporarily abandpd the gold standard to finance
their wars) or failed harvests causing food prices to rise.

Since the Great Depression of the 1930s, deflation is associated with
economic depression. However, the sub-period of interest in the gold
standard (1870 - 1913) shows that this is not by definition true. One has
to distinguish between so called good and bad deflation. Good deflation
oceurs when aggregate supply increases more rapidly than aggregate
demand (Bordo, Lane, and Redish 2004). This good deflation has various
possible sources: 1. Positive technology shocks, 2. Reallocation of
resources from sectors with declining returns to scale to sectors with
increasing returns to scale, 3. Price decreases due to abolishment of trade
barriers (Saxonhouse 2005). On the other side, bad deflation oceurs in the
contrary situation, hence when aggregate demand declines faster than
aggregate supply rises. Generally speaking, deflation during the gold
standard can be classified as good deflation.

By adhering to the gold standard, an economy profits from various
advantages. The gold standard functions as a catalyst for capital mobility
and further integration of international commodity markets {(Zanden and
Riel 2000).

A second advantage is that gold standard economies are, by the market,
perceived as more trustworthier than other economies. This results in
lower interest rates for government debt. Consequently, these economies
have lower fiscal deficits and ilfition levels (Rockoff and Bordo 1996).
The gold standard causes the money supply to vary automatically with the




balance ayments. The %d price of gold (in terms of a specified
amount of gold) serves as a credible mechanism to prevent governments of
creating surprise fid v money issues in order to capture seignorage
revenue. This avoids problems of high inflation and stagilation (Bordo and
Kydland 1995).

In making a comparison between economies of the late 19*" century and
the current situation, several issues need to be noted.

Firstly, during the classical gold standard, all economies are linked via a
common adherence to the convertibility rule and are thereby all facing the
same monev shock. One can see similarities to the eurozone because of the
fixed exchange rate in the eurozone. This is not the case outside the
eurozone, so exchange rates do affect the economy.

Secondly, economic shocks the gold standard economy faced between 187
and 1913 mainly consists of supply side shocks. This is in contradiction of
the findings in deflationary periods in the 20" century as a result of
monetary contraction. However, the contemporary economy in Europe and
the US is closer to the classical gold standard than to early 20" century
(Bordo, Lane, and Redish 2004).

Third, during the classical gold standard, the zero nominal bound is not
perceived as a problem, as central banks did not use monetary policy to
stimulate the economy. However, central do so nowadays.

Theoretically speaking, there are no restrictions for nominal interest rates
to turn negative. In ease the central bank supplies the banking system
with enough reserves (such that the interbank rate becomes zero) and
charges banks a per period fee for storing their money at the central bank,
the nominal interest rates turns negative. Yet it is not very likely that
central banks inject extra reserves into the economy in a Fiscal Gold
Standard scenario, at which this study focuses on. This is usually done to
stimulate the economy, but not an obvious policy when economic growth is
already high (as is the case in the Fiscal Gold Standard scenario).

All in all, the economy as it is nowadays shows more similarities to the
period of the Classical Gold Standard than one may think at first glance.
This makes this period very suitable for this study.




3 Data

This section analyses the data for the scenario analysis graphically and
numerically. This offers a simple way to get a feeling of the behaviour of
the data and acquire useful characteristics for the more advanced analysis.

The underlying period for this scenario {1870 - 1913) is a subperiod of the
gold standard. This era is chosen for it4R:onomic characteristics of high
economic growth and low inflation. All data for the Netherlands, the
United States and the United Kingdom come from Steehouwer (2005),
unless stated otherwise. Data for Germany originates from various sources,
which are mentioned in the specific sections.

3.1 Economic growth

Economic growth is measured by changes in national product (GNP) per
capita. Data about the German GNP comes from Maddison {2013).
Figure 2 gives a graphical presentation of real changes in GNP per capita
of the four countries considered. Table 1 gives a statistical summary of the
GNP data. The GNP data are measured in real terms which means that
these are corrected for price changes.

From the figure, it is can be seen that all countries experience periods of
both economic growth and decline and that all countries experience on
average a positive growth, The Dutch economic growth fuctuates the
most, as the maximum growth is 12.9%, » the largest decline is -10.4%.
These heavy Huctuations oceur primarily in the first half of the sample; in
the second half is the economic growth more stable. The opposite applies
to the United States (US) economy as the biggest spikes in GNP per
capita changes occur in the second half of the sample. GNP per capita
growth of the United Kingdom (UK) and German economy is more evenly
spread around their averages, with less outliers.

In general, the development in GNP growth of the four countries follows
more or less the same path, yet with varyving magnitudes and possibly
some lag. This is possibly due to the economies reacting to main events
affecting all economies or the economies being linked to each other due to
trade activities. As table 2 shcmle link between economies at the time
was not as strong as it is today. In the late 19*" century, mainly the
Netherlands and the UK show a strong correlation. This due to both
economies having a powerful merchant navy. This also explains the
(relatively) strong link of both economies with the US. Nowadays, the
GNP growth is even more correlated due to various trade treaties and
further globalisation.

Although every variable is influenced by population developments, only
economic growth is corrected for this by using per capita growth. The




reason behind this is that population growth can have both upwards and

downwards effects, however, since it is unsure which variable is affected by
what extend, it is chosen to take a neutral position. On average, all effects
will cancel out against each other.

Changes in real national product par ¢apita in 1871-1913
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Figure 2: Changes in real national product per capita from 1871-1913

Table 1: Statistical characteristies of real GNP per capita growth

| The Netherlands | United States | United Kingdom | Germany

Average growwth

0.9%

Standard deviation 9%
Maximum 12.9%
Minimum -10.4%

Average during upturn 3.8%
Average during downtirn =3.09%

1.8%
4.5%
9.7%
-10.5%
4.2%
-2.T%

1.0% 1.6%
2.9% 2.9%
5.6% G.1%
-5.0% -3.9%
2.3% 2.5%
1.2% -1.8%

Table 2: Comparison between correlation coefficients of growth in real GNP
per capita from 1870 - 1913 and 1935 - 2015.

Period: 1870 - 1913

NL | US UK | GER
NL 1.00
UsS 0.20 | 1.00
UK |0.23]0.15 | 1.00
GER | 0.07 | -0.29 | 0.03 | 1.00

Period: 1985 - 2015

NL |US | UK | GER
NL 1.00
us 0.64 | 1.00
UK | 0.55 ] 0.85 | 1.00
GER | 0.67 | 0.37 | 0.31 | 1.00




@ Production

o explain the economic growth, it is useful to look at the evolution of
production. Since not only industrial production, but also agriculture
production is a significant part of the GDP at the time, I distinguish
between the two.

All economic production data are composed by Smits, Woltjer, and Ma
(2009) of the Groningen Growth and Development Centre and are all value
added volume indices.

Agriculture production

In 1870, the agriculture sector in the Netherlands has a share of
approximately 30% of the GDP, slowly decreasing to 19% (Horlings and
Smits 1997; Brouwer 2005). For the US, agriculture has an even larger
share in GDP: in 1870, 38% of the GDP originates from agriculture
activities, decreasing to 22% in 1913 (Alston et al. 2009). Agriculture in
the United Kingdom accounted for 15% of the GDP in 1870, which
decreases to only 6% in 1907 (Solomon and Wu 1999). This relatively low
share in GDP is due to the United Kingdom being a pioneer in the process
of industrialisation. Hence, the transition from an agriculture driven
economy to an industrial economy was in an advanced stadium during the
period of interest of this study. This also explains the declining growth in
British agriculture production.

As a reference, agriculture production in 2014 has a share in the Dutch
GDP of 2%, 1.3% in the US and 0.7% in the UK. Agriculture activities
also include forestry and fishery.

All indices are re-standardised to 1870 to make relative comparison easy.
Data for the US starts in 18809, however, there is a data point available for
1870 so all US data can be based on their relative level in 1870. Figure 3
below shows a clear increasing development in agriculture production for
all countries, except for the UK. The US has the largest increase in
agriculture production; its agriculture production almost three-doubled.
The main reason for the increasing agriculture production is the invention
of fertilisers (Zanden 1985).

Table 3: Statistical characteristics of agriculture production

| The Netherlands | United States | United Kingdom | Germany

Average growth 0.6% 1.2% -0.3% 1.6%
Standard deviation 4.9% 5.7% 6.1% 4.2%
Maximmam 12.1% 16.8% 18.9% 13.2%
Minimum -11.6% -14.0% -21.7% -6.8%
Average during upturn 1.4% 0.9% 0.9% 2.6%
Average during downturn -L.7% 2.5% -6.0% -3.5%
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Figure 3: Agriculture production 1870-1913

Industrial production

While agriculture production became less important for GDP, industrial
production took an increasing share of GDP over time. For the
Netherlands, 24% of the 1870 GDP level originated from industrial
produetion, while in 1913 this was equal to 31% (Horlings and Smits
1997). As a reference, 22% of the current Dutch GDP originates from
industrial productivity, for the US this number is equal to 20%. Industrial
production includes manufacturing, construction, utilities and mining.

@can be seen in figure 4, all countries experienced a large increase in
industrial production. The US industrial production increased the most:
almost 800% relative to the sn 1870. On average, the annual
industrial production growth is higher than the average growth in GDP.
An explanation for this is the increasing industrialisation of the production
process.

Evolution of Industrial production, 1870=100
1 ' ] ]
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Figure 4: Industrial production 1870-1913
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Table 4: Statistical characteristies of industrial production

| The Netherlands | United States | United Kingdom | Germany

Average growth 3.1% 1.8% 2.1% 4.1%

Standard deviation 3.4% 9.0% 3.8% 4.6%

Maximmim 12.1% 25.0% 9.8% 17.3%

Minimum -4.6% -21.8% -8.4% -5.7%

Average during upturn 3.0% 7.1% 3.4% 4.2%

Average during downturn 3.5% -T.1% 3.0% 3.2%
3.3 Inflation

Intflation 1s measured by changes in conswmer price index (CPI). German
data originates from the Alvaredo, Atkinson, Piketty and Saez
wealth-income dataset (2015). Figure 5 gives a plot of changes in CPI over
the period of interest. Based on this graph, it can be concluded that all
four countries experience periods o@ative inflation, i.e. deflation.
Especially for the Netherlands, the United States and the United
Kingdom, there are multiple periods of deflation or very low inflation.
Periods with high inflation and (large) deflation alternate through time,
which results in low average inflation numbers for all countries and is in
line with the expectations during the gold standard. This implies that
prices adjust rapidly to changes in business cycles. Table 5 describes this
also mumerically.

Figure 6 on page 13 gives a scatterplot with changes in GDP and inflation.
This confirms the presence in all countries of pe@is with high economic
growth and low or negative inflation, especially for the United States,
United Kingdom and Germany. The large number of dots in the second
quadrant of subfigure () shows that a scenario of high growth and low
inflation is verv relevant. These plots demonstrate the presumption that
economic growth does not always have to go in hand with positive inflation
levels.

Deflationary periods in the classical gold standard differs from deflation
during the depression of the 1930s. As already mentioned in chapter 2,
deflation in the gold standard can be classified as good deflation, while on
the other hand deflation during the 1930s Depression is classified as bad
deflation (Bordo, Lane, and Redish 2004). Bernanke and James (1991)
offer two explanations why bad deflation is observed in the 1930s. These
do not apply to deflationary periods in the gold standard.

First, since wages hold a certain degree of nominal rigidity, falling prices
raises real wages and lowers labour demand. Assuming downward
stickiness of wages, this also results in lower profitability and reduced
investments. Yet this is somewhat questionable in the context of the 1930s.
Taking in to account the high unemplovment rate and falling costs of
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living. it is questionable why nominal wages remained at the same level
(Bernanke and James 1991).

The second reason provided by Bernanke and James (1991) originates from
deflationary effects on the financial system. Deflation weakens the financial
position of borrowers since debt deflation squeezes their eapital position. A
weaker position of borrowers limits their investment possibilities and
worsens agency problems in the borrower-lender relationship, impairing
access to new credit. Hence, deflation during financial distress could cause
a dead-weight loss on an economy.

Table 5: Statistical characteristics of inflation data

| The Netherlands | United States | United Kingdom | Germany

Average inflation 0.7% 0.3% 0.5% 1.1%
Standard deviation 5.2% 3.0% 4.3% 3.4%
Maximum 9,0% T.0% 9.9% 9.5%
Minimum -14.1% -T.0% -T.2% -8.8%
Average during upturn 1.3% 0.4% 0.4% 0.8%
Average during downturn -0.9% -0.2% 0.1% 2.2%
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Figure 5: Inflation level in 1871-1913
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Figure 6: Scatterplots of growth in national product vs. inflation level

3.4 Money stock

During the gold standard, the money stock is determined by the amount of
gold mined and, to a lesser extent, by an external money multiplier (e.g. in
the form fractional reserve banking (Bordo 1990)). Here, the money stock
is defined as M2, hence all financial assets held principally by households.
Annual data for the Dutch money stock are approximated by percentages
of GDP as given by Roussean and Sylla (2001). Money stock data for the
US and UK originate from Friedman and Schwartz (1963) and data for
Germany are from Tilly (1973).

Figure 7 on page 14 shows the growth in money supply relative to the
inflation level. From this figure, it can be seen that for all counties the
expansion of money can partly explain the inflation level. This effect is
more pronounced for the US, the UK and Germany. A statistical summary
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of money stock data is given in table 6. An important observation from
this table is the large difference in money stock growth during periods of
economic upturn and downturn. Since gold mining was relatively stable
from 1870 to 1913, this difference supports the view that economic activity
iz influenced by the money stock. In times of economic upturn, the
demand for money rises which can be supplied by fractional reserve
banking. This is a widely observed in the late 19'*" century (Bordo 1990).
This implies that, during the gold standard, not only gold mining but
fractional reserve banking influences money supply as well.

Table 6: Statistical characteristics of money stock data

| The Netherlands | United States | United Kingdom | Germany

Average growth in money stock 3.8% 5.7% 1.9% 5.3%
Standard deviation 10.2%, 5.3% 2.4% G.1%
Maximum G2.6% 20.1% 10.0% 24.1%
Minimum -0.5% -4.3% -3.8% -11.0%
Average during upturn 4.9% T.4% 2.4% G.2%
Average during dewnturn 1.9% 2.5% 1.2% 1.7%
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Figure 7: Growth in money supply (M2) vs. inflation level

3.5 Total equity return

Total equity returns are measured as logarithmie returns of real equity
price indices. All returns are taken from local currencies, so there are no
currency effects. Data of the German equity price index come from the
Alvaredo, Atkinson, Piketty and Saez wealth-income dataset (2015). As
displayed in figure 9, all countries have volatile equity returns. This
volatility arises from the limited variety in stocks, mainly consisting of the
railroad, banking and (coal) mining industry (Cowles 1939). Therefore, a
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shock to one of these industries has a large effect on the total equity
returns. Figure 8 depicts this graphically.

On average, all countries have a return of approximately 1%, but all are
also exposed to large swings in returns. Primarily around 1874, 1892 and
1902 returns were rather negative, possibly due to the respective financial
crises in these years affecting all industrial nations. Table 7 gives a

sumimary of statistical characteristics of the equity returns. This shows
that total equity returns are significantly higher in periods of economic
growth than in periods of economic downturn.
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Figure 8: Industry weighting in equity markets. Source: Dimson, Marsh,
and Staunton (2002). US based on total market, UK in Top 100 companies.
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Figure 9: Equity returns in 1871-1913

3.6 Interest rates

Interest rates influence equity returns. Since grt term interest rates and
long term interest ra.tes@.y have a different impact, I consider both.
Further, it is important to analyse the behaviour of long term interest rates
since it impacts the obligations of the pension funds. A higher long term
interest rate results into lower long term obligations due to discounting.
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Table T: Statistical characteristics of total equity returns

| The Netherlands | United States | United Kingdom | Germany

Average equity returns 8.3% G.58% 3.4% 7.6%
Standard deviation 9.3% 13.7% 3.3% 12.3%
Maximum 32.4% 41.7% 12.0% 46.1%
Minimum -27.5% -20.5% -2.3% -17.8%
Avernge during upturn 8.0% 6.1% 3.6% T7.4%
Average during downturn G.8% =10.2% 2.2% 8.3%

Both short term and long term interest rates for Germany are taken from
Homer and Sylla (2005).

Short m interest rates

In this analysis, the short term interest rate is equ -ash loan interest
rate for the Netherlands, the open market discount rate for the UK and
Germany and short term commercial paper interest rate for the US. Figure
10 gives a graphical presentation of the development of these interest rates.
From this figure, it can be deduced that the short term interest rates
remain fairly constant over time and that there exists an inverse relation to
equity returns, i.e. when short term interest rates rise, equity returns
decline. Further, one can see that the market perceives the US as the most
risky country at that time.

‘Bhaort term i rates in 1870-1813
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Figure 10: Short-interest rates in 1871-1913

Table 8: Statistical characteristics of short-term interest rates

| The Netherlands | United States | United Kingdom | Germany

Average short term interest rate 20% 51% 2T 4.2%
Standard deviation 0.7% 1.3% 0.8% 0.7%
Maximuwm 4.9% 10.3% 4.5% 6.1%

Minimum 1.5% 2.8% 0.8% 3.1%

Average during upturn 2.9% 5.1% 2.7% 4.2%
Average during downturn 3.0% 50% 2.5% 4.1%
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Eng—term interest rates
Government bonds with longest remaining time to maturity are used as a
proxy for the long term interest rate for all countries. Figure 11 reports
the development of these interest rates over time. It can be seen that these
all de until around 1898, and starting to rise thereafter. The volatility
of t ng term interest rates is on average roughly half of the volatility of
the short term interest rates. Thus, long term interest rates are twice as
stable as the short term interest rate, which is in line with expectations of
long interest rates behaviour.

As table 8 and 9 indicate, there is an inverted yield curve in this sample
for the U d Germany, and a marginal spread in interest rates for the
UK. This is due to the fact that short-term inferest rates mostly consists
of loans to less creditworthy firms (and eonsequently a higher risk
premium), while long-term interest rates are based on a safe government
and bigger, more stable firms.

A second explanation for this phenomenon is that this period has a very
stable price index on the long term (expected inflation is approximately
equal to zero). As a result, the long-term interest rate has a relatively low
inflation component in the yield of long-term nominal bonds (Geiger 2011).

A similar situation arises in more recent years. During the periods of 1970
- 1990 and the current 2010s, low expected economic growth and perceived
threat of price deflation has two effects on interest rates. The first is that
the inflation risk premium is very low. This compensates investors for
potential losses in purchasing power. A second effect is that low interest
rates are perceived as indicative for downgrading of long-term expected
economic growth. This latter phenomenon was not present during the gold
standard as economic growth was primarily (very) positive.
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Figure 11: Long-term interest rates in 1871-1913




Table 9: Statistical characteristics of long-term interest rates

| The Netherlands

United States | United Kingdom

Germany

Average long-tern interest rate 3.5% 3.6% 3.0% 3.8%
Standard deviation 0.5% 0.8% 0.2% 0.3%
Maximum 4.7% 5.4% 3.5% 4.6%

Minimum 2.7% 2.9% 2.8% 3.4%

Average during upturn 3.4% 3.6% 3.0% 3.8%
Avernge during downturn 3.5% 3.6% 2.9% 4.1%

3.7 Exchange rates

Figure 12 shows the exchange rate to the US dollar in indices of the
respective countries. Data about the German exchange rate originates
from Edvinson (2016).

The German mark appreciates by 16% from 1873 to 1881, to remain stable
around this level afterwards. This appreciation is due to the effects of a
500 franes war indemnity (33% of the French GDP at the time) from the
French - German war ending in 1871, As well as for the German mark, the
Dutch guilder and British pound behave relatively volatile around 1873, It
is most likely that this is a effect of the aforementioned French - German
war, whos blockades frustrated Dutch and British maritime trade. All

currencies tend to move in the same direction, but their Huctuations are
relatively small.

Exchange rate index (o U3 dollar 1870-1313
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Figure 12: Exchange rate index to US dollar in 1870-1913

3.8 Unemployment

Figure 13 plots the unemplovment rate over time. Unfortunately, there
was no data available for Germany and for the US before 1890, Data for
the Netherlands are available from Statistics Netherlands

Statistics Netherlands (2014). Note that these data are estimates for the
unemployment rate and that no adjustments have been made for hidden
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unemploviment. The informal sector of the economy was of significant size
during the underlying period.

Unemployment rate of the Netherlands remains very stable over the period
of interest. There seems no link to connection to economic growth. This
deviation from data of the US and UK is possibly due to di nt
definitions of unemployment. Statistics Netherlands defines the
unemployment rate as the percentage of the labour force who is willing to
participate in the labour process for more than 12 hours a week, but is
unable to do so. It is very likely that the Dutch definition of unemplovment
at that time differs from the definition Statistics Netherlands uses
nowadays. Therefore, are critical note on this data needs to be made. As
labour unions only started to organise their bargain power late 198
century and as GDP shows very large tluctuations, it is unlikely that this
did not result in larger swings of Dutch unemployvment. In further analyses
of this study, Dutch unemployment rates are not taken into account.

Data for the US and UK are much r@ volatile and show a more clearer
link to changes in national product. As expected, higher economic growth
results in a lower unemployment rate.

High unemployment rates for the US from 1893 to 1898 are results of the
Panic of 1893, caused by financial and political turmoil in Argentina in
1890,
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Table 10: Statistical characteristics of unemplovment rates

| The Netherlands | United States (1800-1913) | United Kingdom |

Average unemplovinent rate 3.5% T.1% 4.5%
Standard deviation 0.4% 4.4% 2.4%
Maximum 4.3% 18.4% 10.7%
Minimum 2.7% 1.7% 0.9%

Average during upturn 3.4% 5.9% 4.0%
Average during downturn 3.5% 11.6% 6,9%

3.9 Energy prices

Since energy costs are a significant part in production costs, low energy
prices can have a deflationary pressure and are therefore of great
importance in this scenario analysis. As a proxy for these energy costs,
coal is used since it was the dominant energy source for both producers
and households in the late 19" century. In 1870, 25% of the of the total
US energy consumption was allocated to coal, rife to a 70% level in 1900
Schurr and Netschert (1960). US coal prices are from the

United States Bureau of the Census (1975), Dutch coal prices originate
from Horlings and Smits (1996).

Comparing the bituminous coal prices in figure 14 to the inflation levels in
their respective countries, confirms the expectation that low coal prices
have a dellationary effect. This is a more pronounced effect for the US.
One explanation for this is that Dutch wages rose much quicker than wages
in the US (Zanden and Riel 2000). The relative price of capital to labour
rose by T0% for the Netherlands, while this was only 56% for the US. Since
wages are one of the largest cost drivers in the production process, higher
wages drive up inflation and partly cancel out the effect of low energy
prices.
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Figure 14: Development of Dutch and US coal prices compared to Dutch
and US inflation




3.10 Real estate

As a proxy for real estate prices, the Herengracht price index by Eichholtz
(1997) is used. This price adjusted index provides biennial data starting in
1628, so linear interpolation is used to come up with data for the
intermediate periods. Further, the indices are re-standardised to 1870 to
make relative comparisons easier.

This index shows a steady growth in real estate prices until 1882
whereupon it starts to drop until 1890. On average, the index growths by
0.5% a year, with a standard deviation of 4.1%. The biggest price drop is
-9.6%, the highest price gain is 8.8%.

Herengracht price index in 1670-1913. 1870 = 100
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Figure 15: Herengracht price index
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4 Methodology

This section describes the methodology used for determining the effects of
the parameters in the "fiseal gold standard” scenario. These effects are
estimated using a vector autoregressive model. Before estimating the
model, the variables are tested on the presence of stationarity. Further, the
lag length of the model is determined and a comparison between two types
of panel models is made.

As technological innovations are the main growth drivers in this scenario, a
framework is set up to foresee the introduction of these innovations. This
is done by detecting trends in popularity of internet search terms. Section
4.2 elaborates on this.

4.1 Estimating the dynamics of the economy

Vector autoregressive models

Vector autoregressive (VAR) models are flexible models introduced by
Sims (1980), used as an alternative for multivariate simultaneous equations
models for macroeconometric analysis. A VAR model describes the
dynamic evolution of the variables based on their common past (Verbeek
2012). length of this past is determined by the number of lags in the
model. Information criteria as Akaike’s information eriterion, Schwarz
criterion or the Hannan-Quinn eriterion give guidelines for this.

A simple VAR model, consisting of two variables, X, and Y;, and one lag is

written as
)=o) o ool (] < e ®
' 2 21 G -1 (3]
By assuming the values of theta being nonzero, it is clear that the past of
X helps explaining Y. Since all equations have the same explanatory
variables, simple ordinary least squares (OLS) can be used in estimating

the coefficients equation by equation. This gives the same result as using a
svstem estimator (Verbeek 2012).

In contrast to simultaneous structural models, a VAR model does not
require the user to explicitly specify all variables as either exogenous or
endogenous. In fact, it treats all variables as endogenous. Not having to
specify the variables is an advantage since it is not always clear which
variables should be treated as exogenous. Furthermore, a VAR model is a
Hlexible model since the coefficients of the variables depend on both their
own lag(s) as well as those of the other variables. Hence, a VAR model
takes the dynamics of the economy into account in estimating the model.

Yet there are some drawbacks in using VAR models. One of these is that a
big VAR maodel increases the danger of overfitting of the variables. As can
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be seen from equatl, the case of a variables and b lags in each equation
results in the total number of parameters to be estimated equal to a + ba®.
Especially in the case of limited availability of data, degrees of freedom are
rapidly used up, leading to large standard errors in the estimated
coefficients.

A second drawback is that VAR models may, from an economic
perspective, show spurious results. This is due to the fact that VAR
models capture little of the theoretical information in the relation between
the variables (Brooks 2008). This latter issue can be solved by restricting
the behaviour of variables by estimating a structural VAR model.

Model selection

In studying the effects of the fiscal gold standard scenario, two types of
models are estimated. These are individual models for each of the four
countries considered and a panel model where all countries are pooled in
one model. The advantage of the latter model is that amount of available
data increases, resulting in more accurate coefficient estimates. Both type
of models are estimated using two sets of variables: the main ALM
parameters and a secondary set of alternative parameters.

The set of main Asset Liability Management [ALM) parameters consists of
economic growth, inflation, interest rates and total equity return. The
alternative set of parameters is composed of agriculture and industrial
produetion, unemployment, energy prices and real estate prices.

This first set of parameters are used to describe the economic environment
in case of a fiscal gold standard. The state of the economy infuences the
assets and liabilities of the pension fund to great extend.

The second set of alternative parameters give a wider view of the economic
situation. They are used to see whether changes in economic parameters
can help to foresee the occurrence of a fiscal gold standard scenario.

Stationarity

Before estimating the model, it is important to test the data on stationary,
i.e. they do not have a stochastic trend. This is economically relevant since
it corresponds to economic stability which makes it easier to draw correct
conclusions.

If non-stationarity in the time series is detected, one can check whether the
variables are cointegrated. If cointegration applies, one can still run a VAR
model in levels. Despite the stochastic trend, the estimates are super
consistent and therefore very reliable. This is common practice in
monetary economics.

The case differs if cointegration is not found. Then the levels regression
may give spurious results. To correct for this, one can take first differences
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of the non-stationary series or alternatively by removing trends from the
time series. Using the latter method, only Huctuations around the trends
remain which makes the time series more suitable for economic analysis
(Steehouwer 2005).

The use of the first differencing method can be demonstrated by a simple
(general) example. A series is said to be stationary if the largest root a of
the equation

z’“=mz’“_1+ngz”‘2+...+a,,_|z+n,, (2)

is |a| < 1. Now take the random walk oy = x| + &, where &; is a white
noise process. Clearly, this random walk is non-stationary, as it can be
written as ry = ary_) + £ with a = 1. Taking first differences results in
Axy = x4 — 73] = £, which is stationary.

Testing for stationarity

For the sake of simplicity, in this study, stationary is tested by the Fisher
type Adjusted Dickey-]?‘ullelt, This is a unit root test for panel data,
but also gives results of the unit root tests for the individual countries.
The advantage of this specific test is that it allows the autoregressive
coefficients to vary freely across cross-sections. This feature makes Fisher
type unit root tests very Hexible.

Output of these tests are reported in the appendix (tables 25 up to 29).
From here one sees that all variables are stationary, except for the
long-term interest rate (see table 29 on page 60). This is in contradiction
to the expectation based on the graphical presentation of the data in figure
16 at the next page. However, the outputs of these tests are based on
asymptotic results and since relatively few data is available for this study,
the unit root test output for the long-term interest rate suffers from

hodological issues. Hence, the power of this test is relatively low and

d on the long term, it ean be stated that the long-term interest rate
can be treated as stationary and that no adjustments have to be made.

ccording to economic theory, as long as monetary policy is reliable,
interest rates are mean reverting i.e. they revert to their long-term average
as time goes by. This is plausible since central banks influence interest
rates with their monetary policy to control inflation and economic growth.
However, empirics show that long-term interest rates are actually not mean
reverting and thereby close to a random walk (Stock and Watson 1988).
This is due to the long memory of shocks in interest rates (End 2011).

All in all, one can conclude that test results for long-term interest rates are
in line with empiries but based on economic expectations, one can still
treat long-term interest rates as a stationary time series. This is a valid
assumption for countries with a credible monetary policy regime.




Figure 16: Long-term interest rates data in and out of sample. Out of
sample data points are generated by forecasts. Chapter 5 expands on these
results.

Lag length ﬁ-‘

As mentioned before, the number of lags is determined by the ike
information criterion (AIC), the Schwarz-Bayesian criterion (BIC) and
Hannan-Quinn criterion (HQ)). Typically, models with lower values of
information criteria are preferred. The main difference between AIC and
BIC is that BIC penalizes models with more free parameters heavier and
therefore gives preference to smaller models to prevent the model from
overfitting, HQ usually prefers a model in between AIC and BIC
(Liitkepohl 2011).

As table 30 up to 33 in the appendix show, AIC indicates that for all
models a lag length of five should be selected. The more stricter BIC and
HQ) criteria advise a lag length of one, expect for Germany where H() also
suggests to use five lags in the model. However, all models are estimated
using one lag. This is based on the relatively small amount of data
available and to prevent the model of showing unexpected behaviour. The
latter issue can arise when the degrees of freedom are used up rapidly. This
occurs when little data is used in combination while lots of coefficients need
to be estimated (i.e. a combination of many parameters and/or lags).

Model checking

Table 11 gives an overview of the expected coefficient signs of the
estimated VAR models. Plus signs indicate a positive relation between
previous periods value and current periods value, a negative signs indicate
an inverse relation between the previous period and current period.
Before discussing the expected signs for each equation, a general note on
the autoregressive element needs to be made. Statistically, there exists the
danger of an explosive autoregressive process. Explosive behaviour in AR
processes show a close link to non-stationarity and therefore limit the
ability to draw correct conclusions. If a series is stationary, it will be in
general non-explosive as well. Equation 3 below shows an example of an
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Table 11: Overview of expected coefficient signs in estimated VAR models.
Values in parentheses denote the order of lagged variables.

AGNFP  Inflation rate  Equity return  Short interest Long interest

AGNP(-1) +f- . & e +
Inflation rate(-1) - + - . 4 +/-
Equity return(-1) + +/- + iy
Short interest(-1) - + = + +
Long interest(-1) - + - e +

iterative AR(1) process, starting at x; = Ar¢_y + £;. This example clearly
shows that in case [A| > 1, an AR process shows explosive behaviour. So,
statistically, the expected sign of the autoregressive element can be both
positive or negative, as long as its absolute value is smaller or equal to one.
However, the expected sign of autoregressive element can still be restricted
to be either positive or negative based on economic expectations.

Ty = ATt—1 + &1
= MAzi—1 +E1-1) + &4
)«2:&_2 + Agt—1 + &

(3)

€+ Agt—1 + Mgz + ... + Mgz
= E(x;) = My

« GNP: As inflation increases, it tempers economie growth since
aggregate demand decreases. Extra investments in equity results in
higher economic growth as investors only invest if they have positive
profit expectations. Positive profit expectations can imply higher
production and therefore economic growth. If interest rates rise,
borrowing money for consumption or investments gets more
expensive. This has a negative effect on economic growth.

s CPI: Intuitively, higher economic growth causes demand to increase
and therefore alpri(:es. However, as the data shows, this is not
always the case during the Classical Gold Standard. So, in a gold
standard setting, it is expected that on average economic growth
lowers inflation. On the other hand, higher equity returns causes a
trade effect in infation which increases the inflation rate. Again, if
interest rates rise, borrowing gets more expensive which lowers
demand and consequently also prices.

« Equity return: Higher economic growth signals extra production
which makes it for investors more attractive to invest in equity. On
the other hand, higher prices lower equity returns as profits are
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harmed because of higher production costs. For interest rates applies
the same as for the two previous points; higher costs of capital make
it less attractive to invest. So, equity returns are influenced
negatively by this.

« Interest rate: Both interest rates have the same expected signs,
which can be reduced to one argument. Higher economic growth,
inflation, equity returns and demand for capital increases the
demand for capital which results in rising prices of capital. As
interest rates are the price of capital, these interest rates will rise.

The estimated coeflicients are reported in table 34 up to 37 in the
appendix. From these tables it is clear that, in most of the cases, the signs
of the estimated parameters for the individual countries are the same, i.e.
the models estimate that the effects of the parameters on the economy is
for all countries the same. If it is the case that the signs do not match, this
is mostly due to one of the coeflicients not being significant. Hence, the
results of the individnal countries are consistent and can be compared with
each other. Chapter 5 discusses the expected coefficient signs with the
estimated ones for each economy in detail.

Instead of estimating a classic panel VAR model, a new so called
"combined forecasts model” is constructed. The reasoning for this is that
internal dynamics of the economies are of greater importance than
dynamics between economies. As countries experience highs and lows at
different moments in time, a classical panel averages this out. As a result,
forecasts become overly smooth. Using panel VAR techniques could
partially overcome this issue, however, using these models for forecasting
does not give economic sensible results. Chapter 10 discusses the
consideration between a classical panel VAR model and the combined
forecast model.

Forecasting

Once estimated, the models described above are used to forecast the
economies of the individual countries as well as the economy in the
"combined forecasts model”.

For the individual countries, forecasts are conducted using dynamic
forecasting. This means that, starting from the last observation in the
data, the forecasted values are produced by recursive exercisition. In
matrix algebra, the forecasting process can be denoted as follows:

EEN
Y;+| 921 Hgg Xl

Hence, by filling in the laatﬂk‘nown data point of X; and Y} in equation 4,
the estimated coefficients, #; j, create a new data point. This new data
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point is then used to create the next data point, until the desired number
of forecast steps is reached.

Moreover, stochastic simulation is used to estimate standard deviations
around these forecasted values. Innovations for this stochastic simulation
crented by a bootstrap method, whose re-sampled residuals are drawn
from the start of the data sample through one period before the period to
be simulated. All models are simulated 1000 times.

The combined forecast model is used as the forecast model for all four
countries considered in this study. This model is created by simply taking
the average of the forecasts for the individual countries. Genre et al.
(2012) argue @ combining forecasts with advanced methods relatively to
simple means does not always lead to a significant improvement of the
forecast. This is strongly dependent on the context of the forecasts. To
prevent falselv made assumptions, this study combines forecasts by taking
simple averages.

Thus, in the combined forecast model, the forecasted values for the the
variable of interest, {1, in period  are computed as follows:

1 o ——— — —
L= i (QE:NL +Qus+ ey + ﬂ:.mrn) (5)

Using the combined forecasts gets round the problem of plain outcomes
due to the fact that the four individual economies experienced highs and
lows at different times. Secondly, based on the results discussed in chapter
3. this also gives a realistic prediction of the economy since it is consistent
with rational expectations. This applies to the forecasted equity returns, as
well as for the fact that high equity returns occur before economic growth.

Henece, using the combined forecasts model does not harm the purpose of
this study and gives an complete and accurate description of the scenario
(see table 21 on page 43 for a discussion of these results).

4.2 Google Trends

As this study assumes that economic growth in the Fiscal Gold Standard
scenario comes from a technology revolution, a framework is developed to
timely foresee this revolution coming. This subsection deseribes this
framework.

The basic idea behind this framework is that a technology revolution can
take off once the great public is aware of these technologies. It is expected
this takes place as soon as new technologies enters the production process
(see chapter 6.2 for more details). Further, it is expected that the public
searches at large for these technologies on the internet. As almost 90% of
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all online search queries are performed via Google, the Google Trend
database is a reliable source of search popularity (Statista 2016). Google
Trends provides data for a specific search term relative to the day with the
highest number of queries. This day gets the value 100 and all other days
are made relative to this. The use of Google Trends data is rising in
popularity among economists to analyse economic subjects 1. In orde
test on the presence of a statistical significant in Google Trends data, a
n-Kendall trend test is performed.

Mann-Kendall trend test

The Mann-Kendall trend test is a non-parametric test for detecting a
monotonous trend in non-normal dist ted data (Mann 1945; Kendall
1975). The data is tested against the null-hypothesis that there is no
monotonous trend in the data. This trend test is a derivative of the
Kendall correlation rank test. In addition to the Kendall correlation rank
test, accounts the Mann-Kendall test for correlation between correlation
ranks over time. The Mann-Kendall tau test statistic is computed as
follows:

B= sn(n—1) ()

where S equals:

&a o if
5= Z Z sgn(X; — X)), with sgn(z) =<0 ifz=10 (7)
k=1j=k+1 -1 ifz<0

This tau coefficient is the proportion of upwards movements in time over
the proportion downwards movements over time. The interpretation is the
q.e as that of a correlation coefficient. Thus, a positive tau coefficient
indicates an upward trend, a negative coefficient a downward trend.

The signific f the tau coeflicients is measured by means of the
p-value. The Mann-Kendall trend test requires the data to be distributed
independently, so no presence of auto-correlation. Since this is not the case
for Google Trends data (hence, there is (positive) autocorrelation), the
chances of the test falsely detecting a trend rises. This is because the
variance of S is overestimated by the test. Yue et al. (2002) remove this
autocorrelation from the series without losing the trend. They do this by
first removing the trend slope from the original time series. Then they
remove autocorrelation on this detrended series and lastly they
superimpose th@:pe from the first step on the series without

! Among others itas and Zimmermann (2009), Choi and Varian (2012), Preis, Moat,
and Stanley (2013) and Veldhuizen, Vogt, and Voogt (2016)
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autocorrelation. @mrdmg to Yue et al. (2002), this new, "blended” series
preserves the 01'iq.l trend without being influenced by significant
autocorrelation. This procedure is also known as the trend-free
pre-whitening method. In identifving significant monotonous trends in
Google Trends data, this study also uses this correction method.

Benchmarks

As Google Trends provides only relative search popularity data,
benchmarks are used to correct for shifting baselines in overall search
volurne. The popularity of technologies is transformed by dividing over the
popularity of the benchmark. The resulting quotient is then used in the
Mann-Kendall test.

The selected benchmarks for this study are:

« Software, computer and currency are chosen for their stable
popularity over time. A positive trend relative to this benchmark
indicates an increasing popularity of the technologies.

» Vacancies is an economic benchmark. During times of economic
upturn increases the demand for labour, and hence the search
frequency "vacancies”. It is expected that a positive trend relative to
this benchmark signals possible economic growth by these
technologies.







5 Forecasting

This chapter describes and interprets the results of the simulated forecasts
made by the model as characterised in the previous chapter.

To reproduce the cyelical behaviour of the data in the underlying period,
all forecasted values are statistically simulated by the model. This is done
through dynamic forecasting. Moreover, stochastic simulation estimates
standard deviations around the forecasted values. All models are simulated
1000 times. See chapter 4.1 for more details.

In all figures, the blue line represents the actual values from 1871 to 1913
and the mean value of the simulation there after. The dashed lines indicate
one standard deviation from the forecasted values. Hence, these forecasts
simulate a counterfactual scenario: if the First World War had not
happened, what would then be economic situation?

5.1 Individual countries
The Netherlands

Estimation results
As regards to coefficients for the Dutch economy (table 34 in the
appendix), it is clear that GNP growth is strongly mean reverting. This is
in accordance with the strong ﬂumltions in GNP from figure 2 on page 8.
Also, Dutch equity returns show to be a good predictor of economie
growth in the next period.
Equity @rns, on their turn, have an inverse relation with previous
periods short-term interest rate. Hence, when short-term interest rates
lower, capital gets cheaper which makes investing in equity more attractive.
As a result of more equity investing, inflation rises in the next period.

Finally, the positive coefficients of economic growth and inflation in the
short-term interest rate equation (although not significant for economic
growth) show that the Dutch economy adhered to the Taylor rule, as
adjusted by Fagan, Lothian, and McNelis (2013). Note, however, that not
all coefficients are significant. In the adjusted Taylor rule, interest rates
are influenced by past interest rates, current GDP growth, current inflation
and an exogenous policy shock. Without the adjustment of Fagan et al.,
the gold standard era does not follow the Taylor rule. This is because
interest rates at the time were not influenced by decisions of a central
bank, as central banks did not use monetary policy to stimulate the
economy (or simply since the Fed started to operate not before 1914 in the
case of the US). le adjusted Taylor rule, interest rates, and therefore
inflation as well, are the result of the interaction of demand and supply of
money. This is a valid assumption as money demand is stable and money
supply is mostly exogenous.
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Since interest rates follow (an adjusted %sion of) the Taylor rule, the
same conclusions based on the Taylor rule can be drawn as one does
nowadays. Hence, interest rates during the gold standard were also an
indicator of economic development.

Forecasting results
The forecasted results in all estimated models show a clear case of
flatlining. Flatlining occurs when the model missforecasts the turning
points in the forecasts. This gives the model the tendency to return to the
steady state too fast. The Hatlining of the models is due to the many
turning points in the data. When there is a steady growth in the data, it is
much easier for the models to forecast well (Wickens 2014).

Figure 17 depicts the simulated forecasts for the Dutch economy. Table 12
gives these forecasts and some of their characteristics numerically. The
simulations show on average a positive real economic growth and zero or
positive inflation for the upcoming five years, Compared to the underlying
data, the forecasted total equity return is lower (6 vs 8.3%), but also
less volatile (8.8% vs 9.3%). Further, as expected, both short-term and
long-term inferest rates remain very stable over the whole forecasting
period.
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Figure 1T: Forecasts for the Duteh economy

As this study is not only interested in an average gold standard situation,
but also in a more extreme gold standard situation, a second panel model
is simulated. This simulation is also used to see how a Fiscal Gold
Standard scenario is affecting the current economy.

For this more extreme situation, economic growth is pre-specified to be
3.2% in year three up to five. This 3.2% growth is the point where the
highest ten per cent growth rates of the dataset are in. This therefore
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Table 12: Growth path of the Du.tch economy
2

Year Real GNP | Inflaticn | Total equity return | Short interest rate | Long interest rate

1 2.4% 2% B.7% I5% | 38%

2 0.5% 0.5% 5.6% 3.3% 3.8%

3 1.1% 0.0% T.1% 3.1% 3.7%

4 0.9% 005 B0% 3.0% 3.7%

7] 1.2% 0.4% 7% 2.9% 365

Average 1.2% 0.7% 6.9% * 3.1% 3.7%
Standard deviation 4.5% 4.8% 585 065 0.2%

* Average of total equity return is A gesmetric average

represents the level of high economic growth. Year one and two interpolate
linearly from the starting value to the specified growth model.

Accordingly, starting values for other variables are pre-specified. These
starting values are set as year zero. The model simulates the remaining
values of year one up to five. Starting values for economic growth and
inflation are acquired from Bloomberg and from the IMF for all other
parameters (both consulted on 22 March 2016). All these values are the
expected values for the eurozone in 2016. Table 13 gives an overview of the
starting values used. The eurozone is chosen since three out of four
countries are European countries and there exist great similarities between
the countries. Furthermore, the euro interest rate is the benchmark. Note
that although the same starting values for all countries are used,
coefficients for forecasting are country specific estimates,

Table 13: Starting values for simulation with pre-specified growth. Real
GNP and inflation are estimates by Bloomberg, short and long interest rates
are estimates by IMF.

| Real GRP | Intlation J Total equity return I Short interest rate | Ll:llg interest rate
22% | 14% | NA. | 0.0% [ 1.0%

Starting value

Table 14 reports the results for the Dutch economy. Remarkable are the
very high total equity results, especially at the start of the forecasting
period. This is in line with the expectation that equity returns oceur
before rising economic growths. The table also shows that inHation rises
rapidly in the three two years and declines when economic growth
stabilises. Compared to the interest rates movements in table 12, it is
noteworthy that both short and long interest rates rise relativelv fast. This
due to the mean reversion element in interest rates, as interest rates in this
forecast simulation are well below their long term average.




Table 14: Growth path of the Dutch economy with pre-specified economic
growth

Year Real GNP | Inflation | Total equity return | Short interest rate | Long interest rate

o* 2.2% 1L4% N.A. 0.0 1.0%

1 2.5% 0.2% 17.3% L1% 1.2%

2 2.9% 3.1% 13.7% 1.5% 1.4%

3 325 3.1% 10055 21% 1.6%

4 32% 2.6% BT 2.3% 199

a 3.2% 2.1% B8.2% 24% 2.0%

Average 305 2.2% 11.2%*" 1.9% 1.6%,
Standard deviation 0.3% 1L1% 4% 0.5% 0.3%

* Starting values are represented as vear 0
#* Average of total equity return is geometric average

United States

Estimation results
In analysing the coefficients of the US economy (table 35 in the appendix),
the same reversal in economic growth and the anticipatory effect of equity
returns on economic growth are visible as for the Dutch economy. This
vears US inflation rate is affected by last years equity return the trade
effect is also present. US inflation rate is influenced by both short and
long-term interest rates as well.
As expected from table 11 on page 27, the short-term interest rates has a
positive effect on inflation since increasing costs of capital increase
production costs and therefore also consumer prices. Remarkably, last
vears long-term interest rate have a negative effect on current inflation.
There is no clear economic explanation for this.
All coefficients for the short-term interest rate are in line with
expectations. Higher equity returns result in more demand for capital (as
other investors are attracted by high returns) and economic growth
stimnulates companies to to extend their production capacity to meet
higher demand. Also, this short-term interest rate equation shows that the
US economy followed the Taylor rule.

Forecasting results
As can be seen in table 15, the US economy shows the highest real
economic growth of all countries. However, due to negative economic
growth in the first forecasted period, its average growth is lower and
thereby equal to the Dutch economic growth. Simulated inflation levels of
the US economy are the lowest of all countries in the sample, including
periods of deflation at the start of the forecast period. This situation of
high economic growth and (very) low inflation creates a favourable
environment for investors, which results in a relatively high total equity
return. On the other hand, forecasted total equity returns for the US are

the most volatile a@ll.
Also note that the short-term interest rate lies above the long-term interest
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rate. As ment-itm:)efove in the data section, one explanation for this
phenomenon is that the short-term interest rate in the 19" century mainly
consisted of loans to less creditworthy firms, while the long-term interest
rate consisted of government debt and larger, safer firms. This results in a
higher short-term interest rate. Since this is not longer a relevant issue for
the current economy, the movements of the interest rates is of much more

rest than actual levels. The simulations show that it is likely that both
short-term and long-term interest rate will decline to their long term
a\ferage,
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Figure 18: Forecasts for the US economy

Table 15: Growth path of the US economy

Year Real GNP | Inflation | Total equity return ort interest rate | Long interest rate

1 -20% -1.3% 5.6 500 365

2 2.8% -0.3% 10.0%% 4.5% 3.5%

3 2.1% 0.6% 6.5% 4.9% 3A%

4 1.6% 0.7% 5.A% 4.9% 3A%

5 1.7% 0.6% 6.9% 4.8% 3A%

Average 1.2% 0.1% 6.7% * 4.8% 3.5%
Standard deviation 4.3% 2.6% 13.6% 1.1% DA%

* Average of total equity return is geometric average

Next, a second forecast simulation (using the starting values in table 13) is
performed. Results are reported in table 16. Economic growth for the US
is the highest of the sample. Despite this high growth number, inflation
remains moderate at 1.7% on average. Due to the relatively stable
economic growth and inflation numbers, total equity return does not
Huctuate very much in this forecast. This is remarkable, as the standard
deviation of total equity returns for all other economies is much higher.
Total equity returns might suffer from some downward pressure due to
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quickly rising interest rates. Investors usually prefer the safe interest rates
over the more risky equity returns.

Table 16: Growth path of the US economy with pre-specified economic
growth

Year Real GNP | Inflation | Total equity return | Short interest rate | Long interest rate
o* 2.2% L4% N.A. 0.05% 1.0%
1 3A% L.6% 5.3% 2.1% 2.4%
2 4.0% L7% 1.9% 3.6% 2.9%
3 4.5% 1.8% 4.7% 1.9% 3.4%
4 4.55% 1.8% 4.3% 1.9% S.A4%
] 4.55% 1.8% 4.3% 1.9% 3.4%
Average 4.2% L7% L.TH* 1% 3.1%
Standard deviation 045 0.1% 04% 1L1% 0.4%,

* Starting values are represented as vear 0
¥ Average of total equity return is geometric average

United Kingdom

Estimation results
Coefficients for the UK economy are reported in table 36 (appendix).
These coefficients show that current economic growth is only significantly
influenced by previous year short-term interest rate. As expected, this is a
negative relation. Hence, fluctuations in British economic growth are
cansed bctua,tions in the level of investments (which at their turn
influence short-term interest rate). This is in line with the setting of the
British economy at that time since the UK made its economic growth
sprint before the analysed period of this study. Therefore, investments
reached their steady state level which makes it for investors less attractive
to invest in equity. Thus, investments are at a lower level and only
originate from smaller investments which do not require large amounts of
capital.
The British inflation eq@®ion shows that current inflation is influenced
negatively by last vears short-term interest rate. This implies that the
British economy in the late 19'" century adhered to the Taylor rule. Also,
the equity trade effect in inflation is for the British economy not observed.

Forecasting results
The forecasted economic growth for the UK is the lowest of the sample,
while inflation is the highest of all countries. This is shown graphically in
figure 19 and numerically in table 17. The reason for this is that the UK
was a ploneer in the process of industrialisation. Therefore, the UK
already made their economiecs growth sprint before the scope of this study.
Further, British total equity returns are low, but, according to the
simulations, always positive for the coming five years. This is a unique
featlg in the whole sample.

The $fread between British short-term and long-term interest rates is
marginal. Continuing on the line of reasoning for the inverted yield curve
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in the US, this marginal spread in interest rates indicates that the UK
economy is more developed than the other economies. Hence, the financial
system is more advanced and the British firms are considered to be more
creditworthy than firms in the other economies. This also explains the low
interest rate levels for the British economy and is corresponding to the
overall consensus that the British economy was among the more developed
economies of the late 19*" century.
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Figure 19: Forecasts for the British economy

Table 17: Growth path of the British economy

Year Real GNP | Inflation | Total eqguity return t interest rate | Long interest rate
1 -0.1% 0,00 2.9% 3.6% 3.5%
2 -0.3% 1.7% 3.49% 3.5 3.5%
B 0.2% 1.9% 4.6% 300 3.5%
0.4% 2.1% 5.0% 2.0% 3.5%
@ 0.6% 1.6% 5.2% 2.9% 4%
verage 0.2% 1A% 4.2% * 3.1% 3.5%
Standard deviation 2.1% 4.1% 3.2% 0.7% 0.1%

* Average of total equity return s geometric average

A second forecast simulation with a pre-specified growth path for economic
growth is also conducted for the British economy. Table 18 shows the
results numerically. Interestingly, while economic growth is much higher in
this forecast than in the previous one, inflation has halved. Resulting from
the low inflation expectations, total equity refurns are low as well. An
economic explanation for this is that consumers and firms postpone their
consumption and investments respectively as thev expect future prices to
remain stable while total production grows. A second argument is that the
spread between interest rates and total equity return is too wide. This
causes investors to invest their money in the much more safer interest rates,
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Table 18: Growth path of the British economy with pre-specified economic
growth

Year Real GNF | Inflation | Total equity return | Short interest rate | Long interest rate

o* 2.2% 1L4% N.A. 0.0 1.0%
1 2.3% 1.3% 1.6% 1.3%
2 24% 0.9% 1.2% 22%
3 2.5% 0.5% 2.3% 3.2%
4 2.5% 0.5% 3.9% 3.2%
a 2.5% 0.5% 4.6% 3.2%
Average 2A% 0.7% DA 2 6%
Standard deviation 0.1% 0.3% 1.3% &5

* Starting values are represented as vear 0
#* Average of total equity return is geometric average

Germany

Estimation results
The estimated coeflicients for the German economy are in table 37
(appendix). Against expectations, last vears inflation has a significant
positive effect on this yvears economic growth., However, a possible
explanation is that, despite higher prices, production still increased due to
foreign trade with economies that are not in the sample of this study.
Further, the negative effect of higher a short-term interest rate is also
present for the German economy.
Moving on to the inflation equation, one sees that higher economic growth
lower next years inflation. This confirms expectations during the Classical
Gold Standard, as aggregate supply tends to increase more rapidly than
aggregate demand. This way, the economy grows while inflation declines.
This equation also signals a strong equity trade effect in inflation, as stated
in table 11.
Another striking result comes from the equity return equation. According
to the estimated coefficients, a higher economic growth lowers equity
returns next vear. This is counterintuitive as equity returns tend to rise
during periods of economic growth. Higher economic growth can signal a
future extension of production capacity. The resulting increasing profit
expectations makes it for investors attractive to invest.
Finally, the short-term interest rate equation shows that the German
economy obeyed to the Taylor rule as well.

Forecasting results
Just like for the US and the UK, German economic growth rates are
forecasted to be negative in the first period (see table 19). This results in a
low average economic growth. Also, in line with expectations during the
gold standard, inflation levels are low. German topquity returns are
forecasted to be low on average and even less that both the short-term and
long term interest rate. However, this number is somewhat distorted by the
very negative refurn in vear one. After year one, the returns profit from
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the rising economic growth, and thereby exceeding both interest rates.
Just as for the US, the yield curve is expected to be inverted. The same
line of reasoning as for the US inverted yield curve is applicable.
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Figure 20: Forecasts for the German economy

Table 19: Growth path of the German economy

2
Year Real GNP | Inflation | Total equity return | Short interest rate | Long interest rate
1 -0.5% 0.7% ~1.3% 5.1% 1.1%
E 0.3% 0.2% 0.9% 4.5% 4.1%
3 0.8% 0.0 5.1% 4.2% 4.1%
4 1.2% 0.4% T.9% 4.1% 4.05%
5 1A% 0.7% 8.1% 4.2% 1.0%
Average 065 0.4% 34% * A% 1.1%
Standard deviation 2.0% 300 10.85 065 0.1%
* Average of total equity return s geometric average

Simulation results for the German economy with pre-specified economic
growth are shown in table 20. An outlier in these results is the deflationary
number in the first vear. There is no clear explanation for this.
Afterwards, inflation rises quickly to 3.53% in year three. This causes total
equity refurns to be negative in the subsequent vears. Average total equity
returns seem very low, but this is mainly due to high equity returns at the
start of the forecast, followed by two vears of negative equity returns at the

end of the forecast. Thev cancel out against each

1er, resulting in net low

equity returns. Also noteworthy is the very wide spread between short in
long term inferest rates. Both rise, but, as expected due to their degree of
mean reversion, this process is much slower for the long term interest rate.
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Table 20: Growth path of the German economy with pre-specified economic
growth

Year Real GNP | Inflation | Total equity return | Short interest rate | Long interest rate
o* 2.2% 14% N.A. 0.0 1.0%
1 2A% -1.9% 7.3% 1% 1.2%
2 2.6% 2.0% BT 31% 1.4%
3 285 3.5% 2.6% 3.9% 1.6%
1 2.8% 3.1% -1.7% A% 1.99%
a 2.8% 205 -0.5% 4.5% 2.1%
Average 2.7% L7% 0.9% R 1.0%
Standard deviation 0.2% 1.9% T0% 0.a9% 0.3%

* Starting values are represented as vear 0

Combined forecasts model

Results of the combined forecasts model are reported in table 21. There is
no coefficient table available as these results are the average of the forecasts
of the four individual economies. The outcomes of this model show that
using the specified situation of high growth, the inHation remains relatively
low as well. Total equity returns are higher than in all previous models,
but decreasing despite rising real economic growth. The forecasts for
interest rates s that there is an inverted yield curve. Again, since the
composition of both the short-term and long-term interest rates nowadays
is different from the late 19*F century, its movements are more relevant,
Since very low interest rates are observed now, it is likely in a fiseal gold
standard setting that interest rates revert to their long-term averages.

A closer look at this economie environment yields the following effects for

a pension fund. As interest rates rise and the inflation rate remains low

and stable, investment returns outpace the increase in pension liabilities.

Hence, the pension fund has a high(er) coverage rate. If expected inflation

increases, it is beneficial to increase the inflation hedge as this results in a

higher real coverage rate. This is not a real gain, as an inflation hedge only
inimises the loss arising from a higher inflation rate.

To benefit from the increasing interest rates, it is intuitive to take a low
interest rate hedge. This way, the pension fund does not cover itself
against inferest rate movements. As interest rates tend to rise in this
scenario, the pension fund can benefit optimally in terms of a higher real
coverage rate. Also, this increases the chance for pension indexation (i.e.
inflation compensation).

Finally, one can conclude that the Fiscal Gold Standard scenario as defined
here is a rosy scenario for an asset manager. Coverage rates are high which
leads to high indexation possibilities as well. Consequently, purchasing
power of its participants remains also high and stable in the near future.




Table 21: Growth path of combined forecast model with pre-specified eco-
nomic growth

Year HReal GNP | Inflation | Total equity return | Short interest rate | Long interest rate

0¥ 2.2% 1.4% - 0.0% 1.0%

1 2.5% 1.3% 10.1% 1.3% L.O%

2 2.9% 1.1% 9.5% 2.6% 2.8%

3 3.2% 1.0% 8.4% 3.9% 3.7%

1 3.2% 1.0% 6.7% 3.9% 3.7%

5] 3.2% 1.0% 6.3% 3.9% 3.7%
Average 2.9% 1.1% B.1%** 2.6% 2.8%

* Starting values are represented as year ()

** Average of total equity return is geometric average
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6 Foreseeing the Fiscal Gold Standard scenario

As already stated in the introduction, the Fiscal Gold Standard scenario is
based on a situation of low inflation and high economic growth. To react
timely, it is important to identify this scenario at an early stage. This
chapter describes which factors ean possibly cause low inflation combined
with high economic growth.

6.1 Deflationary factors

Decreasing unemployment and rising wages

A result of a growing economy is a decreasing unemployment rate. It is
expected that in the case of unemployment being close the the natural
unemployment, the labour market tightens and wages rise. In a Fiscal
Gold Standard scenario, however, this does not settle in rising production
costs as productivity increases at the same rate, at minimum. Thus, rising
inflation is mainly due to imported inflation.

Structural low energy prices

Since demand of energy is inelastic on the short-term, and since energy
prices form a significant part of production costs, it is likely that a
decrease in energy prices has deflationary influences. Figure 21 below
shows the effects on economic growth, inflation and total equity returns if
energy prices are shocked by one standard deviation. Note that impulse
response figures are symmetric. Hence, a negative shock in energy prices
(s0, a price decline) results in positive economic growth, lower inflation
and positive equity returns. These results are unfortunately not significant,
but on average there is a pattern visible.

The most logical factor that can be identified as a cause of lower energy
prices is the growing market share of alternative energy sources. This is
also part of a technological revolution. The rise of alternative energy
sources inereases the number of players and opportunities on the market,
resulting in price declines.

However, the supply of energy is elastic on the medinm-term. Oil and
shale gas producers will anticipate on declining prices. Oil producers are
likely to downscale their production, driving prices up. Hence, the
detlationary effect is only temporary.

Increasing velocity of money

Following the equation of exchange by Fisher, MV = PT, an increase in
the velocity of money (V) is expected. The Fiscal Gold Standard scenario
is featured by a constant money supply (M), a constant, low price level (P)
and a growing economy (T). Given the high economic growth in this
scenario, the assnmption of a constant money supply is a plausible one as
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Figure 21: Impulse response shock to energy prices (coal) and its effect on
gross national product per capita (GNPPC), inflation (CPI) and total equity
return (ER).

it is not very likely that the central bank disturbs this by introducing an
easy monetary policy. So, these factors lead inevitably in an increasing
velocity of money.

Exogenous monetary and fiscal policy

A first order effect of easy monetary policy by central banks is an
increased chance of inflation. However, interest rates are lowered as well.
This stimulates paying off debts and investing in assets (mainly houses).
This has a downward effect on inflation measured by CPI, since CPI does
not aceount for wherewithal used for this actions. On the other side, asset
inflation is likely to rise.

Fiscal policy influences the inflation level as well. Further budgetary
dizcipline suppresses government consumption, such that inflationary
pressure is not likely from this side of the economy. Secondly, increased
capital requirements for financial institutions impede the supply of loans.
This lowers consumption and investments and therefore infation as well.

6.2 Economic growth

Kondratieff cycles

Technological innovations are important economic growth drivers in
periods of low inflation. In foreseeing this growth timely, the so-called
Kondratieff cycles are of great relevance. According to this theory, the
economy cycles through waves of 40 to 60 years, which all start with
technological innovations. To create a widespread effect, it is important
that innovations improve the production process in the whole economy
(Steehouwer 2005).

There is no general accepted explanation for the duration of the
Kondratieff cyele. A first explanation is that in times of economic
downturn, the striving for profits stimulates technological innovations.
These innovations form an important starting point for a new Kondratieff
cycle. A second explanation regards to social effects. Those who grow up
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in relative prosperity have a higher propensity to invest in innovations
(resulting in higher economic growth), while those who grow up during
economic downturn are more conservative in their investment decisions to
not waste money on the more risky investment projects (as innovations
usually are).

By this time, five Kondratieff waves have occurred in economic history
since 1780. It is tough to determine when a Kondratieff wave exactly starts
or ends, but it has all appearances that the ending of the 2008 financial
crisis has started a sixth wave. Figure 22 gives an overview of all
Kondratieff cyeles through time.

According to the theory of Kondratieff, there are four main changes that
can infroduce a new Kondratieff wave. Those are:

1. Further exploitation of current innovations is no longer possible: ICT

is already widespread implemented in the production process.
88
2. High levels of excess financial capital: one of the causes of the 2008

financial erisis.
3. Period of severe recession: a world wide economic crisis as a

consequence of the financial crisis.

4. Institutional transformations: transformations in financial
regulations, e.g. Basel III regulation demanding higher capital levels
for financial institutions.

Trough — Peak — Trough Basic Innovation
1 1780 - 1810 - 1850 Steam transport
2 1850 - 1875 - 1890 Steel and electricity
3 1890 - 1915 - 1950 Cars and assembly lines
4 1950 - 1973 - 1990 Microelectronics and biotechnology
5 1990- ? - 2 ICT?

Figure 22: Overview of Kondratieff cyeles through time. Source: Steehouwer
(2005).

' that the possible introduction of a sixth Kondratieff wave is classified,
1t 15 important to identify the innovations that can trigger new economic
growth. Mathews (2003) mentions three requirements for a new technology
to be successful. The first requirement is that costs of the new technology
must be lower than costs of the current technology. Secondly, the costs of
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the new technology must be declining over time. Lastly, as mention before,
the effects of the new technology must be widely introduced in the
CCONOIMY.

Foreseeing technological innovations

Technological innovations that are potential successful on the
medium-term are energy, internet of things, nanotechnology and robotics
(Allianz 2010). A Mann-Kendall trend test is used to test Google Trends
data on the presence of a monotonous statistical trend. See chapter 4.2 for
further details on this test and the procedures. Table 22 shows the selected
search terms per technology. These search terms are chosen to give a
reasonable view on important drivers of the aforementioned technologies.

Besides the Mann-Kendall test, the Gartner hype cyele is used to foresee
the introduction of the selected technological innovations. Figure 23 shows
the phases a new technology has to go through before it can lead to
structural adoption in the economy. Further, this figure also shows the
current positions of the selected technologies on the hype cycle. Once a
new technology reaches the slope of enlightment, an eventual sustainable
economic growth can be expected. Note that not all sub-technologies in a
group have to reach the slope of enlightment for a group of technologies to
be successful.

Table 22: Search terms per technology

Energy Internet of things Nanotechnology Robotics
Solar energy Cloud Nanotechnology Robotics
Renewable energy  Big data Biotechnology Artificial intelligence

Green technology  Smart lighting Biofuels Self-driving cars
Smart grid Location based Genomics Drones
Virtual assistent
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Figure 23: (a) Phases a technology has to go through in a hype cycle,
(b) Hype cycle based on data from various Gartner hype cycles for 2015.

In this study, the Mann-Kendall trend test is conducted for two different
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periods. These are from 1 January 2011 up to 1 June 2016 and from 1
June 2015 up to 1 June 2016, This way, it is clearly visible how public
interests in the technologies develops. Results are reported in table 23 and
24 respectively. These results can be interpreted as follows,

Table 23: Results of Mann-Kendall tau coefficient and two-sided p-values
(in brackets). Sample period: 1 January 2011 up to 1 June 2016.

| Energy Internet of things Nanotechnology Robotics

Computer | 0,022 {ll.{}-'}SJ 0,695 {I!,_UI]II] 0,018 {[I,l][i:]] 0,540 {II,{HJII}
Software | 0.233 (0,000} 0,808 (0,000) 0,365 (0,000) 0,555 (0,000)
Currency | -0.078 (0.005) 0,344 (0,000) 0219 (0,000) 0,495 (0,000)
Vacancies | -0,130 (1],(!1[} 0,253 {Il 000} -0,315 [IJ:UIJII] 0, 36= {ll,[]l.'ll!}

Table 24: Results of Mann-Kendall tau coefficient and two-sided p-values
(in brackets). Sample period: 1 June 2015 up to 1 June 2016.

Energy Internet of things Nanotechnology Robotics

Computer | 0,243 (0.000) 0,465 (D,000) 0,415 (0,000) 0.107 (0,025)
Software | 0,271 (0.000) 0,629 (0,000} 0,445 (0,000) 0.087 (0,035)
Currency | (0,005 {[I_i]tllj 0,001 ((1 051) 0,182 (l},[lﬂ.'}} 0,030 ([Ll]?.‘}]
Vacancies | 0,020 (0,084) 0,005 (0,097) 0,085 (0,036)  -0,015 (0,087)

Energy: Over the last five vears, there is not significant trend for the
benchmark computer. The remaining benchmarks give different results.
With respect to the two stable benchmarks (computer and software),
energy technology experiences a weak positive growth in popularity. Over
the last year, only the benchmark vacancies is insignificant. All other
benchmarks still indicate a weak positive trend. This ean be explained by
the strong eyelical behaviour of the search terms and the given that the
sub-technologies are spread all over the hype eyvcle of figure 23. Based on
this hype cvele, economic growth on the medinm-term can be expected
from smart grid technologies.

Internet of things: The data shows a significant strong positive trend
with respect to the stable benchmarks. The economic henchimarks indicate
a weak growth in popularity. Foeusing on last year, both economic
benchmarks becorme insignificant. Other benchmarks attenuate to a
moderate positive trend. Thus, public interest in Internet of things is
diminishing. This is in alignment with the hype cyele.

Nanotechnology: Except for the benchmark computer, all benchmarks
report a significant trend over the last five yvears. Both economic
benchmarks indicate a moderate decline in popularity. For last vear, all
benchmarks are significant and report a weak to moderate positive trend.
So, one can conclude that nanotechnology is increasing in popularity over
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the recent past. Although the results are not very strong, this might signal
economic growth in the long-term future.

Robotics: All benchmarks designate a moderate positive trend over the
last five years. However, in the recent past only benchmarks computer and
software are significant. The reported trend is downgraded to a weak
positive trend. This implies strong movements in popularity over the last
vear. An explanation for this is that the popularity of self-driving cars
receives above average attention by the media and that self-driving cars
are at the top of expectations in the hype evele. Technology of self-driving
cars has to go through the phase of disillusionment before it can lead to
significant economic effects.

However, as foreseeing which specific technology will Hourish is not what
this study is primarily aiming for, it is also of interesting to see how
interest in technologies in general develops. This is displayed graphically in
figure 24 below. An exponential acceleration in popularity of technology
can point to the start of a technological revolution, given that the
benchmark remains relatively constant. Based on figure 24, one can see a
slight increase in popularity of technologies over recent years. Although
this is far from exponential, it shows that the selected technologies have
the potential of being part of a technological revolution.

Popularity
60
1

40
L

— Technologies
Benchmarks

T T T T | T I
2004 2006 2008 2010 2012 2014 2016

Figure 24: Relative popularity of technologies and benchmarks. Technolo-
gies and benchmarks are equally weighted composed of aforementioned tech-
nologies and benchmarks (software, computer, currency and vacancies), re-
spectively. Chapter 4.2 gives more details on the selection of benchmarks.

Alternative view on the secular stagnation hypothesis?
All in all, it can be concluded that economic growth as a result of a
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teclnml revolution is not to be expected immediately. However, the
results from the Mann-Kendall frend test combined with the Gartner hype
cyele show that some technologies may take off in the medium term.
Especially Internet of Things and robotics show a rapidly increase in
popularity. Also, break even rates show that inflation rates tend to stay
low for a while. As some of the requirements of the Fiscal Gold Standard
are fulfilled, the chances of the scenario to become reality increases.

If the Fiscal Gold Standard scenario indeed becomes reality, this can be an
alternative view on the secular stagnation hypothesis. A definition of
secular stagnation is that the economy is in a condition where only
negligil economic growth ean be achieved in a market-based economy.
Hence, negative real interest rates are needed to equate savings and
tmenl;s with full employment (Teulings and Baldwin 2014). @
negative real interest rates are hard to achieve with the presence of the
zero lower bound on nominal interest rates and low (but still positive)
inflation,

There are several factors that can lead to structural low economic growth.
First, low population growth can result in diminishing demand for new
products and labour. Secondly, increasing wealth inequality leads to lower
aggregate demand as the wealthy spend only a relatively low share of their
wealth. Lastly, decreasing technological development slows down
productivity improvements of both labour and capital. This ultimately
results in lower economic growth.

Aforementioned causes of secular stagnation should not be neglected, but
there are arguments why things are not as bad as they are presented now.
An alternative view on secular stagnation lies in technology., Technology
improves productivity growth and is therefore an important factor in
achieving rising GDP growth rates. As this study already showed,
economic growth in the 19" century was mainly driven by technological
advances. By understanding how old techniques worked, one was able to
refine and adapt the technologies for new uses. This resulted in
productivity improvements and increasing economic welfare. The same
reasoning applies to the current economy. Debugging, improving and
adapting technologies in nanotechnology or robotics leads to expected and
unexpected breakthroughs which boost productivity. It is therefore
unlikely to believe that technological innovations in the future will be more
scare then they were in the past.

The arising question is why many economist have a pessimistic view on the
current economic situation. An important remark is made by Mokyr
(2014). He argues that economists base their conclusions too much on
aggregate statistics as GDP per capita and its derivatives. These aggregate
statistics cannot accurately deseribe an economy where data and




information are so well represented. Once new technologies work, they can
be distributed at very low costs. This results in low impact on GDP
according to aggregate statistics, while they contribute largely to consumer
welfare. So, effects of technological innovations in the contemporary
economy are therefore not always fully recognised.

Thus, the Fiscal Gold Standard scenario provides an alternative view on
the secular stagnation hypothesis. Both deal with low inHlation, but this
study shows that low inflation is not necessarily harmful to economic
growth. Economic history shows us the importance of technological
innovations for economic prosperity and there seems to be little reason to
assume that low economic growth numbers will be new standards.
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7 Conclusion

The purpose of this study is to deveg: a new alternative ALM-scenario.
This new scenario, called the Fiseal Gold Standard, is a scenario of high
economic growth and low inflation. This is based on the Classical Gold
Standard (1870 - 1913). which shows that high growth and low inHation
are not a strange couple. Not only is this scenario very relevant to get a
complete view of economic stress scenarios, but also in terms of
macroeconomics. Given that a new Kondratieff cycle might start soon and
given that break even inflation rates stay low for the coming years, this
scenario might introduce itself in future times.

Economic history shows that the period of 1870 - 1913 is characterised by
many technological changes oceurring rapidly after each other. All these
innovations resulted in efficiency improvements. This was possible since
adhering to the gold standard resulted in a low and stable inflation rate.
Low inflation is not a requirement to get innovations, but this makes the

:ess more easy as it decreases the chance of failure due to rising costs.

gold standard is a monetary system where the value of the currency is
linked to a fixed amount of gold. Therefore, inflation was only affected by
global (exogenous) factors as wars or failed harvests.

Not only was inflation low (or negative) during the Classical Gold
Standard, but it did also not result in a economic depression. Since the
Great Depression of the 1930s, deflation is associated with economic
depression. If deflation is caused by ageregate supply increasing more
rapidly than aggregate demand, this does not harm the economy. This
phenomenon is also known as good deflation.

Moreover, this study shows that the economy of the Classical Gold
Standard is closer related to the eurrent economy than one might think at
first glance. A parallel can be made between the fixed exchange rates due
to adherence to the gold standard and the eurozone. Further, economie
shocks between 1870 and 1913 mainly consisted of supply side shocks. The
contemporary economy in Europe and the US are closer to this than they
are to the early 20" century.

Despite the fact that there is no gold standard nowadays, there are
multiple factors that can replicate this in the eurrent economy. Low
inflation can be reached by structural low energy prices (while welfare
gains can lead to economic growth) or by further budgetary discipline in
the European Union. Further, stricter financial legislation does extend
deflationary pressure as it becomes more difficult for a financial institution
to lend money. This is where "fiscal” in the Fiscal Gold Standard refers to.
On the other hand, these factors do not limit economic growth
opportunities as a result of technological innovations. Easy monetary




policy by the central bank can theoretically counteract low inflation, but
executing easy monetary policy is not very likely under the Fiscal Gold
Standard as economic growth is already high.

Based on data from Google Trends, four groups of technologies are

tified that can cause a technology revolution in the medinm-term. Test
results of the Mann-Kendall trend test and the Gartner hype cyele indicate
that especially Internet of Things and robotics make take off on the
medium term. Both groups show an acceleration in popularity among the
great public.

Once the Fiscal Gold Standard becomes reality, it can be an alternative
view on the secular stagnation hypothesis. This hypothesis states that the
current market-based economy is in a condition where only negligible
economic growth can be achieved. In order to achieve full employment,
negative real interest rates are necessary to boost savings and investments.
Both the secular stagnation hypothesis and the Fiseal Gold Standard
scenario deal with low inHation, but this study shows that low infHlation is
not necessarily harmful to economic growth. Furthermore, there seems to
be little reason to assume that low economic growth numbers will be new
standards.
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9 Appendix I: Statistical output

9.1 Tables: unit root tests

For sake of simplicity, a Fisher type unit root test is performed. This has
the advantage that test results for both the panel of countries as well as all
individual countries are reported in one go.

Table 25: Unit root test on national product per capita

Panel
Method Statistic P-value
ADF - Fisher Chi-square | 122.620 | 0.000
Individual countries

Country Lag length | P-value
Netherlands 0 0.000
pt@d States 0 0.000
nited Kingdom 0 0.000
Germany 0 0.000

Table 26: Unit root test on inflation

Panel
Method Statistic P-value
ADF - Fisher Chi-square | 85.182 | 0.000
Individual countries

Country Lag length | P-value
Netherlands 0 0.000
@t@d States 0 0.002
nited Kingdom 0 0.000
Germany 0 0.000




Table 27: Unit root test on total equity return

Panel
Method Statistic  P-value
ADF - Fisher Chi-square | 87.758 | 0.000
Individual countries

Country Lag length | P-value
Netherlands 0 0.000
@ted States ] 0.000

nited Kingdom 0 0.007
Germany 1 0.000

Table 28: Unit root test on short-term interest rate

Panel
Method Statistic  P-value
ADF - Fisher Chi-square | 38.920 | 0.000
Individual countries

Country Lag length | P-value
Netherlands 0 0.054
?ted States 0 0.003

nited Kingdom 3 0.003
Germany 0 0.005

Table 29: Unit root test on long-term interest rate

Panel

Method Statistic  P-value

ADF - Fisher Chi-square | 9.826 | 0.277
Individual countries

Country Lag length | P-value
Netherlands 1 0.280
United States 1 0.063
United Kingdom 1 0.665
Germany 2 0.630
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9.2 Tables: lag length

Table 30: Lag length eriteria for the Netherlands

Lag | AIC BIC HQ
0 -23.739 -23.523 -23.662
1 -26.825 | -25.532% -23.365*%
2 -26.878 -24.446 -25.974
3 | -26.503 | -23.146 -25.367
4 | -27.023 | -22.498 -25.413
5 | -29R0G* | -21.604 -25.213

Note: * Indicates lag order selected by the criterion
AIC: Akaike information criterion

BIC: Schwarz-Bayesian information criterion

HQ: Hannan-Quinn information criterion

Table 31: Lag length criteria for United States

Lag AlC BIC HQ)
0 | -23.343 | -23.138 -23.266
1 -25.459 | -24.166%* -24.999*%
2 -25.108 | -22.738 -24.265
3| -25.348 | -21.900 -24.121
4 -25.135 | -20.610 -23.525
@ -26.699% | -21.096 -24.705
ote: ¥ indicates lag order selected by the criterion

AIC: Akaike information criterion
BIC: Schwarz-Bayesian information criterion
HQ): Hannan-Quinn information eriterion
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Table 32: Lag length criteria for United Kingdom

Lag AlC BIC HQ
0 -28.711 | -28.496 -28.635
1 -31.354 | -30.062* -30.894*
2 -31.097 | -28.727 -30.254
3 -31.113 | -27.666 -29.887
4 -31.903 | -27.578 -30.293
5 —3“44* -27.042 -30.651

Note: * indicates lag order selected by the criterion

AIC: Akaike information criterion

BIC: Schwarz-Bayesian information eriterion
HO): Hannan-CQuinn information criterion

Table 33: Lag length eriteria for Germany

Lag | AIC BIC HQ
0 | -28.162 | -27.946 ~28.05
1 | -32.002 | -30.800* -31.632
2 | -31.704 | -20.334 -30.861
3 | -32.493 | -29.046 -31.267
4 | -32.801 | -28.366 -31.281
-34.638% | -29.035 -32.645%

@

AIC: Akaike information eriterion

e: * indicates lag order selected by the eriterion

BIC: Schwarz-Bayesian information criterion
HO): Hannan-CQuinn information eriterion




9.3 Tables: VAR coefficients estimates
In all forthcoming tables, the following abbreviations are used:
« AGNPPC: Real gross national product per capita growth rate

« CPI: Consumer price index (i.e. inflation)

ER: Total equity return

. : Short-term interest rate

LT: Long-term interest rate

Table 34: VAR(1) coefficient estimates for the Netherlands

Note: *, ¥* #** Indicate significance at 10%, 5% and 1% respectively

AGNPPC CPI ER 5T LT
AGNPPCI-1) =0, 4T4838%F%F (), 252062 -0, 167952 0006335 0.002390
CPI{-1) =0.000359 0.115545 0.110186G 0.044745%%  (L005286%
ER(-1) 0.127359* OAR0G28** 0102276 0.017001*  0.003564%*
ST(-1) 0463006 1311147 -4.417088%  0.408431%**  0.045544*
LT(-1) 0421272 -1.6G29320 1345310 0.255793 0.866296G7%*
_@ =0.024610 0.010165 L15TTTY 0.00GT28 0.002721%*
~sejuared 0.301280 0. 204966 01203571 0. A0RGEG 0.957498
Adj. R-squared | 0.204236 0.094544 -0.001799  0.326559 0.951505
_m.r.im.i:-. 3.104560 1836212 0985273 4.976280 16G2.2034
eterminant resid covariance (dof adj.) 9.57E-19
Determinant resid covariance 4.43E-19
Akaike information criterion =20G.6428T
Schwarz criterion -25.40168

Table 35: VAR(1) coefficient estimates for United States

Note: *, ** and *** indicate significance at 10%, 5% and 1% respectively

AGNPPC CPI ER ST LT
AGNPPC(-1) -0L3R1TI2FE* 0 0,105282 0559957 0L1004G0**%  0,000890
CPI(-1) 0. 120078 0047138 0760653 0.020054 0.003757
ER [- 1) 0.217426**%*  0.110363***  -0,025570 0.016008** O.00T45%3
ST(-1) =0.383194 06240127 0.774209  0.367941 0L0G3496
LT{-]} (.242722 S2311040%%*% 22071036 0.545504* 0.849171%**
F 0.019427 0.045609%*  0,115209  0.000078 0001728
~souared 0. 540801 0.511949 0082669 0.4616G65 0,900 796G
Adj. R-squared | 0.477024 0.444164 0.044738  0.3BGROG (LBER157T
atistic B.4TO488 7.552555 0648861 G.174577 GG, 11696
eterminant resid covariance (dof adj.) 4.69E-18
Determinant resid covariance 2.17E-18
Akaike information criterion -25.05320
Schwarz criterion -23.81201
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Table 36: VAR(1) coefficient estimates for United Kingdom

Note: *, ** and *** indicate significance at 10%, 5% and 1% respectively

AGNPPC  CPI ER ST LT
AGNPPC(-1) | 0131773 -0.5T2482% 0.015480 O.008441%% 0004399
CPI(-1) 0056737 -0.221142  0.013236 -0.027997 -0.002113
ER(-1) 0.102111 0,087042 0.451950%** 0017109 -0.002385
ST(-1) SLTTTO45%  -1.699973%  -0.358434 D.507000%%*  [L035TTH**
LT{-1) -0.4GR169  3.190195 2371879 0.249623 (L3061 9**=*
0038733 -0,039529 -0,043530 0002097 00,0008 2
-suared 0182895 0.180057 0.252238 0.48G192 0.807171
Adj. R-squared | 0069409 0.06G176 0, 1458383 0.414830 0.882889
_@atistic LGLIGOT 1581101 2428738 6.813026 62.81806
eterminant resid covariance (dof adj.) 9.94E-21
Determinant resid covariance 4.60E-21
Akaike information criterion -31.21072
Schwarz criterion -20.96053

Table 37: VAR(1) coefficient estimates for Germany

Note: * ** and **¥ indicate significance at 10%, 5% and 1% respectively

AGNPPC CPI ER ST LT
AGNPPC(-1) 0,0200340 -0.372307%% -1 300503% 0.016824 0,007235
CPI(-1) 0.335055%%% (105328 771238 0.0G0396** 0L.005558
ER{-1} 0.007060 OITOTTHES (L564192%%% (008359 =0.000401
ST(-1) -1.151833%%  1,228T31 -3.047359 0.549062%%*  (0,043074%*
LT{-1) -0.159807 -1.640855 2013945 =0.079954 0, 8826267
@ 0066257 L0111 836 0. 100335 0.020692* 0002448
-seuared 0.526621 0.450073 0486846 0.441832 0.939926
Adj. R-squared | 0,233096 0.3583944 0.415575 0.364308 0.931552
atistic 3492340 6.110477 G.83088S 5.699333 1126518
eterminant resid covariance (dof adj. ) 1.34E-20
Determinant resid covariance G.19E-21
Akaike information criterion -30.91399
Schwarz criterion -20,67250
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10 Appendix II: Panel VAR model vs. combined
forecast model

This appendix discusses the consideration between using a panel VAR
model and the combined forecast model, as introduced in chapter 4.1. As
already discussed, VAR models are very suitable for describing the
dynamics of an economy. Panel VAR models exploit this advantage even
more, as are able to capture static as well as dynamic interdepencies,
incorporate time variations in the coefficients and account for
cross-sectional dynamic heterogeneities (Canova and Ciccarelli 2013).

While coeflicients for individual countries can be estimated L@ QLS
techniques, this does not apply to the panel VAR model. As Nickell (1981)
shows, dynamic panel models with fixed effects suffer from biased and
inconsistent estimations if OLS estimation techniques are applied. This
problem arises for a fixed number of cross-sectional dimensions and a large
set of observations (even when N goes to infinity). One can correct for this
by using instrumental variables in a GMM estimation framework. Since
fixed effects are removed using Helmert transformation, a constant is
omitted from the model (Abrigo and Love 2015).

The procedure described above results in the following coefficients table.

Table 38: VAR(1) coefficient estimates for panel model using GMM

Note: *, ** and *** indicate significance at 10%, 5% and 1% respectively

AGNPPC CPI ER ST LT
AGNPPC(-1) | -0.337015%%%  -0.171404%%  -0.421192%%  0.056873%*% 0.001837
CPI(-1) 0004526 0.026022 -0U16TRO0 -0.001043 -0.000772
ER{-1) 0.135586%%%  Q.11T114%%F  0.203807%  0.015379%%  0.000579
ST(-1) -0.357542 0.158440 -0.358419  0.50T448%%F  0.047153%%
LT(-1) -1.165688 -2,906533*  1.451894 -0.251143 0. 720026 **

Using these coefficients to forecast, the following growth path of the panel
model economy can be constructed:

Table 39: Growth path of panel economy with pre-specified economic growth

Year Real GNP | Inflation | Total equity return | Shot interest rate | Long interest rate

0* 2.2% L.4% M.A. 005 1.0%

1 2.5% -0.8% 1.6% 0.0% 0.8%

2 2.9% -1.6% 2,2%, -0.3% 0.4%

3 3.2% -0.5% 0.7% -0.1% 0.2%

4 3.2% -0.2% 0.2% 0.0% 0.0%

] 3.2% 0.0% 0.1% 005 0.0%

G 3.2% 0.0% 0.0% 0,05, 0.0%,

il 3.2% 0.0% 0.0% 005 009,
Average 3.1% -0.4% 0.2% -0.1% 0.2%

* Starting values are represented as year ()
¥ Average of total equity return is geometric average
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This table clearly shows that forecasts from the panel VAR model do not
give economic sensible results as all variables converge to zero (except for
economic growth, as this variable is pre-specified). The main indicator for
this is total equity return. Despi ideal economic environment for
investors in the form of high real economic growth, low inflation and
historically very low interest rates, total equity returns are expected to be
very low or even non-existent. This is most likely due to the data of the
four countries being smoothed out in the panel model. Consequently,
upturns and downturns are compressed into a more flat time series.

As an alternative, the @$fibined forecast model is used, This model
combines the forecasts at time ¢ of the economic variable of interest by
averaging the forecasted values of that variable for the four economies at
time t. This is legit as, in this study, the internal dynamiecs of the
economies prevails over the dynamies hetween countries. Further, the
estimated coefficients of the four economies do mostly have the same sign,
especially when coefficients are significant. This leads to the conclusion
that the VAR models of individual countries are consistent and can
therefore be compared to each other. For the sake of completeness, table
40 gives the growth path of the combined forecast model. Note that this
table is an exact copy of table 21 on page 43.

Table 40: Growth path of combined forecast model with pre-specified eco-
nomie growth

Year Real GNP | Inflation | Total equity return | Short interest rate | Long interest rate
o* 2.2% L4% - 0L0% L.O%
1 2.5% 1.3% 10.1% 1.3% 1.9%
2 2.0% 1.1% 9.5% 2.6% 2.8%
3 3.2% L.0% 8.4% 3.9% 3.7%
4 3.2% 1.0% 6.7% 3.9% 3.7
3 3.2% 1.0% 6.3% 3.9% 3.7%
Average 2.0% 1.1% B.1%** 2.6% 2.8%

* Starting values are represented as vear (0
** Average of total equity return is geometric average
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