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RESUMO

Este artigo desenvolve uma estrutura de equilibrio geral que estende o modelo de tributacdo
de Ramsey-Friedman ao incorporar explicitamente agentes heterogéneos, mercados competitivos e um
planejador central responsavel pela politica fiscal e pela gestao da divida. Dentro dessa estrutura unifi-
cada, o modelo captura a interagdo entre os resultados de mercado descentralizados e os instrumentos
de politica centralizada, enquanto a adocéo de preferéncias quasi-lineares garante que as alocagdes do
planejador permanecam consistentes ao longo do tempo. Com base nesses fundamentos, introduzimos
uma unidade monetaria virtual que surge endogenamente em equilibrio como um servi¢o de compen-
sacdo de transagdes. Essa contribuicdo aborda a questdo em aberto de como caracterizar a moeda dentro
da teoria do equilibrio geral, avangando a discussdo ao propor um sistema digital que preserva o poder
de compra entre regides e setores produtivos de maneira estavel e ndo inflacionaria, sem gerar distor¢des

na alocagdo de recursos.

Palavras-Chave: Equilibrio geral, Moeda digital estavel, Modelo de tributagdo de Ramsey-Friedman,

Consisténcia intertemporal

ABSTRACT

This paper develops a general equilibrium framework that extends the Ramsey-Friedman taxa-
tion model by explicitly incorporating heterogeneous agents, competitive markets, and a central planner
responsible for fiscal policy and debt management. Within this unified structure, the model captures the
interaction between decentralized market outcomes and centralized policy instruments, while the adop-
tion of quasi-linear preferences guarantees that the planner’s allocations remain time-consistent. Building
on these foundations, we introduce a virtual monetary unit that emerges endogenously in equilibrium as a
transaction-clearing service. This contribution addresses the open question of how to characterize money
within general equilibrium theory, advancing the discussion by proposing a digital system that preserves
purchasing power across regions and productive sectors in a stable, non-inflationary manner, without

generating distortions in resource allocation.

Keywords General equilibrium, Stable Digital Currency, Ramsey-Friedman Taxation Model, Time Con-

sistency.

JEL Code: D41, D50, D51, D53, D62, E42



Time Consistence and Stable Digital Currency in General Equilibrium - 7D 688 (2025)

Keywords General equilibrium, Stable Digital Currency, Ramsey-Friedman Taxation Model, Time
Consistency.
JEL codes: D41, D50, D51, D53, D62, E42,

1 Introduction

Kydland and Prescott (1977) demonstrate that discretionary policy, even under a fixed social welfare
function and full knowledge of policy effects, fails to maximize social welfare because economic agents
rationally anticipate future policy actions. Their analysis shows that optimal control theory is inapplica-
ble when expectations are rational, as agents’ current decisions in each period depend on beliefs about
future policies. However, their results hinge critically on the assumption that the consumer’s problem
features strictly increasing marginal utility and admits an interior solution, so that first-order conditions
govern behavior and expectations of future policies are incorporated directly into present choices. If,
by contrast, consumption allocations lie at the boundaries of the feasible set or if preferences generate
corner solutions, the intertemporal channel that gives rise to policy inconsistency may be substantially
attenuated or altogether absent.

This paper considers a framework with quasi-linear utility, where agents’ optimal consumption
and saving plans depend solely on past trajectories of the central planner’s strategies. This specification
eliminates the forward-looking channel that generates the inconsistency emphasized by Prescott (Kyd-
land and Prescott, 1977). Consequently, the planner’s policy sequence is time-consistent: the policy that
is optimal ex-ante remains optimal when re-evaluated in subsequent periods. The quasi-linear formula-
tion therefore offers a tractable and theoretically coherent environment in which recursive equilibrium
coincides with Ramsey-optimal planning, demonstrating that the well-known time-inconsistency prob-
lem can be circumvented when preferences exclude the intertemporal spillovers that underpin Prescott’s
paradox.

The numéraire good represented by the linear component of the utility function may also be inter-
preted as a service that supports the accounting of transactions.! In this interpretation, its units correspond
to transactions themselves rather than to particular goods, which is consistent with the assumption of
constant marginal utility. Moreover, by Walras’s law, the equilibrium quantity of this service equals the
number of net transactions. Hence, it can be regarded as the provision of a transaction-clearing service
that is remunerated per net transaction.

The framework developed here is closely related to the contribution of Magill and Quinzii (1992)
and Dubey and Geanakoplos (2003), as both works seek to specify and characterize the existence of
money within a general equilibrium framework. While their analysis emphasizes the role of fiat money
and nominal assets in resolving indeterminacy and in generating real effects of monetary policy under in-
complete markets, our approach focuses on the introduction of a virtual monetary unit embedded directly
into general equilibrium without relying on market imperfections. In contrast to their model, the virtual

money considered here is not supplied or controlled by central authorities but arises endogenously from

"We assume that the benefit from using the service is determined by the opportunity cost of employing alternative digital
means of transaction, which are implicitly available within the model’s underlying structure.
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the settlement of transactions. Moreover, it is designed to be intrinsically stable, in the sense that it does
not generate inflationary pressures, thereby providing a unit of account and a stable medium for clearing
exchanges within the economy.

The growing role of artificial intelligence and the proliferation of big data algorithms influencing
economic behavior raise a fundamental question: how can models be constructed with microfoundations
sufficiently rich to approximate real-world dynamics while remaining analytically tractable? In this arti-
cle, we advance a hybrid framework that combines competitive interaction with strategic behavior. This
formulation incorporates insights from both general equilibrium theory and central planning, thereby
connecting allocative mechanisms to institutional design and to the broader foundations of economic
coordination.

The objective of this paper is to develop a general equilibrium framework that provides complete
microfoundations for macroeconomic analysis by explicitly incorporating a central planning authority
responsible for fiscal policy, a central bank that regulates the supply of public bonds and manages pub-
lic debt operations, and heterogeneous markets. Within this unified structure, the model captures the
interaction between decentralized market outcomes and centralized policy instruments. We assume that
the central planner can estimate consumer demand based on historical prices and demand data, thereby
possessing the ability to anticipate consumers’ best responses to each fiscal policy. However, the mul-
tiplicity of equilibria prevents the planner from predicting which equilibrium price will be selected by
the markets. Therefore, we assume that the game implements a pure simultaneous Nash equilibrium in
prices and a Subgame Perfect Nash Equilibrium? in the remaining strategies.

Furthermore, the paper demonstrates that, under suitable conditions on agents’ preferences, specif-
ically quasi-linear utility, the planner’s policy sequence is time-consistent. This property, in turn, enables
the theoretical implementation of a Stable Digital Currency (SDC), which can be viewed as a medium
of exchange whose circulation is endogenously determined by market-clearing conditions and which
preserves purchasing power across sectors and regions. This technology thus implements a real and uni-
versal unit of account and can be further subdivided into multiple components, differentiated along both

regional and sectoral dimensions.

2 Basic Notation
We follow the notation in Mas-Colell et al. (1995). The basic conventions are as follows. Define
T={0,1,2,...} and N ={0,1,2,...,n}.

Throughout the paper, exogenous uncertainty is represented by a finite set © and a tree® (Magill and
Quinzii, 1994)
Q={(wi,...,ws,...,wt) 1 ws € Oforalls <teT}

“More precisely, a variant of Stackelberg equilibrium in which the central planner acts as the leader.
3 Although one could rely on a filtration to define plans along the tree, we adopt partial constant functions for the sake of
notational simplicity.
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Let (2, p,.#) be a measure space, where . is a o-algebra (tribe) representing exogenous information
and p € Prob(Q) is the objective joint probability distribution over all periods, with p(w) > 0 for all
w € . The model may allow for differential information across agents, represented by a family of
sub-tribes of . that define their individual information sets (Hervés-Beloso et al., 2009).

In this framework, aggregate variables such as prices are measurable with respect to .. For rea-
sons of notational simplicity, however, we shall omit this feature in the subsequent analysis. Let Z denote
the set of all bounded . -measurable real-valued functions* defined on 2. The algebraic structure of Z is
analogous to that of the real numbers under pointwise operations.® For instance, we write z < 2’ when-
ever z(w) < 2/(w) forall w € Q. Given a mapping f : Z — Z andy = f(z), we denote by f(z)(w) the
value y(w) for each w € Q.

Given t € T, we say that a function z; € Z is a t-section® if it is bounded and satisfies z;(w) =
zt(w') forallw € Q and w’ € Q such that wy = W/, for every s < t. Observe that if z; € Z" is a t-section,

then the set Z; := z;(Q2) is finite, because © is finite. Hence,’ the expected value of z; can be written as

> crlE @) =2 Y {pwnw) we )}

seZ seZ

= Z {p(w)zt(w) twE Uggzzfl@)}
= Y o)),

wes

since 2 = J ¢, 2 1(<). Thus, for each t-section z; € Z" we may write

Elz] =) p(w)z(w).

weN

Note that we rely on the fact that if z; € Z is a t-section for some ¢ € T, then the sum ), 2(w) is
finite.
We work on the following vector spaces,

Z" ={(2n)nen : zn € Z foralln € N}
Z'={z € Z : z is at-section forall t € T'}
Z"M = {2, € Z : 24y, is a t-section forall t € T'}
Z™C = {2y € Z ¢ 2y is a t-section forall t € T}

ZXN = Lt € Z ¢ Zgpay s @ t-section for all t € T'}.

Given random matrices z € Z"" and y € Z™", we denote their standard matrix product by

zy € Z™". We refer to any such space as a linear space L. An element z(w) € R™™ is a matrix with t

“That is, discrete random variables.

SFunction composition and matrix multiplication are defined pointwise in the standard way.

® Although one could introduce a filtration to define the plans along the tree, we restrict attention to partially constant func-
tions for simplicity, since © is finite.

"We assume that Z contains only distinct values.
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rows and n columns. For a random element z € Z™"¥" we write z; € Z™" with entries (2¢)nk = Zink
foreacht € T.

We write the letter with the symbol “~” to define a strategy and “™ a best response function
evaluated on the actions. For example 2 = Z(p) stands for the best response strategy Z evaluated at the
action p and z = Z(y) the strategy Z evaluated on the action y. For notation purposes, let us denote the

symbol without upper index as the Cartesian product, for example, write Z = [[..; Z* and analogously

el
for elements and functions. Moreover, denote the symbol “+” in the upper index to stand for aggregate
variables over markets excluding the central planner. For example denote 2z’ = (z;);cr and 2" = Zie 7 2t
the aggregate variable of a vector of I agents.

1 [T t]

We use the symbo to denote a strategy and ‘™ to represent a best-response function evaluated
at given actions. For example, Z = Z(p) denotes the best-response strategy Z evaluated at the action p,

while z = Z(y) represents the strategy Z evaluated at the action y.

3 Model

We generalize the framework of Magill and Quinzii (1994) to a Ramsey-Friedman type economy (Cham-
ley, 1985) with a finite set of consumers indexed by I and a central planner indexed by ¢. Define
Z = I U{¢}. Consider j firms indexed by the set J in a multi-sector production plants. The econ-
omy evolves over an infinite horizon with periods indexed by 7" = {1,2,...}. In each period, there are
n goods collected in the set V. The first good, indexed by 7, is not a standard consumption commaodity
but rather a service that enables agents to settle transactions at predictable costs, thereby functioning as
a transaction medium. We assume the existence of a subset of regions serving as a common index across
agents, firms, and goods, but we omit explicit regional indexing throughout the analysis.

Suppose that m assets are available in each period, indexed by the set M, with portfolio holdings®
defined in A* ¢ Z™*! for each £ € T U J. The first two assets, supplied by the central planner, corre-
spond to a Treasury bond and fiat money, indexed by {b, 1}. The remaining assets consist of long-lived
instruments, which may or may not be contingent on firm profits, together with short-lived assets deliv-
ering exogenous payoffs. Accordingly, we assume that J U {b, u} C M. For each j € J, we consider
the subset M7 C M representing the firm j’s capital structure, i.e., the collection of contracts design-
ing differential payoffs linked to profits. Asset positions follow the standard sign convention: a positive
quantity indicates a long (purchase) position, while a negative quantity represents a short sale.

Assume that the first good 7 is the numéraire and it is represented by a digital service provided by
the central planner, which records the volume of net transactions denominated in units of a Stable Digital
Currency (SDC). We assume that all agents exhibit constant and positive marginal utility with respect
to the numéraire. The marginal benefit of each unit of the digital service corresponds to the benefit of
executing a trade of any good at any point in time. Hence, this marginal benefit must be constant, as it
does not depend on the specific good being traded. Finally, we assume that a real fundamental unity is
based on a certain fixed unitary bundle’ Z indexed in N C N and M C M for which 7, € R, if

8Portfolio choices are assumed to be constant on €2 at period ¢ = 0.
“Which defines a price index and can be discriminated over the regions and production sectors.
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¢ e N UM and Zy = 0 otherwise forall t € T.

Assume that the first good 7 serves as the numéraire and is represented by a digital service supplied
by the central planner, which records the volume of net transactions denominated in units of a Stable
Digital Currency (SDC). All agents are assumed to exhibit constant and strictly positive marginal utility
with respect to the numéraire. The marginal benefit of each unit of the digital service corresponds to the
benefit of executing a transaction of any good at any point in time. Consequently, this marginal benefit
must be constant, as it does not depend on the particular good being traded.

Finally, we assume the existence of a real fundamental unit defined by a fixed reference bundle'’
7, indexed in N C N and M C M, such that Z;y € R, if ¢ € N U M and Z; = 0 otherwise, for all
tel.

Good and asset prices are represented by the row vectors p; = [pn|nen € Z% and q; = [Gem|menm €
Z™, respectively, for each period ¢t € T. Define p = (pi)ier € Z" as the stream of good prices, and
analogously ¢ = (¢t)ier € ZY™ as the stream of asset prices. The set of admissible good prices is
denoted by P C Z*" and the set of admissible asset prices by Q C Z*™.

We assume that durable capital goods of each firm j € .J exhibit an input retention rate'! 0 <
07| < 1forallt € T, which is equal to zero for non-durable goods. The value 1 — |87, > 0 represents
the depreciation rate. For each j € J, define 67 € Z™"™*" with 6;? denoting the diagonal matrix whose
entries are 5§n forn € N.

Let us assume that the central planner finances its resources through tax collection or the issuance
of public debt. Regarding tax notation, the tax variables!? at each period t € T are represented as the
diagonal matrix 7/ € R™*" with a typical element 7, , = 0 if k # £ and 7/, € R, representing the ad
valorem tax of good k at time t. Denote by 7 = (7{),cp € I'* C R™"*" the array of taxes and 7,,,, by
7}, for each n € N to simplify. Therefore, the amount p,7}ci € Z, represents the total tax Agent i pays
for consuming c;. Assume that taxes are levied on endowments and net purchase but not on net selling.

Let us assume that the central planner finances its resources through tax collection or the issuance
of public debt. With respect to tax notation, the tax variables'® in each period t € T are represented by
the diagonal matrix 7/ € R"™", where 7/;, = 0if £ # £ and 7;,,, € R, denotes the ad valorem tax on
good k at time .

We denote 7 = (7¢),cp € T C R¥™ " as the array of taxes and, for simplicity, write 7/,,, for
eachn € N. Accordingly, the amount p,7}ci € Z, represents the total tax paid by agent i for consuming
ct. Finally, we assume that taxes are levied on endowments and net purchases, but not on net sales.

LetY = I'* x R* x X’ denote the set of endogenous variables that directly induce global inter-
dependence in individual choices. A typical element is y = (7*, r*, z’), representing the tax system, the
federal funds rate, fiat money payoffs, and the profit strategies of firms.

In each period ¢ € N, bond returns are denoted by 7, € R" and fiat money payoffs by r,, € R.
We collect these as 7 = (77}, rLt). If m represents an equity instrument, then the payoff to firm 5 € M

is given by its net profits.

This bundle defines a price index and can be disaggregated across regions and production sectors.
Since durable capital inputs are recorded in negative amounts, we adopt negative rates by convention.
I2Note that taxes are non-random parameters.

3Taxes are treated as non-random parameters.

10
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Finally, we assume that fiat money yields non-positive payoffs,'* while the numéraire is normal-
ized to have unit price. In this framework, the “inflation rate” is represented by the relative fiat money
payoff, namely |r;,|/ps, foreacht € T.

In this model, the central planner possesses suftficient information about the economy to infer con-
sumers’ demand, but lacks the information required to determine equilibrium prices due to the possibility
of multiplicity. Consequently, it behaves as a price taker, analogously to consumers, while setting the
supply of government bonds and fiat money,'> as well as defining taxes and social expenditures'®. We
adopt the concept of Subgame Perfect Nash Equilibrium, as presented in Mas-Colell et al. (1995), to
characterize agents’ best responses.

3.1 Firms’ problem

We assume that physical capital can be endowed by firms (Hillebrand, 2012) and functions as an asset,
thereby transferring resources across consecutive periods. At the same time, the equivalent quantity of
physical capital may also serve as an input in production. We assume that input-output operations, payoff
distribution, and savings decisions take place within the same period, although they are not determined
simultaneously.!”

Each firm j’s allocation is represented by a matrix 27 = (¢/,a’) € X/, where X7 denotes the set
of feasible firm choices,

Xj C Zn><t % Zm><t7

with c*g C Z" denoting the input-output random vector in each period ¢ € T. Positive components
represent outputs, while negative components represent inputs. The production column vector is written

asc] = (c

nt

Jnen foreach j € I.
Each firm j € J alsoselectsa’ € A7 C Z™*!, as the vector of asset holdings, where A7 is assumed

to be bounded and embodies the unit net supply of capital structure, that is

Aj—{ajeZth: Z aint—lforallteT}. €))
meM7I

We define X7 = C7 x AJ for each j € J with a typical element 27 = (¢/, a’).

Firm j’s strategies in each period ¢ € T are represented by a function ¢/ : Y — (7, where
&Z (y)(w) € R™ denotes the input-output vector at period ¢ given the fiscal policy and market production
actions y = (7*,r*,2’) € Y and the event w € (). We assume that ég isat-sectionon Y foreacht € T
and j € J. Equivalently,'® &/ (y) = & (y) for all y, ) € Y such that y, = g, for every s < t. Define CJ
as the set of all such strategies ¢/.

Firms’ saving strategies are defined analogously by a function @’ : Y — A7 of bonds and assets,

'“Fiat money serves merely as a residual instrument, used only when the SDC does not provide sufficient liquidity.

'3The central planner controls bond supply by adjusting the corresponding interest rates.

16Which generates positive externalities.

"In addition, we assume that firms’ profits are distributed pro rata according to the allocation of equity and third-party
capital.

8Pointwise in €.

11
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satisfying d{ (y) = al () whenever y; = 5 forall s < ¢. Let A7 denote the set of all such functions. We
then write X7 = CJ x A forall j € J.

The production set of firm j € J is subject to the following constraints. For every ¢t € T', denote
by é{q . 09 — Z" the endowment stream of goods, where é{fl(cj ) is the stock of durables carried
over from period ¢ — 1 after depreciation. In our specification, the period-¢ capital employed equals the
depreciated stock from period ¢ — 1 used as an input; hence we set é{_l(cj )= 5{ cg_l forall j € J. For
eacht € T, define 7 : P x Q x Y x CJ — Z by

1) ifm=j
) ifm#j

. pt(d +

(P, 0,9, ¢0) = ‘o +
Qi T D\ Gt

ocl
§lél
The production plants are represented as a stochastic production function®? f7 : X7 — Ztxn,

Define firm j’s period-t net profit function 7rg :PxQxY x XJ — Z foreach (p,q,7,27) €
PxQxY x XJby

(0,49, 7) = 7 (p, 4,9, )aj_, — gai,

where C’Ll € Z™ embodies the stock of capital available from the previous period and C,Z € Z™ incorpo-
rates the capital employed in the current period (both for contemporaneous production and for carryover
to the next period) for each ¢ € T and 5 € J. We assume that firms distribute all profits as dividends
before determining reinvestment through equity purchases. The expected, time-discounted objective in-
corporating risk preferences is, for each (p, q,7,27) € P x Q x Y x X7,

W (p,q,9,27) =YY Bpw)d (w] (p,q.3,27)(w)),

teT we

where u{ : R — R represents the period-t Bernoulli utility capturing risk attitudes. If ui is linear, then
firm j is risk neutral.

Since managers of firm j hold specific contractual claims in M7, any modification of the capital
structure may alter their individual payoffs. We therefore assume that managers commit to maximizing
the firm’s profits prior to pursuing their private benefits. In this setting, they treat the firm’s returns as
exogenously given.

The supply best response 7 : P x Q — X7 is then defined as

i (p, q)(9) = argmax {u (p,q,9,27) : 27 € X7 and f7(27) € Z""} .

Write it shortly as @7 (p, q) = (¢/(p, q), @ (p, q)) for each (p, q) € P x Q.

Remark 3.1. Suppose firm j produces a perishable good n € N employing only durable capital and labor.
Letki ¢ Zt, 10 € Z' ,and &, € Z' denote, respectively, the capital, labor, and output-n components of

19We assume the firm’s profits are distributed pro-rata according to the allocation of equity and third-party capital.
2"Recall that any pure asset acquired by firms is in non negative amount. The acquired capital inputs as durable goods are
also given in negative amounts.

12
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¢/. Assume the production technology is given by ft] 1 Z X Z — Z,,such that
e =fl (K1), teT,

while all other input allocations are negligible for firm j since they yield no profitable outcome. Capital

is the only durable input, with retention rate 5i < 0 satisfying \5%] < 1, so that
6lel_y =61k, ded.

Suppose firm j is characterized by a simple capital structure given by M; = {j}. Then its equity
position satisfies afnt = 1 for m = j. Assume further that the firm does not invest in other financial
assets, so that aint = 0 forall m # j and ¢t € T. Then the period-t pro-rata allocation of profits is given

by

o (p,q.9,27) = 7 (p.q. 9, &)al_; — q,af
= Qtm +Pt(cz + 51{6{—1) — qtm
= ptnCZLt - ptl‘lg’ - pmlkil + ptkéikg—l
= pen ] (K], 1) = pall]| + per (57K — [K]])

These profits are analogous to those in a standard production framework, except that they explicitly
incorporate the previous period’s capital, which can either be reemployed or liquidated in the current

period.

3.2 Consumers’ problem

In this sequential game with complete information, we interpret consumers’ plans as strategies contingent
on exogenous uncertainty, as well as on the choices of firms and the central planner. The availability of
complete information implies that rational consumers anticipate the possibility that the central planner’s
policies may lack time consistency (Kydland and Prescott, 1977). Consequently, plans formulated in the
initial period may fail to be implemented at some future date ¢, since doing so would require forecasting
subsequent policy actions.

Suppose, however, that consumers?!

execute in the initial period their plans for date ¢ while con-
sidering only the fiscal policy actually observed at that date. Under this assumption, we demonstrate
that constant marginal utility preferences render such behavior consistent with optimal decision-making.
Moreover, once the central planner incorporates this behavioral rule into its strategy design, the resulting
equilibrium ensures that all agents behave consistently. The following characterization of consumption
and savings strategies further elucidates this pattern of consumer behavior.

For each i € I, consumer 4’s consumption set is defined by C* C Z"**. Denote the consumption
column vector at date t by i = (c!,;)nen. Similarly, consumer i’s asset choice set is given by A* C 2™,

where A? is bounded. The asset column vector at date ¢ is written as al = (al,;)me 1. Hence, the overall

2! Analogous to the way they treat their plans contingent on exogenous uncertainty.
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set of consumer choices is X* = C* x A’ for all i € I, with a typical element denoted by z* = (¢, a*).

Consumer 7’s strategies at each period ¢ € T are represented by a function & : Y — C?, where
¢ty (y)(w) € Ry denotes the consumption of good n € N atperiod ¢ € T, conditional on the fiscal policy
and production actions (7,7, 2’) € Y and the event w € Q. We assume that ¢! is a t-section?? on Y for
allt € Tandi € I. Let C* denote the set of all such consumption strategies ¢.

Analogously, consumers’ saving strategies are defined by a function @’ : Y — A?, with a! being
a t-section for every t € T Let A’ be the set of all such saving strategies. The overall set of consumer
strategies is then given by Xi=Cix Al

Denote by é! : C* — Z" the endowment stream of goods for each i € I. For every t € T,
the quantity é!_, (') represents the endowment at date ¢ of non-durable goods together with depreciated

durable goods inherited from period ¢ — 1. Accordingly, we define
() = e+ oy, Viel,

where 0 < §} < 1 is the retention rate and e} € Z" is an exogenous endowment.
Since taxes are levied on endowments and on net purchases (but not on net sales) suppose agent ¢

receives € := é!_,(c') at period t and consumes c:. Then the net purchase is
S i i
¢ =c—e.

If &, > 0 for some good n, the agent pays p;,, 74, C.,; on net purchases plus py,74,,€%,; on endowments.
Hence, the total tax liability is
ptnTthn(E%nt + é%rzt) = ptnTthnCiLt'

If instead &, < 0, the agent sells |¢,,| and retains ¢!, as endowment.?’

Therefore, in both cases, the total tax vector for all goods is given by
DTy Cé € ZL.

Suppose preferences are represented by a utility function u/,, : C?, C R, — R, that is strictly
increasing, concave, twice differentiable, and admits a differentiable inverse. For each ¢t € T, define the

(Von Neumann-Morgenstern) period utility index u’ : Cf — R by?**

ui(c) = 37 plw) 3 uly(chy(w) forall ¢ € G,

wef) neN

The lifetime utility v’ : C* — R is given by

ut(c?) = Zﬁtui(ci) forall ¢' € C".

teT

2Equivalently, é(y) = é(y') for each y, 3y € Y such that ys = ¢/~ forall s < .
B There is no taxation on net sales.
2 Formally, u} is a V.N.M. expected utility index.
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We define asset pay-offs®> 7 : P x Q x Y — Z™™ foreach ¢t € T as

PiTim € 4 if m € {b, u}
P (D, 4:9) = Py € Z if m is short-lived @)
G +1i(cl +81c]_ad, € 2 ifm e M

where 7, € Z" is exogenously specified and ) . al, = 1. For each i € I, define the wealth
function @’ : P x Q x Y x X' — Z as

Wi (p, 4y, 2") = 7 (p, 4. y)ay_y + 1,8 1 (c") forallt € T.
The budget correspondence of agent ¢ € I is then bi: P x Q x Y — X, defined in the standard way?®

by
b (p,q,y) = {wl € X"t (e + pyri)c; + qap < wy(p,q,y,a") Vt € T}-

The best response strategy & : P x Q — X' is defined for each (p,q) € P xQas
' (p, q)(y) = argmax{u’(c’) : 2’ € b (p,q,y,2")} forally € Y.

Write shortly 2% (p,q) = ('(p,q),a'(p,q)) for each (p,q) € P x Q. The indirect real valued utility
function ¢ : P x @ x Y — R is defined by

3'(p,q,y) = max{u’(c') : 2* € b'(p, ¢,y,x")} forall (p,q,y) € P x Q X Y. 3)

3.3 Central planner problem

In this model, markets are assumed to track the actions of the central planner. Hence, in a subgame-perfect
Nash equilibrium?’, the planner anticipates agents’ demand best responses to forecast tax revenues, while

still treating prices as parametric. Let C* C Z*" and A* C Z™*". The planner’s choice set is
X'CcO'"x A" xTI" x R,

where a generic policy vector 2 = (¢*, a*, 7", r") comprises: endogenous public expenditures ¢* € C*,
an asset supply a* € A*, a non-stochastic tax schedule 7* € RY*"*", and a payoff vector ry = (74, réu) €
2" x Z specifying, respectively, the returns on public bonds and fiat money.

The central planner’s strategies at each period ¢ € T" are contingent only on firms’ actions and are
represented by a function #* : Y — X*, where 2}(y)(w) € R" denotes the vector of public expenditures
and investments at date ¢ € T, conditional on market production choices®® 2/ € X’ and on the event

B Recall that we are assuming that managers ¢ € I treat the firm’s returns as exogenously given.

%Defined pointwise in €.

2"Which in this context is analogous to a Stackelberg equilibrium.

2We adopt Y as the domain instead of X’ solely for notational economy. Clearly, Z*(y) does not depend on the fiscal
variables (7°,7*).
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w € ). We assume that 2} is a t-section on Y foreach ¢ € T'. Let X* denote the set of all such strategies
Tt

We define the central planner asset pay-offs 7 : P x Q X Y — Z™"™ foreach t € T as

PiTim € Z ifm e {b, u}
P (P @27 7") =  DyTym € Z if m is short-lived 4)
Qtm +pt(6§+5ic{_1)a¥n cZ ifmeM

where r,,,, € Z" is exogenously specified and ),/ al, = 1.
Write the central planner wealth w} : P x Q x Y x X’ — Z as®

wé(pv q, xj7 xb> = f’é(p, q, xjv 7nb)a’éfl + ptTtL&?(ZL q) (TL7 TL? xj) + ptééfl (CL)

where & = (&');¢; is the market demand best response to fiscal policy>® and é* represents good endow-

ments. The central planner’s budget constraint set is given by

~

b (p,q,2’) = {z* € X" : p,c; + qua; < wj(p,q,2’,2") forallt € T}

where ¢; € Z, is the central planner expenditure at date ¢. The central planner’s expenditures generate
positive externalities®' that contribute to social welfare, represented by a function u* : C* — R,. Ac-
cordingly, u‘(c*) measures the social benefit*? derived from public expenditures ¢*. It should be noted
that the optimal level of public expenditure is endogenously determined and therefore tends to decline as
the magnitude of positive externalities decreases.

The central planner problem is then given by

v'(p, q,2’) = max { > 0 (pg )+t () 2t € 0(p,g, w’)}- (5)
el

The fiscal policy best response function of the central planner 2* : P x (Q — Xt given a vector of price
(p, q) and the consumers strategy function ¢ is given by

*(p,q)(y) = argmax { Z@i(p, q, 7,1 &)+ ut(e) : xt e b(p, q,dvj)}. (6)
el

L Al

Given 2* € Z*(p, q), write &* = (&, a*, 7%, 7*) as the central planner optimal strategy.

3.4 Equilibrium

We assume that the aggregate shareholdings of all individuals exhibit unitary net supply, since we nor-

malize each firm’s capital structure by (1). Therefore,write that the initial aggregate asset endowments

We omit the dependence of & on w to simplify.

3Note that a* < 0 when central planer is a seller.

31Examples include primary education, social security, and public health programs.
32This benefit can be interpreted as a positive externality.
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ap € RY by
0 if m is a short-lived asset,

1 ifm is a long-lived asset.
We define the equilibrium for & by the following objects
1. amarket price (p,q) € P x Q
2. afiscal policy and firms actions y = (7%, 7, %’) € I x R* x X,
3. acentral planner strategy 2* = (¢*, a*, 7%, 7") € Xt
4. a demand strategy 3 = (¢%,a') € X foreachi € I;
5. aproduction strategy 2/ = (&7, a7) € X7 for each jed
such that pointwise in 2

1. 2* € #%(p,q) foreach £ € TU J;

2. 9= (@, ™®),#®);

3. 3 ez @f(y) = ag forallt € T;

4.3 ez e(0) = Y pequs €1 (@ (_))+ZjeJéZ(g)'

Write shortly the vector of equilibrium as (p, 4, y, Z).

Remark 3.2. Consider (p, q,y, Z) an equilibrium of & and write £ = #(y). Then the market clearing
conditions are consistent with the Walras’ law. Indeed, the budget restrictions are given by

picy + @y = 75,4, §)aj_1 + el (¢') — b7 foralli € 1 (7
Pect + Gy = (P, @ T, 7))@y + py7i ¢+ piei () ®)
Since aj;,, = 0 if m is a short-lived assetand ) .,/ @ 7 = 1 then by (2) and (4)

fo(ﬁ,iﬂ)@f_l:?}(p,q,x r at 1+ZZ Z Ttm pvqy mt 1

el i€l jeJ meMi

—Qta0+PtZ Z ZCJ““S]CJ mtamt 1

Jj€J meMi LeT

= q,a5 + Dy Z(Ei + 5555—1)

jeJ

Adding up (7) and (8) we get

Z(ptct + Gay) = q,a5 + D, Z )+ Zptet 1

lel jeJ Lel

That is,

p(Ted-Xd- ¥ da@)a(Xa-a)-o

el jed LezuJ el
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4 Main results

In this section, we establish two main results. The first demonstrates the time consistency of the equi-
librium allocation. The second underscores the feasibility of implementing a Stable Digital Currency
(SDC) as a digital unit of account anchored to a representative consumption bundle, thereby preserving
the purchasing power of a given class of individuals in the economy.*3

4.1 Time consistence

We now show that agents will not revise their planned choices at any future date. This condition is crucial
to ensure that plans can indeed be executed once the corresponding period is realized. In short, we must
demonstrate that agents display time consistency in their decisions (Kydland and Prescott, 1977, 1980;
Feng, 2015). The next result formalizes this claim.

The following lemma ensures that, actually, any strategy ' € Z%(p, q) € X is a t-section on Y for

all (p,q) € P x Q.

Lemma 4.1. Fix i € I. Consider ' = (¢',a') € 3'(p,q). Then for each (p,q) € P x Q the optimal
strategy ¢ is a t-section on'Y forallt € T.

Proof. See Section 6.1 in Appendix.
O

Theorem 4.1. Suppose that & could be represented as a game with complete information. Then all agents
have time consistency for each (p,q) € P x Q.

Proof. See Section 6.2 in appendix. O

4.2 Stable Currency

Regarding the implementation of a Stable Digital Currency (SDC), the central question that arises when
a technology replaces current digital currency in virtually all transactions is: why introduce an SDC if a
central bank digital currency (CBDC) can perform this role? The answer is informed by historical prece-
dents involving real units of account, such as the gold standard monetary system (Barro, 1979). The
volatility in the price of a durable reference good employed as a unit of account generates inefficiencies
in production planning and investment decisions under uncertainty about future prices. The Perfect Fore-
sight assumption (Radner, 1972) highlights the fundamental link between price stability and economic
efficiency.

Additionally, the adoption of a Stable Digital Currency (SDC) carries important implications for
the conduct and effectiveness of monetary policy. In particular, when public debt instruments are de-
nominated in SDC units, a marginal increase in the interest rate implicitly affects the valuation of a broad
spectrum of commodity markets. This contrasts with the current monetary framework, in which nominal

currency appreciation is primarily driven by bond market dynamics. Under the latter, interest rate hikes

3Hence implying zero inflation.
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may succeed in mitigating inflation but frequently at the cost of inducing economic downturns. The in-
troduction of an SDC could enhance the efficiency of monetary policy by allowing central banks to focus
exclusively on open market operations through the management of public debt issuance and absorption.
Since the SDC establishes a unit of account indexed to real bundles, its circulation arises solely from the
net settlement of private transactions, implying that its supply is entirely market-driven and lies outside
the discretionary control of the central authority. Moreover, an SDC would not generate liquidity con-
straints, as it would coexist with the nominal sovereign currency. In addition, the central authority could
employ bond issuance as a liquidity instrument.

A further advantage of an SDC concerns the distributional effects of inflation on purchasing power.
Because inflation tends to be more pronounced in markets with low price elasticity (Ramsey, 1928), it
effectively acts as an endogenous tax levied by traders, one that disproportionately burdens lower-income
households. The welfare costs of inflation (de Holanda Barbosa and da Cunha, 2003) far outweigh any
short-term gains from expansionary monetary policy, whose real effects are likely negligible, if not null,
in the long run (Lucas Jr, 1972; Erceg and Levin, 2003). If inflation is defined as the observed change
in the price of the reference bundle, then the implementation of an SDC would effectively imply zero
inflation.

Importantly, the SDC would not be mandated by the central authority for use in private contractual
arrangements, nor would it entail full indexation of the economy. Instead, its adoption could emerge or-
ganically across the economic system, facilitated by modern trading technologies that virtually eliminate
transaction costs and allow for fine-grained spatial and temporal discrimination of purchasing power in-
dices (Handbury et al., 2013). This would enable the construction of a robust, dynamic index supported
by a big data infrastructure, with real-time updates reflecting changes in purchasing power. The accuracy
of this index would improve proportionally with the volume of digital transaction data available. Cru-
cially, such a system can be implemented with currently available technologies while preserving agents’
anonymity.

Finally, the introduction of an SDC would also allow for the deregulation of the cryptocurrency
market by providing a macroeconomic safeguard against speculative attacks and systemic shocks stem-
ming from defaults in privately issued cryptocurrencies (Fernandez-Villaverde and Sanches, 2019).

More precisely, consider an equilibrium (p, g, g, &) in which the price of good transaction service

is one.>* Then for each agent i € I the budget restriction b’ is given as>

ptO(cét - éf),tfl(ci)) = f%(py q, y)azitfl - Qta’zl‘:

+ Zptn(ézzt<ci) — Gt = ThunCit)
n#0

since pyy = 1 forallt € T then ¢, — ég,t_l (¢") denotes the aggregate volume of net transactions executed
by agent ¢ in each period ¢t € T given in units of numéraire. This amount actually represents the total

supply of a currency given in units of the digital services as an account unity. For the central planner, the

34The homogeneity of degree one allows us to consider this assumption.
35Recall that assets do not have payment in units of numéraire or transaction services.
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budget restriction b is given as

ptO(C6t - é(L),t—l) = fé(p7 q, xJa TL)aé—l - qta%

> Pt (. 11(¢) = Thunin (P, @) () = i)
n#0
since pyo = 1 forall ¢ € T' then ¢, — €5, denotes the aggregate volume of net transactions executed
by central planner for each period ¢ € T' given in units of numéraire.
To examine the details of the operationalization of a Stable Digital Currency, define at each period

teT

1 SDC unity = < Z ptga‘cﬁ> NC units.
LeNUM

Consider the deflator given as

B 1 SDC units
> teNunt Py NC unity

s(p)

The homogeneity of degree zero allow us to normalize prices by multiplying all budget equations by ¢(p)

in such a way that the set of prices is then given in SDC units by
P= {p’ €ZV™: Y plTy =1forallt e T}.
LeNUM

where (p, ¢') = <(p)(p, q) and the price of trade services is then given by

-1
Pfto:( Z Ptﬂét) =(p). ©)

LeNUM

Since the reference bundle consists of a large number of goods and assets, Equation (9) implies that
transaction services can be provided at very low unit costs.

Because the return # for £ € 7 U.J is homogeneous of degree one in prices, the demand functions
{#*: ¢ € T} are homogeneous of degree zero in prices. Moreover, as firms’ problems are homogeneous
of degree one in profits, the supply functions {#’ : ¢ € .J} are likewise homogeneous of degree zero in
prices. We thus obtain the following theorem.

Theorem 4.2. Suppose that (p, q,y, T) is an equilibrium for &. Then

(s(p)p,s(p)q, vy, 2)

is also an equilibrium for &.

The supply of an SDC must be determined by the number of transactions executed in each period,
independently of its connection to the reference bundle . The reason is that optimal allocations of certain
goods within & corresponding solely to the consumption of current endowments do not generate demand

for money as a medium of exchange, since no transaction occurs. In the limiting case of autarky, or
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equivalently a pure exchange economy, money becomes entirely superfluous, as its demand collapses to
Zero.

Regarding the operationalization of an SDC, the key consideration is the design of a mechanism
through which the transaction service is seamlessly integrated into market exchanges, ensuring efficiency
and scalability while preserving minimal transaction costs. More precisely, the total supply of the SDC
is endogenously given by

e = e ]+ Y Ich — €1 ()]
i€l

5 Conclusion

This paper has proposed a unified general equilibrium framework that extends the Ramsey—Friedman
taxation model by embedding heterogeneous agents, competitive markets, and a central planner respon-
sible for fiscal policy and debt management. The quasi-linear specification of preferences plays a crucial
role in guaranteeing time consistency of the planner’s strategy, thereby overcoming the classic inconsis-
tency problem identified by Kydland and Prescott (1977). By eliminating the forward-looking channel
that usually generates policy inconsistency, the model provides a tractable and coherent environment in
which recursive equilibrium coincides with Ramsey-optimal planning.

A central contribution of the paper lies in the introduction of a virtual monetary unit that arises
endogenously as a transaction-clearing service. In contrast to traditional fiat money, as analyzed by Magill
and Quinzii (1992), this virtual currency does not depend on market imperfections, is not supplied by a
central authority, and remains intrinsically stable in the sense of being non-inflationary. Its equilibrium
supply is fully determined by market activity, which ensures that purchasing power is preserved across
regions and productive sectors without introducing distortions into the allocation of resources. This result
contributes to the broader effort to specify the existence of money in general equilibrium and illustrates
how a digital system can be designed to sustain a stable unit of account.

Overall, the analysis highlights that incorporating a stable digital monetary mechanism into general
equilibrium provides both theoretical and policy insights. On the theoretical side, it resolves indetermi-
nacy issues while maintaining tractability and consistency. On the policy side, it offers a blueprint for
digital monetary systems whose circulation is market-driven, rather than centrally controlled, thereby
aligning transaction-clearing with efficiency and stability. This framework thus advances the literature
on money in general equilibrium by bridging foundational theory with the design of digital systems ca-

pable of supporting modern economic coordination.

6 Appendix

Auxiliary Remarks

Remark 6.1. Given z € L and 2’ € L, write 2 = z — 2’ as a differential direction. Denote generically by
Z(t,n,w) € Z™" as a direction which is zero in all but the tn-coordinate and w € Q. Write (¢, n,w) €
Z'™™ as the unitary direction when Zg (¢, n,w)(w) = 0 for (s, k, w) # (t,n,w) and 2, (t,n,w)(w) = 1.
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First, consider f : L — L’ a linear function. Then
Df(2)(2) = f(2) (10)
Second, consider f : L x L' — L" a bilinear function. Then>¢
Df(2,2")(2,2") = f(2,2) + f(2,7) (11)
Remark 6.2. Note that given z € Z, 2 € Z%"and f : Z C Z"" — L we have’’
= {4 (w) (2(t,n,w)) : (t,n,w) € T x N x Q}

because
2= {gn@)Etnw) : (tn,w) € T x N x 9},

6.1 Proof of Lemma 4.1

Proof. Let X' € Z'. Consider the Lagrangian

e )+ 303 N w)ii (g, y, ) (w)

- ZT ZQ ;GT T ) + ps(w)Td) e (w) + gy (w)ay(w))

} we+z;z;¥ «(p,q.y)(w)ag_ (w) (12)
- Z; Z;z ;ie(wu));s(w)(ei + 0361 (w))
- %%)\Z w) + py(w)Ts) ey (w) + gy (w)ag(w))

Fix (t,n,w) € T x N x 2 arbitrarily and let

#(t,n,w) = (é'(t,n,w),a") € 27 x 7™

36See Bartle (1976) for more details.
3Pointwise in 2.
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be a unitary direction with 4* = 0. The F.O.C. of evaluated at the optimum #%(y) = (¢'(y), a'(y)) € X*
implies by (3.2) that

0= 0102 (y), y) (& (t, n,w))
= 01w (@ W) (E(tn,w) + D> A(w)p,(w)Sié (£, n, w)(w)

seET we)

33T Nw) (py(w) + py(w)Th)é (t, n,w) (w)

s€T we
=373 S B p(w) gy (& (9) () (10, w0) (w)

s€T weQ keEN (13)
+ Z Z Z )‘Z kpsk )02,571(@ n, w)(w)

s€T weQ kEN
ST ST N (W) (pag (w) + P (w) ) bt 1, w) (w)

seT weQ keEN

= B'p(w) Dy (Ere () (W) + A1 ()0} 11 Pyt (W)
- )‘7& (w) (ptn (w) + Pin (w)Tthn) .

To conclude the proof, note that u?,(c!,) = o cl, for n = 7, then Equation (13) becomes>®

0yB'p(@) = X&) Py () + Pry (@) Tiyy) = Ni(w) forall t € T

Thus we get the result since (13) implies for each (¢,n) € T' x N

, . AL () (Pyn (w e (D) Tm) — Ao (@)L Dy (W
é%t(y)(w):(alu%t)_l< e )ﬁtp)(w) 1)1 P )>

(81u 1) (at(ptn< )+ Pen (W) i) — at+1ﬂ5g+1,npt+1,n(w))

therefore, ¢ (p, ) (y) is a t-section on y = (7, 7¢,2’) forall t € T.

6.2 Proof of Theorem 4.1

Proof. Consider (p,q) € P x Q fixed. Suppose that Agent i has no time consistency.** Then there exist:
1. afiscal policy and production-investment y = (7*, 7, &’);
2. an optimal strategy 2° = (&%, a%) € (p, q);

3. another strategy @' = (¢4, a’) € b'(p, ¢, ) such that*" for some t € T

*¥Recall that the numéraire is not taxed, p;, (w) = 1 forall t € T and it has full depreciation.
3We do not consider the case of firms since they do not have budget restrictions.
“0This allows to implement a feasible continuation of the allocation % which coincides with z* for ¢ < t.
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~

d% = at(y)
ptéi + Qtai < f%(pv q, @)di—l +pt€t—1(éi) - PtTtLéi forall ¢ >t

Z ul(él) > Zﬁtut ey

t>t t>t

Define i} = #i(y) forall ¢t < tand i} = & for all t > t. Since 2 € 7*(p, q) then, for t < t we get

Pt + quidy < F(p, ¢, 9)ids_y + peei_ 1 (&) — pyTiE.

Therefore &' € b(p, q, §j) since a! = ! (7). But this is a contradiction since 2 is optimal and u(&) >
u'(&(7))-

Suppose now that the central planner has no time consistency. Then there exist:
1. aperiodte T
2. an optimal strategy*' 2 € 7*(p, q);
3. an optimal strategy*? 2% € 7(p, q) for alli € I,
4. aproduction-investment allocation z’ € X”;
5. anallocation Z* = (&, a*, 7, 7) € 2*(p, q)(¥)
6. an allocation &* = (¢, a*, 74, 7*) € X4
7. vectors § = (74,7, %’) and §y = (74,7, T),
such that
i = i)
PeCi + gy < 7(p, q, @' 7 )ag_y + pyti ¢ () + péy_ (¢') forall £ >t

LI CORSWHCNNED W CORS WCN)]

t>t el t>t el

Define &} := (¢, dy, 7y, 74) = zy forall ¢ < tand &} = &} for all ¢ > t. Write §j; = (7,7}, ¢;) for all
t < tand g, = (7,7}, ¢f) forall t > t. Lemma 4.1 implies that consumers’ best response functions are

t-sections, that is, they satisfy
éi(f) = éi(y) forallt < tandalli € I
since jj, = s = (7,7%,c.) forall s < t < t. Therefore z* € b*(p, ¢, ') implies

ERINE- D]

piCs + qiy < 7(p, q, &, 7)as_q + i E (§) + peéi_1 (&) forallt < t.

#IRecall that &= (e at ).
“Recall that 3* = (&%, 4) forall i € I.
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since 77y is also a t-section. Thus, &* € b*(p, ¢, 7’) and

D 8 (pog, i) +ut (@) > )5 (p g, y) + u' (@)

1€l el

But this is a contradiction with (6).
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