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Abstract
“Optimal” Inflation Under Dollarization
by
Kazutaka Kurasawa

Adviser: Professor Alvin L. Marty

This paper analyzes the effects of doHarization, where a country (C) uses money
produced by another country (M), We derive a general formula to determine the
“optimal” rate of inflation, which maximizes M’s welfare but does not take into account
any loss to C. We show how this inflation varies with relative income size and output
growth. Estimates of the “optimal” inflation rate are made for some countries. We also
analyze a contract, under which M shares a fraction of total potential seignorage with C
to induce M to inflate at a rate which leads to no seigniorage accruing to M from C.
Finally, we provide estimates of the present discounted value of the seigniorage accruing
from M to C. Despite this loss, we estimate the net welfare gain to C's household when

dollarization results in a lower rate of inflation.
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1. Imtreduction

There is a resurgence of interest in a dollarization regime in which one country, C,
uses money produced by another country, M". In this dollarization regime, M uses
inflation to raise seigniorage from C. The seigniorage takes the form of a balance of
payment deficit that M runs with C2.

However, such seignorage is produced at the cost of an externality - the welfare
loss imposed by inflation on C that M does not take into account. Assume M has no fiscal
constraint so that any seigniorage from M’s households is returned to them by the
authorities. Then, M equates the marginal seigniorage from C’s households to the
marginal cost to households in M caused by the loss of the services of real balances due
to inflation. The resulting “optimal” inflation maximizes the welfare of M’s households
but ignores the disutility caused by inflation to C’s households. Qur analysis makes use of
a general formula to determine this “optimal” inflation, which allows us to feed in
alternative demand functions for money and takes into account the relative income size of
M to C. We then turn to the analysis of a growth of income in M and / or C and its effect
on M’s “optimal” inflation. We also provide some empirical estimates of the “optimal”

inflation rate and the seigniorage M receives from C at this rate of inflation. Can the

! See Antinolfi and Keister (2001) and Change (2000) for a review of the literature.

2 A variant of this analysis occurs when not only M can raise seigniorage from C but
various regions in C compete for seigniorage from a weak central bank in C. The
resulting Nash equilibrium leads to an undesirably high rate of inflation since each region
ignores the external effects produced by inflation on competing regions. For example, see
the interesting papers by Aizenman (1992) and Cooper and Kempf (2001).
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provisions of a contract between M and C in which any potential seignorage accruing to
M is shared with C induce M not to take any seigniorage from C? We derive a sharing
parameter of such a contract.

Finally, we provide estimates of the present discounted values of the cost to C’s
households of the seigniorage accruing from C to M. However, dollarization by C may
well result in the gain to C;s households of lower inflation. Estimates of the present

discounted value of the net gain to C’s households are provided.
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2. The Model

In our model, M is populated with Ny, households and C, N, households. Each
household in M produces yr, units of output and y. units in C. Output per household may
differ between M and C but does not vary with the rate of inflation’.

Initially, assume that output per household and the number of households are
unchanged over time (this assumption is later relaxed). The money-income ratio is f{p) in
M and g(p) in C, where p is the anticipated rate of inflation. {p) and g(p) are functions of
p alone since the income elasticity of demand for money is assumed unity (the analysis is
a steady state one). A household’s real money demand function is m, = f{p)ym in M and
m. = g(p)y. in C*. Aggregating over households,

M = "my,

= Naf(p)Ym

= Yuf(p) 1
M, = Z¥°m,

=Neg(p)y.

=Y.g(p) @)

? In this assumption, our analysis differs from that of Cooper and Kempf (2001). Cooper
and Kempf use an overlapping generations model in which higher inflation reduces
output directly. This requires, as they note, that substitution effect dominate income effect
on the labor supply.

* These money demand functions can be derived from a general equilibrium model using
explicit utility functions. For example, see Chapters 2 and 3 of Walsh (1998).
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4
Y = Nuym and Y. = Ny, are aggregate output. The welfare cost to M’s households is

W= ["o-oMudp - T
= [o=oYuflp)p - AYufln)’ 3)
which is the area under M’s real money demand function between the quantities held at a
point of no money growth and at an inflation rate © (r is an actually prevailing value of
p). We assume M has no fiscal constraint so that any seigniorage from M’s households is
returned to them. Since there is no growth, the growth rate of money g is equal to 7. The
seigniorage M receives from Cis
So =M. = nY.g(r) @
The excess of the seigniorage from C over M’s welfare cost is M’s net gain from inflating
at
Gu=8:- Wy
=1Yg(m) - "o Yullp)dp - nYufln)] ©)
M sets the inflation rate to maximize this net gain to M’s households. The first~

order condition for this maximization is
M*(1 - Ne*) = M *Nen* © (6)
where

Ne* =- w*f (%) / (%)

3 Equation (3) is the net consumers’ surplus after seigniorage is returned to households.
Lucas (2000) shows a measure of the consumers’ surplus is a good approximation to the
welfare cost of inflation measured by the compensating variation which is derived from
explicit utility maximization.

® This is a generalization of the formula for the ratio of the marginal welfare loss to the
marginal revenue in a single economy when the maximization is taken with respect to the
money rate of interest: dW / dS =1n; / (1 - m;), where n is the elasticity of demand of real
balance with respect to the money rate of interest. See Marty (1976). Here, the rate of
price change is taken as an approximation.
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ne* = - n*g’(n*) / g(n*)’

Mm™ and nc* are the elasticity of the real money demand with respect to the common
inflation rate under dollarization. M*, M*, Nw* and nc* are all evaluated at n*, which is
“optimal” from the limited point of view of M’s households. At this “optimal” rate, our
formula (6) equates the marginal seigniorage from C to the marginal welfare loss to M.
The formula can be used to feed in alternative demand functions (this is done later) and to
determine how M’s “optimal” inflation varies with alternative output levels.

To see how nt* varies with output levels, let R = Y / Yin and h(rn*, R) = Rg(n*)(1
- No*) - f{m*)Nm. Oh(n*, R) / On* < 0 from the second-order condition and dh(n*, R)/ oR
= g(n*)(1 - nc*) > 0 given that n*), g(n*) and nw* are all positive®. Then,

on* / dR = - [Oh(n*, R) / OR]/ [Oh(n*, R) / on*] > 0 )]
This result makes intuitive sense. The larger is C relative to M, the higher is M’s
“optimal” inflation. Moreover, in the absence of growth, dollarization always induces M
to inflate (n* = 0 only if R = 0).

At t*, M receives S;* = n*M.* = n*Y g(n*) from C. Take the ratio of S.*to Y.
and differentiate this ratio with respect to R (n* is an increasing function of R). Then,

A(Sc* 1 Yo/ R = [g(n*) + n*g (n*)(@n* / OR) > 0° ®)
This shows the larger is R, the greater proportion of C’s income is appropriated by M as

seigniorage.

7 Note that the elasticities are independent of aggregate output.

I f{n*), g(n*) and nu* are all positive, ne* is less than unity from (6). This may be seen
as follows. If no welfare loss is imposed by infiation on M’s households, M will set will
n* where the seigniorage is maximized at nc = 1. The fact that inflation produces a loss to
M’s households implies that 1 is less than 1.

® The first-order condition implies g(n*) + n*g’(n*) = g(n*)(1 - n*) > 0.
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6
Now, we apply the formula (6) to alternative demand functions. Suppose that f{p)

and g(p) are linear in both countries:

fip)=a-op a>0and >0 )

gP)=b-Bp  b>0andB>0 (10)
From (6),

T+ =bY,/ (0Ym + 28Y) (11)

Alternatively, suppose that f{p) and g(p) are both semi-log:

f{p) = aExp[-ap] a>0anda>0 (12)

&(p) = bExp[-Bp] b>0andp>0 (13)
T* satisfies the following condition:

Y bExp[-Br*](1 - Pr*) = YmaExp[-an*Jorn* (14)
A closed-form solution is not generally possible. However, suppose that the semi-
elasticities are equal (o = ). Then, a closed-form solution is obtained:

¥ =bY./ o(a¥m + bY,) (15)
If we further assume that M and C have the same semi-log function (o0 = B and a = b),
then (15) reduces to

7* = Yo/ oY + Yo) 15y
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3. Growth in Output

We now relax the assumption that output per household and the number of
households are unchanged over time. Qutput per household grows at a constant rate: g,

in M and g, in C. A household’s real money demand at time t is

My = §P)Ymy

= f(P)Ymo(1 + gu)' (16)
Mt = g(P)Yort

= g(P)yeo(1 + g0 (17)

Ym0 and y.o are initial conditions. The number of households also grows at a constant
rate: ny, in M and n. in C. The aggregate real money demand function is
Mg = V™ mp,
= Nim(p)ym,
= Nino(1 + 1) {P)Yim,o(1 + gm)’
= Yamo(1 + A)'f(p) (18)
M= ENme,
= Neg(p)yoy
= Neo(l + no)'g(P)yeo(l + go)
= Yeo(1 +A)'8(p) (19)
(1 +2Am) = (1 + gu)(1 + nw) and (1 +Ac) = (1 + g)(1 + 1) Yo = NmgYmo and Yoo =

Nc0Ye,0 are initial conditions.
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Initially, suppose M and C grow at the same rate: A = An = A. Denote o, as the
growth rate of money at time t. Then, the welfare cost of inflation to M is'®
Want = [0t YouRip)p - 6 Yimeflmo)]
= [ Ymofp)dp - 6:Ymof(m))(1 +A) (20)
The seigniorage from C is
Set = 6Met= oY 0g(m)(1 + 1)’ 21
M’s net gain is
Gt = St - Wiy
= {6:Yc08() - [[" =2 Ymofp)dp - 6iYmofm)]}(1 +1)' (22)
(22) implies that m; and o; are constant if M maximizes (22). Since the money-income

\
ratio is constant for a given rate of inflation, the following relationship holds at each point

of time:
o=mw+} (23)
Using (23), rewrite (22):
Gumt = St = Wiy
= {(n +A)Ycog(m)
~ o2 Ymoflp)dp - (u+ W) Ymofm)I}(1 + 1) 22y
Maximizing (22) with respect to n yields
 Moo*(1 - M%) + A(@Mao* / On¥)
= Muo* N - MOMumo* / O%) (24

n* satisfies this condition.

19 1 all cases, the lower limit of integration is taken at a point where money growth is
zero. In the no growth case, this is zero inflation; in the growth case, it is at a rate of
deflation equal to output growth.
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If M and C grows, =t* is a function of .. How does growth influence “optimal”
inflation? (24) implies
an* / O =- [Oh(n*, L)/ OA]/ [Bh(x*, A) / Bn*] < O 25)
That is, the higher is aggregate output growth (both growth rates are equal), the lower is
the “optimal” inflation rate. Note output growth has a level effect on n*; n* is constant
since the relative income size of C to M remains constant over time.
As in the no growth case, we apply (24) to the linear and semi-log functions. If
f{p) and g(p) are both linear, from (24),
* =bYe0/ (00 Yme + ZBYc;o)
~A(@Ymo + BYco) / (0¥ mo + 2BYc0)] (26)
If Y, is sufficiently small relative to Yoo, (26) is approximated by
* =bYeo/ (@Ymo+2BYc0) - A 26y
Alternatively, for the semi-log functions, n* satisfies
Yo obExp[-Bn*](1 - fn*) -ABbExp[-Br*]Yc0
= YmoaExp[-an*]Jan* + AaaExp[-ax*]Ymoe (27)
Assuming that o = j3,
* =bY.o/ A(@¥mo + bYc0)- A (28)
If we further assume that M and C have the same semi-log function (c. = § and a = b),
* =Yoo/ 0(Ymo + Yeo)~A (28)

We later use this expression for empirical estimates.

1 To prove this, let h(mt*, A) = Mco*(1 - Nc*) - M o*Nm* + A[(0Mmo* / 61*) + (OM0* /
on*)]. oh(nc*, &) / dr* <0 from the second-order condition and oh(n*, A) / OA = (OMme™* /
On*) + (OM,0* / On*) < 0. Totally differentiating h(n*, A) yields (24).
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10
Comparing the growth cases (26)' and (28) with the no growth cases (11) and

(15), we see that inflation is lower than in the no growth case by the growth rate of
output. Note, however, the larger is A, the greater proportion of C‘s income is
appropriated by M as seigniorage. For the linear functions,

Sei* / Yer= [bYco/ (@Ymo +2BYco)](b - Bn*) (29)
Similarly, for the semi-log functions,

Set* / Yei

=[bYco/ a(aYmo + bY o) (bExp[-Br*]) 29y

Since In* /AN <0, &(Scs* / Ycu) / @A > O for both functions. This result that the
proportion of C’s income accruing to M as seigniorage increases despite a fall in inflation
may appear counterintuitive. We provide a geometric explanation for this result, using
Figure 1. |

Figure 1 shows C’s money-income ratio Mg/ Y. = g(p). Suppose that ro* is
imposed by M on C in the absence of growth. The seigniorage accruing to M as a fraction
of C’s income (Sc4* / Y.y) is then area A + B. If M and C both grow at A, the inflation
rate is lower to mo* - A and the seigniorage is area B + C + D +E. Note area A = area C
since the inflation rate falls by the output growth rate A. Thus, the seigniorage accruing to
M is larger by area D + E in the growth case than in the no growth case.

Now, consider the more general case where aggregate output growth differs
between M and C (Am # Ac). The growth rate of total output (or Ym; + Y;) at time t is

A= {Am + A(Yoo/ Ymo)[(1 + Ac) / (1 + )]}

7 {1+ (Yoo Ymo) (1 +2A0) /(1 + Am)]'} (30)
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. 11
- Growth rises through time and approaches the rate of the fastest growing country. If M

grows fastest,

i seohs = Arm | G0y
Equivalently, for C

Timeseohe = Ac (30)"

Suppose that M grows faster than C. Any revenue from C becomes increasingly
unimportant. In the limit, the welfare of M’s households is maximized by holding money
supply constant and allowing prices to fall at the growth rate of M’s output:

limot* = ~Am 31
At this point, no seigniorage accrues to M from C. The elasticity of demand for money
with respect to the inflation rate is zero.

On the other hand, éuppbse that C grows faster than M. Any welfare cost to M’s
households becomes increasingly insignificant as compared to the seigniorage from C. In
the limit, M simply maximizes the seigniorage from C by setting C’s elasticity of money
demand at unity. For the linear function,

limeyom*=b/2B-As/2 (32)
Sifnilarly, for the semi-log function
lime,om® = 1/ - Ac 32y

(32) and (32)' show inflation is reduced by C’s growth.
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12
It may be of interest to analyze a special case in which growth occurs only in C

and in which M issues money in a way that insulates M’s households from the effects of
inflation'?. Then, M sets © to maximize the seigniorage from C:
Set = OMo= (T + M) Yoog(m)(1 + Ao) (33)
The first-order condition is
Me*(1 - M*) + A(OMet* / Ome*) = 0 (34)
Note that o, and 7 are constant over time.
If g(p) is blinear, from (34)
n*=b/2B-A/2 (33)
This solution is identical to the asymptotic case (32). “optimal” inflation is constant and

lowered by C’s growth .

Similarly, for the semi-log functions,
¥ =1/p - A¢ (36)

This is also identical to (32)'.

12 This case was originally analyzed by Mundell (1973), using linear demand functions.
He assumes that the growth of money in M is issued as a pro-rata-share of original money
holdings of M’s households (so-called Weldon money) so that cash balances effectively
pay an interest rate equal to the rate of inflation. He distinguishes between income-
widening growth due to an increase in the number of households and the growth of
income per household. In the latter case, his analysis purports to show that the rate of
inflation increases without limit. As our analysis shows, his conclusions are erroneous
since the rate of inflation is lowered by the growth rate of output and time-invariant
whether due to an increase in the number of households or income per household.
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4. Empirical Estimates

Figure 2 plots (28)’, showing how the “optimal” rate of inflation varies with the
relative share of C’s aggregate output Yc/ (Ym + Y¢) with A = 0.02. The semi-elasticity
takeé three different values: 5, 7 and 9.

Note that “optimal” inflation is very low if C is small relative to M. Take Ecuador
and El Salvador, which currently dollarize with the United States. 2001’s relative share is
0.0018 for Ecuador and 0.0014 for El Salvador™. For a larger country, Argentina, its
relative share is 0.0257. Assuming the common values of the semi-elasticity (5, 7 and 9
for a = B) and of the growth rate (0.02 for A), Table 1 shows that estimated n*’s are
generally small. For Argentina, the estimates range from —1.8% to —1.5%. They are
negligibly small for Ecuador and El Salvador.

It may be amusing to analyze the case in which the United Kingdom “dollarizes”
with the European Monetary Union (EMU). Although unlikely, suppose that the
European Central Bank (ECB) sets the inflation rate to maximize the welfare of the
current member countries at a cost of UK households. Table 2 shows the “optimal”
inflation rate that would be set by the ECB, given that the relative share of UK GDP is
0.1907 ‘in 2001. Again, we assume the common values of the semi-elasticity (5, 7 and 9
for a. = B) and of the growth rate (0.02 for A). All estimated n*’s are somewhat larger

than in the previous cases, ranging from 0.1% to 1.8%

(-]

B Output figures are GDP from World Development Indicator Online
(http://publications. worldbank org/WDI/).
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At these “optimal” rates of inflation, what proportion of C’s income accrues to M

aé seigniorage? Assuming oo = 3 and a = b, (29)' reduces to

Set*/ Yeu= (@a/ ) Yo/ (Ymo + Yeo)]Expf-am*] 29)”
Table 3 shows estimates of the proportion of C’s income accruing to M as seigniorage,
using different sets of the parametric values (0.35 fora="b, 5, 7 and 9 for a = and 0.02
for A)**. n*’s are computed from (28)’ (the figures are given in Tables 1 and 2). For
Argentina, Ecuador and El Salvador, the estimates are all negligibly small and below

0.2%. For the United Kingdom, the estimates are somewhat larger although they do not

exceed 1.3%.

1 We follow Lucas (2000) for the parametric values of the semi-log function.
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5. A Sharing Arrangement

It has been proposed that M share potential seignorage with C to induce M not to
take any seigniorage from C". In this section, we analyze such a sharing arrangement.
Initially, we assume the absence of growth.

Under this contract, M potentially is compelled to pay back a fraction of total
seigniorage. Total seigniorage is the sum of seigniorage from the households in M and C:

S=8m+S;

=7 Yuf(70) + Yeg(n)] 37
M receives S, from C and pays back ¢S to C, where ¢ denotes the sharing fraction. Then,
M’s net receipt of the seignorage is S, - ¢S, which is also M’s balance of payment deficit.
M’s net gain is
Gm=Sc-¢S - Wy,
=nYg(n) - ¢n[Yull7) + Yog(m)]
~ oo Yaflp)dp - nYuf(n)] (38)
Given ¢, M maximizes (38) with respect to . Then,
(1 - OM*(1 - ne*) - Mu*(1 - *) =M™ Nw* (39)
(39) shows that the “optimal” rate of inflation is now a function of ¢ and implies

on* / = - [oh(n*, ) / 6¢] / [Bh(n*, ¢) / n*] < 0'C (40)

13 Senator Connie Mack introduced such proposals, the International Monetary Stability
Act (8.1879) and its revised version (S. 2101), in the US senate.
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That is, 7t* is a decreasing function of ¢ under the sharing arrangement.

To make inflation zero, ¢** of the total potential seigniorage must be paid back to

¢** — [MC**(I - nc**) - Mm**nm**]
I M **(1 - q**) + Mc* (1 - no*¥*)] @41)

M **, Mo** nn** and no** are all evaluated at zero inflation. For M, **and M ** to
exist, real money demands must be satiated at finite quantities so that nn** = n.** =07,
Then, (41) becomes

G** = MA* / (Ma** + M*¥) “2)
This ratio determines the sharing parameter ¢** that is potentially paid back to C to
induce M not to inflate. Of course, no seignorage accrues to M at zero inflation.

If we assume that M and C have the same money demand function (or
equivalently, f{p) = g(p)), then (42) reduces to

0** = Yo (Ym + Yo) (42)
In this case, ¢** is determined by the relative share of C’s aggregate output'®.

We now extend this analysis of the sharing arrangement to the case where M and

C grow at the same rate A.. At time t, M’s net gain is

1 Let hn*, §) =(1 - M1 - n*) = dMa*(1 - M) - Mn*n*. Sh(n*, §) / On* < 0 from
the second-order condition and 8 h(r*, ¢) / 8¢ = - M*(1 - 1e*) - Ma*(1 - ™) < O since
0 <¢ < 1. Then, (40) results.

' For any demand function that is satiated at a finite quantity, the price elasticity of
demand is zero at a point of satiation. Let the price elasticity of demand as € =
gan/aP)(P/Qd). Then, £ = 0if Q" is non-zero at P = 0 (and 5QY2P is finite).

8 (42 is identical to what Cooper and Kempf (2001) find in an overiapping generations
model and we are indebted to their analysis. They assume that representative agents are
identical in both countries, which implies that fp) = g(p). Our analysis requires only that
¢** is determined by M,,** and M **.
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Gm.,t = Sc,t - ¢St - Wm,t

= {( + M) Yeog(m) - ¢(m + &) [Yimof(m) + Yeog(m)]
o Ynofip)dp - 1YmoRm]}(1 + 1) 43)
Maximizing (43) with respect to & yields:
(1 - OMeo*[1 - (A + T9* %]
~ ¢Muno*[1 - (A + w¥)* T *]
=Mano*(A + T+ N0* (44)
In the growth case, the sharing parameter ¢** is set so that M is forced to deflate at the
rate of aggregate output:
¢** =Moo** / (Mumo** + Moo**) (45)
M_o** and My o** are evaluated at t* = -A. This sharing parameter leads to no
seigniorage accruing to M from C. Note (45) is a generalization of (42). In both cases,
M** and M,** are evaluated at a point of no money growth; in the no growth case, ©* =
0; in the growth case, T* = -A.
If M and C have the same money demand function, (45) reduces to
o** =Yoo/ (Ymo + 4‘:,0) sy
This is identical to (42)'.
Note the values of the sharing parameter would be very small for Argentina,
Ecuador and El Salvador under the contract with the United States. Using the relative

shares of GDP in 2001, (42)’ and (45)' indicate the United States would be compelled to
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pay back 2.5% of total potential seigniorage to Argentina and 0.1% to Ecuador and El

Salvador®.

' GDP is from World Development Indicator Online.
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6. A Cost-Benefit Analysis of Dollarization

Finally, we provide estimates of the present discounted value (P.D.V.) of the cost
to C’s households of the seigniorage from C to M as well as the net welfare gain to C's
household when dollarization results in permanently lower inflation (if only it could
last!).
At the inflation rate n* imposed by M on C, the seigniorage is
S*s =6 M,
=o*Yg(n*)
= (T* + Ao) Yoog(m*)(1 + Ao (46)
Assuming real interest rate r and output growth rate A are constant, the P.D. V. att= 0 of
the seigniorage is,
PDVS,o* = Z (1 +1)'S*,,
= (1% + A Yoog(@)[(1 + 1)/ @ - A (46)
where 1 > A (the steady state is efficient).
Assuming M is the United States, Table 4 provides 2001’s estimates for
Argentina, Ecuador and El Salvador of PDVS,¢* as a fraction of C’s current GDP
(PDVS.0* / Yc0). We assume the semi-log function g(p) = bExp[-Bp] with b =0.35 and

let P take three different values: 5, 7 and 9. °*’s are computed from (28)" under the

20 See Schmitt-Grohe and Uribe (1999) for an analysis of how the present discounted
value of the seigniorage is measured if C grows.
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assumption that M and C have the same money demand functions (fp) = g(p)) and grow

at the same rate A = 0.02; the figures are given in Table 1. In order to give these formulas
a run, we assume r = 0.03. Using the alternative values of the semi-elasticity B, the
estimates for Argentina range from 12.0% to 20.0% of GDP. The estimates are negligibly
small for Ecuador (0.9% - 1.4%) and El Salvador (0.7% - 1.1%)*"

Dollarization by C, on the other hand, may well result in lower inflation. This is a
welfare gain to C’s households. Suppose C’s government inflates at & before
dollarization. Initially, assume C’s government returns any seigniorage taken from C’s
households to them (we later make a more realistic assumption that C’s government does
not return any seigniorage). The welfare cost of inflation to C’s households before
dollarization is |

L= Imp=~?~cMc,tdp ~ oM,

= [* 1Y eig(P)p - (e + Ao) Youg () (47)
Suppose dollarization permanently reduces C’s inflation rate from n; to n*, where n* is
imposed on C by M under dollarization. At =*, the cost of inflation to C’s households,
excluding the seigniorage from C to M, is

Leg* = [¥ pandModp - 6¥Moy

= 7 e aeYerg(P)p - (1% + A Yeu(mo) 47y
If dollarization results in permanently lower inflation, the cost is reduced from (47) to
47y. This reduction is the welfare gain to C’s households from permanent reduction in

inflation. This gain is

2! Velde and Veracierto (1999) estimate the present discounted value of the lost
seigniorage as a fraction of current GDP for Argentina and Cnahg (2000), for Argentina,
Brazil and Mexico from the central banks’ balance sheets.
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Gc,t* = Lc,t - Lc,t*

= [™p=10Yes8(P)p - (e + M) Yorg(o)]
~ [ -acYe@(p)dp - (n* + A Yerg(n)]  (48)
where i > n*. The P.D.V. of this gain is the capital sum whose yield at the real rate of
interest shows the gain per annum in utility to C’s households from permanent reduction
in inflation (equivalently, it represents the consumption that C’s households would be
willing to give up per year if . is lowered to n*). The P.D.V. is
| PDVG,*
= 2%0(1 + 1)'Goy*
= {[I*p2:8(P)dp - (7 + Ao)g ()]
— ™ o-acg(p)dp - (* + A)g(no)]}
Yeol(1+1)/(r-A5)] (48)

Table 5 provides 2001’s estimates for Argentina, Ecuador and El Salvador of
PDVG.o* as a fraction of C’s current GDP (PDVG,o* / Y.0). We use a 10-year average
annual percentage growth rate of implicit GDP deflator prior to dollarization for 7.
(1981-1990 for Argentina, 1990-1999 for Ecuador and 1991-2000 for El Salvador; the
figures are given in Table 5)**%. We assume g(p) = bExp[-Bp] with b =0.35 and =5, 7
and 9. ©*’s are computed from (28)’ under the assumption that {p) = g(p) and Ay =Ac =
0.02 (the figures are given in Table 1) r = 0.03. Using the alternative values of the semi-

elasticity f, the estimates for Argentina range from 479.4% to 796.6% of GDP. Using the

22 The Argentine Congress passed the convertibility law in March 1991 and established

.....

and El Salvador replaced their national currencies in September 2000 and January 2001,
respectively.
% Inflation figures are from World Development Report
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same semi-elasticity values, the éstimates range from 415.3% to 463.5% for Ecuador and

from 64.7% to 99.7% for El Salvador.

For C’s households, the net welfare gain from dollarization is any excess of the
gain from lower inflation over the seigniorage paid by C to M. The P.D.V. of this net gain
is (48)' - (46)":

PDVNG.o* =PDVGo* - PDVSe* (49)

Table 6 gives 2001’s estimates for Argentina, Ecuador and El Salvador of PDVNG,¢* as
a fraction of C’s current GDP (PQVNGC,O* / Yc,0). The estimates indicate the P.D.V. of
this net gain is positive and significantly large. As before, we assume the alternative
values of the semi-elasticity (5, 7 and 9). The net gain ranges from 467.4% to 776.6% of
GDP for Argentina, from 414.5% to 462.1% for Ecuador and from 63.6% to 99.0% for El
Salvador.

Now, more realistically, assume C’s government inflates at 7. before dollarization
and does not return any seigniorage taken from C’s households to them. This is more
realistic because many dollarizing countries run fiscal deficits and inflate on the wrong
side of the Laffer curve. Under this assumption, the welfare cost of inflation to C’s
households before dollarization is

Lot = 1™ p-2cMcedp

= [*acYerg(p)dp (50)
Dollarization permanently reduces the inflation rate from n. to *. At 7*, the cost to C’s
households, excluding the seigniorage from C to M, is

Lo = |7 o acModp - 6 Moy

= ¥ oY s@(p)dp - (* + Ao) Yorg(7to) (50)'
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Thus, the gain from permanently lower inflation is (50) — (50)":

Got* = Lot = Le®’
= ™2 Yor(p)dp
= " 30 Yeug(P)dp - (1% + A Yoig(me)] (51

The PD.V.of (51) is

PDVG,o*

= 2%o(1 + 1)"Ge*

= [ o-eg(P)dp ~ " pac(P)dp - (2* + Ag(n]]

Yeol(1 +1)/(r-Ad)] (1)

Table 7 provides 2001’s estimates for Argentina, Ecuador and El Salvador of
PDVG;¢*' as a fraction of C’s current GDP (PDVG,o*' / Y,0) under the assumption C’s
government does not return any signiorage to C’s households before dollarization. As
before, we use a 10-year average annual percentage growth rate of implicit GDP deflator
prior to dollarization for 7. and assume g(p) = bExp[-Bp] withb=0.35and § =5, 7 and
9. n*’s are computed from (28)' under the assumption that f{p) = g(p) and Ay = A, =0.02
(the figures are given in Table 1). r = 0.03. Using the alternative values of the semi-
elasticity, the estimates range from 479.4% to 796.6% of GDP for Argentina, from
465.3% to 684.0% for Ecuador and from 273.8% to 298.8% for El Salvador.

For C’s households, the P.D.V. of this net welfare gain is (51)' - (46)":

PDVNG;¢*' =PDVGeo* - PDVS¢o* (52)
Table 8 gives 2001°s estimates for Argentina, Ecuador and El Salvador of PDVNG*

as a fraction of C’s current GDP (PDVNGo* ! Y,0) under the assumption C’s
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government does not return any signiorage to C’s households before dollarization. The

estimates indicate the P.D.V. of this net welfare gain from dollarization is larger than in
the previous case. Assuming the alternative values of the semi-elasticity (5, 7 and 9), the
net gain ranges from 467.4% to 776.6% of GDP for Argentina, from 464.5% to 682.6%

for Ecuador and from 273% to 297.7% for El Salvador.
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7. Conclusions

When C dollarizes with M, inflation can be set by M which maximizes solely
welfare from the point of view of M’s households. The analysis is conducted under the
reasonable assumption that any seigniorage initially accruing to M’s government is
returned to M’s households*.

We also analyze a contract under which M shares a fraction of seigniorage from C
that results in a zero rate of inflation. Empirical estimates are also made of the P.D.V of
the gain to C’s households when dollarization permanently reduces inflation. These
estimates are made under two alternative assumptions. Firstly, any revenue accruing C’s
authorities is returned to C’s households and, secondly, the more realistic assumption that
it is not returned. Here the P.D.V. of the gain to C’s households from permanently lower
inflation is significant (if only it could last)™.

The limitations of our analysis should be borne in mind. Under dollarization, a
country gives up an independent monetary policy — one aspect of this is the loss by the
central bank of the lender of last "r'esoxt function. Moreover, tying the exchange rate to the
dollar may result in an appreciated real exchange rate when a competitor devalues

(Argentina versus Brazil). Finally, our analysis assumes inflation is anticipated. This

24 If M is the United States, this assumption is reasonable. Seigniorage in the United
States is an insignificant fraction of its income. For example, King and Plosser (1985)
reports seigniorage equals 0.3% of GNP in the 1952-1982 period.

25 1t was the fiscal need for revenue in a country of low tax morality like Argentina and
competition among provinces in Argentina that led the central bank to inflate at rates that
were on the wrong side of the Laffer curve.
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assumption put to one side the effect of variable and less than fully anticipated inflation

which, amongst other things, may lead to a confusion of absolute and relative prices®.

% See, for example, “Costs of Inflation” by Driffel, Mizos and Ulph (1990), Chapter 19
in Handbook of Monetary Economics, vol. 2.
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Table 1. The “Optimal” Rate of Inflation 7c* for Ecuador, El Salvador and

Argentina
o=f 5 7 9
Argentina -0.0149 -0.0163 -0.0171
Ecuador -0.0196 -0.0197 -0.0198
El Salvador -0.0197 -0.0198 -0.0198

The optimal rate of inflation ®* is computed from (28)' under the assumption that M and
C have the same semi-log demand function (f{p) = aExp(-ap) and g(p) = bExp(-Bp),
where a =b and o = §)and grow at the same rate A = 0.02. M is the United States. The
relative share is Yot/ (Y + Yey), where Yor and Yy are C’s and M’s GDP in 2001.
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Table 2. The “Optimal” Rate of Inflation n* for the United Kingdom

o=f 5 7 9
UK 0.0181 0.0072 0.0012

The optimal rate of inflation * is computed from (28)' under the assumption that M and
C have the same semi-log demand function (f{p) = aExp(-ap) and g(p) = bExp(-Bp),
where a =b and o = B)and grow at the same rate A = 0.02. M is the twelve member

~ countries of the EMU. The relative share is Yot/ (Yt + Yo), where Y., and Yy, are C’s
and M’s GDP in 2001.
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Table 3. The Propdrtion of C’s Income Accruing to M as Scigniorage at the
“QOptimal” Inflation Rate (Sc,¢* / Yc4)

o=f 5 7 9
Argentina 0.0019 0.0014 0.0012
Ecuador 0.0001 0.0001 0.0001
El Salvador 0.0001 0.0001 0.0001
UK 0.0122 0.0091 0.0073

29

The optimal rate of inflation n* is computed from (28)" under the assumption that M and

C have the same semi-log demand function (f{p) = aExp(-atp) and g(p) = bExp(-Bp),
where a = b and o = B)and grow at the same rate A = 0.02. M is the United States for
Argentina, Ecuador and El Salvador, and the twelve member countries of the EMU for

the United Kingdom. The relative share is Y/ (Y + Yoy), where Yo, and Y, c are C’s
and M’s GDP in 2001. Figures of n* are given in Tables 1 and 2. Using a =b = 0.35, S.*
/ Y, is computed from (29)".
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Table 4. The Present Discounted Value of the Seigniorage Accruing to M as a
Fraction of C’s Current GDP at the “Optimal” Inflation Rate (PDVS.o* / Yc0) in

2001
B 5 7 9
Argentina 0.1996 0.1484 0.1201
Ecuador 0.0143 0.0106 0.0086
El Salvador 0.0111 0.0083 0.0067

The optimal rate of inflation n* is computed from (28)’ under the assumption that M and
C have the same semi-log demand function (f(p) = aExp(-ap) and g(p) = bExp(-Bp),
where a =b and o = fi)and grow at the same rate A = 0.02. M is the United States. The
relative share is Yci/ (Yme + Yey), where Yo, and Yo, are C’s and M’s GDP in 2001.
Figures of n* are given in Table 1. Using b =0.35 and r = 0.03, PDVS o* / Y, is
computed from (46)'. '
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Table S. The Present Discounted Value of the Welfare Gain to C’s Households from
Permanently Lower Inflation as a Fraction of C’s Current GDP (PDVG.o* / Y 0)in

2001
B 5 7 9
Argentina (7t = 3.952) 7.9657 5.9220 4.7940
Ecuador (% = 0.371) 4.6350 4.4902 4.1534
El Salvador (. = 0.074) 0.6474 0.8373 0.9966

7. is a 10-year average annual percentage growth rate of implicit GDP deflator prior to
dollarization (1981-1990 for Argentina, 1990-1999 for Ecuador and 1991-2000 for El
Salvador) . The optimal rate of inflation n* is computed from (28)’ under the assumption
that M and C have the same semi-log demand function (f{p) = aExp(-ap) and g(p) =
bExp(-Bp), where a =b and o = f8)and grow at the same rate A = 0.02. M is the United
States. The relative share is Yt / (Ymy + Yoy), where Yo and Yy are C’'s and M’s GDP
in 2001. Figures of n* are given in Table 1. Using b=10.35 and r = 0.03, PDVG,¢* / Y;
is computed from (48)'.
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Table 6. The Present Discounted Value of the Net Welfare Gain to C’s Households

of Dollarization as a Fraction of C’s Current GDP (PDVNG_o* / Y,,0) in 2001

8 5 7 9
Argentina (nt. = 3.172) 7.7661 5.7736 46738
Ecuador (. = 0.475) 4.6206 4.4795 4.1448

Fl Salvador (n. = 0.155) 0.6362 0.8290 0.9899

7. is a 10-year average annual percentage growth rate of implicit GDP deflator prior to
dollarization (1981-1990 for Argentina, 1990-1999 for Ecuador and 1991-2000 for El

Salvador) . The optimal rate of inflation n* is computed from (28)" under the assumption

that M and C have the same semi-log demand function (f{p) = aExp(-ap) and g(p) =
bExp(-Bp), where a =b and a = $)and grow at the same rate A = 0.02. M is the United

States. The relative share is Yot / (Yt + Yor), where Yo and Yy, are C’s and M’s GDP

in 2001. Figures of n* are given in Table 1. Using b = 0.35 and r = 0.03, PDVNG,* /
Y. is computed from (49).

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



33
Table 7. The Present Discounted Value of the Welfare Gain to C’s Households from
Permanently Lower Inflation as a Fraction of C’s Current GDP (PDVG,* / Y)in
2001 under the Assumption that C’s Government Does Not Return Any Seigniorage
to C’s Households before Dollarization

B 5 7 | 9
Argentina (. =3.952) | - 7.9657 5.9220 4.7940
Ecuador (n, =0.371) 6.8402 5.5402 4.6534
El Salvador (. = 0.074) 2.9881 ’ 28560 2.7376

T is a 10-year average annual percentage growth rate of implicit GDP deflator prior to
dollarization (1981-1990 for Argentina, 1990-1999 for Ecuadorand 1991-2000 for E!
Salvador) . The optimal rate of inflation n* is computed from (28)" under the assumption
that M and C have the same semi-log demand function (fp) = aExp(-ap) and g(p) =
bExp(-Bp), where a =b and o = B)and grow at the same rate A = 0.02. M is the United
States. The relative share is Yot/ (Yme + Ycu), where Yo¢ and Yo, are C’s and M’s GDP
in 2001. Figures of 7* are given in Table 1. Using b =0.35 and r = 0.03, PDVG0*/ Yo
is computed from (51).
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Table 8. The Present Discounted Value of the Net Welfare Gain to C’s Households
of Dollarization as a Fraction of C’s Current GDP (PDVNG_o* / Yg) in 2001 under
the Assuniption that C’s Government Does Not Return Any Seigniorage to C’s
Households before Dollarization

B 5 7 9
Argentina (7. = 3.172) 7.7661 5.7736 4.6738
Ecuador (7. = 0.475) 6.8259 - 5.5296 4.6448
El Salvador (7, = 0.155) 2.9769 2.8477 2.7309

7. is a 10-year average annual percentage growth rate of implicit GDP deflator prior to
dollarization (1981-1990 for Argentina, 1990-1999 for Ecuador and 1991-2000 for El
Salvador) . The optimal rate of inflation 7* is computed from (28)" under the assumption
that M and C have the same semi-log demand function (f{p) = aExp(-ap) and g(p) =
bExp(-Bp), where a =b and o = B)and grow at the same rate A = 0.02. M is the United
States. The relative share is Y/ (Yims + Yoy), where Ye; and Yo are C’s and M’s GDP
in 2001. Figures of n* are given in Table 1. Using b = 0.35 and r = 0.03, PDVNG_¢* /
Y., is computed from (52).
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Figure 1. Growth and Seigniorage
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Figure 2. “Optimal” Rate of Inflation x*
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The optimal rate of inflation n* is computed from (28)' under the assumption that M and
C have the same semi-log demand function (Rp) = aExp(-ap) and g(p) = bExp(-Bp),
where & =b and o = B)and grow at the same rate A = 0.02. The relative share is Y,/
(Ymt + Yey), where Yo and Y are C’s and M’s income at time t.
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