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The recent development of private cryptocurrencies has created a need to
extend existing models of private currency provision and currency competi-
tion. The outcome of cryptocurrency competition should be analyzed in a
model which incorporates important features of the modern cryptocurren-
cies. In this paper I focus on two such features. First, cryptocurrencies
operate according to a protocol - a blockchain - and are, therefore, free from
the time-inconsistency problem. Second, the operation of the blockchain
costs real resources. I use the Lagos-Wright search theoretic monetary model
augmented with privately issued currencies as in Fernandez-Villaverde and
Sanches (2016) and extend it by linear costs of private currency circulation. I
show that in contrast to Fernandez-Villaverde and Sanches (2016) cryptocur-
rency competition 1) does not deliver price stability and 2) puts downward
pressure on the inflation in the public currency only when the costs private
currency circulation (mining costs) are sufficiently low.
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1 Introduction

In December 2017 there were more than 1300 different cryptocurrencies in operation
with the total market capitalization of about $600B (coinmarketcap.com). A rapid de-
velopment of private cryptocurrencies revived a theoretical research on private currency
provision. Since at least Hayek (1976) monetary economics tries to answer whether a
competitive money supply is more efficient than a monopoly of the central bank on the
money market. This paper contributes to the discussion about the outcome of cryp-
tocurrency competition.

I argue that cryptocurrencies have two important features that distinguish them from
the other forms of privately supplied money'. First, cryptocurrencies are circulating ac-
cording to a protocol, a blockchain, which eliminates the time-inconsistency problem for
a currency issuer. Second, in a blockchain-based monetary system financial operations
are conduced in a decentralized manner by nodes of a network as opposed to a banking
sector. The private activity of clearing financial transactions - called mining - is costly
and the costs are compensated by newly created coins. It follows that the money supply
growth is a by-product of maintaining a blockchain. Mining costs are necessary for the
operation of a blockchain algorithm due to a distributed trust problem. They will not
disappear with an advancement of technology.

Fernandez-Villaverde and Sanches (2016)? - FVS henceforth - augment a Lagos-Write
type of model* with privately supplied currencies. Currency issuers follow a commitment
rule. This assumption represents a fact that the supply of cryptocurrencies is determined
by a computer algorithm and cannot be changed discretionary. FVS show that an

equilibrium with currency competition is efficient (in a sense that it delivers a price

! An example form the history is a free banking era in the US in 1837-1863 or Scotland until 1865 (see
Gordon, 1985).

2For example, an operation of blockchains with a proof-of-work is associated with significant energy
costs (See, O’'Dwyer and Malone, 2014).

3This paper cites Fernandez-Villaverde and Sanches (2016) and was written independently from the
later revision in October, 2017. The results of both papers are on par.

4One of the advantages of the Lagos-Write (2005) framework is an endogenous money demand. Alter-
native frameworks are transaction costs, money-in-the-utility, cash-in-advance constraint or an OLG
model.



stability) but unstable.

I extend the FVS analysis by assuming that circulation of the private currencies is
associated with liner operational costs (similar approach can be found in Marimon et
al., 2003). I show that in this case the outcome of currency competition is inefficient. A
monetary equilibrium with privately supplied currencies does not deliver a price stability.
Instead, a positive inflation rate is required to compensate currency suppliers.

I further analyze a competition between private and public currencies. I assume that
a government supplies public money at no costs under commitment to maximize its
seigniorage. Monetary economics literature argues that a currency competition works
as a disciplinary device and imposes an upper bound on the equilibrium inflation rate
that the government can sustain. I show that this is true only if the costs of private
currency circulation do not exceed a certain threshold level. For the chosen specifi-
cation of preferences and production there exists a maximum level of cost parameter
above which the inflation rate in the equilibrium with purely competitive currency pro-
vision is higher than the seigniorage maximizing inflation rate. Consequently, currency
competition plays no role for the government policy.

Many ideas of this paper are in accordance with the literature on currency competition
and the time inconsistency of monetary policy - Klein (1974) and Taub (1985) among
others. These papers, however, do not model costs of money circulation. Marimon et al.
(2012) do discuss the costs of currency provision and show that the equilibrium inflation
level is increasing in the cost parameter. However, they assume that private currency
issuers are subject to the lack of commitment in the same manner as the monetary
authority. Marimon et al. (2003) is closely related to the analysis of this paper. They
analyze a costly provision of currency substitutes by banks in a model with a cash-in-
advance constraint. Similar to their paper I show that currency competition forces the
government to set a lower inflation rate than it would prefer (for small enough cost
parameter). However, this paper differs from Marimon er al. (2003) in that I treat
currency units solely as means of payment in anonymous trade deals. No real asset

and no form of credit can be used as a payment in such an environment. On contrary,



Marimon et al. (2003) consider bank deposits as currency substitutes. Currency issuers
- banks - have an access to interest bearing government bonds which means that the
return on money and the return on the real bonds must be equalized. As a result in
their model currency competition drives the inflation upper bound to a negative level
dictated by the Friedman rule.

Other papers that analyse currency competition in a search-theoretic framework in-
clude Berentsen (2005), Cavalcanti et al. (1999) and Cavalcanti and Wallace (1999)
among others.

The rest of the paper is organized as follows. Section 2 describes the money de-
mand function in the Lagos-Wright model. Section 3 addresses private money supply
and analyses the purely private currency equilibrium with currency competition. Sec-
tion 4 introduces a seigniorage maximizing government and shows an effect of currency

competition on the government policy. Section 5 concludes.

2 Money Demand

Money demand is identical to Fernandez-Villaverde and Sanches (2016) which is a repli-
cation of Lagos and Wright (2005) search theoretic approach. I only briefly sketch the
structure of the economy and redirect a reader to the above mentioned papers for the
detailed derivations.

Economy is populated by a continuum of buyers of measure 1, a continuum of sellers
of measure 1 and infinitely many miners. Every period ¢ consists of two sub periods
- a centralized market on which every agent can produce and exchange a centralized
good x and a decentralized market on which only sellers produce and only buyers buy
and consume a decentralized good ¢. Production function of the sellers is linear and
takes labor as the only input. During a centralized market phase buyers and sellers are
endowed with a fixed amount of labor.

The utility function of the buyers is quasi-linear z? + u(g;). As a result, on the
centralized market buyers simply exchange self-produced goods for money to adjust

their money holdings and consume the rest. Consequently, an individual money demand



is independent from the trade history. Seller do not hold any money.

On the decentralized market buyers meet sellers with a probability . Every pair
negotiates on a deal according to which a seller produces and sells a particular amount
q of goods to the buyer. Negotiation is achieved by a ”take-it-or-leave-it” offer. This
type of bargaining eliminates additional inefficiencies arising from the bargaining process
itself. More precisely, a buyer is fully compensated for holding money between periods.

A buyer and a seller in a pair meet once and never again. This means that it is
not possible to use a credit in the trading process. Instead, the agents need to use a
storable generally accepted medium of exchange - money °. The need for money arises
endogenously from the fundamental structure of the economy. No other real assets can
be used as a mean of payment.

Infinitely many private agents, called miners, provide private ctyprocurrencies which
are perfect substitutes for each other. Each miner maintains a blockchain of a particular
crytocurrency ¢. Let us assume that N cryptocurrency blockchains are in operation.

Given a vector of money holdings m? = (m?',..m¥N) a buyer solves a utility max-
imization problem by deciding how much money to spend on consumption 2? and how
much to save for a decentralized market phase ) = (101, ..m?V)’. A real value of a unit
of the ith currency is ¢ and the total real value of money holdings is Zfi 1 Pimbt = qﬁtm%’

where ¢; = (¢}, qbiv)
— Pt41

Let us denote the return to money 441 = o Lagos and Write show that money

demand is specified by two functions (see Appendix 7.1 for more details): the production
on the decentralized market as a function of a return on money ¢(;+1) (1) and the total
real value of money holdings as a function of the level of production ¢ (2). Note that since
(1) holds for any currency i, the return on money must be equalized among currencies

that are held in equilibrium (see FVS). From the equation (1) we also see that the trade

°In the Lagos and Wright (2005) paper every agent is assumed to produce a unique good and to have
preferences over the goods of others. Money is required to overcome the double coincidence problem -
that each party in a pair wants the good of the counter-party and the barter is possible. An exogenous
distinction between buyers and sellers that I borrowed from Fernandez-Villaverde and Sanches (2016)
does not affect the main results.



on the decentralized market ¢ depends on the return on money ~¢41.

u'(qt) o1
Uw/(Qt) o= Boii1 B Byt+1 L)
Gy = B w(qy) (2)

N N ¢ o N
Real money demand can be expressed as z(yi41) = ¢y = > ;1 ¢§“ Gyl = Gpp1my
t41

Y41

2(ysn) = M (3)
Ye+1

3 Equilibrium with Private Money

Private cryptocurrencies are provided by rational private agents - called miners - who

M6 subject to linear operational

maximize the utility from the stream of consumption x
costs with a parameter .

A behaviour of miners is determined by an algorithm of a blockchain protocol which
is a public knowledge. All agents, therefore, know the future evolution of the money

supply as in a perfect foresight set up.

max » gz (4)
{01} ; '
sty = go(M] — My_y) — oMy (5)

Here 0 < 1 < 1 represents the costs that are associated with the operation of the
cryptocurrency platform (blockchain) as a fraction of the real money stock. Linear
opeational costs are similar to financial intermediation costs in Marimon et al. (2003).
In case of a Bitcoin blockchain, for example, these costs correspond to electricity con-
sumed for a verification of transactions (proof-of-work). The assumption about linear
costs delivers a simple representation of the inefficiency of the private money provision

technology.

In the real world miners indirectly affect the money supply by optimally choosing the intensity of
mining activity for a particular level of mining costs.



Is it plausible to assume that the total number of verified transactions and, therefore,
the energy costs are increasing with the total real money stock? Or in other word should
we multiply ¥ with money stock and not with an increase in money stock M} — M} ;.
The key feature of the blockchain that lies behind this assumption is that mining does
not correspond to money issuance directly. Mining is an activity of verifying transaction.
When already existing coins are transferred back and forth from one account to another
every transaction has to be verified. Even if the money supply stays constant so M; —
M}, = 0 acirculation of the existing money units still consumes energy. Additionally, it
is logical to assume that a higher purchasing power of a currency unit leads to a higher
number of transactions with this currency and, hence, higher total costs of verifying
theses transactions.

The market for cryptocurrencies features a free entry which implies a zero profit of

miners in equilibrium.
DB —)¢iM] — $iM 4] =0 (6)
t=0

A consumption level is non-negative every period (1 — ¥)¢iM; — ¢piM; | > 0 Vt. Con-

sequently,
(1—)Mj — M} | =0Vtif ¢i >0 (7)

Linear costs of mining require a money supply growth with a rate % Miners are
compensated for the costs by a positive seigniorage’. Note that the money growth rate
can not be negative.

In equilibrium the total real money supply va ¢% M} must be equal to the real money
demand z(7¢41). The share of every currency in a buyer’s portfolio is indetermined but

since for all valued currencies the supply growth rate is the same and the return on

"If the cost parameter were different for different currencies than the growth rates of money supply
would also differ.



money is equalized

i 1 i 1 ' i
M = ﬂMtfl = ﬂ My
¢
bir1 = Py Vi+1 = g H Yr41
=0

Let us assume that M¢ = Mg and ¢} = qﬁ‘é Vi, j. Then every valued currency has an equal
weight in a buyer’s portfolio in every period. Combining (7) and (3) the equilibrium path
is described by

(1 =)z(ves1) — nz(ye) =0 (8)

which defines y411(7y¢). This equation has two stationary points: v =0 and v = 1 — 1.
A monetary equilibrium with v = 1 — 1 implies a decreasing real price of money or in

other words a positive inflation.

Proposition 1: In a monetary equilibrium v = 1 — 1 < 1 which means that the real

price of money is declining and the inflation level is strictly positive.

A currency competition can not deliver a price stability. As long the costs associated
with an operation of private currency protocols are nonzero a positive seigniorage is
required to compensate miners for their costs. This result is different from FVS who
show that a competitive currency supply brings about a constant price equilibrium.

FVS, moreover, show that the monetary equilibrium is unstable. This result also

holds in the current set up.

Proposition 2: A monetary equilibrium with a positive return on money is unstable.

Non-monetary equilibrium with a zero return on money is stable.

Proof: is identical to FVS. As long as money demand function satisfies 2'(y) > 0
the equilibrium with a positive value of money is unstable. If initial conditions are such
that 79 < 1 — 4 then from equation (8) 74 declines for ¢ > 1. When 9 > 1 — ¢ the

equilibrium path is explosive. Formally, using the implicit function theorem and the



assumption that 2/(y) > 0:

dryi41 _ 2(ve) + e ()
dyt (1 =)z (ve41)
dryg41 21 =)+ (1 =)

2/(
7 IO ey ) 7

>1

1-v)
)

thus, %+ = 0ifyp < 1 —v and 3 — oo ify > 1 — 1. As v converges to zero, the
real money demand converges to zero and the economy converges to a non-monetary
equilibrium. Since 7; is the same for all valued currencies, money demand goes to zero
for every currency i. Figure in Appendix 7.4 plots the function ~y.41(7y¢).

To sum up, the equilibrium with a private currency provision is neither efficient (in a
sense that it does not deliver a price stability) nor stable. Clearly, the costs of currency
circulation is harmful for a welfare. Inefficient (smaller than 1) return on money leads to

an inefficiently low money demand and a low amount trade on the decentralized market.

Proposition 3: In a monetary equilibrium with v =1 — 1 < 1 the level trade on

the decentralized market g is decreasing in .

Proof: compare a level of trade in a non-zero costs equilibrium (¢) and in a zero costs
equilibrium (¢%). (1) must hold for any equilibrium.
u'(q) 1 u'(¢°) 1
+l—-0c=———ando——=%+1—-0=—
w'(q) B —-v) w'(¢%) B
substarct the second equation from the first

u(g) w(@®)y_ 1 1
7 (w'<q> - w'<q°>> “Bi-9) 5"

a

The last condition means that either u’(q) > u/(¢°) or w'(q) < w'(q°) or both. Since u'(q)
is decreasing and w’(q) is increasing it implies that ¢ < ¢°. The larger the parameter v
the larger is the difference between ¢ and ¢". Costs of private currency circulation are,
thus, welfare detrimental.

The first-best level of production ¢* which is defined from u/'(¢*) = w’(¢*) is achieved
when v = 371, Which from the Fisher equation 1+ i; = (1 + r)(1 + ;) and the fact



that v = % means that i=0. To see that formally rewrite (1) as

1+
u'(qr) 14+m
o +1—0=
w'(qt) B
!
G P g
w'(qt)
o Qt) it
=14+ = 9
o () . (9)
qg=q*if iy =0.

The fist-best solution for the return on money corresponds to the Friedman (1969)
rule. Friedman argued that the price of money - the nominal interest rate - should be
equal to zero and the economy should be saturated with money. In this case the there
will be no inefficiency in the real sector arising from monetary scarcity. Private currency
competition in the current set up never achieves the Friedman rule because it requires
a negative seigniorage. In the current model the seigniorage from a currency creation

equals to the consumption of a miner which cannot be negative.

4 Equilibrium with Public Money

In this section I introduce a government that provides public money taking potential
private currency issuers into account. The goal of this section is to show that 1) currency
competition imposes an upper limit on the level of inflation for a seigniorage maximizing
government if the costs of private currency circulation are small enough and that 2) this
upper bound is positive.

I assume that a government finances a sequence of transfers G; from its seigniorage.
A path for the public money supply M¢ is determined by a no-Ponzi games condition

together with an intertemporal budget constraint
Gr = o (M — M) (10)

If additionally the government has an ability to impose lump-sum taxes and G; =

10



de(ME — Mtci 1) + 7 then the government can constantly shrink a money supply and
achieve an efficient allocation on the decentralized market. Indeed if the benevolent
government follows the Friedman rule by setting a return on public money 7 to be 71
the production on the decentralized market is equal to g*.

Following a monetary economics literature I assume that the government follows a
constant money growth rule, e.i. MY = (1+w)M, and wants to maximize the stream
of transfers Y ;% B'Gy by choosing w rather than to rely on taxation. I denote a real
value of public money as m¢ = ¢& M and return on public money as v“. As for private

1 1

s G _ .
cwrrencies V' = e = iy The government takes the money demand z(y;) as given.

The budget constraint (10) can be rewritten as

Zﬁth = —5m&, + Zﬁtﬂ <; - E&—l) m(i1) (11)
=0 t=0

Since the government maintains a monopoly over the supply of the public money it
faces a time-inconsistency problem. Namely, —v& mtci 1 equals to zero only in the period
t = 0 and is positive afterwards. The government, thus, has an incentive to relaunch
the public currency every period. Under a commitment the government decides on
constant 7v“ (see Marimon et al., 2003) to maximize a period by period seigniorage
fr41) = (% - ’Yt+1> 2(Y41)-

The inflationary tax (% — 75—1) in decreasing in v (increasing in the inflation rate)
whereas the money demand is increasing in the return on money (decreasing in the
inflation rate). For the standard utility and production functions the seigniorage f(vi+1)
has a unique maximum v%*. Competition from the private sector, however, forces the
government to set the return on currency to at least v = 1 —@. Thus, the solution is
restricted by 1 +w < .

1-¢
If f/(7) is negative at v = 1 — 1) then the government would like to set ¥ lower than

11



than it is forced by currency competition. This happens if

1
f) ==+ (5 =] <0or
1 Z(7)
Fe) =2 -1+ (5 -7) Z2D] <0
B 2(7)
We can concentrate on the expression in the brackets since z(y) > 0 V7. I assume the
same functional forms as in FVS: u(q) = qll%;, 0<n<1landw(q)= %, a > 0. Given

these specifications f’(7) is negative if

<1 >[1—n1+1+a (1-0)p
3 7) ntan n+al—(1-0)py

substituting 1-v for

1 I—n 1 1+« (1-0)8 B
<B 1+7J}) |:77—|—Oél—’g[)+n+a1_(1_0)ﬁ(1_¢):| 1<0 (12)

|-1<0

In general the sign of (12) depends on the parametrization. For example, Lagos and
Write (2005) set S = 0.997 which corresponds to a 3% annual real interest rate, & = 0
which corresponds to a linear disutility from labour, n = 0.16 and o = 0.5. With these
parameters a threshold level for 1 is 0.12. If a private currency provision is associated
with costs that are higher than 0.12 then currency competition plays no role. If the
costs of private money maintenance are lower than 12% per money unit then currency
competition imposes a lower bound for the return on currency (an upper bound on the
inflation level) that the government can sustain. The government can not set a return
on public money lower than 1 — ¢ = 0.88 (or inflation higher than 13%). Appendix 7.5

presents threshold vales of 1 for different calibrations.

P ition 4: With u(q) = £—, 0 1 and =2 0 >0
roposition 4: With u(q) = T 0<n<1lan w(q) = Tra: @ = 0 a currency
competition sets an upper bound for a sustainable inflation level only if ¢ is below a

threshold level defined by (12).

If 4 goes to zero the outcome converges to a zero inflation equilibrium. However,

as long as operational costs of private currencies are positive, the upper bound on the

12



inflation is also positive. The government can collect a positive seigniorage even under
a threat of competing private currencies.

To gauge a realistic value for the 1 parameter one can look at statistics for cryp-
tocurrencies. For example, blockchain.info indicates for Bitcoin that the average mining
costs per money unit is below 2%°. It means that if a gross inflation level 1 + 7 in
some hypothetical country goes above 1/(1 — %) =~ 1,02 currency holders would prefer
Bitcoin (abstracting from risk and trust concerns). From bitinfocharts one can compute
the same number for other currencies. For eutherum the cost parameter would be less
than 0,5%".

Finally, we need to discuss the situation when the government cannot commit to its
policy. Imagine that the government follows a commitment rule until some period 7 and
discretionary decides on 7; every period for ¢t > 7. Marimon et al. (2003) show that the
government continues to follow the path of the commitment rule if there is a positive
value attached to such a policy - a positive seigniorage. In the model of Marimon et
al. (2003) private currency competition can drive an inflation rate to a negative region.
Private currency providers would bear a negative inflation because they have an access
to other forms of income. With a negative inflation the government deviates from the
commitment path and over-issues the public currency. As a result the government money
becomes valueless and is driven out of circulation. In contrast, in the current framework
the inflation on private currencies is always positive due to the presence of costs. Even
with a lack of commitment a private currency never drives a public currency out of
circulation.

The model predicts that a high inflation in public currency incentives households to
substitute private digital currencies for the public fiat money.

This process indeed can be observed in some countries with hyper inflation or low
trust in the national authorities. For example, Jack and Suri (2011) showed that by

the end of 2009 about 65% of households in Kenya was using cell phone currency M-

Shttps:/ /blockchain.info/charts/cost-per-transaction-percent
9Computed as reward in the last 24 hours over the amount of coins sent in the last 24 hours. See
https://bitinfocharts.com/ethereum/
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Pesa for money transfers. M-Pesa was introduced in Kenya in 2007 by mobile provider

Safaricom’

U and was represented by mobile phone minutes that could be send for large
distances at extremely low costs with a help of a cell phone technology.

Another example would be Ecuador which introduced a government digital cash
controlled by a central bank. The willingness to accept the digital cash might stem from
the hyperinflation episodes in Ecuador fiat currency until 2000'".

One must admit that a decision to use private money as a mean of exchange instead
of a legal tender crucially depends on official inflation level as well as on trust in a local
government. Moreover, it matters whether a private currency is widely accepted as a

mean of payment and whether it has a stable exchange rate. All these issues are not

addressed in this paper.

5 Conclusion

Monetary economics has been studying currency competition since at least free bank-
ing era episodes in the USA and Scotland. Recent development of cryptocurrencies
attracted an interest in academia and revived the discussion on the outcome of currency
competition.

Cryptocurrencies are ”controlled” by (a network of) private rational agents in ac-
cordance with a specific protocol - a blockchain. Due to distributed trust concerns the
functioning of a blockchain requires a significant input of a computational time and,
thus, energy.

This paper studies how an outcome of currency competition is affected by the costs as-
sociated with a private currency circulation. I extend the model of Fernandez-Villaverde
and Sanches (2016) with linear operational costs. I analyze an equilibrium with a purely
private money provision and a competition between private and public currencies.

The equilibrium with private currency provision does not feature a price stability. A

positive growth rate for private money supply and a positive seigniorage is needed to

10gafaricom was redesigned to a public-private partnership with 50% owned by Vodafon and 25% by
Kenya Treasury department.
"https: //www.economist.com/blogs/americasview/2014/09/electronic-money-ecuador
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compensate private currency providers. The costs of private money circulation lead to
an inefficient level of production and trade on a decentralized market. The magnitude
of the welfare losses is proportional to the cost parameter.

Even if a currency competition does not deliver a price stability it might impose a
discipline on a monopolist who provides public money. I show that currency competition
plays a disciplinary role for the return on public money (and, thus, the inflation) only
if operational costs of private cryptocurrencies are below a certain level. The role of
currency competition, therefore, depends on the technology that underlies a circulation
of private currencies.

Many assumption of this paper are simplifications of the reality that might matter for
the equilibrium outcome. In reality miners do not directly decide on the money supply
but on the mining intensity instead. In fact, for many cryptocurrencies the evolution of
the money supply is specified directly in a blockchanin protocol. Costs of private money
operation depend on the mining intensity and not directly on the coins in circulation or
the number of transactions. These and many other features of cyptocurrencies provide

exciting topics for future research.
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7 Appendix

7.1 Lagos-Wright Search Theoretic Model

WE(mp) = max(o} + o (ulas(nf, 1)) + BWE (] = poliit, ) ) + (1= o) BWEy ()]

It,mt
b b b
s.b. gemy + 2 = ey
or

WE(m}) = gt + max| =g} + o (u(g:(imf, ;) + BWey (f — pi(inf, 1)) )

t

+ (1 0)BWE, (1)) (13)

The utility function has standard properties: u(0) = 0,4/(0) = oo, /() > 0, u”(-) < 0.

With a probability ¢ a buyer meets a seller and negotiates on an amount ¢ and on
a payment pt(m? ,m3). In general, the payment and the amount of trade depend on the
buyer’s and the seller’s currency holdings on a decentralized market.

A seller solves an analogous problem

Wi (mf) = max [z} + o |—w(g (g, 117)) + BWE (0] + pe (g, ) | + (1= o) W ()]

Ty ,my

s.t. d)t’ﬁ’lf + J?f = gf)tmf

where w(nj) is a disutility from labor and the production function is linear ¢, = nj.
Standard assumptions on the disutility function hold: w(0) = 0,w’(-) > 0,w"(:) > 0.
Bargaining takes a form of a ”take-it-or-leave-it” offer from a buyer to a seller in a
pair. The buyer maximizes his utility subject to a participation constraint for the seller
(PC) that ensures that the seller does not make losses and to a liability constraint (LC)
that guarantees that the buyer cannot pay more money than he has. Under such a

framework money holdings of the seller play no role for the bargaining outcome. The
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bargaining can be characterized in terms of ¢ and p which are both functions of 7).

I;:%f[u(%) — Bot41pt] (14)
s.t. —w(q) + Boeripr > 0 PC (15)
pe <y LC (16)

A standard result in the contract theory is that the PC is always binding. The
objective function (14) can be written as u(q;) — w(qt). Optimal ¢* is then defined
from u'(¢*) = w'(¢*). If the buyer has enough money to compensate the seller for a
production of ¢* then ¢* is produced. The optimal payment can be derived from the
PC. If the buyer’s money holdings are insufficient he simply pays everything he has and

receives an amount ¢ that the seller is willing to produce for the compensation 7m?.

g if ¢paml > B w(q¥)

wH(Boermy) if g1} < B w(q)

qt

B7Lw(g*) if el > B w(g*)

Pt+1pr = A b ~ b 1
b1y if prpamy < BT w(q")

As FVS note, the problem can only be characterized in terms of aggregate payment
¢rr1pe- As long as the cryptocurrencies are perfect substitutes the composition of the
buyers’s portfolios is indeterminate. Nevertheless, we can still characterize some equi-
librium properties.

s : AW (1h}) ieoab
FOC of the buyer’s problem is: ——3% < 0 and = 0 if m} > 0. Thus, for any

drin?

currency % that is held in equilibrium

—} + Bdl1 = 0if gy > B~ w(q”)
UU,(Qt)q;ng + 81— 0)diyy — ¢f = 0 if ¢ramf < B~ w(g")

Where ¢ is a function of the total real money holdings q(1n?) = w (B r1m}).
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Taking a derivative of the inverse function qA ;= ﬁqﬁt 1y ( ik The second equation can

be written as —2— = 1 4+ 4@ (see Appendlx 7.2).
6¢t+1 ( )
— P41

A solution exists only with ¢t+1 < B7L. Indeed, if the return to money vi41 = 5 is

larger than the inverse of the time preference parameter than agents would want to hold
an infinite amount of money units. When d)t“ < 7! holding money is costly. Since the
bargaining and the trade on the decentrahzed market depend solely on buyers’ money
holdings only buyers decide to hold currencies and m; = 0. From now on I will use
7y = m? which denotes the total money demand in the economy.

One can show that the objective function of a buyer (13) is concave and is strictly
decreasing at B~ tw(q*) if % < B! (see Appendix 7.3). It means that the buyer’s
problem has a unique solution when ¢; 17 < B 'w(q*). In a limiting case when
¢ = Béir1 the derivative of the objective function is zero at 3~ 'w(q*). In this situation

I assume a limiting solution m; = B~ 1w(q*) as in Lagos and Wright (2005).

7.2 Money Demand

b} -1 o TN o I 17
B Ban, [w'(q) = w (9)]g,,; (17)
i _ o PO\ ol i1
o 1+3 . [u'(q) —w (Q)]5¢t+1w,(q) (18)
¢ _ u'(q) 19
o, Cw )

7.3 Buyer Objective Function

The first derivative of the buyer objective function (for any currency i) can be written

as

—¢¢ + Bde1 + o' (q) — w'(q)]

As m approaches B~ 'w(q*) from below, q(m;) goes to ¢* and the second term goes
to zero. The first term is negative for % < 371, Therefore, the derivative is negative

and the objective function is decreasing at 3~ 1w(q*).
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The second derivative of the objective function can be written as

ou"[q(me))(q' (me))? + o’ [q(me)]q" (my)

Using an implicit function theorem one can show that the second derivative is negative

1
w'(q)

and the objective function is concave since u”(q) < 0, u/(q) > 0, ¢'(m;) = > 0 and

'(me) =~ <0

The buyer problem has a unique solution at m; < S~ w(q*).

7.4 Plot of the Equilibrium Dynamics

Yl+]_

B QFR

con

1-y

Qs |

0 -y 1 gt Y

(1 denotes a non monetary equilibrium, ()2 a monetary equilibrium with non-zero fi-
nancial intermediation cots, Q.on an equilibrium with constant prices and QpR an

equilibrium which corresponds to the Friedman rule.

7.5 Threshold Values for Cost Parameter
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Table 1: Parameter Values

n 01 01 01 01 01 01 03 03 03 05 0.5
o 01 01 01 03 03 03 01 01 03 05 03
o 01 03 05 01 03 05 01 03 01 01 0.1
A G 097 092 086 095 08 08 094 08 091 0.88 0.84
™ 0.03 0.08 0.14 0.05 0.15 0.2 0.06 0.2 0.09 0.12 0.16
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