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Abstract

We analyze a very simple economy in which taxes (employed purely
for income redistribution) are denominated in money units (say, dol-
lars). Volatility of the price-level is sunspot-driven. Some agents can-
not participate in the market for hedging against �uctuations in the
price level. The tax authority chooses money taxes to maximize Ben-
thamite welfare, i.e., the sum of expected utilities. Optimization en-
tails leveling the expected utilities among the group of consumers who
have access to the hedging market. Aggregate welfare is decreasing in
price-level volatility when some of the consumers are unable to hedge
against this volatility. The money-taxation regime is compared to a
commodity-taxation regime in which transfers su¤er from (iceberg)
spoilage. In the commodity-tax regime, optimization implies that all
taxed consumers receive the same utility and that all subsidized con-
sumers receive the same utility. The cost of money taxation is in
volatility, while the cost of commodity taxation is the partial spoilage
of commodity in the tax-transfer process.
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1 Introduction

Finance plays a very important, and largely positive, role in advanced economies,

but it can contribute to excess economic volatility. We build a simple model of

taxation in terms of �at money, our �nancial instrument. Price-level volatil-

ity is driven by sunspots. Only some agents can hedge against price-level

volatility. Others cannot. In other words, some of the consumers are �hand-

to-mouth�consumers. The friction can either be interpreted as in Cass and

Shell (1983) as a restriction on market participation because (for example)

some individuals are not alive while the security market is open. Alterna-

tively, this is an information friction, i.e. is that this is a special case of

asymmetric (or correlated) information.1

The tax authority is assumed to choose money taxes that maximize the

sum of expected utilities. If there were no frictions, price-level volatility

would not a¤ect utilities or welfare. Otherwise, welfare is strictly decreasing

in volatility. Our present model is an extension from exogenous money tax-

ation to endogenous taxation. See Bhattacharya, Guzman, and Shell (1998)

and Cozzi, Goenka, Kang, and Shell (2015). In these two exogenous tax

papers, the tax authority�s response to volatility is absent, since for these

papers taxes are pre-determined.

We compare the �nancial money-taxation economy with the non-�nancial

commodity taxation economy. The welfare cost of taxation in the �nancial

economy is purely from volatility. The non-�nancial economy does not suf-

fer from volatility,2 but it does su¤er from iceberg-style spoilage of net tax

commodity transfers. We show that, for the commodity taxation case, opti-

mization of welfare entails equalization of the utilities of the taxed consumers

and equalization of the utilities of the subsidized consumers. We show, in

terms of the volatility rate and the spoilage rate, which regime is chosen

by the tax authority. The key cost of in�ation volatility is that it reduces

e¢ cacy of the redistributive and hence, the insurance functions of nominal

taxes when some agents cannot fully hedge against the in�ationary uncer-

1See Aumann, Peck and Shell (1985), Aumann (1987), and Peck and Shell (1991).
2Goenka (1994) shows that an economy with real subsidies is immune to excess volatil-

ity, while one where the subsidies are denominated in value is susceptible to it.
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tainty. The second moments matter. Just an increase in the average in�ation

rate will have no real e¤ects.

The literature on taxation largely treats taxes as denominated in real

terms. However, many taxes are determined in nominal terms - e.g. income

tax that is determined on nominal income and this is settled with a lag in

dollars. Similarly, many transfer payments are denominated in dollar terms,

and these are typically not indexed fully. This paper investigates the e¤ect of

increase in in�ation volatility on the e¢ cacy of taxes denominated in money.

If there are complete markets, then the distinction between taxes denom-

inated in real or nominal terms does not matter (Cass and Shell (1983)). In

an earlier paper, Cozzi et al (2017) however, we showed in an economy with

restricted market participation where some consumers can hedge against in-

�ation while some are restricted from market participation (either due to

demographic considerations as they are born after hedging takes place (Cass

and Shell (1983)) or due to lack of information) i.e. they are �hand-to-mouth�

consumers, that with �xed monetary taxes some consumers are winners and

some are losers due to the increased in�ation volatility.3 The only source

of uncertainty in the economy are (self-ful�lling) beliefs about price-level

volatility with the price volatility arising as the price level is not anchored by

fundamentals. The paper showed that as the hand-to-mouth cannot hedge

against in�ation volatility they are worse o¤. The e¤ects on consumers who

can hedge against the volatility is subtle and it depends on the nature of the

tax scheme. This raises the question what will be the optimal monetary tax

and transfer scheme and how it is a¤ected by price-level volatility.

In this paper, we endogenize the taxes through a Ramsey planner who

wishes to maximize weighted welfare. As some of the consumers do not

hedge against in�ation, the taxes and transfers act as an instrument to hedge

against the in�ationary risk. The planner takes expectations and their op-

timal decision rules while setting taxes and transfers (denominated in mon-

etary terms) to maximize the weighted welfare. We study how increasing

the second moments of in�ation (through a mean-preserving spread) changes

3Goenka and Prechac (2006) have a similar result in an incomplete �nancial market
setting
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the taxes and transfers, and how this a¤ects the aggregate and individual

welfare.

The economy is a two-period economy which is parametrized with Cobb-

Douglas preferences - not only to be able to obtain closed form solutions - but

also to rule out multiplicity of equilibria as taxes are varied. The consumers

di¤er in their endowments so we have rich, middle-class and poor consumers.

We examine di¤erent con�gurations of market participation and whether this

a¤ects the welfare.

In the paper we show that increasing volatility decreases maximized wel-

fare when there are some restricted or only restricted consumers. The in-

tuition is that with higher in�ation the real value of the tax or transfer

decreases. In�ation bene�ts those taxed and de�ation bene�ts those receiv-

ing transfers. Thus, with higher price-level volatility, the e¢ cacy of the taxes

and transfers to equalize marginal rates of substitution falls and there is an

aggregate welfare loss. Note, the taxes and transfers are doing two things:

�rst, holding price level constant, equalizing marginal rates of substitution

which is a pure redistribution e¤ect; and second, equalizing marginal utility

of income across the states as all consumers do not have access to insurance

markets, which is the insurance e¤ect. Price volatility by a¤ecting the insur-

ance e¤ect also a¤ects the redistributive e¤ect. If all consumers can hedge

against in�ation, then as there are complete market, increased volatility does

not matter.

Real taxes - denominated in commodities - are not a¤ected by price-level

volatility and if used, the equilibria are also not a¤ected by it. However, real

taxes can be costly to administer and we show much these administrative

costs have to be for monetary taxes to be used.

The consideration of the second moments of in�ation on taxes, is to our

knowledge, novel. When in�ation is considered from a taxation perspective,

it is in terms of the �rst moment - seignorage (see Phelps (1973)). There

are some recent papers that look at the e¤ect of increased �rst moment

of in�ation on welfare (see Auclert (2017), Kaplan, et al. (2018)) through

di¤erent channels. Our paper identi�es a new channel - changes in second

moments a¤ects ability of insurance markets that are denominated in money
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terms (here it is taxes) to hedge against the volatility.

Examples abound of governments which had committed to a stream of

�scal payments on nominal variables, without the ability of real indexation.

Most topical in the news is Greek government debt - whose euro value is

constantly increased by de�ation - or the loss in oil proceeds, which a­ icts

the public �nances of several oil-producing countries such as Russia, Nigeria,

Norway, etc., following the oil price fall of the last year. Oil price excessive

appreciation took place at the onset of the global �nancial crisis, which in

turn in�ated the governments�real liabilities to unexpected values. During

these episodes, the nominal market value of commodities and other goods

seem quite beyond the control of the main central banks, including the ECB

and the Bank of Japan, which had to e¤ectively drop their in�ation tar-

get, due to a hard to overcome near zero-lower-bound constraint on nominal

interest rates.4

Fully exploiting the possibility of negative nominal interest rates would,

among other things, allow an approximate indexation of government debt,

which would be pinned down in real term. However this has additional costs,

which motivates the existence of large fractions of non-indexed government

debt.

Finally, the �original sin�of developing economies, which cannot sign in-

ternational debt contracts in their own currencies, renders the real value of

within-country redistribution at the mercy of self-ful�lling currency �uctua-

tions.

Despite the relevance of the well-known di¢ culties of real taxation and re-

distribution, this topics has not been explored theoretically: nearly all macro-

economic and political economy models assume that the real value of taxes

and transfers is given and known. We are here trying a �rst analysis of the

theoretical aspects of optimal policy in the presence of nominal redistribu-

tion and taxation. To make the analysis simple we assume a basic one period

model, which is to be interpreted as long enough to realistically allow the

4While ECB and other Central Banks are experimenting with very small degrees of
negative interest rates, these timid attempts are still far below (in absolute value) levels
considered optimal for a full recovery of the global economy.
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build-up of government claims and commitments and to require a fully bal-

anced budget. Hence our analysis is e¤ectively long-run. Being a �rst step in

this important direction, we neglect to expand an underlying dynamic model

which, for the moment, could render the main e¤ects opaque to the reader.

However, we hope this analysis will stimulate dynamic macroeconomic stud-

ies able to incorporate the important ingredients we highlight.

This is the �rst in a two-paper series on endogenous money taxation. The

present paper is on optimal taxation. The next paper is on voting.

2 The Economy

There is 1 period and 1 consumption good (say, chocolate). There are 3 con-

sumers, h = 1; 2; 3: The consumption of Mr. h is xh > 0 and his endowment

is !h > 0. The consumers have identical logarithmic preferences given by

the utility functions:

uh(xh) = log(xh) for h = 1; 2; 3:

These preferences (or, more generally, CRRA identical preferences) ensure

that equilibrium is unique. We introduce sunspots (or, extrinsic uncertainty).

There are two extrinsic states of nature s = �; �, that occur with probabilities

� (�) ; � (�) ; 0 < � (�) < 1; � (�) = 1 � � (�). We assume that Mr. h

maximizes his expected expected utility

Vh = �(�) log (xh(�)) + �(�) log (xh(�)) for h = 1; 2; 3:

The social policy instruments are lump-sum taxes � = (� 1; � 2; � 3) denom-

inated in units of money, say dollars. Each individual�s tax is independent of

the state of nature, i.e., �h (�) = �h (�) = �h for h = 1; 2; 3. If �h is negative,

Mr: h is subsidized. If �h is zero, then he is neither taxed nor subsidized.

The tax and transfer plan is balanced, i.e., � 1 + � 2 + � 3 = 0, else the goods

price of money is zero.5

5See Balasko and Shell (1983).
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Let p(s) be the ex-ante (accounting) price of the good delivered in state

s = �; � and pm(s) be ex-ante (accounting) price of money delivered in state

s. Then Pm(s) = p(s)=pm(s) is the chocolate price of money in s, while

1=Pm(s) is the money price of chocolate in s, or the general price level in

s. The set of equilibria is typically very large, but we focus on a sub-set

in which volatilities can be ranked. We measure volatility by the mean-

preserving spread parameter � de�ned by

Pm(�) = Pm � �

� (�)

Pm(�) = Pm +
�

� (�)

where Pm is the non-sunspot equilibrium chocolate price of dollars and �

belongs to [0; � (�)Pm). When � = 0, the equilibrium allocations are not

a¤ected by sunspots (a non-sunspots economy). When � > 0, the economy

is a proper sunspots economy. State � is the in�ationary state: a dollar buys

less chocolate in state � than in state �. State � is the de�ationary state: a

dollar buys more chocolate in � than in �.

3 Money Taxation and Social Welfare

The social welfare function W is the sum of the individual expected utilities.

The tax authority chooses the tax � to maximize welfare V1+V2+V3: De�ne

the maximized value of welfare by

W = max
�
V1 + V2 + V3:

Figure 1 is the time-line.6

There are three basic cases based on the pattern of the asset market re-

6We work in the traditional framework of economic policy formulation where consumers
form price expectations, the policy maker then chooses the tax policy, and given these
expectations an equilibrium outcome is realized. In equilibrium, the price expectations of
consumers must be consistent with the equilibrium outcome: rational expectations must
hold.
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Expectation
formed

Taxes
chosen

Securities
traded

State
realized

Taxes collected
& securities paid

Consumption

Figure 1: The time line

strictions: (U) Unrestricted security market participation, allowing for per-

fect risk-sharing among the 3 consumers, (I) Incomplete securities-market

participation allowing for risk-sharing between 2 of the consumers but not

the third, and (R) Fully restricted securities-market participation, in which

none of the consumers can hedge against price-level �uctuations. Denote

W (U);W (I) and W (R) as social welfare under perfect risk-sharing market,

under partially restricted market and under fully restricted market, respec-

tively.

In the case of perfect risk-sharing, sunspots do not matter and the �rst-

best social welfare is achieved. The most interesting case is when some

consumers are restricted and others are not: The case of Incomplete Partici-

pation I. Consider, for example, the case in which Mr 1 and Mr 2 have access

to the security market and Mr. 3 does not:7

The problem of restricted consumer 3 is simple. He chooses x3(s) > 0 to

maximize log (x3(s))

subject to

p(s)x3(s) = p(s)!3 � pm(s)� 3

for s = �; �.

De�ne the tax-adjusted endowment e!h (s) = !h � Pm(s)�h. Then, Mr
7The situation where only one consumer has access to security markets is not interesting

as there is no counterpart to trade securities with.
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3�s budget constraints reduces to

x3(s) = e!3 (s)
for s = �; �. Mr 3 is passive: he consumes his tax-adjusted endowment in

each state.

Mr 1 and Mr 2 trade in the securities market and the spot market. Each

faces a single budget constraint. Mr h�s problem is to choose (xh(�); xh(�)) >

0 to

maximize Vh

subject to

p(�)xh(�) + p(�)xh(�) = (p(�) + p(�))!h � (pm(�) + pm(�)) �h

for h = 1; 2. From the �rst-order conditions, we have

p(�)

p(�)
=
� (�)x1 (�)

� (�)x1 (�)
=
� (�)x2 (�)

� (�)x2 (�)
: (1)

Market clearing implies

x1(s) + x2(s) + x3(s) = !1(s) + !2(s) + !3(s)

or simply

x1(s) + x2(s) + x3(s) = e!1(s) + e!2(s) + e!3(s) (2)

for s = �; �. But x3(s) = e!3(s), so we have
x1(s) + x2(s) = e!1 (s) + e!2 (s) for s = �; �: (3)

Equation (3) de�nes the relevant tax-adjusted Edgeworth box, which is typ-

ically a proper rectangular, the indication that sunspots will matter in equi-

librium.8

8See Cass and Shell (1983, p. 212 or Section V).
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4 Welfare and Restricted Market Participa-

tion

The �rst-best value of welfare W is

3 log
!1 + !2 + !3

3
:

Welfare will be no smaller than its value in autarky,

log!1!2!3:

The following proposition shows that with strictly positive price-level

volatility, asset market restrictions (i.e., the information frictions) negatively

a¤ect welfare:

Proposition 1 If � > 0, we have

W (U) � W (I) � W (R):

Proof. Proposition 1 can be proven by Lemma 1, Proposition 2 and Lemma
2.

Proposition 1 indicates that as the asset market becomes more restricted,

welfare declines.

Lemma 1 W (U) = 3 log !1+!2+!3
3

Proof. When the 3 consumers do perfect risk sharing, p(�) and p(�) are
invariant in �:

p(�)

p(�)
=
�(�)

�(�)
:

Each consumer chooses xh (�) = xh (�), because we have

xh (�)

xh (�)
=
p(�)=�(�)

p(�)=�(�)
= 1:
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With xh (�) = xh (�), the equilibrium Vh can be expressed as

Vh = log f!h � (Pm(�) + Pm(�)) �hg

and social welfare can be expressed as

W (U) = max
�1;�2;�3

P
h2H

log f!h � (Pm(�) + Pm(�)) �hg

subject to � 1 + � 2 + � 3 = 0:

By the �rst order conditions, we have

� (Pm(�) + Pm(�))
!1 � (Pm(�) + Pm(�)) � 1

=
� (Pm(�) + Pm(�))

!3 � (Pm(�) + Pm(�)) � 2
=

� (Pm(�) + Pm(�))
!3 � (Pm(�) + Pm(�)) � 3

;

which implies that

x1 (�) = x1 (�) = x2 (�) = x2 (�) = x3 (�) = x3 (�) =
!1 + !2 + !3

3
:

Therefore, we have

W (U) = 3 log
!1 + !2 + !3

3
:

Proposition 2 In the partially restricted market (I), if Mr h and Mr h0

trade in the securities market to share risk, we have Vh = Vh0.

Proof. Without any loss of generality, let h = 1 and h0 = 2. Because Mr 3
is restricted, he consumes his tax-adjusted endowment so that V3 is a¤ected

only by � 3. Therefore, the maximization problem can be re-written as

W (I) = max
�3

��
max
�1;�2j�3

V1 + V2

�
+ V3

�
We need to show that for any given � 3, we have V1 = V2 from the maxi-

mization problem, max
�1;�2j�3

V1 + V2. Given � 3, the aggregate tax-adjusted en-

dowments of Mr 1 and Mr 2 are �xed as !1 + !2 + P (�)� 3 in state � and
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!1 + !2 + P (�)� 3 in state �. By the �rst welfare theorem applied in the

tax-adjusted Edgeworth box, the trading equilibrium between Mr 1 and Mr

2 is Pareto optimal. Because they have identical homothetic vNM utility

functions, the Pareto-optimal allocations satisfy the following:

x1 (�)

x1 (�)
=
x2 (�)

x2 (�)
=
!1 + !2 + P (�)� 3
!1 + !2 + P (�)� 3

De�ne t (� 3) as (!1 + !2 + P (�)� 3) = (!1 + !2 + P (�)� 3). Then, V1+V2 can

be expressed as

V1 + V2 = � (�) log x1 (�) + � (�) log x1 (�) (4)

+� (�) log x2 (�) + � (�) log x2 (�)

= � (�) log x1 (�) + � (�) log t (� 3)x1 (�)

+� (�) log x2 (�) + � (�) log t (� 3)x2 (�)

= log x1 (�)x2 (�) + 2� (�) log t (� 3) :

By the Second Welfare Theorem applied in the tax-adjusted Edgeworth box,

any Pareto optimal allocation can be achieved by lump-sum transfers between

Mr 1 and Mr 2. This implies that we have � 1 and � 2 such that � 1+� 2 = �� 3
and that they maximize log x1 (�)x2 (�) in equation (4). Because x1 (�) +

x2 (�) is �xed at !1 + !2 + P (�)� 3, the maximizing x1 (�) and x2 (�) are

x1 (�) = x2 (�) =
!1 + !2 + P (�)� 3

2
: (5)

Equation (5) also implies that x1 (�) = x2 (�). Because x1 (�) = x2 (�) and

x1 (�) = x2 (�), we have V1 = V2.

Lemma 2 W (I) � W (R)

Proof. From Lemma 2, welfare in the incomplete participation case can be

expressed as

W (I) = max
�3

��
max
�1;�2j�3

V1 + V2

�
+ V3

�
: (6)

On the other hand, in a fully-restricted market each consumer consumes his
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endowment directly. Therefore, Vh is a function of only �h. Then, welfare in

the fully restricted case R can be expressed as

W (R) = max
�1
V1 +max

�2
V2 +max

�3
V3;

which is equivalent to

W (R) = max
�3

��
max
�1j�3

V1 +max
�2j�3

V2

�
+ V3

�
: (7)

For any given � 3, we know that�
max
�1;�2j�3

V1 + V2

�
�
�
max
�1j�3

V1 +max
�2j�3

V2

�
: (8)

From equations 6 and 7 and inequality 8, we have

max
�3

��
max
�1;�2j�3

V1 + V2

�
+ V3

�
� max

�3

��
max
�1j�3

V1 +max
�2j�3

V2

�
+ V3

�
:

5 Volatility and Welfare

In the case of perfect risk-sharing, price volatility does not a¤ect welfare.

Welfare is at its maximum, independent of �. However, in the cases where

the securities market is not perfect and welfare is not at its maximum value,

increased price volatility necessarily leads to decreased social welfare W .

Proposition 3 W (I) and W (R) are strictly decreasing in �.

Proof. Proposition 3 can be proved by Lemmas 3-4

Lemma 3 W (I) is strictly decreasing in �:

Proof. Let W �(I) be welfare at volatility �. We need to establish that

W �0(I) > W �00(I) if �0 < �00. W �(I) can be expressed as (See Lemma 2)

W �(I) = max
�3

��
max
�1;�2j�3

V �1 + V
�
2

�
+ V �3

�
;
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where V �h is Mr h�s utility value with volatility �. De�ne T
� (� 3) as

T � (� 3) =

�
max
�1;�2j�3

V �1 + V
�
2

�
+ V �3 :

We need to show that for any value of � 3, the following is true:

T �
0
(� 3) > T

�00 (� 3) : (9)

For given � 3, we have V �
0

3 > V �
00

3 where

V �
0

3 = � (�) log (e!3(�)) + � (�) log (e!3(�)) ;
because the log function is strictly concave and the tax-adjusted endowment

with �00 is mean-preserving spread of that with �0.

We have

max
�1;�2j�3

V �
0

1 + V �
0

2 (10)

= 2

�
� (�) log

�
!1 + !2 + P

m(�)� 3
2

�
+ � (�) log

�
!1 + !2 + P

m(�)� 3
2

��
from Lemma 2. Since Pm(s) is based on a mean-preserving spread,max�1;�2j�3 V

�0
1 +

V �
0

2 decreases because the log function in equation (10) is strictly concave

Therefore, we have T �
0
(� 3) > T

�00 (� 3) for all � 3, which implies that

max
�3
T �

0
(� 3) > max

�3
T �

00
(� 3) :

Lemma 4 W (R) is strictly decreasing in �:

Proof. For any given (� 1; � 2; � 3), we know that each individual�s expected
utility strictly decreases in � because (1) vNM utility is strictly concave and

(2) each individual�s consumption is a mean-preserving spread increasing in
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�. That is, for any balanced tax (� 1; � 2; � 3) ; we have

V �
0

1 + V �
0

2 + V �
0

3 > V �
00

1 + V �
00

2 + V �
00

3 if �0 < �00: (11)

From equation (11), we have

max
�1;�2;�3

V �
0

1 + V �
0

2 + V �
0

3 > max
�1;�2;�3

V �
00

1 + V �
00

2 + V �
00

3

if �0 < �00:

In Figure 5, W (U), W (I) and W (R) are plotted against �. W (U) is

invariant in �, but W (I) and W (R) are strictly decreasing in �.

0 0.2 0.4 0.6 0.8 1
12.22

12.23

12.24

12.25

12.26

12.27
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12.29

12.3
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W(R)

Volatility σ

W

W(I)

Welfare

Simulation: (!1; !2; !3) =

(80; 60; 40) ; � (�) = 0:5; Pm = 1

6 Commodity Taxation

We assume that when the tax authority makes a transfer of x units of choco-

late from one consumer to another, �x units of the transferred chocolate are

lost to "melting". The melting rate is 0 < � < 1. If Mr h is taxed, i.e.,

� ch > 0, he owes the tax authority � ch in chocolate. If consumer h is subsi-

dized, i.e., � ch < 0; he will receive (1� �) � ch units of chocolate from the tax
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authority. Mr h�s consumption is then

!h �max(0; � ch)�min(0; (1� �) � ch): (12)

With the 3 consumers, maximized welfare is

W = max
�c1;�

c
2;�

c
3

P
h=1;2;3

E log [!h �max(0; � ch)�min(0; (1� �) � ch)] (13)

subject to � c1 + �
c
2 + �

c
3 = 0:

First, we need to verify the conditions under which Mr 1 is taxed and Mr 3

is subsidized. Without loss of generality, we assume that !1 > !2 > !3.

Lemma 5 Mr 1 is taxed and Mr 3 is subsidized if and only if � < !1�!3
!1

,

i.e., !1 � !3
1�� :

Proof. Assume that Mr 1 is not taxed and Mr 3 is not subsidized. This
implies that the tax authority cannot improve welfare through a transfer

from Mr 1 to Mr 3. The condition for this is�
@ log (!1 � � c1)

@� c1
+
@ log (!3 + (1� �) � c1)

@� c1

�
�c1=0

� 0;

which is equivalent to

� � 1� !3
!1
=
!1 � !3
!1

:

Therefore, the condition that Mr 1 is taxed and Mr 3 is subsidized is

� <
!1 � !3
!1

:

or,

!1 �
!3
1� � :

Lemma 5 indicates that the tax authority taxes 1 chocolate from the rich

to give (1� �) chocolates to the poor until !3 = (1� �)!1. In the following
Lemma, we verify the conditions under which Mr 2 is taxed or subsidized.
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Lemma 6 Mr 2 is subsidized if

!2 <
1

2

�
!1
1� � + !3

�
;

Mr 2 is taxed if

!2 >
1

2
(!1 + (1� �)!3) ;

and Mr 2 is neither taxed nor subsidized if

1

2

�
!1
1� � + !3

�
� !2 �

1

2
(!1 + (1� �)!3) :

Proof. We assume that � < (!1 � !3)!1. Then, Mr 1 is taxed and Mr 2 is
subsidized by Lemma 5. Assuming that Mr 2 is neither taxed nor subsidized,

we can derive the optimal tax ��1 for Mr. 1 from the following equation:

@ log (!1 � ��1)
@�1

+
@ log (!3 + (1� �) ��1)

@�1
= 0;

which is equivalent to

��1 =
1

2

!1 � �!1 � !3
1� � =

1

2

�
!1 �

!3
1� �

�
:

Then, Mr 1�s consumption x�1 is

x�1 = !1 �
1

2

�
!1 �

!3
1� �

�
=
1

2
!1 +

1

2

!3
1� � :

Mr 3�s consumption x�3 is

x�3 = !3 + (1� �)
1

2

�
!1 �

!3
1� �

�
=
1

2
(!1 + (1� �)!3) :

Because Mr 2 is not taxed, Mr 2�s marginal cost of his commodity tax should

be larger than the marginal bene�t of Mr 3�s additional subsidy:"
@ log (!2 � �2)

@�2
+
@ log

�
1
2
(!1 + (1� �)!3) + (1� �) �2

�
@�2

#
�2=0

< 0;
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which is equivalent to

!2 <
1
2
(!1 + (1� �)!3)

(1� �) =
1

2

�
!1
1� � + !3

�
(14)

This is the condition for when Mr 2 is not taxed. The condition where Mr 2

is not subsidized can be derived in the same way. Thus we have

!2 >
1

2
(!1 + (1� �)!3) : (15)

From conditions (14) and (15), we can derive the condition for when Mr 2 is

neither taxed nor subsidized. That is,

1

2
(!1 + (1� �)!3) < !2 <

1

2

�
!1
1� � + !3

�
(16)

One can interpret the tax authority�s problem geometrically: To maxi-

mize welfare x1x2x3 subject to the set of feasible allocations, the frontier of

which has a kink at the endowment point.

7 Welfare and Commodity Taxation

Proposition 4 Welfare is strictly decreasing in � if (� c1; �
c
2; �

c
3) 6= 0.

Proof. De�ne T (� c; �) by

T (� c; �) =
P

h=1;2;3

E log [!h �max(0; � ch)�min(0; (1� �) � ch)] : (17)

Then, maximized welfare is

W = max
�c1;�

c
2;�

c
3

T (� c; �):

For any (� c1; �
c
2; �

c
3) , we have

T (� c; �0) > T (� c; �00) if �0 < �00
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because T (� c; �) is decreasing in � if � ch < 0 for some h in equation (17).

Therefore, we have

max
�c1;�

c
2;�

c
3

T (� c; �0) > max
�c1;�

c
2;�

c
3

T (� c; �00) if �0 < �00:

8 Money taxation vs. Commodity taxation

From Lemmas 5 and Proposition 4, for commodity taxation welfare reaches

its �rst-best value 3log
�
!1+!2+!3

3

�
when � = 0, strictly decreases in �, and

reaches it minimum value of log!1!2!3 when � = !1�!3
!1

. On the other hand,

with money taxation, welfare never falls below its minimum because even

with high volatility �, because near autarky (i.e., when � = 0) the marginal

cost of taxation of the rich never exceeds the marginal bene�t of subsidizing

for the poor. Therefore, we have the following proposition:

Proposition 5 If the tax authority can choose either money taxation and
commodity taxation, for any given volatility level �, there exists �� 2

�
0; !1�!3

!1

�
such that welfare with money taxation (under partially or fully restricted mar-

kets) is higher (lower) than welfare with commodity taxation if � > (<)��.

�� is strictly decreasing in �. For any given volatility level �, the value of

�� under the partially restricted market is higher than that under the fully

restricted market. �� is a di¤erent fraction depending on whether the money

taxation economy is partially restricted or fully restricted.

Proof. Directly from Propositions 1, 3 and 4 and Lemma 5.

In the plot in Figure 8, (�; �)-space is divided into a region in which dollar

taxation is better and another region in which chocolate taxation is better.

The region in which dollar taxation is better for partially restricted market

participation is a subset of the corresponding set for fully restricted market

participation.
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9 Concluding remarks

We weigh the advantages and disadvantages of a simple �nance economy

(the money-taxation regime) against those of the corresponding non-�nance

economy (the commodity-taxation regime). Taxes are endogenous. They

are chosen optimally by the tax authority. The desirability of the money-

taxation regime is declining in the volatility of the price level. The desirability

of the commodity-taxation regime is declining in the iceberg-style costs of

net tax transfers. In the money-taxation regime, the tax authority equalizes

the expected utilities of all those with access to the security market. In the

commodity-taxation regime, the tax authority equalizes the utilities of the

taxed consumers and equalizes the utilities of the subsidized consumers.

The model allows for information frictions in which some or all of the

consumers are restricted from participation on the securities market. When

these restrictions are absent, the money-tax economy achieves the �rst-best

allocation, in which all utilities are equalized. Otherwise, social welfare is

strictly decreasing in price-level volatility.

The e¤ects of volatility on individual expected utilities are more compli-

cated and worthy of separate study. There are several e¤ects (1) the direct
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e¤ects on tax adjusted endowments, which become more volatile as price-level

volatility increases, (2) the hedging e¤ects through the securities market, (3)

the e¤ects of volatility on the tax authority�s choice of tax regime and its

choice of taxes. The third e¤ect would not be present if � as in the existing

literature � taxes were predetermined independently of volatility. Some in-

dividuals are harmed by volatility, but others might be made better o¤ from

volatility for at least two reasons: (1) Taxed individuals might bene�t as the

tax authority reduces taxation because of increased social costliness as in-

creased volatility causes tax-adjusted endowments to become more volatile;

(2) Some consumers might bene�t from volatility by sharing through the

market the increased risks of other consumers.

Our model is very simple, too simple to draw any direct policy implica-

tions except the obvious such as : Introducing �nancial instruments is more

likely to be socially bene�cial in economies with less volatile expectations.

The hope is that this simple model might suggest similar work in richer mod-

els, ones that can be used to calculate actual social trade-o¤s between more

sophisticated �nancial and money regimes versus less sophisticated ones. Our

� might seem to be a deus-ex-machina. The di¤erence in transactions costs

between the money-tax regime and the commodity-tax regime could be un-

derstood as re�ecting the theory of monetary search as in Kiyotaki-Wright

(1993), but this remains to be seen.
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