
Trim Size: 6in x 9in Ammous c03.tex V1 - 03/05/2018 1:08pm Page 22�

� �

�

22 T H E B I T C O I N S T A N D A R D

0
20
40
60
80

100
120
140
160
180
200

0

0.5

1

1.5

2

2.5

3

19
00

19
10

19
20

19
30

19
40

19
50

19
60

19
70

19
80

19
90

20
00

20
10

T
h
o
u
sa

n
d
s

Annual stockpile growth (right axis, %)
Total gold stockpiles (left axis, thousand tons)

Figure 1 Global gold stockpiles and annual stockpile growth rate.

past seven decades with relatively reliable statistics, this growth rate has
always been around 1.5%, never exceeding 2%. (See Figure 1.2)

To understand the difference between gold and any consumable
commodity, imagine the effect of a large increase in demand for it as a
store of value that causes the price to spike and annual production to dou-
ble. For any consumable commodity, this doubling of output will dwarf
any existing stockpiles, bringing the price crashing down and hurting the
holders. For gold, a price spike that causes a doubling of annual produc-
tion will be insignificant, increasing stockpiles by 3% rather than 1.5%. If
the new increased pace of production is maintained, the stockpiles grow
faster, making new increases less significant. It remains practically impos-
sible for goldminers to mine quantities of gold large enough to depress
the price significantly.

Only silver comes close to gold in this regard, with an annual supply
growth rate historically around 5–10%, rising to around 20% in the mod-
ern day. This is higher than that of gold for two reasons: First, silver does
corrode and can be consumed in industrial processes, which means the
existing stockpiles are not as large relative to annual production as gold’s
stockpiles are relative to its annual production. Second, silver is less rare
than gold in the crust of the earth and easier to refine. Because of having
the second highest stock-to-flow ratio, and its lower value per unit of

2Source: U.S. Geological Survey.
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Figure 2 Existing stockpiles as a multiple of annual production.

above-ground gold. The high stock-to-flow ratio of gold makes it the
commodity with the lowest price elasticity of supply, which is defined as the
percentage increase in quantity supplied over the percentage increase in
price. Given that the existing supply of gold held by people everywhere
is the product of thousands of years of production, an X% increase in
price may cause an increase in new mining production, but that increase
will be trivial compared to existing stockpiles. For instance, the year 2006
witnessed a 36% rise in the spot price of gold. For any other commodity,
this would be expected to increase mining output significantly to flood
markets and bring the price down. Instead, annual production in 2006
was 2,370 tons, 100 tons less than in 2005, and it would drop a further
10 tons in 2007. Whereas the new supply was 1.67% of existing stock-
piles in 2005, it was 1.58% of existing stockpiles in 2006, and 1.54% of
existing stockpiles in 2007. Even a 35% rise in price can lead to no appre-
ciable increase in the supply of new gold onto the market. According to
the U.S. Geological Survey, the single biggest annual increase in produc-
tion was around 15% in the year 1923, which translated to an increase
in stockpiles around only 1.5%. Even if production were to double, the
likely increase in stockpiles would only be around 3–4%. The highest
annual increase in global stockpiles happened in 1940, when stockpiles
rose by around 2.6%. Not once has the annual stockpile growth exceeded
that number, and not once since 1942 has it exceeded 2%.
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Figure 3 Price of gold in silver ounces, 1687–2017.

European countries, which led the British colonial government to
increase taxes to finance its operation, leading to growing unrest and
resentment of British colonialism. By the time India shifted the backing
of its rupee to the gold-backed pound sterling in 1898, the silver
backing its rupee had lost 56% of its value in the 27 years since the
end of the Franco-Prussian War. For China, which stayed on the silver
standard until 1935, its silver (in various names and forms) lost 78% of its
value over the period. It is the author’s opinion that the history of China
and India, and their failure to catch up to the West during the twentieth
century, is inextricably linked to this massive destruction of wealth and
capital brought about by the demonetization of the monetary metal
these countries utilized. The demonetization of silver in effect left the
Chinese and Indians in a situation similar to west Africans holding aggri
beads as Europeans arrived: domestic hard money was easy money for
foreigners, and was being driven out by foreign hard money, which
allowed foreigners to control and own increasing quantities of the
capital and resources of China and India during the period. This is a
historical lesson of immense significance, and should be kept in mind
by anyone who thinks his refusal of Bitcoin means he doesn’t have to
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Table 1 Major European Economies’ Periods Under the Gold Standard

Currency Period Under Gold Standard Years

French Franc 1814–1914 100 years
Dutch Guilder 1816–1914 98 years
Pound Sterling 1821–1914 93 years
Swiss Franc 1850–1936 86 years
Belgian Franc 1832–1914 82 years
Swedish Krona 1873–1931 58 years
German Mark 1875–1914 39 years
Italian Lira 1883–1914 31 years

was the simple conversion between different weight units, as straight-
forward as converting inches to centimeters. The British pound was
defined as 7.3 grams of gold, while the French franc was 0.29 grams
of gold and the Deutschmark 0.36 grams, meaning the exchange rate
between them was necessarily fixed at 26.28 French francs and 24.02
Deutschmark per pound. In the same way metric and imperial units are
just a way to measure the underlying length, national currencies were just
a way to measure economic value as represented in the universal store
of value, gold. Some countries’ gold coins were fairly salable in other
countries, as they were just gold. Each country’s money supply was not
a metric to be determined by central planning committees stocked with
Ph.D. holders, but the natural working of the market system. People
held as much money as they pleased and spent as much as they desired
on local or foreign production, and the actual money supply was not
even easily measurable.

The soundness of money was reflected in free trade across the world,
but perhaps more importantly, was increasing savings rates across most
advanced societies that were on the gold standard, allowing for capital
accumulation to finance industrialization, urbanization, and the techno-
logical improvements that have shaped our modern life. (See Table 1.10)

By 1900, around 50 nations were officially on the gold standard,
including all industrialized nations, while the nations that were not on an
official gold standard still had gold coins being used as the main medium

10Source: Lips, 2001.
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Figure 4 Central bank official gold reserves, tons.

gold, being highly prized for its industrial and aesthetic uses, would
be bought up very quickly with little depreciation of its price and the
central banks would be left without any gold reserves. The monetary
competition between easy government money and hard gold will likely
result in one winner in the long-run. Even in a world of government
money, governments have not been able to decree gold’s monetary role
away, as their actions speak louder than their words. (See Figure 4.16)

16Source: World Gold Council, Reserve Statistics. Available at https://www.gold.org/data/gold-reserves
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The astounding fact exposed by this truce is that these soldiers had noth-
ing against each other, had nothing to gain from fighting this war, and
could see no reason to continue it. A far better outlet for their nations’
rivalry would be in football, a universally popular game where tribal and
national affiliations can be played out peacefully.

The war was to continue for four more years with barely any
progress, until the United States was to intervene in 1917 and swing
the war in favor of one party at the expense of the other by bringing in
a large amount of resources with which their enemies could no longer
keep up. While all governments were funding their war machines with
inflation, Germany and the Austro-Hungarian Empire began to witness
serious decline in the value of their currency in 1918, making their
defeat inevitable. Comparing the belligerents’ currencies’ exchange
rates to the Swiss Franc, which was still on the gold standard at the time,
provides a useful measure of the devaluation each currency experienced,
as is shown in Figure 5.2

After the dust settled, the currencies of all major European powers
had declined in real value. The losing powers, Germany and Austria, had

2Source: George Hall, “Exchange Rates and Casualties During the First World War,” Journal of Monetary
Economics.
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Table 2 Depreciation of National Currency Against the
Swiss Franc During World War I

Nation WWI Currency Depreciation

USA 3.44%
UK 6.63%
FRA 9.04%
ITA 22.3%
GER 48.9%
AUS 68.9%

their average currency value in November 1918 drop to 51% and 31%
of their value in 1913. Italy’s currency witnessed a drop to 77% of its
original value while France’s dropped only to 91%, the U.K.’s to 93%,
and the U.S. currency only to 96% of its original value.3 (See Table 2.4)

The geographic changes brought about by the war were hardly
worth the carnage, as most nations gained or lost marginal lands and no
victor could claim to have captured large territories worth the sacrifice.
The Austro-Hungarian Empire was broken up into smaller nations,
but these remained ruled by their own people, and not the winners of
the war. The major adjustment of the war was the removal of many
European monarchies and their replacement with republican regimes.
Whether such a transition was for the better pales in comparison to the
destruction and devastation that the war had inflicted on the citizens of
these countries.

With redemption of gold from central banks, and movement of gold
internationally suspended or severely restricted in the major economies,
governments could maintain the façade of the currency’s value remaining
at its prewar peg to gold, even as prices were rising. As the war ended, the
international monetary system revolving around the gold standard was
no longer functional. All countries had gone off gold and had to face the

3I have wondered if the proximity of Germany and Austria to Switzerland, and the close relations
between these populations, may have led to more Germans and Austrians exchanging their currencies
for the Swiss Franc, which hastened the fall of these currencies, stretching the economic resources of
the governments, and playing a decisive role in the outcome of World War I. I have never come across
any research on this question, but if you do, dear reader, please do get in touch.
4From July 1914 to November 1918. Source: George Hall, “Exchange Rates and Casualties During the
First World War,” Journal of Monetary Economics.
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1960–2015.

Table 3 The Ten Countries with Highest Average
Annual Broad Money Supply Growth, 1960–2015

Country Average

Nicaragua 480.24
Congo, Dem. Rep. 410.92
Angola 293.79
Brazil 266.57
Peru 198.00
Bolivia 184.28
Argentina 148.17
Ukraine 133.84
Azerbaijan 109.25
Armenia 100.67

compared. But a look at the countries that have had the highest average
increase of the money supply will show a list of countries that had
several highly publicized episodes of inflationary struggle throughout
the period covered. Table 315 shows the ten countries with the highest
annual average increase in the money supply.

During hyperinflationary periods, people in developing countries
sell their national currency and buy durable items, commodities, gold,

15Source: World Bank.
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Table 4 Average Annual Percent Increase in Broad Money Supply for the
Ten Largest Global Currencies

Annual Money Supply Growth Rate

Country/Region 1960–2015 1990–2015

United States 7.42 5.45
Euro Area (19 countries) 5.55
Japan 10.27 1.91
United Kingdom 11.30 7.28
Australia 10.67 9.11
Canada 11.92 10.41
Switzerland 6.50 4.88
China 21.82 20.56
Sweden 7.94 6.00
New Zealand 12.30 6.78

and foreign currencies. International reserve currencies, such as the
dollar, euro, yen, and Swiss franc, are available in most of the world,
even if in black markets, and meet a significantly high portion of
the global demand for a store of value. The reason for that becomes
apparent when one examines the rates of growth of their supply, which
have been relatively low over time. Seeing as they constitute the main
store-of-value options available for most people around the world, it is
worth examining their supply growth rates separately from the less stable
currencies. The current ten largest currencies in the foreign exchange
markets are listed in Table 4, along with their annual broad money sup-
ply increase for the periods between 1960–2015 and 1990–2015.16 The
average for the ten most internationally liquid currencies is 11.13% for
the period 1960–2015, and only 7.79% for the period between 1990 and
2015. This shows that the currencies that are most accepted worldwide,
and have the highest salability globally, have a higher stock-to-flow ratio
than the other currencies, as this book’s analysis would predict.

The period of the 1970s and 1980s, which contained the begin-
ning of the floating national currencies era, was one in which most
countries experienced high inflation. Things got better after 1990, and

16Source: World Bank for all countries, and OECD.Stat for Euro area.
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Figure 7 Annual broad money growth rate in Japan, U.K., United States, and
Euro area.

average supply growth rates dropped. OECD data shows that for OECD
countries over the period between 1990 and 2015, annual broad money
supply growth rate averaged 7.17%.

We can see that the world’s major national currencies generally have
their supply grow at predictably low rates. Developed economies have
had slower increases in the supply of their currencies than developing
economies, which have witnessed faster price rises and several hyperin-
flationary episodes in recent history. The advanced economies have had
their broad money grow at rates usually between 2% and 8%, averag-
ing around 5%, and rarely climbing into double digits or dropping into
negative territory. Developing countries have far more erratic growth
rates, which fluctuate into the double digits, sometimes triple digits, and
sometimes even quadruple digits, while occasionally dropping into neg-
ative territory, reflecting the higher financial instability in these countries
and currencies. (See Figure 7.17)

Growth at 5% per year may not sound like much, but it will double
the money supply of a country in only 15 years. This was the reason

17Source: OECD.Stat.



Trim Size: 6in x 9in Ammous c05.tex V1 - 03/05/2018 1:08pm Page 86�

� �

�

86 T H E B I T C O I N S T A N D A R D

0

200

400

600

800

1000

1200

1400

0

50

100

150

200

250

300

1560 1610 1660 1710 1760 1810 1860 1910 1960

Gold purchasing power (right axis) Wholesale commodity index (left axis)
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1560–1976.

exchange to hold its value, particularly when compared to other forms
of money.

More recent data from the United States, focused on the last two
centuries, which witnessed faster economic growth than the period cov-
ered in Jastram’s data, shows that gold has even increased in value in
terms of commodities, whose prices rose dramatically in terms of U.S.
dollars. This is perfectly consistent with gold being the hardest money
available. It is easier to keep increasing the supply of all commodities
than gold, and so over time, all these other commodities will become
relatively more abundant than gold, causing a rise in gold’s purchasing
power over time. As can be seen in Figure 9,8 the U.S. dollar was also
gaining value against commodities whenever it was tied to gold, but lost
value significantly when its connection to gold was severed, as was the
case during the U.S. Civil War and the printing of greenbacks, and in
the period after the 1934 devaluation of the dollar and confiscation of
citizen gold.

The period between 1931 and 1971 was one in which money
was nominally linked to gold, but only through various government
arrangements that allowed for the exchange of gold for paper money
under arcane conditions. This period witnessed instability in the value

8Source: Historical statistics of the United States, Series E 52-63 and E 23-3. Available at https://fred
.stlouisfed.org
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of both government money and gold along with the policy changes. For
a comparison between gold and government money, it is more useful
to look at the period from 1971 to the modern day, where free-floating
national currencies have traded in markets with central banks tasked
with guaranteeing their purchasing power. (See Figure 10.9)

Even the best-performing and most stable government forms of
money have witnessed their value decimated compared to gold, with
their value currently running at around 2–3% of their value in 1971
when they were all delinked from gold. This does not represent a
rise in the market value of gold, but rather a drop in the value of fiat
currencies. When comparing prices of goods and services to the value
of government money and gold, we find a significant rise in their
prices as expressed in government money, but relative stability in their
prices in gold. The price of a barrel of oil, for instance, which is one of
the key commodities of modern industrial society, has been relatively

9Source: U.S. Federal Reserve statistics. Available at https://fred.stlouisfed.org. Gold price data from
World Gold Council, www.gold.org
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constant in terms of gold since 1971, while increasing by several orders
of magnitude in terms of government money. (See Figure 11.10)

Hard money, whose supply cannot be expanded easily, will likely
be more stable in value than easy money because its supply is largely

10Source: BP statistical review & World Gold Council.
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economies12 was 12.66% in 1970, but has dropped to 3.39% in 2015, a
fall of almost three-quarters.

While savings rates have plummeted across the western world,
indebtedness continues to rise. The average household in the West is
indebted by more than 100% of its annual income, while the total debt
burden of the various levels of government and households exceeds
GDP by multiples, with significant consequences. Such numbers have
become normalized as Keynesian economists assure citizens that debt is
good for growth and that saving would result in recessions. One of the
most mendacious fantasies that pervades Keynesian economic thought
is the idea that the national debt “does not matter, since we owe it to
ourselves.” Only a high-time-preference disciple of Keynes could fail
to understand that this “ourselves” is not one homogeneous blob but is
differentiated into several generations—namely, the current ones which
consume recklessly at the expense of future ones. To make matters
worse, this phrase is usually followed by emotional blackmail along the
lines of “we would be short-changing ourselves if we didn’t borrow to
invest for our future.”

Many pretend this is a miraculous modern discovery from Keynes’s
brilliant insight that spending is all that matters, and that by ensuring
spending remains high, debts can continue to grow indefinitely and
savings can be eliminated. In reality, there is nothing new in this policy,
which was employed by the decadent emperors of Rome during its

12These are the United States, Japan, Germany, U.K., France, Italy, and Canada.



Trim Size: 6in x 9in Ammous c06.tex V1 - 03/05/2018 1:09pm Page 120�

� �

�

120 T H E B I T C O I N S T A N D A R D

0

1

2

3

4

5

6

19
55

19
60

19
65

19
70

19
75

19
80

19
85

19
90

19
95

20
00

20
05

20
10

Figure 13 Unemployment rate in Switzerland, %.

abject, especially when compared to periods with no central planning
and directing of the money supply. Established in 1914, the U.S. Federal
Reserve was in charge of a sharp contraction in reserves in 1920–21, and
then the sharp bust of 1929, whose fallout lasted until the end of 1945.
From then on, economic depressions became a regular and painful part
of the economy, recurring every few years and providing justification for
growing government intervention to handle their fallout.

A good example of the benefits of sound money can be found look-
ing at the fate of the Swiss economy, the last bastion of sound money,
which had kept its currency pegged to gold until its ill-fated decision to
abandon global neutrality and join the International Monetary Fund in
1992. Before that date, the unemployment rate had always been prac-
tically zero, virtually never exceeding 1%. After they joined the IMF,
whose rules prevent governments from tying their currency’s value to
gold, the Swiss economy began to experience the pleasures of Keyne-
sian funny money, with unemployment rate rising to 5% within a few
years, rarely ever dropping below 2%. (See Figure 13.12)

When comparing depressions to periods of the gold standard, it
must be remembered that the gold standard in Europe and the United
States in the nineteenth century was far from a perfect form of sound
money, as there were several flaws in it, most importantly, that banks

12Source: Federal Reserve Economic Data, available at https://fred.stlouisfed.org
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Table 5 Conflict Deaths in the Last Five Centuries

Conflicts Steadily Cost More in Human Lives

Period Conflict-
Related
Deaths
(millions)

World
Population,
Midcentury
(millions)

Conflict-Related
Deaths as Share
of World
Population (%)

16th century 1.6 493.3 0.32
17th century 6.1 579.1 1.05
18th century 7.0 757.4 0.92
19th century 19.4 1,172.9 1.65
20th century 109.7 2,519.5 4.35

the wars were usually brief and fought in battlefields between profes-
sional armies. A major war of the nineteenth century in Europe was the
Franco-Prussian war of 1870–1871, which lasted for 9 months and killed
around 150,000 people, roughly an average week’s tally in World War
II, financed by the easy government money of the twentieth century.
With the gold standard restricting them to finance war from taxation,
European governments had to have their expenses prepared before bat-
tle, spend them on preparing their military as effectively as possible, and
attempt a decisive victory. As soon as the tide of the battle began to
turn against one of the armies, it was a logistically and economically
losing battle to try to increase taxes to rearm the military and turn the
tide—better to try to negotiate a peace with as few losses as possible.
The deadliest wars of the nineteenth century were the Napoleonic wars,
which were carried out before the gold standard was formally adopted
across the continent, after the French revolution’s foolish experiments
with inflation. (See Table 5.13)

As it stands, a large number of firms in all advanced economies spe-
cialize in warfare as a business, and are thus reliant on perpetuating
war to continue being in business. They live off government spend-
ing exclusively, and have their entire existence reliant on there being
perpetual wars necessitating ever-larger arms spending. In the United

13Source: United Nations Development Programme’s Human Development Report (2005).
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Figure 14 Bitcoin supply and supply growth rate assuming blocks are issued
exactly every ten minutes.

of the PoW to obtain the block reward, which raises the difficulty of the
PoW problems, making it more costly to obtain the reward. The cost of
producing a bitcoin will thus generally rise along with the market price.

After setting this supply growth schedule, Satoshi divided each
bitcoin into 100,000,000 units, which were later named satoshis in his
pseudonymous honor. Dividing each bitcoin into 8 digits means that
the supply will continue to grow at a decreasing rate until around the
year 2140, when the digits all fill up and we reach 21,000,000 coins.
The decreasing rate of growth, however, means that the first 20 million
coins will be mined by around the year 2025, leaving 1 million coins to
be mined over one more century.

The number of new coins issued is not exactly as predicted from the
algorithm, because new blocks are not mined precisely every ten minutes,
because the difficulty adjustment is not a precise process but a calibration
that adjusts every two weeks and can overshoot or undershoot its target
depending on how many new miners enter the mining business. In 2009,
when very few people had used Bitcoin at all, the issuance was far below
schedule, while in 2010 it was above the theoretical number predicted
from the supply. The exact numbers will vary, but this variance from the
theoretical growth will decrease as the supply grows. What will not vary
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Table 6 Bitcoin Supply and Growth Rate

Year 2009 2010 2011 2012 2013 2014 2015 2016 2017

Total BTC
supply,
millions

1.623 5.018 8.000 10.613 12.199 13.671 15.029 16.075 16.775

Annual
growth
rate, %

209.13 59.42 32.66 14.94 12.06 9.93 6.80 4.35

Table 7 Bitcoin Supply and Growth Rate (Projected)

Year 2018 2019 2020 2021 2022 2023 2024 2025 2026

Total BTC
supply,
millions

17.415 18.055 18.527 18.855 19.184 19.512 19.758 19.923 20.087

Annual
growth
rate, %

3.82 3.68 2.61 1.77 1.74 1.71 1.26 0.83 0.82

is the maximum cap of coins and the fact that the supply growth rate will
continue to decline as an ever-decreasing number of coins is added onto
an ever-increasing stock of coins.

By the end of 2017, 16.775 million coins were already mined, con-
stituting 79.9% of all coins that will ever exist. The annual supply growth
in 2017 was 4.35%, coming down from 6.8% in 2016. Table 6 shows the
actual supply growth of BTC and its growth rate.8

A closer look at the Bitcoin supply schedule over the coming years
would give us these estimates for the supply and growth rate. The actual
numbers will surely vary from this, but not by much. (See Table 7.9)

Figure 15 extrapolates the growth rate of the main global reserve
currencies’ broad money supply and gold over the past 25 years into the
next 25 years, and increases the supply of bitcoins by the programmed
growth rates. By these calculations, the bitcoin supply will increase by
27% in the coming 25 years, whereas the supply for gold will increase by

8Source: blockchain.info.
9Source: author’s calculations.
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Figure 15 Projected Bitcoin and national currency percentage growth in supply
over 25 years.

52%, the Japanese yen by 64%, the Swiss franc by 169%, the U.S. dollar
by 272%, the euro by 286%, and the British pound by 429%.

This exposition can help us appreciate the salability of bitcoin and
how it fulfills the functions of money. With its supply growth rate drop-
ping below that of gold by the year 2025, Bitcoin has the supply restric-
tions that could make it have considerable demand as a store of value; in
other words, it can have salability across time. Its digital nature that makes
it easy to safely send worldwide makes it salable in space in a way never
seen with other forms of money, while its divisibility into 100,000,000
satoshis makes it salable in scale. Further, Bitcoin’s elimination of inter-
mediary control and the near-impossibility of any authority debasing
or confiscating it renders it free of the main drawbacks of government
money. As the digital age has introduced improvements and efficiencies
to most aspects of our life, Bitcoin presents a tremendous technolog-
ical leap forward in the monetary solution to the indirect exchange
problem, perhaps as significant as the move from cattle and salt to gold
and silver.

Whereas traditional currencies are continuously increasing in supply
and decreasing in purchasing power, bitcoin has so far witnessed a large
increase in real purchasing power despite a moderate, but decreasing and
capped, increase in its supply. Because miners who verify transactions
are rewarded with bitcoins, these miners have a strong vested interest in
maintaining the integrity of the network, which in turn causes the value
of the currency to rise.
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Figure 16 Price of Bitcoin in US dollars.

supply arbitrarily by any authority in response to price spikes explains
the meteoric rise in the purchasing power of the currency. When there
is a spike in demand for bitcoins, bitcoin miners cannot increase produc-
tion beyond the set schedule like copper miners can, and no central bank
can step in to flood the market with increasing quantities of bitcoins, as
Greenspan suggested central banks do with their gold. The only way for
the market to meet the growing demand is for the price to rise enough
to incentivize the holders to sell some of their coins to the newcomers.
This helps explain why in eight years of existence, the price of a bitcoin
has gone from $0.000994 on October 5, 2009, in its first recorded trans-
action, to $4,200 on October 5, 2017, an increase of 422,520,000% in
eight years and a compound annual growth rate of 573% per year. (See
Figure 16.13)

For the bitcoin price to rise, people must hold it as a store of value,
and not just spend it. Without a number of people willing to hold
the currency for a significant period of time, continued selling of the
currency will keep its price down and prevent it from appreciating.

13Source: Coindesk Bitcoin Price Index. Available at www.coindesk.com/price
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Table 8 Annual Transactions and Average Daily Transactions

Year Transactions Average Daily Transactions

2009 32,687 90
2010 185,212 507
2011 1,900,652 5,207
2012 8,447,785 23,081
2013 19,638,728 53,805
2014 25,257,833 69,200
2015 45,661,404 125,100
2016 82,740,437 226,067
2017 103,950,926 284,797

would not be guaranteed. While the transactions could be carried out
without need for trust in a third party, the network would be vulnerable
to attack by any malicious actor mobilizing large amounts of process-
ing power. In other words, without a conservative monetary policy and
difficulty adjustment, Bitcoin would only have succeeded theoretically
as digital cash, but remained too insecure to be used widely in prac-
tice. In that case, the first competitor to Bitcoin that introduced a hard
money policy would make the updating of the ledger and production of
new units progressively more expensive. The high cost of updating the
ledger would give miners an incentive to be honest with their updat-
ing of the ledger, making the network more secure than easy money
contenders.

The growth in the price is a reflection of the growing use and utility
that the network offers its users. The number of transactions on the net-
work has also grown rapidly: whereas 32,687 transactions were carried
out in 2009 (at a rate of 90 transactions per day), the number grew to
more than 103 million transactions in 2017 (at a daily rate of 284,797
transactions). The cumulative number of transactions is approaching 300
million transactions in January 2018. Table 816 and Figure 1717 show the
annual growth.

While the growth in transactions is impressive, it does not match the
growth in the value of the total stock of the Bitcoin currency, as can be

16Source: blockchain.info
17Source: blockchain.info
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Figure 17 Annual transactions on the Bitcoin network.

evidenced by the fact that the number of transactions is far less than what
would be transacted in an economy whose currency had the value of the
bitcoin supply; 300,000 daily transactions is the number of transactions
that takes place in a small town, not in a medium-sized economy, which
is around the value of the supply of Bitcoin. Further, with the current
size of Bitcoin blocks being limited to 1 megabyte, 500,000 transactions
per day is close to the upper limit that can be carried out by the Bitcoin
network and recorded by all peers on the network. Even as this limit
is reached and its presence is well-publicized, the growth in the value
of the currency and the value of daily transactions has not abated. This
suggests that Bitcoin adopters value it more as a store of value than a
medium of exchange, as will be discussed in Chapter 9.

The market value of transactions has also increased over the
network’s lifetime. The peculiar nature of Bitcoin transactions makes it
hard to precisely estimate the exact value of transactions in bitcoins or
U.S. dollars, but a lower-bound estimate sees an average daily volume
of around 260,000 bitcoins in 2017, with highly volatile growth over
Bitcoin’s lifetime. While the bitcoin value of transactions has not
increased appreciably over time, the market value of these transactions
in U.S. dollars has. The volume of transactions was $375.6 billion U.S.
dollars in 2017. In total, by its ninth birthday, Bitcoin had processed half
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Table 9 Total Annual US Dollar Value of All
Bitcoin Network Transactions

Year Total USD Value Transacted

2009 0
2010 985,887
2011 417,634,730
2012 607,221,228
2013 14,767,371,941
2014 23,159,832,297
2015 26,669,252,582
2016 58,188,957,445
2017 375,590,943,877
Total 499,402,199,987

a trillion US dollars’ worth of transactions, with USD value calculated
at the time of the transaction. (See Table 9.18)

Another measure of the growth of the Bitcoin network is the value of
the transaction fees required to process the transactions. Whereas Bitcoin
transactions can theoretically be processed for free, it is incumbent on the
miners to process them, and the higher the fee, the faster they are likely
to pick them up. In the early days when the number of transactions
was small, miners would process transactions that did not include a fee
because the block subsidy of new coins itself was worth the effort. As
demand for Bitcoin transactions grew, miners could afford to be more
selective and prioritize transactions with higher fees. Fees were under
$0.1 per transaction up until late 2015, and started rising above $1 per
transaction around early 2016. With the quick rise in Bitcoin’s price in
2017, the average daily transaction fee had reached $7 by the end of
November. (See Figure 18.19)

While the price of bitcoin has generally risen over time, this rise
has been highly volatile. Figure 19 shows the 30-day standard devia-
tion of daily returns for the past five years of bitcoin trading.20 While
the volatility appears to be declining, it remains very high compared

18Source: blockchain.info
19Source: blockchain.info
20Source: Author’s calculations based on USD data from St. Louis Federal Reserve Economic Data, and
Bitcoin data from coindesk.com



Trim Size: 6in x 9in Ammous c08.tex V1 - 03/05/2018 1:09pm Page 188�

� �

�

188 T H E B I T C O I N S T A N D A R D

0.001

0.01

0.1

1

10

2011 2012 2013 2014 2015 2016 2017

Figure 18 Average U.S. dollar value of transaction fees on Bitcoin network,
logarithmic scale.

0
0.02
0.04
0.06
0.08
0.1

0.12
0.14
0.16
0.18
0.2

Bitcoin US Dollar

Oct-
11

Ja
n-

12

Apr
-1

2

Ju
l-1

2

Oct-
12

Ja
n-

13

Apr
-1

3

Ju
l-1

3

Oct-
13

Ja
n-

14

Apr
-1

4

Ju
l-1

4

Oct-
14

Ja
n-

15

Apr
-1

5

Ju
l-1

5

Oct-
15

Ja
n-

16

Apr
-1

6

Ju
l-1

6

Figure 19 Monthly 30-day volatility for Bitcoin and the USD Index.

to that of national currencies and gold, and the trend is still too weak
to conclusively determine if it will continue to decline. The 30-day
volatility of the U.S. Dollar Index is included in Figure 19 to provide
perspective.
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Table 10 Average Daily Percentage Change and Standard
Deviation in the Market Price of Currencies per USD over the
Period of September 1, 2011, to September 1, 2016

Average Daily % Change Standard Deviation

CNY 0.00002 0.00136
USD 0.00015 0.00305
GBP 0.00005 0.00559
INR 0.00019 0.00560
EUR −0.00013 0.00579
JPY 0.00020 0.00610
CHF 0.00003 0.00699
Gold −0.00018 0.01099
Bitcoin 0.00370 0.05072

Examining price data for gold and major national and crypto cur-
rencies shows a marked difference in the volatility in the market price of
these currencies. Daily returns were collected for the previous five years
for gold, major fiat currencies, and bitcoin. The major national curren-
cies each had a standard deviation more than seven times larger than that
of Bitcoin. (See Table 10.21)

Bitcoin’s volatility derives from the fact that its supply is utterly inflex-
ible and not responsive to demand changes, because it is programmed
to grow at a predetermined rate. For any regular commodity, the varia-
tion in demand will affect the production decisions of producers of the
commodity: an increase in demand causes them to increase their pro-
duction, moderating the rise in the price and allowing them to increase
their profitability, while a decrease in demand would cause producers to
decrease their supply and allow them to minimize losses. A similar situ-
ation exists with national currencies, where central banks are expected
to maintain relative stability in the purchasing power of their currencies
by setting the parameters of their monetary policy to counteract mar-
ket fluctuations. With a supply schedule utterly irresponsive to demand,
and no central bank to manage the supply, there will likely be volatility,

21Prices of all currencies measured in USD while USD Index is used for the U.S. dollar. National
currency data from St. Louis Federal Reserve Economic Data. Gold data from World Gold Council.
Bitcoin data from coindesk.com
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human time. Each human has a limited time on earth, and that is the
only scarcity we deal with as individuals. As a society, our only scarcity is
in the total amount of time available to members of a society to produce
different goods and services. More of any good can always be produced
if human time goes toward it. The real cost of a good, then, is always its
opportunity cost in terms of goods forgone to produce it.

In all human history, we have never run out of any single raw mate-
rial or resource, and the price of virtually all resources is lower today than
it was in past points in history, because our technological advancement
allows us to produce them at a lower cost in terms of our time. Not
only have we not run out of raw materials, the proven reserves that exist
of each resource have only increased with time as our consumption
has gone up. If resources are to be understood as being finite, then the
existing stockpiles would decline with time as we consume more. But
even as we are always consuming more, prices continue to drop, and the
improvements in technology for finding and excavating resources allows
us to find more and more. Oil, the vital bloodline of modern economies,
is the best example as it has fairly reliable statistics. As Figure 20 shows,
even as consumption and production continue to increase year on
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Figure 21 Total available global stockpiles divided by annual production.

commodity whose supply is strictly limited. No matter how many people
use the network, how much its value rises, and how advanced the equip-
ment used to produce it, there can only ever be 21 million bitcoins
in existence. There is no technical possibility for increasing the supply
to match the increased demand. Should more people demand to hold
Bitcoin, the only way to meet the demand is through appreciation of
the existing supply. Because each bitcoin is divisible into 100 million
satoshis, there is plenty of room for the growth of Bitcoin through the
use of ever-smaller units of it as the value appreciates. This creates a new
type of asset well-suited for playing the role of store of value.

Until Bitcoin’s invention, all forms of money were unlimited in their
quantity and thus imperfect in their ability to store value across time.
Bitcoin’s immutable monetary supply makes it the best medium to store
the value produced from the limited human time, thus making it arguably
the best store of value humanity has ever invented. To put it differently,
Bitcoin is the cheapest way to buy the future, because Bitcoin is the only
medium guaranteed to not be debased, no matter how much its value
rises. (See Figure 21.3)

3Sources: U.S. Geological Survey data for gold. Silver Institute data for silver. Blockchain.info and author’s
calculations for Bitcoin. BP Statistical Review of World Energy for oil. National currency data from
Federal Reserve Economic Data, available at https://fred.stlouisfed.org. Author’s estimates for copper.
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Figure 22 Blockchain decision chart.

and high-profile confusion is the notion that a mechanism that is part of
Bitcoin’s operation—putting transactions into blocks which are chained
together to form the ledger—can somehow be deployed to solve or
improve economic or social problems, or even “revolutionize” them,
as is the wont of every newfangled overhyped toy invented these days.
“Bitcoin is not important, but the underlying blockchain technology
is what holds promise” is a mantra that has been repeated ad nauseam
between 2014 and 2017 by banking executives, journalists, and politi-
cians, who all share one thing in common: a lack of understanding of
how Bitcoin actually works. (See Figure 22.)

The fixation with blockchain technology is a great example of
“cargo cult science,” an idea popularized by physicist Richard Feynman.
The story goes that the U.S. military established airplane landing strips
to aid in military operations on an island in the South Pacific Ocean
during World War II. The airplanes would usually bring gifts to the
local inhabitants of the island, who used to enjoy them immensely. After
the war ended and the airplanes stopped landing on the strip, the locals
tried their best to bring the airplanes and their cargo back. In their
desperation, they would mimic the behavior of the long-gone military
airport ground controllers, thinking that if they put a man in a hut with
an antenna and light a fire, as the military ground controllers used to do,
then the airplanes would come back and bring them the gifts. Clearly
such a strategy could not work, because the procedures of the ground
controllers were not creating airplanes out of thin air; they were but
one integral part of an elaborate technological process, beginning with




