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Abstract: 
 
The advent of cryptocurrencies has enabled the creation of a number of assets that break traditional 
economic paradigms regarding monetary issuance. The first and most famous cryptocurrency, 
Bitcoin, adopted a monetary policy with falling issuance and a 21 million units supply limit which 
has thus far been highly price-deflationary. Assets that blur the distinction between currencies and 
securities, such as Binance Coin, have adopted a purely deflationary model, where tokens are 
bought back and burned in order to reduce the circulating supply. More recently a protocol named 
Ampleforth has aimed to maintain nominal price stability by having an elastic supply and going 
through periods of monetary expansion and contraction. In this work I want to explore what 
standard monetary theory would predict would happen under these non-standard monetary regimes 
and whether the empirical data fits these predictions. Further, I propose a new cryptocurrency, Fire 
(XFR), that achieves a constantly and aggressively deflationary monetary policy through daily 
rebasing. My main findings are that deflation through currency debasement probably leads to an 
increase in the nominal exchange rate with other currencies and to negative nominal interest rates. 
The real exchange and nominal rates, like with most cryptocurrencies will be highly volatile, as 
they will depend on a variety of exogenous factors that affect demand. 
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THE TRADITIONAL VIEW OF DEFLATION: ZERO-LOWER BOUNDS, 
DEFLATIONARY SPIRALS, AND HOW NEGATIVE NOMINAL INTEREST RATES 
COULD BE IMPLEMENTED 
 
 
The IS-MP-PC model: 
 
Standard economic thought models the economy according to the IS-MP-PC model1, where: 
 
The Phillips curve (PC) models the relationship between inflation and output. Assuming for 
simplicity there are no random inflation shocks, the equation would for the PC would be: 
 

𝜋! = 𝜋!" + 𝛾(𝑦! − 𝑦!∗) 
 
Where 𝜋 is inflation, 𝜋" is expected inflation, 𝑦 is output, and 𝑦∗ is the natural level of output.  
 
Inflation expectations are important because employees and unions bargain for real wages over 
discrete periods of time (usually yearly), and what they think inflation will be increases the nominal 
wages they ask for, and this then influences price inflation. 

 
The Income/Spending (IS) curve models the relationship between output and interest rates. 
Assuming for simplicity there are no aggregate demand shocks, the equation for the IS would be 
the following: 
 

𝑦! = 𝑦!∗ − 𝛼(𝑖! − 𝜋! − 𝑟∗) 
 
According to this equation, the output gap depends on real interest rates, that is, the nominal 
interest rate 𝑖!, minus the rate of inflation 𝜋!. 𝑟∗ is the real interest rate at which the output gap 
would be 0.  
 
The Monetary Policy (MP) rule models how the central bank reacts to changes in inflation. 
Throughout this work I will assume the central bank’s only objective is to control inflation and not 
to influence the output gap, as introducing the latter consideration would only increase the 
complexity of the analysis and would not contribute to the points I wish to make. The equation 
would thus be: 
 

𝑖! = 𝑟∗ + 𝜋∗ + 𝛽$(𝜋! − 𝜋∗) 
 
Assuming that 𝛽$ > 0, this means that the central bank increases the nominal interest rate when 
the inflation rate is above the natural level, and decreases it when the inflation rate is below the 
natural level. If inflation is at the natural level, the nominal interest rate simply equals the natural 
real interest rate plus the natural inflation rate. 
 
This model can be simplified by replacing the 𝑖! in the IS curve, with the MP equation.  

 
1 Teaching Inflation Targeting: An Analysis for Intermediate Macro" Carl Walsh, 2002, Journal of Economic Education. 



 
 

𝑦! = 𝑦!∗ − 𝛼([𝑟∗ + 𝜋∗ + 𝛽$(𝜋! − 𝜋∗)] − 𝜋! − 𝑟∗)	
 

This results in the IS-MP curve: 
 

𝑦! = 𝑦!∗ − 𝛼(𝛽$ − 1)(𝜋! − 𝜋∗) 
 
This equation implies that the IS-MP curve will be downward sloping as long as the parameter 𝛽$ 
is greater than one. This is because if 𝛽$ > 1, then an increase in inflation will cause the central 
bank to react such that the real interest rate is lower, whereas if, for example it were the case that 
0 < 𝛽$ < 1, then an increase in inflation would lead to an increase in the nominal interest rate, 
but said increase would be outweighed by the increase in inflation, leading overall to a decrease in 
the real interest rate.  
 
The model can be illustrated by the following diagram: 
 
 

 
Diagram from : Lecture Notes on Macroeconomics, Karl Whelan, University College Dublin, January 2020. 

 
 
The Zero-lower bound: 
 
The zero-lower bound is the idea that nominal interest rates cannot go below zero. The reason for 
this is that the nominal value of cash is fixed. So if the central bank offers a negative interest rate 
to banks for the reserves they deposit with it, the banks would be better off simply holding the cash 
in their vaults. By the same token, if commercial banks offered negative interest rates to customers, 
they would be better off withdrawing their cash and holding it under the mattress.  
 



In recent years however central banks have been able to pay nominal interest rates that are slightly 
below zero for reserves. Economists generally agree that this is related to the costs associated with 
storing and maintaining cash. 
 
However, henceforth I will assume for simplicity that the zero-lower bound is the effective-lower 
bound. Hence, the monetary policy equation would be: 
 

𝑖! = max[𝑟∗ + 𝜋∗ + 𝛽$(𝜋! − 𝜋∗), 0] 
 
This implies that for some 𝜋%&', for all 𝜋! such that 𝜋! < 𝜋%&', 𝑖! = 0.  
 
This also implies that the IS-MP curve would change and become:  
 

𝑦! = 8𝑦!
∗ − 𝛼(𝛽$ − 1)(𝜋! − 𝜋∗)								𝑖𝑓	𝜋! > 𝜋%&'
𝑦!∗ + 𝛼(𝑟∗ + 𝜋!)																									𝑖𝑓	𝜋! ≤ 𝜋%&'

 

 
Because when the inflation rate is below 𝜋%&', we substitute 𝑖! with 0 rather than a negative value. 
 
This adjustment implies that when the rate of inflation is above 𝜋%&', higher levels of inflation are 
associated with lower values of output and the IS-MP curve is downward sloping, however, when 
the inflation level is below 𝜋%&', higher levels of inflation are associated with higher levels of 
output and the IS-MP curve is upward sloping.  
 
The Liquidity trap: 
 
When inflation is under 𝜋%&', then output is given by  
 

𝑦! = 𝑦!∗ + 𝛼(𝑟∗ + 𝜋∗) 
 
And inflation is given by the PC 
 

𝜋! = 𝜋!" + 𝛾(𝑦! − 𝑦!∗) 
Hence we have: 
 

𝜋! = 𝜋!" + 𝛾(𝑦!∗ + 𝛼𝑟∗ + 𝛼𝜋∗ − 𝑦!∗) 
	

𝜋! =
1

1 − 𝛼𝛾 𝜋!
" +

𝛼𝛾
1 − 𝛼𝛾 𝑟

∗ 

 
Note that (

()*+
> 1, so when inflation expectations move, this has a disproportionate effect on 

actual inflation, leading to instability in the system. Hence, at the ZLB, deflation becomes a self-
fulfilling prophecy, a reinforcing mechanism that sinks the economy into ever lower output and 
ever lower inflation. This situation can be illustrated by the following diagram: 
 



 
Diagram from : Lecture Notes on Macroeconomics, Karl Whelan, University College Dublin, January 2020. 

 
Traditionally it has been difficult to get out of liquidity traps. This is because even if the public 
has a strong belief its central bank is committed to maintaining the inflation target, once the interest 
rate is zero it is believed the central bank has limited maneuverability. Even if the central bank 
commits to temporarily increase the future inflation target, this promise is not very believable as 
when the liquidity trap ends, the central bank has a great incentive to simply target their traditional 
inflation goal rather than the inflation goal promised earlier. If people default to adaptive 
expectations, and expect ever lower inflation, a downward spiral with ever lower income and ever 
lower output ensues.   
 
Traditional prescriptions to end a liquidity trap: 
 
1) Positive shock to aggregate demand: 
 
This policy solution has historically mainly been executed through fiscal policy, either through 
lower taxes or through increased government spending.  
 
2) Committing to maintaining low short-term interest rates in order to lower the long-term interest 

rate: 
 
Even if short-term interest rates are already at the zero-lower bound, this does not necessarily 
imply that long-term rates are also as low as they could be. By signaling that they intend to keep 



short-term nominal interest rates low for a long period of time, the central bank may contribute 
to lower long-term nominal rates and thus stimulate the economy. However, there is some 
evidence that “stimulative monetary policy shocks lower Treasury and corporate bond yields but 
the effects die off fairly fast.”2 
 
3) Temporarily increasing target inflation: 
 
If the central bank announces that the target inflation will temporarily increase, this might increase 
inflation expectations, and thus increase output. However, if people realize that there is little the 
central bank can actually do to achieve a higher rate of inflation, or if they think that once the 
economy is out of the liquidity trap then the central bank will have an incentive to default on their 
promise, then the policy will not work. Moreover, there is some empirical evidence that inflation 
expectations are more heterogeneous and slower to change than the assumptions undergirding this 
policy suggest. This would meant that “forward guidance is less powerful.”3 
 
 As an example, in 2013 the Central Bank of Japan changed their inflation target from 1% to 2% 
per year. However, the available evidence suggests that this has not resulted in either higher 
inflation expectations, or in higher actual inflation. 
 
4) Depreciating the exchange rate: 
 
The central bank could also start buying foreign currencies and hence contribute to a depreciation 
of the local currency. This would have two effects. First, it would increase the price of imports, 
and hence contribute to higher inflation. Second, it would make exports cheaper relative to 
products from other countries in the global markets, hence increasing aggregate demand. This 
approach has been called a “foolproof way to escape from a liquidity trap"4. However, there is a 
danger that foreign central banks will respond by implementing similar policies, thus cancelling 
out the effects the policy was supposed to have on the exchange rates. This concern is especially 
relevant during a global recession where all or most of the world might be attempting to avoid a 
liquidity trap.  
 
Merely one alternative: 
 
An alternative that has never been tried by any central bank so far, but that on a purely economic-
incentive level should solve the problem is implementing a policy that would allow the central 
bank to reduce the interest rate below the lower bound. 
 
The traditional argument that dictates that the nominal interest rate cannot go below a lower bound 
depends on the idea that people and institutions have an alternative whose nominal value is fixed, 
namely cash. But this does not need to be the case. 
 

 
2 What does Monetary Policy do to Long‐term Interest Rates at the Zero Lower Bound? Jonathan H. Wright The Economic Journal, Volume 
122, Issue 564, November 2012, Pages F447–F466 
3 Empirical Properties of Inflation Expectations and the Zero Lower Bound, Mirko Wiederholt, Goethe University Frankfurt and CEPR, October 
2015 
4 Lars Svensson (2003). “Escaping from a Liquidity Trap and Deation: The Foolproof Way and Others." Journal of Economic Perspectives. 



One possible way to achieve this is to eliminate cash, and only rely on electronic means of payment 
and saving subject to the negative interest rates. This is an idea that some academics have flirted 
with in recent years, going as far as to say that “there has been much discussion about eliminating 
the zero lower bound by eliminating paper currency”5.  However, they themselves called this a 
“radical and difficult” approach. Further, this might work some day in advanced economies, but 
in developing nations where cash is a lot more ubiquitous, this proposal is inconceivable.  
 
Alternatively, the central bank could simply announce that from some point in time, forth and until 
the policy changes, all the cash bills will lose nominal value with time.  
 
This policy can be illustrated by the following example: 
 
Suppose a 5 EUR bill was printed on 2025. Suppose further that in late 2029, the Euro Area enters 
a liquidity trap. The nominal interest rate is at its lower bound, even the long-term interest rate, 
inflation is -5%, and output is decreasing rapidly at -5% per year as well. The ECB then announces 
that from the 1st of January 2030, all the cash bills in the Euro Area will lose their nominal value 
at a rate of 6% per year. So, in 2030, this 5 EUR bill will be worth 5x0.94 EUR, and in 2031 it will 
be worth 5x(0.94^2) EUR, and so on. If in 2035 the situation somewhat improves, and the central 
bank dictates that cash will lose its nominal value at a rate of 3% per year instead, then in 2036 
this same 5 EUR bill will be worth 5x(0.94^5)x0.97, and in 2037 it will be 5x(0.94^5)x(0.97^2), 
and so on. This would have several effects.  
 
We can distinguish between two rates of inflation now, the nominal rate of inflation, and the real 
rate of inflation. The nominal rate of inflation tracks how prices of goods and services in the 
economy, denominated in Euros, change over time. The real rate of inflation, to a reasonable 
approximation, is the nominal rate of inflation, plus the rate at which cash is depreciating, which I 
will call D from now on.  
 
Nominal rate of inflation: 
𝜋! = %Δ𝑃𝑟𝑖𝑐𝑒,-."/	
Π0 ≈ %Δ𝑃𝑟𝑖𝑐𝑒,-."/ + 𝐷	
 
In our example: 
 
𝜋! = −5%	
Π0 ≈ −5%+ 6% = 1% 
 
In effect, the central bank can control real inflation directly by simply instituting and announcing 
this policy. I will return to the “simply” part of the previous sentence later, and discuss practical 
obstacles to this policy. For now let us look at the effect this policies would have according to the 
IS-MP-PC model.  
 
We have seen that inflation expectations are important because yearly wage negotiations take the 
expected change in the economy’s price level into account when bargaining for real wages. 

 
5 Breaking through the zero lower bound, R Agarwal, M Kimball - 2015 



However, a policy that reduces the nominal value of cash over time is irrelevant to this. First 
because at this point few wages in advanced economies are paid in cash, most are paid through the 
banking system. Second, and more importantly, even for those wages that are paid in cash, 
employers would only pay the cash equivalent of the nominal wage that was bargained for. The 
fact that the nominal value of cash bills falls with time is therefore irrelevant to this component of 
the PC, and indeed to the PC in general. The PC models the change in the economy’s price level, 
not in what I have called “real inflation”.  
 
What does change in our zero-lower bound model is the IS-MP curve. The primary argument for 
the existence of the zero-lower bound in the nominal interest rate is that both banks and individuals 
have a choice that keeps its nominal value: holding cash in vaults, or under the mattress. However, 
if cash can also lose its nominal value over time then there is no reason to think that the nominal 
interest rate should have a zero-lower bound, or indeed any lower-bound at all.  
 
In the example above the Central Bank dictated that cash would lose its nominal value at a rate of 
6% per year. This increased the real rate of inflation from -5% to +1%. It also gives the Central 
bank the ability to lower the nominal interest rate it pays on reserves down to -6%, because at that 
rate (assuming no storage costs) banks are indifferent between holding their EUR in reserves or 
storing the cash in their vaults.  
 
Hence we no longer have an IS-MP curve that looks like this: 
 

𝑦! = 8𝑦!
∗ − 𝛼(𝛽$ − 1)(𝜋! − 𝜋∗)								𝑖𝑓	𝜋! > 𝜋%&'
𝑦!∗ + 𝛼(𝑟∗ + 𝜋∗)																									𝑖𝑓	𝜋! ≤ 𝜋%&'

 

 
We are back with an IS-MP curve that looks like this: 
 

𝑦! = 𝑦!∗ − 𝛼(𝛽$ − 1)(𝜋! − 𝜋∗) 
 
And there is no such thing as a nominal rate of inflation where nominal interest rates hit a lower 
bound. Diagrammatically, this means that is IS-MP curve is no longer kinked below 𝜋%&', but 
continues to slope downward indefinitely. 
 
Now when it comes to the real interest rate, the method for calculating it under this policy is exactly 
the same. The only difference is that under this policy the central bank can offer negative nominal 
interest rates. The formula for the real interest rate therefore remains: 
 

𝑟! = 𝑖! − 𝜋! 
 
The nominal interest rate the central bank pays on reserves is one of the bank’s alternatives to 
holding cash in their vaults. Suppose cash loses its nominal value at a rate of 6% per year, and 
suppose the central bank offers a -4% interest rate on reserves. Banks would be better off holding 
reserves than holding cash in their vaults roughly by that 2% difference. We also need to consider 
the fact that prices are falling at a rate of 5% per year. So if banks are losing 4% of the nominal 
value of their reserves per year, but prices are falling at 5% per year, then the real interest rate 
banks are earning on their reserves is in fact a positive 1%. If the central bank wanted to offer 



negative real interest rates under these circumstances, they could set the rate of depreciation of 
cash at, for example, -7%, and set the nominal interest rate on reserves at -6%. Under these 
circumstances, banks would be 1% better off holding reserves than holding cash in their vaults, 
but since they are being charged 6% for holding reserves and the price level is falling by only 5%, 
then the real interest rate is -1%.  
 
When you consider that the central banks of many major economies already pay negative interest 
rate on one of their liabilities, namely reserves, it is not difficult to imagine that they could institute 
this policy, which would merely be the equivalent of paying negative interest rates on another one 
of their liabilities, namely, banknotes.    
 
Practical obstacles to this alternative: 
 
Although as a matter of economic incentive alignment, this policy solves the liquidity trap 
problem, in the real world there are a number of practical impediments to implementing it.  
 
First, even though people constantly experience a loss in the real value of their cash, through 
inflation, and they have come to accept this as a normal part of life, it is a lot more difficult to 
convince the public, politically, that now their cash is going to lose its nominal value. Most people 
have a bias that leads them to place a heavier weight on nominal value than real value. To a rational 
economic agent, losing 2% of their real cash under the mattress savings through an increase in the 
economy’s price level or through a loss in the nominal value of the cash are exactly the same. But 
to apes who have been used to their cash holding their nominal value all their lives, the former 
might be part of the background noise of life, while the latter might be an unacceptable plundering 
of their hard earned money.  
 
Second, when bills have lived long lives and have gone through many years when they have 
depreciated at different rates, it would be difficult for people to assess what their nominal value is. 
Most people are bad at mathematics. To ask all the employees of businesses that deal with cash to 
perform extra calculations when receiving cash would introduce friction in the economy and raise 
the cost of transacting in older bills, perhaps reducing their fungibility. This objection however, 
holds less water in the age of smartphones and the internet, as all the central bank would need to 
do would be to set up a website, or a mobile app where one could input the value of a bill, say 5 
EUR, and the year it was issued, say 2010, and let the calculator give you the nominal value of 
that bill in the current year. So for example, if that bill were accepted in 2020, and it went through 
2 years where it did not depreciate, three years where it depreciated at 4%, two years at 2%, one 
year at 1%, and in its final two years it did not depreciate anymore, its nominal value would be 
5x(1^2)x(0.96^3)x(0.98^2)x(0.99^1)x(1^2).  
 
Third, and most importantly, central bankers tend to be conservative, risk-averse individuals. New 
policies that differ radically from orthodoxy might be interesting to them on an academic level, 
but if solutions that have been tried before have worked well enough, they would probably prefer 
to stick to those.  
 



That said, and as we will see later in this work, a social and economic experiment that closely 
resembles this proposal is currently playing out in the cryptocurrency markets, an Ethereum token 
called Ampleforth. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



BITCOIN 
 
Cryptocurrency allows one to experiment with different monetary policies. Take the first, largest, 
and most important cryptocurrency: Bitcoin. Its creator introduced a monetary policy whose rules 
were fixed at the beginning of the system’s existence, and whose enforcement throughout the 
system’s existence would be guaranteed by the laws of game theory. In terms of monetary 
issuance, said monetary policy would be disinflationary (not deflationary as many people in the 
ecosystem mistakenly believe), that is, Bitcoin has a positive emission rate, but this rate falls over 
time. Initially, 50 Bitcoins were created every ten minutes, on average. This number would halve 
every 4 years. Currently, only 6.25 Bitcoins are created every 10 minutes, on average.  
 
In terms of the price of Bitcoin however, this monetary policy has turned out to be highly 
deflationary, that is, if you look at a basket of goods and services you can buy with one unit of 
Bitcoin in a given year, and then look at a basket of goods and services you can buy with one unit 
of Bitcoin a few years later, most likely you will see that the basket has expanded over time. If 
Bitcoin were the standard currency we use to price goods and services, we would say the last few 
years have seen massive deflation. 
 
Imagine a country or an economy whose currency is Bitcoin, call it CryptoLand (or maybe, El 
Salvador?), and whose monetary policy is not dictated by a central bank that targets a particular 
price inflation target, but by the Bitcoin protocol. In this case we need to alter our previous IS-MP-
PC model slightly. Instead of having a monetary policy curve, which describes how the central 
bank reacts to inflation, we should have the LM curve, which models the relationship between the 
real money stock, nominal interest rates and output: 
 

𝑚!

𝑝!
= 𝛿 − 𝜇𝑖! + 𝜃𝑦! 

 
Or equivalently: 
 

𝑦! =
1
𝜃 J
𝑚!

𝑝!
− 𝛿 + 𝜇𝑖!K 

 
We then combine this positive relation between output and the nominal interest rate with the 
negative relationship between output and the nominal interest rate we had with the IS curve and 
get the equilibrium values of both 𝑦! and 𝑖!. 
 
Now, we can also model the exchange rate between Bitcoin and other currencies using the 
Interest Parity Condition equation: 
 

1 + 𝑖! = (1 + 𝑖!∗)
𝑒!

𝐸[𝑒!1(]
 

 
Or: 
 



𝑒! =
1 + 𝑖!
1 + 𝑖!∗

𝐸[𝑒!1(] 

 
This relationship can be understood in terms of a simple arbitrage argument. Investors who are 
risk neutral have a choice between investing in domestic bonds and getting 𝑖!, or investing in 
foreign bonds and getting 𝑖!∗, however, when they invest in foreign bonds they are also exposed 
to exchange rate volatility. So in order for them to be indifferent between these two options, the 
local interest rate would have to be equal to the foreign one minus the expected appreciation of 
the local currency.  
 
Graphically: 
 

 
Diagram from: Introduction to Macroeconomics, TOPIC 5: The IS-LM Model in an Open Economy, Annaig Morin, CBS - 
Department of Economics, August 2013 

 
Collectively, this set of ideas are known as the Mundell-Fleming exchange rate model. Now we 
are ready to model the effects of the Bitcoin halving on the Bitcoin nominal interest rate and 
exchange rate with other currencies. As a side note, strictly speaking the Bitcoin halving does not 
reduce the monetary base stock, it simply reduces the rate of issuance of Bitcoin over time. So the 
true relationship we would have to model would be: 
 

𝑑𝑦!
𝑑𝑡 =

1
𝜃 O

𝑝!
𝑑𝑚!
𝑑𝑡 − 𝑚!

𝑑𝑝!
𝑑𝑡

(𝑝!)2
+ 𝜇

𝑑𝑖!
𝑑𝑡 P 

 
I will stick to the previous equation for the sake of simplicity and model a fall in .3!

.!
 as though it 

were a fall in 𝑚!. Graphically then, the effects of the Bitcoin halving can be modelled as follows: 
 



 
Diagram from: Introduction to Macroeconomics, TOPIC 5: The IS-LM Model in an Open Economy, Annaig Morin, CBS - 
Department of Economics, August 2013 

 
As seen on the diagram, the model predicts that a period of monetary contraction, such as the 
Bitcoin block reward halving, will lead to an appreciation of the exchange rate, a rise in the 
nominal interest rate and a fall in income.  
 
We may extend this model by incorporating the concept of exchange rate overshooting, introduced 
by Dornbusch in 19766. In this model, the financial markets anticipate an appreciation of the 
exchange rate when the new monetary policy is implemented, and the UIP curve thus shifts to the 
right.  
 

 
6 Expectations and Exchange Rate Dynamics, Rudiger Dornbusch, Journal of Political Economy, Vol. 84, No. 6 (Dec., 1976), pp. 1161-1176 (16 pages) 
 



 
Diagram from: Introduction to Macroeconomics, TOPIC 5: The IS-LM Model in an Open Economy, Annaig Morin, CBS - 
Department of Economics, August 2013 

 
 
 
As seen on the diagrams, when contractionary monetary policy happens, the financial markets 
expect an appreciation of the exchange rate, shifting the UIP curve to the right. And causing the 
exchange rate to rise to a level above its long term equilibrium (E’’). When prices adapt to the new 
monetary policy, and the real money supply Q3!

4!
R increases, the nominal interest rate returns to the 

equilibrium level, the UIP curve shifts back to the left, and the exchange rate settles on the new 
equilibrium (E’) . 
 
Now let us see whether these predictions have held up empirically. 
 

 
Source :  https://www.investopedia.com/bitcoin-halving-4843769 



 
As we can see in the above graph, the first two halvings caused a significant appreciation in the 
price of Bitcoin. Unfortunately the graph does not include the appreciation that has happened since 
the third halving, but it also corroborates this component of the model.  
 
It is still too early to see what kind of a correction will occur after the price appreciation caused by 
the third halving, however, the first and the second halvings do tend to show remarkable 
overshooting of the exchange rate, as in each case the price corrected by over 80% (from a peak 
of 1,100 USD after the first halving to a bottom of almost 200 USD, and from a peak of 20 K USD 
after the second halving to a bottom of about 3,300 USD). 
 
Now let us look at the historical nominal interest rate for borrowing Bitcoin. I have chosen to take 
the data from a cryptocurrency exchange called Bitfinex, as it was one of the first exchanges that 
started margin trading with Bitcoin and as it has lending and borrowing system wherein the interest 
rate is floating and determined by matching orders from borrowers and lenders in the platform (as 
opposed to having an interest rate that is fixed by the platform itself, as with Binance, the largest 
cryptocurrency exchange by volume as of today).  
 

 
 
The above graph shows us the one year moving average of the daily interest rate for borrowing 
Bitcoin on Bitfinex from the first of March 2014 to the first of March 2021. Unfortunately, back 
during the first Bitcoin halving, Bitcoin margin trading did not exist anywhere, so we can only 
fully see the effects of the first halving. As predicted by the theory, nominal interest rates increased 
substantially from the time of the first halving (from about 0.01% daily to about 0.055% daily, a 
more than 5 fold increase), then they peaked roughly half-way in between the second halving and 
the third, and then they slid back down to roughly the level they started at. It is still too early to 
see if the third halving will have similar effects. 



 
Even though the variables involved adjust in a way that corresponds to the predictions of the model 
it is far from clear that the causal mechanisms that lead to these readjustments are the one proposed 
by the model. For example, in the Mundell-Fleming exchange rate model it is the rise in the 
nominal interest rate that causes the economy’s currency to become more attractive to investors, 
and this is what leads to a rise in the exchange rate. However, it is far from clear that the 
appreciation in the price of Bitcoin is due to an increase in the Bitcoin nominal interest rate. After 
all, the expected returns from Bitcoin’s nominal interest rate are minimal compared to the returns 
due to the price appreciation. Suppose the interest rate during the bull-run that followed the second 
halving had been constant at 0.06% daily (a value higher than its actual peak). This would have 
yielded a yearly compounded return of just under 25%. However, in the calendar year 2017 the 
price of Bitcoin appreciated by more than 1,000%. Even the Harvard Business Review recognizes 
that, in their words “The value of cryptocurrencies has appreciated so rapidly that there just wasn’t 
much incentive to worry about gains of a few percent here and there.”7 Moreover, according to the 
exchange rate overshooting model, it is expectations of appreciation which drive the exchange rate 
to overshoot its new equilibrium value. However, if this were the case, in a situation where there 
is perfect capital mobility, the overshooting should happen immediately after the monetary 
tightening. This is not what we observe with Bitcoin either, as, after each halving, the price 
appreciation has happened gradually over a period of about a year. Further, most people in the 
world are completely unaware of the existence of the Bitcoin halving, even among those who have 
heard of Bitcoin, and even many who have invested in cryptocurrency. This weakens support for 
the idea that it is expectations that drive the Bitcoin exchange rate overshooting. 
 
In the case of Bitcoin then, it may be that the rise in the Bitcoin exchange rate is what causes the 
rise in the nominal interest rate, not the other way around. That is, as the price of Bitcoin increases, 
traders who hold Bitcoin fear the price will experience a correction, and hence want a premium 
for holding Bitcoin in the form of a higher yield interest rate. Moreover, as the price of Bitcoin 
increases, interest in shorting Bitcoin both for hedging and speculation also increases, and hence 
this raises the nominal interest rate. Regarding why the price appreciates and overshoots, there 
may be epidemic factors involved in the process. In a previous paper I wrote (see annex 1 and 2) 
I developed an epidemic model in which the buying rate (or infection rate, I), has a quadratic 
relation to the number of infected individuals in the population, while the recovery rate (or selling 
rate) happens linearly. These assumptions lead to exchange rate overshooting when the selling rate 
decreases. Even though this particular paper did not incorporate a time lag component, it easily 
could.  
 
The other prediction of the models I laid out above is that incomes would fall. As we have seen, 
the tightening of the Bitcoin monetary policy has thus far always caused massive deflation, 
understood as a fall of the prices of goods and services in terms of Bitcoin. According to the 
standard IS-LM-PC model with ZLB, and if one assumes adaptive expectations, a period of 
deflation leads to a fall in income and to deflation expectations, which in turn leads to a further 
fall in income and even larger deflation expectations. The scenario that ensues seems like the 
economist’s nightmare. If people operate under adaptive expectations about inflation, then, and 
there is no central bank to control monetary policy, it would seem that the price level of the 

 
7 Harvard Business review (February 23, 2021), What Happens When Cryptocurrencies Earn Interest?  
 



economy would fall indefinitely, or, equivalently, that the Bitcoin price would rise forever, and 
investments in the productive real sector of the economy would cease to be. Indeed, in Matthias 
Fleckenstein, Francis A. Longstaff and Hanno Lustig found that “that deflation risk is strongly 
negatively correlated with outcomes in the financial markets and with consumer confidence.”8 And 
their findings, to my understanding, are very representative of what the macro-economic literature 
has to say about the deflation phenomenon. 
 
However, as a long-term Bitcoin holder I know the price of Bitcoin does not rise forever. Further, 
the Bitcoin block reward halving is not usually ensued by a time of diminishing financial prospects 
and forced frugality, quite the opposite, my financial situation, demand for consumption, and even 
demand for alternative investments tends to increase rather than decrease as Bitcoin deflation 
pervades the Bitcoin pegged economy.  
 
I think we can use macro-economic frameworks that model the behavior of consumers as asset 
prices change as an alternative for understanding the effects of deflation on individual behavior. 
After all, Bitcoin may be a cryptocurrency, but it is also an asset. Similarly, the US Dollar and the 
Euro are currencies, but they are also assets. Recall the equation 
 

𝐴!1( = (1 + 𝑟!1()(𝐴! + 𝑌! − 𝐶!) 
 
Where Y is labour income, C is consumption, A is the stock of assets owned by a household (which 
include cash savings in USD, EUR, BTC, or any other currency) and r is the rate of return on 
household assets. Suppose r is constant over time. We can then rearrange:  
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We can rearrange and get the intertemporal budget constraint: 
 

V
𝐸!(𝐶!15)
(1 + 𝑟)5

6

578

= 𝐴! +V
𝐸!(𝑌!15)
(1 + 𝑟)5

6

578

 

 
And let 𝐸!(𝐶!15) = 𝐶! 
 

V
𝐶!

(1 + 𝑟)5

6

578

= 𝐴! +V
𝐸!(𝑌!15)
(1 + 𝑟)5

6

578

 

 

 
8 Deflation risk The Review of Financial Studies, Volume 30, Issue 8, August 2017, Pages 2719–2760, Matthias Fleckenstein, Francis A. 
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What this equation implies then is that consumption is a function that increases with r, that is, the 
rate of return on assets, and with A, the real value of these assets.  
 
This equation explains why investors like myself do not tend to associated massive Bitcoin 
deflation with times of economic frugality, uncertainty and falling incomes, but with the contrary. 
That is, if some percentage of our assets are Bitcoin, and the value of our Bitcoin goes up and the 
returns that these Bitcoins offer go up as well, then our consumption will tend to go up accordingly. 
Given the uncertainty and volatility that characterizes the price of Bitcoin, we can explain why my 
consumption patterns reflect excess sensitivity, even though Bitcoin holders do not face a lot of 
liquidity constraints when taking out a loan backed by Bitcoin as collateral, we still run the risk of 
getting liquidated. This is not like the Alaskan oil payments that Chang-Tai Hsieh investigated, 
which are a lot more certain compared to Bitcoin.9 
 
Why then is deflation associated with economic depression in traditional economic thought. 
Consider the optimization problem the consumer faces when structuring their consumption 
patterns. The consumer aims to maximize the following welfare function: 
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Subject to the inter-temporal budget constraint, which we can expand to incorporate returns that 
can vary with time. So the Lagrange is: 
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This gives us the following F.O.C, for any given k 
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9 Chang-Tai Hsieh. “Do Consumers React to Anticipated Income Changes? Evidence from the Alaska Permanent Fund” American Economic 
Review, March 2003. 
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And so 
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This equation holds for all the asset types consumers want to spread their wealth across, so we 
have 
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Consider now a risk free asset that pays some guaranteed return on the next period. Since there is 
no uncertainty about the return, we can take it out of the expectation term. 
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So the risk free rate is: 
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Now, we can rewrite the general form of the equation in the following way: 
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We can in turn rearrange this so that the left-hand side is the definition of the risk-free rate. 
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And in conclusion: 
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So the expected rate of return on any asset is equal to the risk-free rate minus a term that includes 
the covariance of the marginal utility of consumption in the next period and the rate of return. 
Because of the law of decreasing marginal utility, if 𝐶!1( is high, then 𝑈:(𝐶!1() is low, and vice-



versa. This means that this term is negative for assets that are positively correlated with 
consumption, and positive for assets whose value is negatively correlated with consumption. This 
is known as the Consumption Capital Asset Pricing Model or Consumption CAPM. 
 
Consider a traditional currency, such as USD or EUR, and think of it as just another asset, like 
Bitcoin, Apple stock or US government bonds. In an economic climate where the economy is 
growing, there is inflationary pressure and consumption is expected to grow, the returns that these 
assets (fiat currencies) yield are obviously low. Indeed, the real returns might even turn out to be 
negative. On the other hand, if a negative aggregate demand shock hits the economy, consumption 
is expected to fall sharply, and some deflation is expected, then these assets become safe havens 
for people. Some deflation ensures that these assets have a positive return, and indeed, in an 
environment where traditional investments, such as stocks are falling sharply, these assets might 
be among the ones delivering some of the best “returns”, even if that only means, remaining 
relatively stable and not falling sharply. This might also hint to the fact that deflation may be a 
symptom rather than a cause of economic turmoil. This conclusion seems to be supported by some 
empirical research. See for example what Andrew Atkeson and Patrick J. Kehoe had to say on the 
matter in 2004: 
 
“Most policymakers, however, are extremely reluctant to implement any policy that would lead to 
deflation. This reluctance seems to stem from the experience of the Great Depression, in which 
deflation and depression appear to have been tightly linked. (See, for example, Ben Bernanke and 
Kevin Carey 1996.) That experience has led to theories in which deflation leads to depression. The 
quantitative ability of those theories to account for the Great Depression is now being debated.”10 
 
If a deflationary spiral was left to its own devices, it would redistribute large amounts of wealth in 
the economy from holders of different assets to holders of traditional fiat currencies, such as the 
USD. An interesting research question from an academic stand point could be whether the increase 
in the value of the USD savers are holding and in the increase in the real interest rate through 
deflation could at some point help mitigate the aggregate demand shock through the 9

(19
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component of the consumption CAMP equation. However, I feel no one is going to conduct that 
experiment anytime soon (thankfully, given the potential costs associated with such an 
experiment).  
 
That said, consider Bitcoin in the context of the Consumption CAPM. Bitcoin’s monetary policy 
is independent of and uncorrelated to the world’s consumption patterns. The Bitcoin block reward 
halving could happen in the middle of a global recession, or in the middle of a global boom, the 
source code just does not take any of this into account. Hitherto the returns that Bitcoin yields has 
been fairly uncorrelated with the stock market, in the medium to long-run. For example, on 
December 16th 2017, the price of Bitcoin was close to 20 K USD, and the S&P500 was trading 
close just over 2.6 K USD and the Nasdaq at just over 6.9 K USD. During the following year both 
the Nasdaq and the S&P500 would increase steadily and then fall back to close this one year period 
almost exactly where they started. On the other hand, Bitcoin fell by more than 80%. On December 
16th 2018, the price of Bitcoin had fallen to just over 3.2 K USD, but the S&P 500 was still trading 

 
10 DEFLATION AND DEPRESSION: IS THERE AND EMPIRICAL LINK? Andrew Atkeson Patrick J. Kehoe NATIONAL BUREAU OF 
ECONOMIC RESEARCH 1050 Massachusetts Avenue Cambridge, MA 02138 January 2004 
 



close to 2.6 K USD and the Nasdaq was still close to 6.9 K USD. Even though the world economy 
as measured by the movements of the US stock market seemed relatively healthy, the aftermath of 
the exchange rate overshooting in the second year after the July 2016 Bitcoin halving ensured the 
Bitcoin price would perform terribly.  
 
On the one hand some investors and economists might be grateful for the existence of a category 
of assets that have a relatively low long-run correlation with more mainstream investments. On 
the other hand though, if Bitcoin became a high enough percentage of the investment portfolios in 
the global economy the cold indifference of the timings of the halving and the overshooting 
properties that the system has displayed so far may posit considerable systemic risk to the global 
economy. Falls in asset prices contributed significantly to the last two major global recessions 
(technology stocks in the case of the “DotCom bubble” and mortgage backed securities in the case 
of the 2008 financial crisis). As Bitcoin adoption grows and as developments such as the Coinbase 
IPO and the inclusion of the COIN stock in the Nasdaq index and Tesla’s recent purchase of 
Bitcoin and its inclusion in the S&P500 increase the correlation between the performance of 
Bitcoin and traditional markets, central bankers and policy makers will increasingly have to 
consider changes in Bitcoin monetary policy in their attempts to smooth economic booms and 
busts. In 1994 research by Mervyn King found that “aggregate demand may be a nonmonotonic 
function of the price of assets in terms of the consumption good. Multiple equilibria may exist, 
leading to the possibility of financial instability.”11 The introduction of Bitcoin and the whole new 
category of assets it belongs to will certainly increase the number of equilibria, and the cold 
indifference of the source code toward global economic conditions may decrease or in some cases 
increase instability depending on the circumstances.  
 
Debt and the existence of deflationary assets: 
 
Now, the other area that scares economists when it comes to deflation is debt contracts. In our 
hypothetical nation whose economy works on the Bitcoin standard, investors would be hesitant to 
take on debt that is denominated in Bitcoin around and especially after the time of the block reward 
halving because they expect the price of Bitcoin to appreciate. Under these circumstances, taking 
on debt in this economy to buy a house or to upgrade a factory would be the equivalent of shorting 
Bitcoin at the time of the halving. Needless to say this is very foolish. Our hypothetical economy’s 
credit markets could therefore collapse and vindicate the scare stories economies have been telling 
for the past few decades about inflation. 
 
However, CryptoLand has highly innovative individuals and financial institutions (unsurprisingly 
since they already adopted Bitcoin as their national currency), and they understand that debt 
contracts do not necessarily need to be denominated in the national currency. Further, regulators 
in CryptoLand (to the extent they exist at all) allow their citizens and financial institutions to move 
capital freely and engage in any kind of mutually agreed upon financial contracts. Banks and other 
financial institutions that engage in lending can thus offer credit that is denominated in currencies 
that have more inflationary tendencies, such as the US Dollar.  
 
So for example, suppose the price of Bitcoin were 10 thousand dollars. If Bob wanted a loan to 
expand his factory but knew the Bitcoin block reward halving happened a month ago so was weary 

 
11 Debt deflation: Theory and evidence, Mervyn King, European Economic Review Volume 38, Issues 3–4, April 1994, Pages 419-445 



about taking on debt denominated in Bitcoin, he would simply need to walk into his local bank 
and ask for a loan that is settled in Bitcoin (as that is the national currency of CryptoLand), but is 
denominated in USD rather than Bitcoin. His bank would then take on a leverage position on 
Bitcoin, that longed BTC/USD, in order to hedge their position, and give the Bitcoin to Bob so he 
can go and expand his factory. If Bob then returned a year later and the price of Bitcoin increased 
ten fold, that would not affect him in any way, as he would only have to pay back the dollar amount 
he borrowed. So regardless of the fact that the CryptoLand economy settles transactions in Bitcoin 
and that average people in the street only accept Bitcoin as payment, the credit markets of 
Cryptoland can continue to work even during periods of monetary contraction as long as there are 
other, stable, more inflationary currencies in which the citizens of Cryptoland can denominate their 
loans, and where the financial institutions of Cryptoland have enough liquidity to take leveraged 
positions with Bitcoin to hedge the loans they give.  
 
I myself am no stranger to this kind of financial maneuver. Binance is the largest cryptocurrency 
exchange in the world by volume. Anyone who has traded with their margin account knows that 
the interest rates for borrowing EUR and GBP are normally much lower than the interest rates for 
borrowing USD equivalents.  Thus, whenever I need a loan in USD using my Bitcoin as collateral, 
I simply borrow EUR from Binance, sell them to buy the USD, and then place a little bit of capital 
in a forex broker and take a position to that longs EUR/USD to hedge. This allows me to effectively 
borrow the USD equivalent at a third of the usual interest rate and without being exposed to forex 
market volatility.  
 
Indeed, financial institutions do not even need to denominate loans in terms of currencies at all. 
They can easily peg these contracts to the price of any commodity or security, or even a basket of 
them with arbitrary weightings. During the uncertain times of the Corona virus pandemic, for 
example, the citizens of CryptoLand can take on debt that is pegged to the price of Carnival stock 
(the cruising company) or other securities that they expect will perform poorly.  
 
Under a financial scheme like this taking a loan and using it to invest in something else is the 
equivalent of taking a short position with respect to the asset the loan is denominated in. Now, as 
an active trader I know taking short positions on volatile assets is rather stressful and involves a 
risk-reward ratio that does not attract many investors. Further, I have thus far been assuming that 
the citizens of Cryptoland price their products and services in terms of Bitcoin, and are thus subject 
to enormous menu costs as they have to change the prices they advertise to their customers every 
few hours as the price of Bitcoin changes. However, since the citizens of Cryptoland can already 
denominate their debt contracts in terms of US dollars, they might as well just denominate the 
price of everything in terms of USD, and achieve greater nominal price stability and save 
themselves the costs of constantly changing the price. The fact that they are denominating nominal 
prices in terms of USD only implies that they receive the USD equivalent amount of Bitcoin in 
each transaction settlement.  
 
Hence, a set of assets whose value is relatively stable but depreciates slowly over time can and 
does play an important role in any economy, as they serve as a unit of account for pricing products 
and services, and, perhaps most importantly, for pricing debt contracts and allowing credit markets 
to work smoothly. It is important to understand therefore that this work does not purport that all 
currencies should have an aggressive deflationary policy, but merely that it is possible for some 



currencies to have it, and that in a free market of currencies, where anyone can create and sell their 
own currency, assets with different monetary policies are bound to appear if there is a market for 
them.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



BINANCE COIN: 
 
After the rise of Bitcoin came the rise of its smarter cousin, Ethereum. Ethereum allowed anyone 
with basic programming knowledge to create their own tokens, that could represent anything. This 
possibility blurred the distinction between currencies and securities on the ecosystem. One 
particularly interesting example of this is a cryptocurrency called Binance Coin.  
 
Binance Coin’s initial coin offering raised 11 million USD by selling half the BNB that were 
originally minted, that is 100 million tokens at an initial price of 0.11 USD each. The funds were 
invested in the development of the Binance cryptocurrency exchange, which would later grow to 
become the largest cryptocurrency exchange by trade volume. Those who held the Binance Coin 
tokens were promised that each quarter the Binance exchange would use 20% of their profits to 
rebuy the tokens and burn them, effectively removing them from circulation and decreasing their 
supply. This burnings would continue until 100 million coins were burned (half of the initial 
supply). The purpose of this, of course, was to increase the market price of the coin, and thus make 
the token holders richer.  
 
On the 16th of April 2021, Binance released the following report after their 15th quarterly coin burn.  
 

  Source:https://www.binance.com/en/blog/421499824684901944/15th-BNB-Burn-%7C-Quarterly-Highlights-and-Insights-from-CZ 
 
By this date then, just over 15% of the supply had been taken out of circulation and destroyed, 
amounting to an annual deflation rate of about 2.35% (that is, 2.35% of the supply is destroyed 
each year, on average). This has had a predictable effect on the price of Binance Coin over time.  
 
The demand for the coin has grown not only because the Binance exchange’s profits have grown 
massively over time, allowing them to buy back increasing amounts of Binance Coin, but also 
because they have worked hard to increase the utility of the token. For example, on April 2019 the 



exchange launched Binance Chain, and on April 2020 they launched Binance Smart Chain, a 
platform that allows developers to deploy smart contracts using the Solidity programming 
language, just as with Ethereum, with the added advantage of larger scalability, transaction 
throughput and lower fees. These launches meant that the coin was no longer living on the 
Ethereum ecosystem, but on a blockchain platform of its own, where it was the native token and 
currency, used to pay for transfer fees and to vote to select the chain’s validators.  
 
The rise in demand for the coin and the deflationary monetary policy Binance has engaged in have 
had predictable effect on the price of the token. The price of the token in terms of Bitcoin (we look 
at the price in terms of Bitcoin rather than the price in terms of USD so we can filter out movements 
caused by movements in the crypto market as a whole) has appreciated massively over time, from 
a price of 0.00005 BTC per BNB on the day of the initial coin offering to a price of 0.00828 as of 
April 16th 2021, when that report came out, a more than 16,500% return. Unfortunately, Binance 
does not disclose the exact dates when they buy back and carry out the coin burnings, so we can 
only look at the overall effect these burnings have had over the years on the price and market 
capitalization of the ecosystem.  
 
The effects on the nominal interest rates are also hard to tell. Binance has offered a Binance Coin 
borrowing service in their margin account for a number of years now. However, they have kept 
the interest rate for borrowing it artificially high in order to discourage people from shorting the 
coin. As of the 29th of May 2021, the annualized interest rate for the coin sat at a whopping 
109.50%, far greater than any other coin in the margin borrowing service.  
 
Moreover, other exchanges had been reluctant to list Binance Coin trading, as it meant listing the 
exchange token of their main competitor. This has changed recently, and one can now access 
margin trading for Binance Coin in exchanges such as FTX, Kucoin and Gate.io. Unfortunately, 
so far as I could tell, these do not provide data on historical interest rates for margin trading, so it 
is hard to see if the predictions of traditional monetary models, that the Binance Coin interest rates 
should be greater than those of its close inflationary competitors (such as Bitcoin and Ethereum) 
over time, would play out in practice.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



AMPLEFORTH 
 
Ampleforth is a new cryptocurrency that exists on the Ethereum blockchain. The point of the 
currency is to maintain nominal price stability within a range of a price target through a mechanism 
that, each day, burns a portion of the coins held by all the account balances if the price falls below 
the lower bound of the range around the target price, and increases the account balances of all the 
holders of the coin by a specific percentage if the price of the coin rises above the upper bound of 
the range around the target price. The target price aims to be one 2019 US Dollar, adjusted 
according to the CPI. As of April the 10th 2021, the price target is 1.028 USD. The protocol uses 
decentralized oracles to establish the price of the token at any given time, and executes the rebase 
daily at about 2:00 am UTC according to the following formula: 
 

Rebase % = (((Oracle Rate - Price Target) / Price Target) * 100) / 10 
 
This rebase mechanism that aims to maintain price stability is analogous to the mechanisms used 
by modern central banks, which engage in monetary expansion and contractions at different stages 
in the economic cycle to ensure a specific inflation target, of 2% for example. However, unlike 
fiat currencies controlled by central banks, the Ampleforth protocol does not dilute the real wealth 
of Ampleforth holders when it engages in monetary expansion. When central banks engage in 
monetary expansion, lower interests rates for example, it is usually the country’s government and 
largest financial institutions who profit from being able to borrow at lower rates. This in turn 
dilutes the savings of the holders of the fiat currency in question, and has a redistributive effect 
that transfers wealth from average savers to large and powerful financial institutions and centers 
of political power. The Ampleforth protocol however, has no redistributive effect of the kind. 
 
Even though so far no cryptocurrency exchange has launched an Ampleforth lending service, we 
can analyze the funding rates of the Ampleforth perpetual futures contract in Bitfinex, one of the 
platforms that has listed this contract.  
 
Perpetual futures, or perpetual swaps, are derivative contracts whose price is pegged to an 
underlying asset. Unlike fixed term future contracts, perpetual contracts cannot rely on the 
settlement at the price of the underlying asset at a future expire date to provide an incentive for the 
price of the instrument to follow the price of the underlying asset. Hence, they rely on the funding 
rate to do so. In perpetual future contracts, if the price of the contract is above the price of the 
underlying asset, the funding rate will be positive, and traders who hold a long position will pay 
traders who hold a short position a funding rate that is proportional the price difference. 
Conversely, if the price of the contract is below the price of the underlying asset, the funding rate 
will be negative, and traders who hold a short position will pay traders who hold a long position a 
funding rate that, again, is proportional to the price difference.  
 
For our purposes, the act of shorting the Ampleforth perpetual swap can be seen as broadly 
analogous to borrowing Ampleforth and selling it, just as when one borrows USD from a bank and 
“sells it” to buy a house, or stock, or some other investment with it. Conversely, the act of longing 
the Ampleforth perpetual swap can be seen as broadly analogous to holding a fiat currency in a 
bank account, and of course holding the Ampleforth underlying asset can be seen as analogous to 
holding cash notes of said fiat currency. Importantly, the nominal amount of Ampleforth one holds 



in the long and short positions of the perpetual swap contract does not change over time, regardless 
of whether the system is in a state of monetary contraction or expansion.  
 
What we will see then is that when the price of Ampleforth is below the lower stability threshold, 
and the system is thus in a state monetary contraction, the funding rate of the perpetual swap tends 
to be positive. This is, of course, because traders expect the protocol to burn the coins of all the 
addresses that hold the underlying asset and hence the price to increase until it is within the stability 
threshold again. In order to take advantage of this arbitrage opportunity, some percentage of traders 
will long the perpetual swap until its price rises above that of the underlying asset. Once the price 
of the swap is above the price of the underlying asset by a percentage such that the funding rate 
that longs pay shorts (and the expected loss from buying the Ampleforth above the market rate) is 
equivalent to the proportion of coins that holders of the underlying asset will be debited from their 
account that day, the arbitrage opportunity will be gone, and the system will be in equilibrium 
again. Conversely, when the price of Ampleforth is above the upper stability threshold, and the 
system is in a state of monetary expansion, the funding rate in the perpetual swap tends to be 
negative. This relationship can be seen in the following correlation: 
 

 
 
 
As can be seen, whenever the Daily % Rebase is negative (because the price is below the target 
price), short positions are earning a funding rate, and conversely when the Daily %Rebase is 
positive (because price is above the target rate) long positions are earning a funding rate.  
Remarkably, the coefficient on the dependent variable of the regression is -0.9667. This very close 
one-to-one correspondence reflects the arbitrage opportunity traders face, which I described above.  
 

y = -0.9667x + 0.0112
R² = 0.5569
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This data is very illustrative of several things. Consider the proposal I outlined earlier in this work 
where, in order to deal with the effects of deflation and a liquidity trap, the central bank announced 
and implemented a policy that the nominal value of cash would fall over time. I argued that this 
would allow the central bank to implement negative interest rates. The Ampleforth protocol 
provides a good illustration of this, as in periods where the price of AMPL is below the lower 
threshold from the target price, holders of Ampleforth are faced with two options. They can either 
long the AMPL perpetual swap, which has a fixed nominal value, or they can hold Ampleforth 
(the underlying asset), which loses its nominal value each day the price is below the lower 
threshold from the target price. However, if they choose to long the AMPL swap, they pay a high 
funding rate, the equivalent of people facing a negative interest rate when choosing whether to 
hold cash or put their money in the bank.  
 

 
Source: https://coinmarketcap.com/currencies/ampleforth/ 
 
The Ampleforth protocol has succeeded in keeping the price of Ampl stable around the target price 
to some extent. As can be seen in the above graph, There have certainly been large swings that 
have taken it up to almost 4 USD in July 2020, and down to less then around 0.4 USD in September 
2019. However, the underlying economics of the protocol is ultimately sound, and ensures that the 
nominal price of the token cannot deviate from the target price indefinitely. 
 
The real price of AMPL, by which I mean, the measure of how much real value investors hold in 
their AMPL balance if they had held the token from its initial coin offering to the present, is an 
entirely different story. We can see how said price changes by using the below graph which shows 
how the market capitalization of AMPL has changed over time. 
 



 
Source: https://coinmarketcap.com/currencies/ampleforth/ 
 
As can be seen what I have deemed the real price of Ampleforth has deviated wildly over the past 
couple of years, unsurprisingly given how volatile cryptocurrencies, and especially new 
cryptocurrencies, tend to be. Take two examples to illustrate this massive volatility. If you had 
held AMPL from the first of January 2020 and sold it on the 26th of July of the same year, you 
would have made a healthy, 36,800% profit, as the market capitalization (our instrument to 
measure the real price) increased from about 1,631,000 USD to about 600 million USD. Given 
that the nominal price of AMPL only changed by about 280% in this period. Most of these gains 
would have been reflected in a higher account balance. 
 
If instead you had bough AMPL at its peak market cap on the 26th of July 2020 and sold it at the 
local minimum on the 12th of October, you would have taken a loss of about 87%, as the market 
capitalization decreased from about 600 million USD to about 77 million USD. Given the nominal 
price only went from about 2.85 USD to 0.8 USD in this period, in this case most of the loss was 
reflected in a change in the nominal price, but some was reflected in lower account balances. 
 
Given that the real value your AMPL purchase deviates as wildly if not more wildly than that of 
any other cryptocurrency one might begin to wonder what is the point of a protocol that maintains 
nominal price stability in the first place. After all, nominal values matter very little compared to 
real values in terms of the underlying economics.  
 
Consider the roles I acknowledged fiat can have in a free-monetary-market, namely a unit of 
account and a asset people can safely denominate debt in. In the case of Ampleforth, relative 
nominal price stability can make it a useful commodity to serve as a unit of account. Suppose, for 



example, the Bernie Sanders wing of the Democrat Party in the US took control of the presidency 
and the legislative branch, and they appointed a Modern Monetary Theorist to head the Federal 
Reserve system, and this caused the US dollar to inflate massively. Suppose this tragedy happens 
simultaneously in Japan, the EU, Britain and all the other major economies in the world. Under 
these circumstances,  people might find that it is more practical to stop denominating the prices of 
the goods and services they buy and sell in dollars, as the rampant hyperinflation imposes 
unconscionable menu costs on them. They would have the same problem of course, if they 
denominated their prices in terms of Bitcoin, because of its inherent volatility. However, they could 
start denominating prices in terms of AMPL, because they know that the nominal price is fixed at 
the price of a 2019 USD. This does not necessarily mean that they would accept only AMPL as a 
means of payment, they could accept Bitcoin, Tokenized Amazon Stock, physical gold, or 
anything else. This would simply mean that they would accept the 2019 USD equivalent amount 
of the asset they are accepting at the market rate at the time the transaction is happening.  
 
If one wanted to divorce the AMPL protocol even more from the fiat world, one could stop using 
the 2019 USD as a reference price, and simply attempt to maintain price stability by choosing a 
weighted basket of goods that is deemed to be representative of the consumption patterns of the 
average AMPL user, take a snapshot of their price in terms of AMPL at a given time, and tune the 
monetary policy of the Ampleforth protocol to aim to penalize variation in the prices of these 
goods over time subject to the weightings one assigns to them. For example, say we know the 
average Ampleforth user spends 50% of their income in Big Macs, 30% of their income in gasoline 
and 20% in Broad Way tickets. If in a given period of time the price of Big Macs increased by 
10%, the price of gas increased 15%, and the price of Broad Way tickets decreased 5%, then the 
protocol would deem the price of AMPL to have changed by: 
 

0.5𝑥0.1 + 0.3𝑥0.15 − 0.2𝑥0.05 = 0.105 
 
10.5%, and would adjust rebase the AMPL balances accordingly. This is, of course, roughly how 
modern central banks estimate inflation in the economy and adjust their monetary policy 
accordingly.  
 
Now remember the other area where I granted assets with relative price stability played an 
important role in the economy, namely the indexing of the value of debt contracts. So far no 
cryptocurrency exchange has listed Ampleforth margin trading or lending. However, there is 
nothing in principle keeping them from doing it. Ampleforth rebases each day do make it difficult 
to set a nominal interest rate that ensures that those lending the Ampleforth tokens will get a 
positive real return given the opportunity cost of holding the Ampleforth. For example, if one lends 
5 thousand Ampleforth for a year, and charges a nominal interest rate of 1%, then by the end of 
that year the lender will get 5,050 AMPL. However, if the number of Ampleforth in circulation 
doubled during that same time, then by simply holding the Ampleforth the lender would have had 
10 thousand Ampleforth by the end of that same period. So engaging in lending represented a net 
loss of 4,950 AMPL. Conversely, of course, if the number of Ampleforth in circulation fell over 
that period, the lender would gain. Since the market movements are unpredictable (to most people 
at least) this makes it difficult to set an interest rate that would ensure that the lender would end 
up with more AMPL than the opportunity cost.  
 



However, this does not preclude the appearance of Ampleforth borrowing and lending services in 
principle. After all, anyone who lends a cryptocurrency with no rebase, such as Bitcoin, is also 
exposed to significant volatility in the real value that is owed to them, not from daily rebasing, but 
from price volatility. In real terms, these changes are equivalent. Moreover, the value of debt can 
be indexed in Ampleforth, but settled in some other currency. Recall the Ampleforth protocol 
produces nominal price stability, but not stability in the real value of the token over time. However, 
if one indexes the value of debt contracts to the nominal price of Ampleforth and settles them in, 
say, Bitcoin, one can get debt contracts whose real value over time is kept stable. If one is worried 
about the volatility the nominal price of Ampleforth does experience, then one could index the 
debt contract to an average of the nominal price of the token over a period of time.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



FIRE (XFR) 
 
Now I propose a new cryptocurrency whose whole purpose is to serve as an aggressively 
deflationary asset, call it Fire (XFR). Fire’s deflation policy burns account balances as a function 
of time, rather than of the number of times someone has transacted XFR. Since the account 
balances of all addresses burn at indistinguishable rates, at no point is the coin’s equity transmitted 
from one kind of user to another.  
 
The supply of XFR will decrease daily. Any account that holds any XFR will see their nominal 
balance fall by about 0.6288% per day. So for example, if someone acquires 10 million XFR on 
a given day, the next day they will have: 
 

10,000,000 × (1 − 0.006288) 
or  
 

10,000,000 × 0.993712 
 
 
And N days after they will have: 
 

	10,000,000 × (0.993712)=  

 

This reduction in the nominal account balances of XFR holders will go on for about 12 years, or 
roughly until there are only 100 XFR in existence. Hence, the final supply of XFR will be about 
100. This will ensure that more than 99.999999999% of the circulating supply of Fire will be 
burned.  
 
Why people would invest in XFR: 
 
Anyone looking to buy and hold XFR will be rational to do so if they expect that the price of XFR 
will increase at a higher rate than their nominal account balance will decrease. For example, 
suppose I buy 10 million XFR at 0.0001 USD each (or about 1,000 USD). Suppose also I read the 
XFR white paper and I know that my nominal account balance will fall by 0.6288% per day. I plan 
to hold on to these XFR for a year, so I sit down and do the math and find that after I year I will 
have approximately: 
 

	10,000,000 × (0.993712)>?@ 
 
or about 1,000,218 XFR. If the price of XFR grew by a factor of about 10, then by the end of that 
year I will have made a modest profit. Suppose the opportunity cost of investing in XFR is 
investing in Bitcoin, and I expect the price of Bitcoin to double in the next year. If I am risk neutral, 
I would be rational to invest in XFR if I expect the nominal price of XFR will grow by a factor of 
more than about 20 (to make up for the decrease in my nominal account balance and the 
opportunity cost of investing in Bitcoin).  
 



Now the question becomes what would make people expect the price of XFR to rise faster than 
their nominal account balance is going down. Why would they expect that the real value of XFR 
will increase over time. Here we can point to the fact that XFR is the first asset of its kind and that 
the nominal price is under great pressure to increase. This provides the coin with a significant 
publicity mechanism to attract new investors and to expand the size of the network. As we have 
seen with the Ampleforth protocol however, achieving relative nominal price stability does not 
guarantee relative stability in value. So there is no guarantee that achieving an increasing nominal 
price will increase the value of XFR over time.  
 
Exchanges: 
 
Because some exchanges have already listed Ampleforth, a cryptocurrency with a similar re-
basement policy, we can analyze the way they have done it and use it as a blueprint for how 
exchanges would probably manage listing XFR. Bitfinex, for example, implements the following 
three policies close to the time of the AMPL re-basement: 
 

• Exchange Deposits & Withdrawals - are paused 10 minutes before the start of each rebase 
window 

• New Trades are Paused -  1 minute before the start of each rebase window 
• Everything Resumes - 30 minutes after the start of each rebase window 
• Traders that have open orders in AMPL markets on Bitfinex after the once-daily supply 

change event will not have those open orders amended. However, if they do not have the 
AMPL funds to cover the orders after the rebalancing event, then they will see their orders 
only partially filled if subsequently matched in the market.   
(source: https://support.bitfinex.com/hc/en-us/articles/360025320913-Ampleforth) 

Similar policies could be implemented by exchanges looking to list XFR. 
 
 
Small account balances: 
 
Small account balances pose a challenge to the system. Each XFR is divisible by 18 decimal places. 
If someone deposited 3x10^(-18) Fire to an account, then the system would not be able to upgrade 
the account balance according to the algorithm described above, as 3x10^(-18) XFR multiplied by 
0.993712 is 2.981136 x 10^(-18)  XFR, but we only have 18 decimal places to play with. So this 
account will have 2 x 10^(-18) XFR after one day, 1 x 10^(-18) XFR after two days, and 0 XFR 
after three days. This means accounts with very small account balances will experience a higher 
burning rate than other accounts. However, these amounts are so small this is unlikely to cause 
major problems for the system.  
 
Derivative markets: 
 
When perpetual future contracts develop for XFR, they will likely always have a high, positive 
funding rate. So longs would pay shorts a relatively high percentage of their position. This is, of 
course, if XFR derivative markets develop in the same way AMPL derivative markets did, where 
the contract keeps its nominal value regardless of the rebasing of the underlying asset. 
 



XFR margin trading: 
 
Implementing XFR margin trading would be relatively straightforward for exchanges, as the 
burning rate is constant. Exchanges would probably have a negative nominal interest rate, that is 
nonetheless smaller in absolute value than the burning rate. So, for example, if an exchange 
allowed for XFR lending and borrowing of the underlying asset for margin trading, they could set 
a nominal interest rate of -50% yearly. Because 90% of the XFR in existence disappear every year, 
this would be the equivalent of setting a nominal interest rate of about +40% every year for an 
asset with no debasement.  
 
State of the Project: 
 
As of June 2020, I have implemented a workable token on the Binance Smart Chain, and partnered 
with a China based exchange, XT.com, which has listed the XFT/USDT trading pair.  
 
One can currently buy XFR by following this link: 
https://www.xt.com/trade/xfr_usdt 
 
And all the information on the project can be found on the landing page: 
https://thefiretoken.com/ 
 
The following months I will work on raising capital to carry out an aggressive publicity campaign, 
partnering with influencers across the social media eco-system to drive brand awareness and sales. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



CONCLUSIONS:  
 
During the last decades economists have traditionally been scared of deflation based on a number 
of arguments that mainly pointed to the idea that this phenomenon could exacerbate the negative 
effects of a recessionary economic cycle. However, most of these arguments did not preclude the 
existence of deflationary assets, they merely established the necessity for the existence of at least 
one inflationary asset whose price remained relatively stable such that prices and debt contracts 
may be indexed to it. Moreover, one could get around arguments that rely on the assumption that 
nominal interest rates for said assets cannot go below a certain lower bound because people can 
hold cash by instituting a policy that depreciates the nominal value of cash, as I have described 
earlier.  
 
The appearance of cryptocurrencies has allowed individuals to experiment with monetary issuance 
in ways were not possible before. Increasingly, monetary policy is no longer the domain of a 
government enforced monopoly of central bankers, but an activity private individuals and 
organization with the appropriate technical and entrepreneurial skills can engage in.  
 
A disinflationary monetary issuance along with a growing network of people who view the asset 
as a store of value has insured massive price appreciation, or deflation, for Bitcoin. However, the 
constant issuance of new Bitcoins during the initial years of the system’s existence does ensure a 
transfer of some real resources from the token holders to the miners that engage in securing the 
network, and to the hardware and electricity expenditures required to engage in mining. The 
growth of the value of the network has ensured that even though the percentage of the total equity 
that is given to the miners per unit of time has been steadily decreasing, the real resources miners 
get in terms of revenue have increased substantially with time, over all. Finally, the dynamics of 
the halving as an event that occurs once every 4 years has thus far resulted in 4 year cycles of 
appreciation, overshooting, and correction, for the price of Bitcoin. This dynamic may be 
understood as the rise and burst of epidemic financial bubbles.  
 
Tokens that blur the distinction between securities and currencies, such as Binance Coin, and 
where resources are shifted directly to the token holders through token burns show us that even 
greater amounts of wealth can be shifted to token holders if on top of the growth of a network and 
belief in a form of money as a store of value, there is also a policy of monetary contraction based 
around the promise that a profitable entity will engage a buy back program that takes tokens out 
of circulation and destroys them.  
 
The Ampleforth protocol introduced an interesting alternative model for engaging in deflationary 
monetary policy, at least when the protocol is in a state of monetary contraction. The fact that this 
protocol’s deflationary pressure does not involve the reduction of the percentage of the system’s 
equity that is given the parties engaging in monetary issuance (as with Bitcoin and its miners), or 
the shift of resources from a profitable business venture to the holders of a given token (as with 
Binance and their burnings), but rather rebases the amount of tokens in each holder without 
changing the percentage of the tokens each holder has, has had interesting empirical results in 
terms of the funding rates that have emerged in derivative markets for the token. Indeed, I have 
argued that during periods of monetary contraction, these funding rates are the equivalent of an 
economic system where negative interest rates are possible. Finally, and interestingly, the relative 



stability of the nominal price of the AMPL token (compared to the nominal price of other 
alternative cryptocurrencies) has not led to relative stability of the real value of Ampleforth, as its 
market capitalization remains as volatile as that of any other alt-coin. 
 
We have seen then that monetary expansion and contraction can take two forms. One in which a 
party is shifting equity from token holders to themselves (in the case of central banks emitting new 
currency, or Bitcoin miners emitting new Bitcoin) or vice versa (in the case of a company like 
Binance buying back Binance coin). Another in which issuance or contraction are done through 
through rebasement, as with Ampleforth.  
 
I have proposed the introduction of Fire (XFR), an asset whose nature is to be in constant monetary 
contraction, in the rebasement sense. Given the constant burning of the circulating supply, it is 
safe to say the nominal price, in the long-run, will increase substantially. However, as we have 
seen with Ampleforth, setting a trend in the nominal price does not necessarily translate to a trend 
in real value, and so there is no guarantee that the real value of XFR will consistently increase with 
time as well. I have also predicted the effects this monetary policy will have on nominal interest 
rates both in the derivative and credit markets for the asset. Only time will tell the extent to which 
the market will be willing to adopt this or similar assets, and whether these predictions will turn 
out to be accurate.  
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ANNEX 1: 
 
An Epidemic Model Of The Short And Long-Term 
Effects Of The Bitcoin Halving On Its Market Capitalization 
 
By: Juan Manuel Correa Caicedo 

 
Summary: 
 
A number of attempts at modelling cryptocurrency and traditional market bubbles using 
epidemic models have been proposed. In the case of cryptocurrency markets, however, 
it is remarkable that the exogenous effects of the Bitcoin Halving have not so far been 
incorporated. In this paper, I wish to provide a framework for understanding how the 
Bitcoin equivalent of quantitative tightening affects the market and the epidemic factors 
that lead to overshooting of the Bitcoin price.  
 
Introduction: 
 
Introduced in 2008, Bitcoin is the first decentralized digital currency. The creator or 
creators of the protocol introduced a system of incentives for people to keep a copy of the 
ledger and to expend resources to participate in updating it. According to this system of 
incentives, every ten minutes on average a number of Bitcoins would be awarded to a 
randomly chosen participant in the system. The probability that any given participant 
would be awarded the Bitcoins in any given interval would be proportional to what is 
known as their hashing power, which is a function of the efficiency of the hardware they 
are using and the amount of energy they use. This process is known as mining, and it is 
how every Bitcoin in existence has come to be.(1) 

 
However, the creators also introduced disinflationary monetary policy wherein the number 
of Bitcoins that are created every ten minutes would halve every four years. Eventually, 
when the 21st millionth Bitcoin is mined, issuance will stop. This was intended to control 
inflation, a feature that plagues most monetary systems in the modern world. As the 
mining reward falls, transaction fees will become a more important component of the 
incentive miners face to continue validating transactions. 
 
Standard economic theory teaches that the price of any given good or service is a function 
of supply and demand. Given the same demand, and a reduction in supply, the price of 
a good should increase. In fact, the Dornbush exchange rate overshooting theory is an 
economic model that proposes that a tightening of monetary policy in traditional markets 
will lead to an increase in the short-run nominal exchange rate that will temporarily 
surpass the new long-run equilibrium, and then return to it. In the model, this overshooting 
of the nominal exchange rate is a result of investor expectations and price stickiness.(2) 

 
Hitherto three Bitcoin halvings have occurred. The first two halvings were followed by 
remarkable increases in the price of Bitcoin in the year following the halving, and equally 



remarkable decreases in price the year after that. It is too early still to know what the 
effects of the third Bitcoin halving will be, but if history and economic theory are any 
indication, similar price behavior is to be expected.  
 
The goal of this paper is to formalize these empirical observations and to provide a 
mathematical model of the mechanisms that lead to these changes in the market 
capitalization of Bitcoin, both in the long and short term, and the role of the Halving in the 
movement of the market. I will use the term market capitalization and price almost 
interchangeably, as for any unit of time, inflation in the system is minimal, and decreasing, 
and so at any given time unit they are basically interchangeable. 
 
Background: 
 
A number of attempts have been made to model the cryptocurrency and other markets 
over the last few years using epidemic models. For example, in 2008 Sophie Shive 
investigated the idea that social interactions influence the behavior of investors using data 
from the 20 most traded stocks in Finland over a period of nine years.(3) 

 
Her work utilized a multiple regression that attempted to isolated the causal effect of 
having more investors in a particular stock living in one’s physical proximity on the 
probability that one would “catch” a similar investment idea. In order to achieve this, the 
study controlled for factors that are known to influence the behavior of investors, like the 
daily news, past returns on the stock and its past trading volume, and the municipality’s 
level of income and education. 
 
Having controlled for all of these factors the study found a statistically significant relation 
between social influence and trading on an individual investor level. 
 
Given that the study used data from 1995 to 2003, before the rise of social media giants 
such as Facebook and Twitter, it would be interesting to carry out similar studies using 
data from online communities rather than communities based on physical proximity, like 
Finnish municipalities. Indeed, in the paper itself the author discussed how the rise of the 
Internet is a possible explanation for why the influence of social interactions in her study 
seemed to be waning over time. 
 
Another study entitled Thought Viruses and Asset Prices by Wolham Kughle from the 
University of Economics in Prague applied the SIR model to understand the behavior of 
investors who infect each other with ideas that then go viral. These investment ideas, 
according to the study, exhibit the same patterns of development that a typical pandemic 
exhibits, including the infamous fever peak at which the investment bubble finally 
explodes.(4) 

 
In the model, there is a population of investors that is susceptible to being infected with 
the investment idea, S, who hold one unit of currency each. Another population of 
investors that is already infected with the investment idea, I. And finally, there is a 
population that is recovered, R. The model also assumes an exogenously given excess 



supply function, and the presence of rational expectations in the population. The author 
then applies this model to data from actual market bubbles, including the “.com” bubble 
in the early 2000s, the Dutch Tulip Mania of the 1600s and the cryptocurrency market in 
2017.  
 
As is to be expected, their results indicated that the presence of rational expectations 
accelerates the booms in the markets, and lowers and broadens out the price tops. 
Empirically however, this might be an indication that when dealing with market bubbles, 
rational expectations are wanting, as market bubbles usually exhibit sharp peaks.  
 
When it comes to cryptocurrencies however, a more interesting feature of their model that 
needs to be extended in order to accurately represent what is going on in the market is a 
change in their assumption of a static exogenously given supply function. Probably the 
single most important distinctive feature of the cryptocurrency market is that the excess 
supply function of Bitcoin, the largest and most important cryptocurrency, the 
cryptocurrency which basically dictates the movement of the entire market, is subject to 
a major change every four years, and this model completely fails to take that into account. 
Further research on the effects of exogenous changes in the excess supply function on 
the behavior of the system is therefore necessary for the model to give us better insights 
on the cryptocurrency market specifically.  
 
Finally, a study that focused specifically on predicting cryptocurrency bubbles using social 
media data and epidemic modelling was published on 2019 by Ross C. Phillips and 
Denise Gorse from the University College, London. Their approach does not use a SIR 
model, but rather a hidden Markov model.(5) 

 
In their approach, Reddit data is used to establish the probability that the market is in an 
epidemic or non-epidemic state. In order to establish the utility of dividing the market into 
these two states, the authors claim to have designed a trading strategy based on this 
division that outperformed a benchmark wherein they simply bought and held the 
cryptocurrency for a long period of time.  
 
In particular, the authors recognize that there is no widely agreed upon definition of what 
a price bubble is, but that it may be understood as a phenomenon that happens in five 
stages. The first is a displacement, where some event happens that triggers the beginning 
of the bubble: a new technology emerges, such as the internet, the US Federal Reserve 
starts injecting untold amounts of liquidity in the markets, or the Bitcoin block reward 
halves. The second is an early boom where prices start to rise slowly. Third comes 
Euphoria, where prices rise dramatically. Then comes the profit taking stage, where savvy 
investors start to exit the market. Finally comes the panic stage, where prices begin falling 
and investors are riddled with fear and start exiting the market rapidly.  
 
Even though the model in this particular study claimed to be able to find the early stages 
of the price bubble with a degree of accuracy that allowed for the creation of a profitable 
trading strategy, there was little or nothing said about the bubble triggers, the 
displacements that caused the bubble to emerge in the first place. 



 
Some displacement events are completely unpredictable. It is hard if not impossible for 
the average, or even a very sophisticated investor to predict when and where the Internet 
will be developed. And even when it is, only great long-term visionaries will be able to 
understand the full effects many of these technological changes will have on the economy 
in the long term at early stages. Other displacement events such as the rise Corona virus 
pandemic, which pop market bubbles rather than creating them, are equally difficult to 
foresee.  
 
However, when it comes to the cryptocurrency market the displacement events that have 
had by far the greatest effect on the long-term capitalization of the market, the halvings, 
can be easily and accurately predicted, and even though this is public information, 
relatively few people know about them. Next I will attempt to model the effect that this 
displacement event has on the cryptocurrency market using a SIR epidemic model.  
 
The model: 
 
Three Halvings have occurred in the history of Bitcoin so far. The first occurred on the 
28th of November 2012, when the price of Bitcoin was about 12.35 USD. About a year 
later on December the 4th 2013 the price reached what was then an all time high of 
1,147.25 USD, rising 55,963% from its pre-halving low of 2.05 USD on the 18th of 
November 2011. The second occurred on the 9th of July 2016, when the price of Bitcoin 
was 650.63 USD. About one and half years later on December 17th 2017 the price 
reached its all time high of 19,086.64 USD, rising 10,766% from its pre-halving low of 
177.28 USD on the 14th of January 2015. The third occurred on the 12th of May 2020. It 
remains to be seen what price high will be achieved, and how much the price will 
appreciate from its pre-halving low of 3,214.39 USD set on the 15th of December of 
2018.(6) 

 

 

 
 
Hitherto we have seen that in the last two halvings the price of Bitcoin has had an upward 
trend from about a year before the halving until about a year after the halving takes place 
and then fallen by a factor of more than 80% in a period of about a year. Moreover, it can 



also be seen that before and shortly after the halving the price growth trend is mild, and 
it is only later that the trend becomes a lot steeper. Once the price reaches its peak, the 
trend turns into a steep downward trend, which gradually becomes milder until the system 
stabilizes around a new steady state range. 
 
On an intuitive level the explanation for this, and all other asset bubbles is simple. When 
the price of an asset starts to increase, this draws people’s attention. Some people start 
investing and as the asset continues to appreciate they value of their wealth increases 
and this positively reinforces their behavior. Investors continue to hold or even to buy 
more expecting prices to appreciate even more. Moreover, people who know these 
investors see how they seem to having a great deal of success in their investments, they 
grow jealous, and start wanting to enter the market to see if they themselves can extract 
some value from it. This social phenomenon is known as FOMO (fear of missing out). 
Eventually, the situation becomes unsustainable, fear kicks in, and the bubble bursts in a 
violent and sudden depreciation. 
 
To model the behavior described so far I will use a simple SIR model where we have 
capital that is susceptible to entering the Bitcoin market (S), the capital that is inside the 
Bitcoin market (I), and the capital that has left the Bitcoin market for good (R). The 
temporal dynamics of the system are given by the following differential equations: 
 
𝛿𝑆
𝛿𝑡 = 1 − 𝛼𝑆 + J

𝛽
2 × (1 + 𝑡//48) + 𝛾K × 𝐼 

	
𝛿𝐼
𝛿𝑡 = 𝛼𝑆 − J

𝛽
2 × (1 + 𝑡//48) + 𝛾K × 𝐼

2			 

 
𝛿𝑅
𝛿𝑡 = J

𝛽
2 × (1 + 𝑡//48) + 𝛾K ×

(𝐼2 − 𝐼)		 

 
𝑆8 = 5, 𝐼8 = 1, 𝑅8 = 0 
	
𝛼 = 0.5, 𝛽 = 0.8, 𝛾 = 0.1 
 
In the above model, the pool of capital that we are dealing with is not fixed, but it increases 
over time at a rate of 1. This is given by the number 1 in the AB

A!
 equation. The reason for 

this is that the economy has an income component to it, and it is important to model this 
instead of assuming that the amount of capital that is susceptible to entering the market 
is fixed. 
 
The 𝛼 coefficient above represents the rate at which capital is moving from the pool of 
susceptible capital into the Bitcoin market, or, put simply, the buying rate.  
 
The Q C

2×((1!//GH)
+ 𝛾R coefficient above represents the rate at which capital is moving out 

of the Bitcoin market, or, put simply, the selling rate. This coefficient has two components 



to it. The first is Q C
2×((1!//GH)

R, which is meant to model the dynamics of the halving. As 
each unit of 𝑡 represents a month, every 48 months, or four years, the coefficient is cut in 
half. For clarity, // represents integer division, or division of 𝑡 where only the integer part 
is considered, and the fraction is discarded. Hence, if 1, or 6, or 47 months have passed, 
the coefficient is QC

2
R. If 48, 52, or 95 months have passed, the coefficient is Q C

2×((1()
R, and 

so on and so forth. 
 
Finally, the coefficient 𝛾 is meant to represent be the selling rate that is independent of 
the newly mined coins. After all, the selling component of the market is not only composed 
of miners selling freshly mined Bitcoins, but also other investors who buy and hold 
Bitcoins and then later sell them 
 
In the model, the rate at which capital is leaving the market depends on the square of the 
size of the market. This is meant to model the idea that as the size of the market 
increases, investors who have made a profit want to sell and take their profits at a rate 
that increases faster than linearly. In terms of the supply curve of Bitcoin, this means that 
as the price and therefore the size of the market increases, the supply curve becomes 
flatter. Both coefficients C

2×((1!//GH)
, and 𝛾 are related to 𝐼2 in AJ

A!
. This is meant to model 

the idea that miners do not necessarily sell their Bitcoins immediately after they are mined, 
but they might wait for the size of the market to grow before selling them and use their 
credit lines to pay for their daily expenses in the mean time.  
 
In order to model the sensation of FOMO, the amount of susceptible capital (S) is also a 
function of the rate at which capital is leaving the market. Isaac Newton may have been 
smart enough to invent calculus and describe universal gravitation, but even he was 
prone to this natural human instinct. In the 1700s, he invested some of his money in the 
South Sea Company, a company which was given a monopoly to trade with Spain’s 
colonies in South America. Once he had made some profit, Newton exited the market, 
but the share prices continued to grow. Newton saw how many of his friends were getting 
rich, and re-invested all of his profits in the company. The bubble burst, and he exited at 
a much lower price, broke. Below, an illustration of this.(7) 

 



 
 
 
This part of the model thus is meant to model two things. The first, bubbles are self-
reinforcing, meaning higher prices become a justification for higher demand. Second, the 
capital that has recently exited the market is susceptible to re-entering the market, as the 
people who exited the market already have the means to enter, have already had a good 
experience investing in it (at least in the growth phase) and if the market is growing, they 
might feel as though they are missing out.  
 
Finally, the last component of the model is R, the capital that exists the market, but does 
not re-enter. These are profits that are actually burnt, spent in fancy restaurants, holidays 
or parties. Its growth rate is given by the rate at which capital is exiting the market, minus 
the capital that became susceptible to re-entering the market.   
 
Results:  
 
Initially I ran the model for a period of 𝑡 = 220.  
 

 
 
Initially 𝐼 increases until it reaches a steady state level, and with each consecutive halving 
the exchange rate overshoots and stabilizes around a higher steady state.  
 



It can also be observed that if the time period is extended indefinitely the C
2×((1!//GH)

 term 
tends to 0, and 𝐼 tends to 3.7, as can be seen in the following graph where the model is 
run for 𝑡 = 100,000: 
 

 
 
In the actual Bitcoin protocol the mining reward will cease in about 100 years, so 
according to the model, this predicts that Bitcoin’s market capitalization will probably 
stabilize when this happens. This is consistent with the observation that Bitcoin’s volatility 
has been falling over time as the market matures. 
 
When it comes to the amount of susceptible capital, it evolves in the following way: 
 

 
 
In the initial stages it increases over time, however, from the time of the first halving and 
with each consecutive ones it decreases gradually until it also reaches a steady state in 
the long-run, when the mining reward reaches 0.  
 
And when it comes to R the system evolves in the following way: 
 



 
 
It increases in an almost linear fashion. This is capital that we assume is basically burned, 
because investors exiting the market spend it in fancy holidays and restaurants.  
 
As can be seen above, there are several similarities between the model and the actual 
behavior of the market so far. The drop in the selling rate causes a spike in 𝐼, which 
overshoots and then returns to a long-run equilibrium before the next halving. We also 
observe that each halving increases 𝐼 by a smaller amount. Even though we have only 
truly observed the effects of two halvings so far in the real world, this is consistent with 
what has happened so far, as the first halving caused an appreciation of 55,963% and 
the second of only 10,766%. This makes intuitive sense, because as the market matures, 
it absorbs more of the growth potential that was there in the first place. The model also 
resembles the real world in that after the peak in 	𝐼,	the bubble bursts gradually, fast at 
first but at a decelerating rate.  
 
However, the model differs significantly from Bitcoins price and market capitalization 
action in three crucial respects: 
 
The first, the increase in 𝐼 happens suddenly and immediately after the halving occurs. In 
reality, the price of Bitcoin has not reached its peak until after a year after the halving in 
the case of the first halving, and almost one and a half years after the second halving.  
 
Second, in reality we observe that the year prior to the halving there is some appreciation 
in the price of Bitcoin, presumably due to expectations of the halving. In the two instances 
we have available to us this appreciation has been a minor percentage of the total 
appreciation the halvings have brought about, presumably because the general 
population is so uninformed about Bitcoin in general and about when the halving occurs. 
Hence, there is an element of rational expectations in the market, but it has so far played 
a minor role. However, as Bitcoin becomes more mainstream, we can expect this element 
to play an increasing role in coming halvings.  
 
In these two senses, the Bitcoin market differs significantly from mainstream economic 
models used as a framework for understanding traditional forex markets. In the 
aforementioned Dornbusch exchange rate overshooting model, the nominal exchange 
rate of a currency changes immediately in response to changes in monetary policy. This 
is presumably because traditional forex markets are a lot more mature, there are more 



mainstream institutions and investors who have larger amounts of capital deployed in 
them and they tend to have larger liquidity. 
 
One of the assumptions of the Dornbusch model however might help us understand why 
there is a delayed effect of the halving on the price of Bitcoin. According to the model the 
prices of goods and services in the real economy tend to be sticky, and this is a factor 
that contributes to the overshooting of the nominal exchange rate overshooting as a 
response to changes in monetary policy. It may be that the dynamics of the Bitcoin market 
resemble markets in the real economy in this respect more than traditional forex markets. 
If this were the case, one could try to enrich the model with a term that delays the 
adjustment of 𝐼 from its pre to its post-halving long-run equilibrium.  
 
Third, the model does not increase 𝐼 by nearly the same proportion the price and market 
capitalization of Bitcoin have increased in response to the halving. Changing the 
parameters of the model had very little effect on this, and changing the initial conditions 
yielded some unwanted results. For example, increasing 𝑆8 leads to the initial spike in 𝐼 
being larger than the consecutive ones (which has not been the case with Bitcoin). 
Increasing 𝐼8 on the other hand, leads to infections falling rapidly to begin with and then 
ascending toward to aforementioned 3.7 asymptote. This can be seen in the below graphs 
where all the parameters are kept the same except initially 𝑆8 was increased to 50, and 
then in the consecutive example 𝑆8 was kept at 50 that 𝐼8 was increased to 10. 
 
 
 

 
 
Conclusions: 
 
The model I laid out in this paper accurately captured two important features of the 
behavior of the Bitcoin market over the last few years, namely the capitalization 
overshooting as a result of monetary tightening in the form of the halving and the sudden 
and decelerating burst of the bubble. It also predicted that the over time, the market tops 
will be higher than previous market tops, but by a smaller proportion and that eventually 
the system will stabilize. 
 



However, it also failed to capture a few important features of the Bitcoin market, as the 
increase in market capitalization happened too suddenly and the proportion by which it 
increased was much lower than the actual increases we have observed so far. Further 
research on modelling the effects of the halving might want to incorporate terms that 
model the concepts of rational expectations and nominal price stickiness in order to better 
capture the behavior of this particular market.  
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ANNEX 2:  
 
Python code for the previous model: 
 
import os 
import numpy as np 
import pandas as pd 
import matplotlib.pyplot as plt 
from mpl_toolkits import mplot3d 
from scipy.integrate import odeint 
 
class SIR_model_2: 
    def __init__(self, INPUT, beta:float, alpha:float, gamma:float, delta:float, epsilon:float, 
                 ndays:int , steps_per_day:int): 
         
        """ 
        :params: 
        INPUT: S, E, I, R,   initial population in each state 
        beta: is the likelihood of moving from susceptible to exposed. 
        alpha: represents the probability of an exposed consumer becoming an active sharer of the 
message. 
        gamma:  is the transition rate from infective to recovered   
        ndays: number day you want to run the simulation 
        steps_per_day: number of step per each time unit (here: 1 time unit = 1 day) 
        """ 
         
        # INITIALIZE POPULATION 
        self.INPUT = INPUT 
 
        # INITIALIZE PARAMETERS 
        self.beta = beta  
        self.alpha = alpha 
        self.gamma = gamma 
        self.delta = delta 
        self.epsilon = epsilon 
 
        # DEFINE TIME VARIABLE  
        self.time_step = 1/ steps_per_day    # Delta t in terms of fraction of days simulated at each 
step (here 1 year is our unit of time ) 
        self.t = np.arange(0, ndays+1, self.time_step)  # vector of time steps  (len(t) = number of 
steps) 
         
    def SIR_eq(self,INPUT,t, beta, alpha, gamma, delta, epsilon): 
        """ 
        :returns: 
        variations of the sistem dS,dI,dR  



        """ 
         
        S, I, R= INPUT 
 
         
        dS_dt = -self.alpha*S+(self.gamma+self.beta/((1+t//48))*2)*(I)+1 
         
        dI_dt = self.alpha*S-(self.gamma+self.beta/((1+t//48))*2)*(I**2) 
         
        dR_dt = (self.gamma+self.beta/((1+t//48))*2)*((I**2)-I) 
         
     
        return dS_dt, dI_dt, dR_dt 
     
    def run(self):   
        """ 
        :returns: 
        List of population over time.  
        Each element of the list represent the population size at a given time step.  
        """  
         
        RES = odeint(self.SIR_eq, self.INPUT, self.t, args=(self.alpha, self.beta, self.gamma, 
self.delta, self.epsilon)) 
        self.SRES, self.IRES, self.RRES  = RES.T 
 
        print('\nPopulation in {} days:'.format(int(self.t[-1]))) 
        print('Susceptibles: {}'.format(round(self.SRES[-1], 3))) 
        print('Infected: {}'.format(round(self.IRES[-1], 3))) 
        print('Recovered: {}'.format(round(self.RRES[-1], 3))) 
 
        return self.SRES, self.IRES, self.RRES 
     
""" 
Experiment 1: 
""" 
 
# Define time variables:  
ndays = 220 
steps_per_day = 1 
 
# INITIALIZE PARAMETERS 
  
alpha = 0.5 
beta = 0.8 
gamma = 0.1 
delta = 0.8 



epsilon = 0.8 
 
# INITIALIZE POPULATION 
N = 1000 # population size 
I0 = 1 # intial n° of infected individuals  
E0 = 0 
S0 = 5 
R0 = 0 
 
 
# Initial conditions vector 
y0 = S0, I0, R0 
 
# RUN THE MODEL 
 
print("alpha:", alpha, " beta:", beta, " gamma:", gamma, " delta:", delta, " epsilon:", epsilon) 
SIR_ex1 = SIR_model_2(y0, beta, alpha, gamma, delta, epsilon, ndays, steps_per_day)  
S, I, R = SIR_ex1.run() 
 
u=0 
 
plt.xlabel('time (t)') 
plt.ylabel('Susceptible (S)') 
plt.title('Susceptible Capital over Time') 
plt.plot(S[u:], label='S') 
plt.show() 
plt.plot(I[u:], label='I') 
plt.xlabel('time (t)') 
plt.ylabel('Infected (I)') 
plt.title('Infected Capital over Time') 
plt.show() 
plt.xlabel('time (t)') 
plt.ylabel('Recovered (R)') 
plt.title('Recovered Capital over Time') 
plt.plot(R[u:], label='R') 
plt.legend() 
plt.show() 
       
 
 
 
 
 
 
 
 



ANNEX 3: (SOLIDITY XFR CODE) 
// SPDX-License-Identifier: UNLICENSED 
pragma solidity 0.8.4; 
 
library SafeMath { 
    function add(uint256 a, uint256 b) internal pure returns (uint256) { 
        uint256 c = a + b; 
        require(c >= a, "SafeMath: addition overflow"); 
 
        return c; 
    } 
 
    function sub(uint256 a, uint256 b) internal pure returns (uint256) { 
        return sub(a, b, "SafeMath: subtraction overflow"); 
    } 
 
    function sub(uint256 a, uint256 b, string memory errorMessage) internal pure returns 
(uint256) { 
        require(b <= a, errorMessage); 
        uint256 c = a - b; 
 
        return c; 
    } 
 
    function mul(uint256 a, uint256 b) internal pure returns (uint256) { 
        if (a == 0) { 
            return 0; 
        } 
 
        uint256 c = a * b; 
        require(c / a == b, "SafeMath: multiplication overflow"); 
 
        return c; 
    } 
 
    function div(uint256 a, uint256 b) internal pure returns (uint256) { 
        return div(a, b, "SafeMath: division by zero"); 
    } 
 
    function div(uint256 a, uint256 b, string memory errorMessage) internal pure returns (uint256) 
{ 
        require(b > 0, errorMessage); 
        uint256 c = a / b; 
 
        return c; 
    } 



 
    function mod(uint256 a, uint256 b) internal pure returns (uint256) { 
        return mod(a, b, "SafeMath: modulo by zero"); 
    } 
 
    function mod(uint256 a, uint256 b, string memory errorMessage) internal pure returns 
(uint256) { 
        require(b != 0, errorMessage); 
        return a % b; 
    } 
} 
 
contract Fire { 
     
    using SafeMath for uint256; 
     
    string  public name = "Fire"; 
    string  public symbol = "XFR"; 
    string  public standard = "XFR"; 
    uint256 public totalSupply; 
    uint256 public decimals=18; 
     
 
    event Transfer( 
        address indexed _from, 
        address indexed _to, 
        uint256 _value 
    ); 
 
    event Approval( 
        address indexed _owner, 
        address indexed _spender, 
        uint256 _value 
    ); 
     
    event LogRebase( 
        uint256 indexed _totalSupply 
    ); 
 
     
    mapping(address => uint256) private UnburnedBalanceOf; 
    mapping(address => mapping(address => uint256)) public allowance; 
     
    uint256 public StartTime; 
     
    uint256 public RebaseNumerator = 1000000000000000000; 



    uint256 public constant RebaseDenominator  = 1000000000000000000; 
     
    uint256 public constant DeflatorNumerator = 993712; 
    uint256 public constant DeflatorDenominator = 1000000; 
     
    uint256 public LastRebaseTime; 
 
 
    constructor () { 
        StartTime = block.timestamp; 
        LastRebaseTime = StartTime; 
        totalSupply = 100000000000000*(10**decimals); 
        UnburnedBalanceOf[msg.sender] = totalSupply; 
    } 
     
    function rebase() public returns (bool success){ 
        uint256 current_time = block.timestamp; 
         
        if (current_time>(StartTime.add(378432000))){ 
                current_time = StartTime.add(378432000); 
            } 
         
        uint256 difference = current_time.sub(LastRebaseTime); 
        uint256 number_of_days = difference.div(60).div(60).div(24); 
 
         
        for (uint256 i = 0; i<number_of_days; i++){ 
            RebaseNumerator = 
RebaseNumerator.mul(DeflatorNumerator).div(DeflatorDenominator); 
        } 
         
        totalSupply = 
100000000000000*(10**decimals).mul(RebaseNumerator).div(RebaseDenominator); 
         
        LastRebaseTime = LastRebaseTime.add(number_of_days.mul(24).mul(60).mul(60)); 
         
        emit LogRebase(totalSupply); 
         
        return(true); 
         
    } 
     
    function balanceOf(address _add) public view returns(uint256 balance){ 
         
        balance = UnburnedBalanceOf[_add].mul(RebaseNumerator).div(RebaseDenominator); 
         



        return(balance); 
    } 
     
    function transfer(address _to, uint256 _value) public returns (bool success) { 
         
        require(balanceOf(msg.sender) >= _value); 
         
        uint256 unburned_value = 
UnburnedBalanceOf[msg.sender].mul(_value).div(balanceOf(msg.sender)); 
 
        UnburnedBalanceOf[msg.sender] = 
UnburnedBalanceOf[msg.sender].sub(unburned_value); 
        UnburnedBalanceOf[_to] = UnburnedBalanceOf[_to].add(unburned_value); 
 
        emit Transfer(msg.sender, _to, _value); 
 
        return true; 
    } 
 
    function approve(address _spender, uint256 _value) public returns (bool success) { 
        allowance[msg.sender][_spender] = _value; 
 
        emit Approval(msg.sender, _spender, _value); 
 
        return true; 
    } 
 
    function transferFrom(address _from, address _to, uint256 _value) public returns (bool 
success) { 
        require(_value <= balanceOf(_from)); 
        require(_value <= allowance[_from][msg.sender]); 
         
        uint256 unburned_value = 
UnburnedBalanceOf[msg.sender].mul(_value).div(balanceOf(msg.sender)); 
         
        allowance[_from][msg.sender] = allowance[_from][msg.sender].sub(_value); 
 
        UnburnedBalanceOf[_from] = UnburnedBalanceOf[_from].sub(unburned_value); 
        UnburnedBalanceOf[_to] = UnburnedBalanceOf[_to].add(unburned_value); 
 
        emit Transfer(_from, _to, _value); 
 
        return true; 
    } 
} 
 


