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Abstract : This paper is deeply motivated by the need to explore the impressive Bitcoin price 
development by addressing Bitcoin as money in its essential attribute as a medium of exchange. We 
adopt a monetary economics viewpoint and resort to a representative agent modelling strategy within a 
money-in-the-utility function (MIUF) framework. First, we show that the impressive Bitcoin price 
development observed since its inception can be interpreted as a hyperdeflation when we focus on 
Bitcoin role as a medium of exchange. Second, we show that specific monetary features of Bitcoin, its 
asymptotical fixed nominal stock and divisibility down to eight decimal places, account for a strong 
possibility of speculative hyperdeflationary paths. It is shown that those paths are fully consistent with 
the medium of exchange monetary role of Bitcoin and the representative agent optimizing behavior. 
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1 Introduction 
 
During the last decade, cryptocurrencies, that is purely digital currencies based on 
cryptographic proof, have become increasingly popular. Bitcoin is currently the most prominent 
purely digital currency among more than 2080 existing cryptocurrencies1. Its market 
capitalization in terms of US dollars represents more than 54% of the total estimated 
cryptocurrency capitalization (Coinmarketcap.com accessed on November 1st, 2018). From its 
inception in 2009, its price in terms of US dollars has grown by more than 8 million-fold in 
nine years of existence (Ammous, 2018; Coinmarketcap.com as of November 1st, 2018). This 
impressive price development and the related huge volatility have attracted a growing interest 
both in the media and the academic literature. Most research has addressed Bitcoin as a 
speculative asset (Cheah and Fry, 2015; Baeck and Elbeck, 2015), investigating the patterns 
(Ciaian et al., 2016; Blau, 2018) and properties of its market prices (Urquhart, 2016, 2017; 
Bariviera, 2017; Katsiampa, 2017; Gkillas and Katsiampa, 2018; Philipp et al., 2018; Wei, 
2018). Questioning whether Bitcoin could be considered as money, McCallum (2015) resorts 
to the traditional contributions of Jevons (1875), Wicksell (1935) and Clower (1967) to 
emphasize that the medium-of-exchange property is the essential one to define money. To the 
best of our knowledge, no academic research has thus far explored Bitcoin price dynamics by 
addressing Bitcoin as money in its essential role as a medium of exchange. 
This short paper attempts to close this research gap by adopting a monetary economics point of 
view and accounting for the impressive Bitcoin price development as a possible 
hyperdeflationary path in an optimizing monetary framework where Bitcoin is the medium of 
exchange. We consider Bitcoin as money  in a money-in-the-utility function (MIUF) model 
originally due to Sidrauski (1967) and Brock (1974). The MIUF approach has been widely used 
in the representative agent modelling strategy of monetary economics to capture the role of 
money to facilitate transactions (Walsh, 2017). The framework is completed by taking into 
account two specific properties of Bitcoin. According to the current algorithm the nominal stock 
of Bitcoin will asymptotically approach a fixed level of 21 million units by 2140 and its high 
divisibility is down to eight decimal places (McCallum, 2015). The paper shows that the 

                                                           

1
 See Dwyer (2015) for an extensive description of the Bitcoin system. 
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impressive Bitcoin price development observed since its inception can be interpreted as a 
hyperdeflation. We find that hyperdeflationary paths are a strong possibility in a money-in-the-
utility function model where Bitcoin is the medium-of-exchange. 
The paper is structured as follows. Section 2 provides empirical evidence and interprets Bitcoin 
price development as a hyperdeflationary path. Section 3 presents the theoretical framework of 
a money-in-the-utility function optimizing model and shows the possible monetary equilibria 
paths for Bitcoin value. Section 4 concludes. 
 
2 Evidence of deflationary paths for Bitcoin 
 
According to Ammous (2018) the first recorded exchange rate was $0.000764 per bitcoin in 
October 2009. On May 22, 2010 the first transaction involving bitcoin as the medium-of-
exchange was recorded at a rate of $0.0025 per bitcoin (Ammous, 2018). Since then many more 
millions transactions have been taking place and the rate reached $19343 per bitcoin at its peak 
on December 16, 2017 and $6370 per bitcoin on November 1, 2018 (Coinmarketcap.com as of 
November 1st, 2018). From its inception in 2009 with its first recorded exchange rate of 
$0.000764  to its peak at the end of 2017 bitcoin price in terms of US dollar has increased more 
than 25 million-fold in 8 years and more than 8 million-fold in 9 years considering bitcoin price 
on November 1, 2018. 
 
Considering bitcoin as money in its primary attribute as a medium of exchange this impressive 

price development can be interpreted as a hyperdeflation. Denoting ( $)bp  the price of one 

bitcoin in terms of US dollar, ( )bitp   the price of the aggregate good in terms of bitcoin, and ($)p  

the price of aggregate good in terms of US dollar we can write the following relationship 
 

($)

( )

( $)

bit
b

p
p

p
=  .      (1) 

 

($)p , the price of the aggregate good in terms of US dollar, has increased by 16.27% (IMF-

WEO database accessed in October 2018) on the period 2009-2018 which is negligible 

compared to the variation of ( $)bp , the price of one bitcoin in terms of US dollar on the same 

period.  Then, it follows that the impressive increase in ( $)bp can be interpreted as a huge decline 

of ( )bitp , the price of the aggregate good in terms of bitcoin, on the period 2009-2018. We 

qualify that huge decline in prices as a hyperdeflation. Interestingly, McCallum (2015), Dwyer 
(2015) or Ammous (2018) have raised the possibility of deflation in a bitcoin monetary system 
with fixed nominal supply. Next section attempts to account for that possibility. 
 
3 An optimizing monetary model to account for the bitcoin deflationary paths 
 
We consider an optimizing monetary model where the only money is assumed to be bitcoin. 
The medium-of-exchange role that bitcoin plays in facilitating transactions is captured by a 
money-in-the utility function approach. The model draws on the well-known original 
contributions Sidrauski (1967) and Brock (1974). We study a continuous-time model of an 
exchange economy of infinitely lived, utility-maximizing representative households with 
perfect foresight. Population is constant, and its size is normalized to unity for convenience. 

Each household has a constant non-produced endowment 0y >  of the non-storable 
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consumption good per unit of time. We do not introduce any government and bond holdings in 
order to focus on the bitcoin as the medium-of-exchange. 
The representative household maximizes at time 0 the present discounted value of his utility 
stream, 

( ) ( )
0

t
t tu c v m e dtρ

∞
− + ∫ ,     (2) 

 

where 0ρ > is a subjective rate of discount. We assume an instantaneous utility function 

additive and separable in consumption
t

c , the household’s consumption at time t, and t
t

t

M
m

p
=  

his holdings of real monetary bitcoin balances. M is the nominal stock of bitcoin holdings which 
is assumed to be constant at 21 million units according to the bitcoin protocol. p is the price of 
the aggregate consumption good in bitcoin terms. The functions u and v are continuous, 
increasing in their respective arguments, strictly concave, and twice differentiable on the open 

interval ( )0, +∞ . 

The household’s budget constraint is 
 

t t t t tm y c mπ= − −ɺ ,      (3) 

 

where tπ is the inflation rate. 

Taking into account that the divisibility of bitcoin is down to eight decimal places (McCallum, 
2015) we can write formally a lower bound for the price level as 
 

810tp −≥ ,      (4) 

 
leading to the following upper bound on real bitcoin balances m̂   
 

8ˆ 10tm m M≤ = ⋅  .       (5) 

 

Denoting by t̂  the time when real bitcoin holdings reach m̂ , this household’s optimization 

problem with a bounded control leads to the following first-order condition for any ˆt t< : 
 

( )
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t

t
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u c
ρ π
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′
 .      (6) 

 
The optimum solution is completed by the transversality condition: 
 

( )lim 0t
t t

t
e u c mρ−

→∞
′  =   .     (7) 

 
The setup is completed by considering the equilibrium condition in the goods market: 
 

ty c= .       (8) 

 
Combining (6) and (8) we obtain the law of motion for real bitcoin balances such that 
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For computational and graphical purpose we assume the following functional form for the 
utility function 
 

( ) lnu c cα=  and ( ) lnv m mβ=  , 

 

with α  and β  positive parameters. Then, omitting index t for convenience, the law of motion 

for real bitcoin balances becomes 
 

1m y mα β ρ−= − +ɺ  .     (10) 

 
Differential equations (9) and (10) provide a complete characterization of real bitcoin balances 
dynamics which is studied by using the technique of the phase diagram. The phase diagram 
associated to the law of motion given by (10) can be plotted in Figure 1 as follows 
 

 
Figure 1 

 
According to the law of motion (10) there is only one steady state where bitcoin is valued such 

that * y
m

β
αρ

=  . Moreover, the only steady state *m is unstable. All paths starting to the left of 

the steady state are speculative hyperinflationary paths. As shown by Obstfeld and Rogoff 
(1983) in a similar model, these hyperinflationary paths can be ruled out on the grounds that 
they are not feasible as they would eventually lead to negative real bitcoin holdings. By contrast, 

all paths originating to the right of *m  involve increasing real bitcoin balances leading to the 

upper bound m̂  at finite time t̂ . Since the nominal stock of bitcoins is constant such paths for 
m are speculative hyperdeflationary paths involving a decreasing price level in bitcoin terms. 
Once real bitcoin balances reaches m̂  the price level reaches its lower bound given by (4) and 
the deflationary process cannot continue. So the economy may find itself in an equilibrium that 
does not violate any transversality condition. Increasing the divisibility of bitcoin would allow 
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the deflationary process to continue up to the newer lower bound for the price level in bitcoin 
terms. Speculative hyperdeflationary paths are a strong possibility if bitcoin is considered as 
money in its essential role as a medium-of-exchange. 
 
4 Conclusion 
This paper is deeply motivated by the need to explore the impressive Bitcoin price development 
by addressing Bitcoin as money in its essential attribute as a medium of exchange. We adopt a 
monetary economics viewpoint and resort to a representative agent modelling strategy within a 
MIUF framework. The first finding is that the impressive Bitcoin price development observed 
since its inception can be interpreted as a hyperdeflation when we focus on Bitcoin role as a 
medium of exchange. Considering the asymptotical fixed nominal stock of Bitcoin and its 
divisibility down to eight decimal places, the second result is that speculative hyperdeflationary 
paths are a strong possibility for Bitcoin monetary equilibria fully consistent with the medium 
of exchange role of Bitcoin and the representative agent optimizing behavior. 
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