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There is widespread consensus among econo- Individual country estimates and cross-
mists that high inflation is often caused by the country panel regressions based on annual data
government's need t raise seignorage to finance from 11 high-inflation countries provide empiri-
high budget deficits. Depending on the shape of cal support for their model. Relaxing the hypoth-
the money demand function, steady-state esis of a constant semi-elasticity leads to esti-
seignorage may follow a Laffer curve, where mates showing that, on average, the semi-
seignorage first rises and then falls with higher elasticity of money demand with inflation
inflation. If so, a rate of inflation exists that increases with inflation.
maximizes steady-state inflation.

The results imply well-behaved Laffer
Conventional estimates of the seignorage- curves that peak at plausible inflation rates;

maximizing rate of inflation often make use of under the Cagan form, there is no seignorage
the Cagan form, which implies a constant semi- Laffer curve.
elasticity of money demand with inflation.
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model that implies a variable semi-elasticity. correct measure of the opportunity cost of
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1. Introduction

There is widespread consensus among economists that high inflation is often caused by the

government's need to raise seigniorage in order to finance high budget deficits.' Depending on the shape

of the money demand function, steady-state seigniorage may follow a Laffer curve, where seignorage first

rises and then falls with higher inflation. If this is the case, then there exists a rate of inflation that

maximizes steady-state seigniorage, u Knowledge of 7rm,, may be of interest both in order to

discriminate between existing theories of inflation and for policy purposes.

A number of hypotheses have been put forward in the literature as alternative explanations of high

inflation. First, the economy may be experiencing high inflation, but still be on the left-hand side of the

Laffer curve. In this case, inflation may be seen as a result of the government's need to raise

seigniorage. Second, the economy may be on the "wrong" side of the Laffer curve. If inflation is above

7rm,, and is observed to be fairly stable, then this may be interpreted as evidence in favor of the existence

of a "high-inflation equilibrium". The latter may be a consequence of the absence of a nominal anchor,

as in Bruno and Fischer (1990), or because of Barro-Gordon (1983) effects due to the inability of the

monetary authorities to undertake credible commitments, as in Kiguel and Liviatan (1991), or because

of the authorities' high discount rate which biases policy against stabilizations with short-term costs and

long-term benefits. If inflation is above irm,, and is observed to be accelerating, this may be seen as the

consequence of the government's need to raise seigniorage s' in excess of that which it can obtain by

setting inflation at 7rma, s(rmj). s' in excess of s(7rM.) can only be collected by bringing about ever-

accelerating inflation, as emphasized by Kiguel (1989)2. In fact, 7r higher than irm. has been suggested

by Rodrfguez (1991) as a definition of a hyperinflation.

'See for example Sargent (1982), Dornbusch and Fischer (1986), Van Wijnbergen (1989), Buiter (1990), and Easterly and
Schniidt-Hebbel (1991).

2Bruno and Fischer (1990) also mention this possibility. With reference to the hyperinfation of the 1920's, Barro (1972)
notices that inflation tends to accelerate when the revenue-maximizing rate is exceeded.
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Estimates of the seigniorage-maximiking inflation rate may help to decide among such competing

theories. Conventional estimates of the seigniorage-maximizing inflation rate generally make use of the

Cagan (1956) function, where the log of real money is a linear function of inflation. The Cagan function

is appealing because of its simplicity and its attractive algebraic property: 7rm. is given by one over the

coefficient on inflation. However, this simplicity is achieved at the expense of a restrictive functional

form, which assumes a constant semi-elasticity of money demand with respect to inflation. The estimates

of wrm^. using the Cagan form also usually define the inflation rate affecting money demand as the percent

change in prices (or sometimes the log change in prices), when theory implies that the correct opportunity

cost of holding money per period is the inflation rate divided by one plus the inflation rate. Our aim is

to test the sensitivity of estimates of irm,, to the assumption of constant semi-elasticity in the Cagan form

and to the definition of the opportunity cost of money.

Section 2 develops a model of money demand, inflation and seigniorage based on an optimizing

consumer - investor - portfolio allocator, who faces a cash-in-advance constraint, forcing her to hold a

combination of money and bonds before incurring consumption expenditure. It will be shown that the

existence of a Laffer curve depends critically on how good substitutes money and bonds are in aggregate

financial assets held as "cash"-in-advance.

Section 3 presents both individual-country and combined cross-country time-series evidence that

supports the notion that the semi-elasticity of money demand with respect to inflation varies with

inflation. The empirical evidence, collected for the universe of high-inflation countries during the 1960-

1990 period, is also used to provide estimates of the seigniorage-maximizing inflation rate. It will be

shown that both these estimates and those for the semi-elasticity differ substantially from those obtained

under the conventional Cagan approach. The results also have striking implications for the substitutability

of bonds and money. The results will also show that the semi-elasticity and the seigniorage-maximizing

inflation rate, when based on the correct measure of the opportunity cost of holding money, differ
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markedly from those obtained when using conventional but incorrect measures of inflation. Section 4

concludes.

2. The Model

This section develops a simple model of money demand, inflation and seigniorage. It shows that

both the semi-elasticity of money demand with respect to the opportunity cost of holding money and the

seigniorage-maximizing inflation rate depend on the degree of substitutability between money and bonds

in transactions and vary with inflation.

An infinitely-lived optimizing representative agent takes consumption, investment and portfolio

decisions in a closed economy. She holds money and bonds for transaction purposes and maximizes a

standard inter-temporal utility function:

(1) maxf ePt Cl

where p is the discount rate, c is consumption, and I/or is the inter-temporal elastiity of substitution.

Production (y) in the one-good economy is assumed to depend only on a broad concept of capital

(k), as in Barro (1991) and Rebelo (1991):3

(2) y = A k

There are three assets availabie to the consumer - capital k, non-indexed money (real value m),

and indexed money (real value b, referred to as "bonds" for short). Bonds pay no interest, but are fully

'Populaion is assumed fixed and nonnalized at one, so all variables can be inteprted in per capita terms.
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indexed to the price level.4 We assume that inflation cannot fall below -A. There is no uncertainty.

Since capital has real return A (net of depreciation), it always dominates bonds and money. However,

a cash-in-advance constraint requires that some combination of money and bonds must be held in order

to purchase consump.ion goods:

(3) f(m,b) - c 2 0

where f is linearly homogeneous in m and b, and satisfies fm>0, fb > 0, f,,,, <0, fb,<0, fm(O,b)= o and

fb(m,O) = co.5 The last two conditions ensure that there are no corner solutions; the consumer always

holds a positive amount of both money and bonds, which in general are imperfect substitutes.

This cash-in-advance constraint says that either money or bonds can be used for transactions.6

This approach is in the same spirit as the Lucas and Stokey (1987) generalization of cash-in-advance

models to include "cash" and "credit" goods. The intuitive justification is also similar to the "shopping

costs" approach of Arrau and de Gregorio (1991).7 An alternative approach is to assume that money

provides utility. This option, followed by many studies, has been adopted recently by Calvo and

Leiderman (1992) in deriving a variable semi-elasticity of money demand with regard to the opportunity

cost of holding money.

The consumer faces the following budget constraint each period:

' The classic example of this kind of asset in developing countries is foreign currency, which maintains its value as the
nominal exchange rate moves with the domestic pnce level. Other kinds of highly liquid financial assets often pay a nominal
return adequate to compensate for inflation but litte or no real return. Formally inflation-indexed assets paying a zero real
return exist in some developing countries. This was the case of selected bank deposits held by households in China between
nid 1988 and late 1991. UPAC deposits held in Colombia's saving and loan associations are highly liquid deposits indexed by
consumer prices. Real assets are also often used as inflation hedges.

57hese conditions are all satisfied by the CBS function intoduced below.

6A similar cash-in-advance constraint appears in Walsh (1984).

71n high-inflation countries it is often necessary to pay in foreign currency when purchasing a house, though smaller
transactions typically require the use of local currency. (See Calvo and V6gb (1992) on currency substitution in developing
countries). This case is not fully captured by this model with one homogeneous good, but may help to develop intuition for the
constrint in (3).
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(4) c = y + tr - M- B -I

where tr are the real resources transferred from the government back ' consumers in lump-sum form,

and M, B, and I are real flows of resources devoted to accumulation of money, bonds, and capital,

respectively.

The government transfers exhaust the resources captured from consumers by issuing money and

bonds:

(5) tr = M+ B

Asset accumulation is given by:

(6) m M- 7m

(7) b=B

(8) k=I

where ir is the inflation rate. Dots denote time derivatives.

The consumer-producer solves the inter-temporal problem (1)-(4) and (6)-(8) with perfect

foresight. The first-order conditions imply the following standard expression for consumption (and

output) growth rate g:

(9) g = (A - p) /a

Note that growth is not affected by inflation, which is a standard result when the cash-in-advance

constraint applies only to consumption goods.

The first-order condition for the allocation of wealth between m and b is the following:
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(10) f/fb = (A + 7) /A

Consumers substitute bonds for money in transactions as inflation rises. The determination of

the ratio of money to consumption is given by (3), which can be rewritten as:

(11) f (nz/c, b/c) = 1

One convenient parameterization of f for discussing the 3ensitivity of money demand to inflation

is the Constant Elasticity of Substitution (CES) function:

(12) f (m, b) = co[*M + (1 -*I) bnI11

where bonds and money have elasticity of substitution t = 1/(n-1) in transactions.

Combine (10) and (12) to obtain the following equilibrium ratio of bonds to money:

(13) m = 1 )(A )]
mA

From (11) - (13), demand for money scaled to consumption is given by:

(14) - =1 - 1 + (1-i') pn) n
C (0)

From (13) and (14), it can be seen that money demand is unambiguously a negative function of

inflation. The semi-elasticity of money demand with respect to inflation, noted as e, is a function of the

elasticity of substitution between money and bonds in transactions:

(1S) e an ) s ( 1i-ni ) ( 1 A+
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The absolute value of the semi-elasticity with respect to inflation could increase or fall with

inflation:

(16) 1 |(1n) ( _) [+1t)] }(+l-n e I -n 1 *- r I...ALA +-n

The sign of (16) will depend on that of the second right-hand term. Considering (13), the sign

condition is:

(17) e _ O _ () I!n (A+=1) n-l( 2n-k) 

A sufficient (although not necessary) condition for I e I to decrease with inflation is that the

elasticity of substitution between money and bonds be smaller than two in absolute value ( I t I < 2,

i.e. n < 1/2). A necessary (although not sufficient) condition for I eI to increase with inflation is that

I t I > 2 (i.e. n > 1/2). The Cagan constant semi-elasticity is inconsistent with this model, because

the condition for constant semi-elasticity cannot be satisfied at all rates of inflation.8

The necessary condition for the semi-elasticity to rise with inflation allows us to draw a tight

correspondence between empirical results on the functional form of money demand and the deep

parameter I t I which determines substitutabilty of money and bonds. A rising semi-elasticity indicates

a strikingly high elasticity of substitution between money and bonds.

It is of interest to see how this affects the calculation of the seigniorage-maximizing rate.

Seigniorage is determined by money growth, which is equal in steady state to inflation plus growth, times

money holdings (scaled to consumption):

Mhe model has been presented here in continuous time for simplicity. The discrete-time results - relevant for empirical
implementation in the folowing section - are identical except that the continuous-tine inflation rate ir should be replaced with
pi/(l +pi), where pi is the discrete-time inflation rate.
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(18) s = (+ g)c

The seigniorage-maximizing inflation rate (w*) does not have a closed-form solution. Its implicit

equation is the following:9

(19) n ( A
I1- -n) Ag+re * 1 A+Us 

Tr* will be an interior maximum for seigniorage if money demand falls off more quickly than

inflation rises, which requires:'0

(20) +c*_L >0( ) (X) an 

The implication of this section ih that Cagan's constant semi-elastic monmy demand is inconsistent

with fairly general conditions of inter-temporal resource and intra-temporal portfolio allocation by an

optimizing consumer - producer who faces cash-in-advance constraints in consumption. At an intuitive

level, the higher is the elasticity of substitution between money and bonds, the lower will be the

seigniorage-maximizing inflation rate, and the higher will be the likelihood that the inflation semi-

elasticity of money demand increases with inflation.

3. Empirical Results

This section presents empirical estimations of money demand functions and of seigniorage-

maximizing inflation consistent with the model derived in section 2. The results show the importance

of allowing for a variable semi-elasticity.

For our empirical estimates, we make use of the following money demand function:

9Deived from the standard first-order condition for maximnum seignorage: e (g+7r) -1.

'°Derived from the standard second-order condition: 82s/8r2 < 0.
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(21) ln (ma) = k + I;y

where y is output, Xr is an appropriate measure of the opportunity cost of holding money, and k, A, and

,y are parameters to be estimated.

Equation (21) differs from (14) by functional form and included variables. Output is included

as the relevant scale variable instead of consumption."1 Inflation is used as the relevant opportunity cost

of holding money rather than the nominal interest rate.12

The non-linear form of equation (21) has a number of desirable properties: (i) it is simple and

a straightforward generalization of the Cagan function, with a variable inflation semi-elasticity given by

a in / = y%r-; (ii) a necessary condition for the existence of a Laffer curve with a seigniorage

maximum at a positive and finite level of ir is: X < 0 and y > O;'3 (iii) if y > 1 (y = 1, y < 1), the absolute

value of the semi-elasticity rises (does not change, declines) with inflation; and (iv) it can be shown to

be equivalent to a non-generalized version of the Box-Cox transformation."4

Three alternative measures for the opportunity cost of holding money have been typically used

"Although consumption is the scale factor for money in die model of the preceding section, we chose output here for various
reasons. Output is of generalized use in Cagan money demand estimates. Second, output lacks measurement noise typical of
consumption series and is more readily available than the latter. Anyhow, consumption and output move together in the previous
model's steady state. Unitary consumption (or output) elasticity is a feature of the cash-in-advance specification which relates
money linearly to consumption (or output). However, most empirical money demnand estimations do not impose unitary income
elasticities. Preliminary results suggest that our main conclusions are not altered when assuming non-unitary output elasticities.

12 Most of the sample countries defined below had extensive interest rate controls throughout the 1960s, some lifted them
during the 1970s, and others continued with interest controls during most of the 1980s. Using inflation as the opportunity cost
of holding money is relevant as long as people hold other financial assets (foreign exchange) or real assets (gold, consumer
durables) with rates of return strongly correlated with inflation. All these alternative asset holdings were encompassed by
holdings bonds in the preceding section. FinaUly, using inflation offers the advantage of a direct link to seigniorage.

13 A necessary condition for attaining a seigniorage optimum at a positive and finite level of ir is: -(Xy) > 0. A necessary
condition for that optimum to be a maximum is the one stated in the text. Note that if X> 0 and y 0, seigniorage reaches a
minimum.

'4if the Box-Cox transfonration is applied to the independent variable, though not to the dependent variable, we
obtain:ln m - a + b(Or - 1) /9 whichisequivalentto In m = (a - b/l) + (blt) ir1 ,whichisinturnequivalent
to our form. By estimating our form it is possible to identify t, b and a.
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in money demand estimations. (a) Whe conventiornal measure of inflation, defined as the percentage rate

of change of a given price index p for a discrete period of time ((p, - pt.1)/pt.,), is often applied. (b) A

second measure -- employed by Cagan (1956) and many followers -- is the discrete-time change in

the natural logarithm of the price level (In p, - In pt.,). The two preceding measures share the

disadvantage of not representing the true inflation cost of holding money during a discrete period of time.

(c) As suggested by Calvo and Leideman (1992) and others, the correct discrete-time measure of the

alternative cost of holding money, equivalent to the capital loss due to inflation, is given by [(Pt - Pt.i)/Pt.

,]/ll + (Pt - pt-1)/p,.] (or by it/(1 + L), when the nominal interest rate i constitutes the altemative cost to

holding money).

Our estimations below are based on the third, correct measure of the inflation cost of holding

money. However, we will also show comparative results with the incorrect measures to illustrate the

sensitivity of the results to the choice of the inflation measure.

Equation (21) is estimated for a sample of 11 high-inflation countries -- the universe of all

countries that had inflation rates exceeding 100% p.a. in at least one year during the 1960-1990

period."5 We restricted the sample to high-inflation countries for two reasons. First, the Cagan model

was originally intended as a model of high or hyper-inflation - attempting to explain money demand in

low-inflation countries as a sole function of the inflation rate is bound to be a rather hopeless

endeavor."6 Second, moderate-inflation countries constitute a class of its own, with behavioral and

empirical features quite different from those found in high-inflation economies."7

Table 1 summarizes inflation patterns in our 11 sample countries. The table's taxonomy of

'5 They are eight Lain Amenican economies (Argentina, Bolivia, Brazil, Chile, Mexico, Nicaragua, Peru, and Uruguay),
two African countries (Ghana and Zaire), and one Middle-Eastern economy (Israel).

M6Prelininary estimates for low-inflation countries yielded some positive X coefficients.

7 According to Dornbusch and Fischer (1991), moderate inflation cases seldom end in high inflation. Seignorage plays at
most a modest role in the persistence of moderate inflation, and such inflation can be reduced only at a substantial short-term
cost to growth.
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inflation experiences bears resemblance to the distinction between chronic inflation and hyperinflation

countries, made by Pazos (1972) and applied by Vegh (1992), among others. However, here the

distinction, dictated by the 1960-90 sample period, is between chronic and stable inflation, chronic and

moderate inflation interrupted by high-inflation episodes (including hyper-inflation), and chronic and

explosive price rises. The categories of low, moderate, high, and hyperinflation coincide roughly with

inflation rates in the single, lower double, triple and quadruple (or more) digit levels -- the second

category coinciding with Dornbusch and Fischer's (1991) "moderate inflation" range.

Uruguay is the chronic-inflation country par excellence. The unparalleled stability of its

moderately-high inflation rate puts it into a category of its own, with annual rates which did not fall

below 10% or surpass 140% during 1960-90. Uruguay does not even present the feature, common to

all other countries, of increasing inflation after 1971-72; its three episodes of inflation exceeding 100%

took place once each decade.

A second category is comprised by 6 countries of typically moderate inflation, but which

experienced bursts of high or hyper-inflation during the sample period. They share a remarkably similar

inflation pattern. Starting from low inflation levels in the (early) 1960s, these countries sled into

moderate inflation in the mid-1960s to mid-1970s, subsequently jumping into high price instability, which

was initiated in the early 1970s (Chile) to early 1980s (Mexico). Only Bolivia experienced hyperinflation

as a final stage. All countries, except Zaire, successfully stabilized during the last years, reaching

surprisingly similar and moderate inflation levels in the 15-30% range.

Chronic and explosive inflation is observed in the last four countries. There inflation is not

stationary, reaching 4 and 5-digit levels in the late 1980s. Peru and Nicaragua suffer the more extreme

inflation explosion, starting with low inflation during the 1960s (when Argentina and Brazil already had

moderate inflation) and ending with four-digit inflation levels which double those of Argentina and Brazil.
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Table 1
INFLATION PA1TERN IN 11 HIGH-INFLATION COUNTRIES

(Annual Inflation Rates, %)

1. CHRONIC STABLE INFLATION

Moderately High

Uruguay (3) 56
(1960-90)

2. CHRONIC MODERATE INFLATION WITH HIGH (HYPER) INFLATION BURSTS

Low Moderate Hieh Hvper Moderate

Bolivia (4) 6 22 312 4,229 25
(1960-70) (1971-81) (1982-83) (1984-85) (1986-90)

Chile (5) 8 29 294 -- 26
(1960-61) (1962-71) (1972-76) (1977-90)

Ghana (4) 5 16 77 - 17
(1960-62) (1963-76) (1977-83) (1984-90)

Israel (7) 5 29 170 - 18
(1960-69) (1970-78) (1979-85) (1986-90)

Mexico (2) 3 22 91 -- 33
(1960-72) (1973-81) (1982-87) (1988-90)

Zaire (3) 7 22 61 --

(1964-65) (1966-75) (1976-90)

3. CHRONIC AND EXPLOSIVE INFLATION

Low Moderate High MImer

Argentina (14) - 28 234 2,593
(1960-74) (1975-88) (1989-90)

Brazil (9) - 40 170 1,435
(1960-80) (1981-87) (1988-90)

Nicaragua (6) 2 23 507 5,760
(1960-72) (1973-84) (1985-86) (1987-90)

Peru (7) 8 52 112 3,337
(1960-72) (1973-82) (1983-87) (1988-90)

Notes:
1. Annual inflation rates are geometric averages of December-to-December rates of change (conventionally

measured) of the CPI.
2. Figures in parentheses after country names denote number of years with annual inflation rates higher than

100%.
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3.1 Testing the assumption of constant semi-elasticity of money demand

Our country data is annual, for 1960-90. The dependent variable is defined as the natural

logarithm of the ratio of real money balances (end-of-year nominal MI1 " divided by the December CPI)

to real GDP. Inflation is measured as the annual variation of the CPI between the months of December

of the current and preceding years 19, and defined as consistent with the th-! (correct) measure of the

alternative cost of holding money, (c).

Both individual country and combined cross-country time-series (fixed-effects panel) estimations

were performed.? Tables 2-3 report country results and Tables 4-5 present panel estimations. Table

2 reports the results for equation (21) in levels. Table 3 presents the results for equation (21) in first

differences. Each table reports results for the linear, Cagan-type specification (imposing 'y= 1) and our

non-linear, variable-elasticity equation (21) (estimating y). Tables 2-4 make use of (c), the correct

measure of the opportunity cost of holding money. We refer to this as ir. Standard errors corrected for

serial correlation using the Newey-West procedure and for heteroskedasticity using the White method are

reported in brackets in tables 2 and 3.21

Is MI is easily measured but often not the most relevant aggregate for seigmorage collection. The domestic credit
component of currency plus required bank reserves (on demand and other, on-MI deposits) could be more relevant, depending
on each country's monetary and financial institutions and policies. We use M I due to lack of readily available, better monetary
aggregates. As long as the measure of money one uses is sufficiently highly correlated with relevant money, all we have is
measurement error in the dependent variable.

- 'his timing measure of inflation is consistent only with static inflation expectations. Forward-looking timing measures -
- such as the annual variation of the CPI between the months of December of the current and future years - yielded similar
results.

I 'Me sample period covers at most 1960-90 and is often somewhat shorter, depending on data availability and estimation
procedure.

21 The reason why some of the standard errors of the individual country coefficients are enormous is simply that in those
cases the estimates of the y coefficient are very close to zero.
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Table 2

COUNTRY ESTIMATIONS IN LEVELS

Country k y R2 A DW Obs (Pi *

Argentin -1.66 -1.69 1 0.77 0.83 30 145%
(0.04) (0.18)

-1.32 -1.93 0.65 0.77 0.76 30 240%
(0.37) (0.37) 0.26)

Bolivia -2.63 -0.68 1 0.36 0.29 30 o
(0.07) (0.14)

-2.59 -0.69 0.81 0.33 0.29 30 op
(0-09) (0.17) (0.54)

Bmzil -1.69 -1.95 1 0.76 0.38 30 105%
(0.12) (0.22)

-2.06 -1.96 2.03 0.82 0.32 30 103%
(0.10) (0.14) (0.67)

Chile -2.96 -0.16 1 -0.03 0.25 30 a
(0.17) (0.28)

-2.97 -0.16 1.37 -0.06 0.25 30
(0.29) (0.27) (9.42)

Ghna -1.32 -1.52 1 0.23 0.25 31 192%
M.15) (M.56)

-1.21 -1.35 0.68 0.21 0.26 31 G
(0.12) (0.56) (0.40)

srael -1.47 -2.28 1 0.69 0.23 31 78%
(0.13) (0.21)

-1.60 -2.55 1.39 0.68 0.29 31 67%
(0.12) (0.49) (0.51)

Mexico -2.12 -1.44 1 0.58 0.33 31 227%
(0.05) (0.27)

-2.16 -1.66 1.24 0.57 0.39 31 127%
(0.05) (0.52) (0.55)

Nicaragua -3.53 -1.58 1 0.49 0.41 31 172%
(0.12) (0.55)

-3.65 -2.75 9.97 0.87 0.77 31 254%
(0.08) (0.17) (2.12)

Peru -1.91 -1.34 1 0.60 0.47 30 294%
(0.13) (0.30)

-2.08 -1.65 2.28 0.72 0.57 30 127%
(0.11) (0.12) (0.54)

UNguay -1.83 -1.36 1 0.18 0.26 31 278%
(0.21) (0.61)

1.99 -4.77 0.08 0.17 0.22 31 X
(6625) (65.72) (1.31)

Zaire -1.29 -1.57 1 0.44 0.66 26 175%
(0.10) (0.21)

-5.50 -7.79 0.05 0.46 0.53 26 Go
(106.8) (106.6) (0.67)

Note: Obs is the number of observations and ri.. is the implied steady-state seigniorage-maximizing inflation rate conventionally measured
as in atative (a) discussed in the text.
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Unit root tests showed that both the independent and the dependent variable are almost invariably

1(1).? A glance at the Durbin-Watson statistics in Table 2 shows that none of the above is a co-

integrating regression.' As pointed out by Arrau and De Gregorio (1991), this may be the consequence

of financial innovation, that is, systematic shifts in the demand for money due to the introduction of

monetary substitutes. The use of dummy variables to represent "regime changes", often caused by

financial innovation, may help towards obtaining co-integration. To illustrate this, in Appendix 1 we

report the results obtained by introducing such dummies, for periods that we selected on the basis of

institutional changes and other important events that are known to have occurred in the countries in the

sample. In a number of countries we did obtain co-integration.,,

Given the difficulty involved in obtaining co-integrating equations for money demand, we estimate

our equation in first-differenced form.' The results, shown in Table 3, suggest more robust time-series

properties than those of Table 2, as reflected by the Durbin-Watson statistics.

The results suggest both the diversity of the different country experiences and the strength of our

variable-elasticity approach. The importance of relaxing the constant semi-elasticity assumption is

vindicated by the finding that the ys differ significantly from 1 in four countries (Brazil, Ghana,

Nicaragua, and Peru). Massive improvements in overall fit are observed under the non-linear form as

22For the sake of brevity, the complete results of the unit root tests are not reported, though they are available from the
authors. We performed Dickey-Fuller tests (with constant, and with constant and trend) using the 5% critical value. The
opporamity cost of holding money, w, was found to be 1(0) in Ghana and Zaire. We could not reject die nutt hypothesis that
the first-difference of the dependent variable is non-stationary in Israel and Mexico.

3 This was confirmed by formal Dickey-Futter and Augmented Dickey-Fuller tests on the series of residuals. Complete
results are available upon request.

2 Arrau and De Gregorio (1991) obtain c tegration by applying a methodology introduced by Cooley and Prescott (1976).
They let the intercept term in their money demand regressions be a random walk, and define any changes in the intercept as
"financial innovation". If the dependent and independent variables are 1(1), it can be shown that this procedure necessarily yields
stationary residuals. We adopted a different approach: with the help of the Country Economists at the World Bank, we identified
a few events when financial innovation is known to have taken place, before looking at the data.

25 First-differencing is admittedly not adequate for the data generation process when individual variables are non-stationary
in levels (Engle and Granger, 1987). In our case, however, it is highly likely that the test results were influenced not only by
structural shifts (as addressed above) but also by the small sample.
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Table 3

COUNTRY ESTIMATIONS IN FIRST DIIFERENCES

141Y") qY- 1) l A (WY -

Country X R2 A DW Obs (PuP Pi. p=

Argentina -0.65 1 0.17 2.07 29 Go
(0.15)

-0.63 0.80 0.19 2.17 29 00
(0.13) (0.14)

Bolivia -0.36 1 0.23 1.53 29 0
(0.05)

-0.36 0.96 0.20 1.53 29 X
(0.06) (0.32)

Brazil -1.92 1 0.68 0.66 29 109%
(0.36)

.2.13 3.01 0.82 1.35 29 117%
(0.10) (0.44)

Chile -0.56 1 0.12 1.70 29 0
(0.17)

-1.09 0.01 -0.02 1.65 29 0
(1,008) (6.39)

Ghana -0.65 1 0.36 1.43 30 0
(0.10)

-7.28 5.35 0.40 1.78 30 102%
(6.30) (1.59)

Israel -1.32 1 0.65 1.41 30 313%
(0.15)

-1.34 1.22 0.64 1.43 30 202%
(0.13) (0.24)

Mexico -0.52 1 0.26 0.82 30 0o
(0.09)

-0.57 1.38 0.24 0.80 30 x
(0.12) (0.41)

Nicaragua -0.68 1 0.01 1.32 30 c
(0.51)

-2.62 5.80 0.72 1.53 30 167%
(021) (0.61)

Peru -1.30 1 0.34 2.13 29 333%
(0.51)

-2.34 15.10 0.68 1.59 29 376%
(0.04) (0.34)

Umguay -0.48 1 0.11 2.55 30 0
(0.17)

-12.08 0.01 0.10 2.49 30 OD
(1,236) (11.04)

Zaire -0.58 1 0.26 2.13 25 OD
(0.07)

-0.58 0.63 0.23 2.10 25 0
(.11) (0.52)
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compared to the Cagan specification. The estimated ys are very large, exceeding significantly 1, both

statistically and numerically. Therefore the semi-elasticity of money demand with respect to inflation

increases with the rate of inflation in these countries. Recalling the results of section 2, we infer that the

elasticity of substitution between money and non-monetary financial assets is strikingly high (larger than

2) in this country group.

In the remaining countries the results for the non-linear specification do not improve upon those

corresponding to the Cagan form. The y coefficients are not significantly different from 1 (but

significantly larger than zero) in Argentina, Bolivia, Israel, and Mexico, although their numerical values

differ by up to 38% (Mexico) from the unit value assumed by the linear form. In the remaining three

countries (Chile, Uruguay and Zaire), the non-linear form fares worse than the Cagan specification; the

estimated coefficients turn out to be non-significant under the non-linear form, while the X coefficients

are significant under the Cagan form.

The last column of Table 3 reports seigniorage-maximizing levels of inflation (pi.,,

conventionally measured), derived from the estimated coefficients.2 6 In six of the countries, no Laffer

curve exists; i.e., seigniorage always rises with inflation. In five other countries, however, positive

maximum-seigniorage inflation rates are observed, which vary between 102% (Ghana) and 376% (Peru).

The pi. estimates change dramatically in two countries (Ghana and Nicaragua) when lifting the

restrictive y = I assumption. It is also noteworthy that in the two other countries where the 'ys exceed

significantly 1 (Brazil and Peru), the pi.. estimates do not differ much from those obtained under the

Cagan form. But for Israel, with a y estimate which does not differ significantly from 1, pi- falls

drastically, from 313% under the Cagan form to 202% under our non-linear specification. This implies

26 pi., with inflation conventionaly measured (pi = (p-p.)/p.,), is obtained from the first-order condition for seigniorage

mniimum, pi / (1 + pi,,) = (-Ay) 't. Hence pi. = (-yr) '/I1-(-YA) T1. There exists a finite pi only if -Aky > 1.
Otherwise seigniorage increases monotonicaly with pi and no Laffer curve exists, hence pi, is 0o.
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that even if the non-linear specification results do not differ significantly from the linear case, the

numerical pi. estimates can differ substantially. Therefore these country results suggest how sensitive

seigniorage-maximizing inflation estimates are not only to sample choice, but, most important, to

specification selection.

Our next step is to perform a number of panel regressions in order to infer more generally about

the specification of money demand and related seigniorage-maximizing inflation rates in high-inflation

countries. The panel estimations allow for fixed effects by introducing country-specific dummies and are

performed for the sample of 11 high-inflation countries during 1960-1990. Country-specific features,

such as financial structure, are assumed to be entirely captured by country fixed effects. Hence the

constant term k in equation (21) is allowed to vary across countries, while X and y are held invariant.

Estimates are reported in Table 4 for the level and first-differenced version of equation (21).

Equation 1 is an ordinary least squares regression on the levels of In (m/y) and 7r, which shows very high

serial correlation.2' As a way of dealing with non-stationarity, we estimate the equation in its first-

differenced form, as equation 4. As in the case of most country estimations in Table 2, this procedure

reduced significantly the incidence of residual correlation. Equation 2 corrects for serial correlation by

running an ARI for panel data, following the Bhargawa et al. (1982) methodology described in Appendix

2. Equation 3 is a partial adjustment version of equation (21), for which we report both the short-mn

pi.,,, (sr, corresponding to the short-run semi-elasticity) and the long-mn pi,,, Or, corresponding to the

long-run semi-elasticity). Equation 5 applies the Bhargawa et al. (1982) correction to equation 4.

For both levels and first-difference specifications, the y coefficient estimates obtained in the non-

linear versions are significantly higher than 1, validating our variable semi-elasticity model. In fact, the

n It seems clear that the nuUl hypothesis that the residuals fmm equation I are white noise would be rejected by the formal
test described in Bhargawa et al. (1982). We did not construct tables appropriate to our own sample size. Also it should be
noted that the calculation of the Durbin-Watson statistics in tables 3 and 4 treats appropriately residual correlation in the time
dimension of the panels.
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results constitute strong evidence -- robust to various specification alternatives -- that the inflation

semi-elasticity of money demand increases with inflation across high-inflation countries. The estimated

X and y coefficients are quite similar across estimations and reach very high significance levels in all of

them. The overall fit is systematically improved by estimating the non-linear form. Under the Cagan

form, Laffer-curve maxima vary widely (between 42% and infinite rates of inflation); in fact, there is

no Laffer curve in 3 of the 5 equations. Under our non-linear specification, however, there is always

a Laffer-curve maximum at finite inflation rates. In fact, the estimates of seigniorage-maximizing

inflation rates are systematically lower in the non-linear results as compared to the Cagan estimates.

Allowing for a variable inflation semi-elasticity changes drastically the shape of the money demand and

associated Laffer curves in high-inflation countries. We may infer that in a large sample representative

of high-inflation countries -- encompassing both low and high semi-elasticity cases -- higher inflation

increases on average the flight away from money and toward financial assets which provide protection

from inflation.

Our preferred results are the first-differenced forms presented in equations 4 and 5 (with and

without the Bhargava et al. correction, respectively). While their results are quite similar, we will focus

on equation 4 to ensure comparability with the country results in Table 2.

As in other equations, the estimate of the seigniorage-maximizing inflation rate changes drastically

in equation 4 when lifting the y= 1 restriction. While no Laffer curve exists under the linear (Cagan)

specification, the Laffer-curve maximum is reached at an inflation rate of 266% when y is freely

estimated. The estimated coefficients (?=-0.917, y=2 .19 8), at a 100% rate of inflation, imply a point

estimate of 0.88 for the absolute value of the semi-elasticity of money to inflation ( I e I ). This value

increases to 1.38 when the seigniorage-maximizing inflation rate of 266% is reached. Beyond the Laffer-

curve maximum -- when the representative high-inflation economy reaches the wrong side of the Laffer

curve - the semi-elasticity continues to rise with inflation, converging to a value of 2.01 when inflation
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PANEL ESTIMATIONS: VARIOUS SPECIFICATIONS

Model Variable Etnimated Standard R2A DW Ob8
Cofficlent Ermr Pi .P

Equation 1: ln(mly) - MO + cowuwyr dumm

linear y I
X -1.420 0.124 0.79 0.40 331 238%

nonlinear Y 1.586 0.234
x -1.526 0.152 0.79 0.40 331 134%

E&uaon 2: on(mly) - pj' laflAy)_,) - pD@xy-d

linear Y 1 0.29 1.66 320 00
-0.760 0.105

nonlinear 2.275 0.477 0.33 1.75 320 252%
-0.943 0.196

Equaton 3: In(mly) -XY + b ln(mly), + cowy sdummiu

finear ly 1 0.95 1.82 321 X (sr)
4-0.643 0.062 42% (Ir)

b 0.816 0.031

nonlinear Y 1.672 0.269 0.96 1.88 321 1010%(Sr)
X -0.704 0.081 51 %or)
b 0.809 0.030

Equaton 4: (ln(mly) - ln(mly)1) I)

linear I
-0.744 0.114 0.23 1.69 320 cm

nonlinear y 2.198 0.542
X -0.917 0.221 0.27 1.76 320 266%

Equation 5: n(m(/)-In(m)p)_,) PD (n(mly)_ - lnQ(#)_2)] *A|gy-y _P *(XV _tT2)-

linear y 1 0.23 2.02 309 0c
4-0.713 0.101

nonlinear 'r 2.016 0.419 0.28 2.12 309 303%
-0.883 0.181
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tends to infinity. Seigniorage collection reaches a maximum of 4.0% of GDP at an inflation of 266%,

falling off toward 3.6% of GDP when inflation tends to infinity.28

The central implication of these results is that the linear Cagan form misrepresents money demand

in high-inflation countries. Instead of being constant, inflation semi-elasticities of money demand on average

increase with inflation. While under the Cagan form there is no seigniorage Laffer curve, the variable semi-

elasticity approach renders a seigniorage-maximizing level of inflation of reasonable magnitude. As in the

earlier country results, the finding of rising semi-elasticity implies a strikingly high -- greater than 2 --

elasticity of substitution between monetary and non-monetary assets.

3.2 Alternanve Inflation Measures

In order to put the results of Table 4 in a broader perspective, we report in Table 5 panel

estimations, based on the same data sample, for two alternative inflation measures. The first alternative uses

the conventional inflation measure ((p-p,)j/p_), while the second is based on the first difference of the

logarithm of p. Both are wrong measures of the inflationary cost of holding money for a discrete time

period, as discussed above.

While the pattern of preferred results for each set of estimations is similar to those of Tables 2-4

based on the correct inflation measure (first differences better than level estimations, non-linear specifications

superior to linear model results), the estimated coefficients and corresponding seigniorage-maximizing

inflation estimates differ dramatically from those of Table 4. This should not come as a surprise, as the

three inflation measures diverge substantially for high inflation levels.

The conventional inflation measure renders a point estimate for 'y -- 0.233 -- which is significantly

lower than 1. The corresponding Laffer curve peak reaches an implausibly high level -- at an inflation of

28 Seigniorage collection levels are calculated from the definition of seigniorage: S = (pi/(l +pi)) * exp [k + X *
(pi/(I +pi))**-y. The constant k, which is not available from the first-difference esdmations, is calculated as [In(m/y)J, - X *
[pi/(I +pi)],***y, where the a-subindexed variables denote simple estimation sample averages.
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Teblo 5
PANEL ESTIMATIONS: VARIOUS SPECIFICATIONS

FOR ALTERNATIVE INFLATION MEASURES

Model Variable Sstimated Standard R1A DW Obs
Coefficient Ertor 'pi,,

I . CONVENTIONAL INFLATION MEASURE

1.1 Levels:

qm) - 1(-) + coamy dwnmik

linear y
4-0.00982 0.0029 0.66 0.54 323 10,183%

nonlinear 7 0.239 0.049
A -0.827 0.210 0.78 0.44 323 88,310%

1.2 First Differencea:

IN m .1 1[P-P-) (A P-1 - p 2\r

qY) q2)-,J lt P-t ) tP-2 )

linear y 1
A -0.00248 0.0005 0.07 1.63 306 40,323%

nonlinear 7 0.233 0.044
-0.401 0.131 0.26 1.71 306 2,620,919%

2. LOG-DI}FERENCE 1NFLATION

2.1 Levels:

he() - ALp - In p)r

linear I
-0.474 0.042 0.79 0.42 331 725%

nonlinear l 0.689 0.094
A 40.719 0.092 0.80 0.38 331 1,499%

2.2 First Differences:

[In (Y) -I(4)j In p - In p-,)r- In p., Ih p_r]

linear 7 I
A 4-0242 0.056 0.30 1.74 320 6,132%

nonlinear y 0.741 0.113
-0.378 0.063 0.31 1.69 320 26,149%
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2,620,919% p.a.! The implication that the semi-elasticity of money demand with respect to inflation

declines with the latter and that no country in the sample has been on the wrong side of the Laffer curve

is empirically implausible and technically wrong, due to the flawed inflation measure used in obtaining

these results.

The second incorrect inflation measure -- the first-differenced logarithm of the price leve' used

by many researchers since Cagan (1956) - also yields results with implausibly high Laffer curve

maxima. The y is higher than that from the conventional inflation measure but still is significantly

smaller than 1 and therefore implies a falling semi-elasticity.

The conclusion from these results is that inferences for the inflation semi-elasticity of money

demand and Laffer curve maxima for high-inflation countries are also very sensitive to the choice of the

inflation measure - and there is only one which accurately describes the inflation tax in discrete time.

A number of assumptions we made might be relaxed in further research, if one is willing to go

beyond some of the features of our model and, in particular, if more country data and higher-frequency

information becomes available. In addition to lifting the assumption of unitary income elasticity both in

the long and short run, one could relax the homogeneity of degree one of real money demand in prices,

and add alternative returns such as the nominal interest rate, the expected return on foreign assets, or the

expected return on the stock market. Furthermore, it would be interesting to test the variable-elasticity

model using more refined monetary aggregates rather than MI. However, it is by no means unambiguous

what the relevant measure of money is for the government's collection of seigniorage. It might also

prove useful to use real consumption rather than real GDP as a scale variable. Finally, higher-frequency

data could be used when sufficiently long quarterly GDP or consumption series become available.
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4. Condusions

We have developed a model of money demand, inflation, and seigniorage based on an optimizing

agent who faces cash-in-advance constraints in consumption. Her behavior gives rise to a money demand

which exhibits a variable semi-elasticity with regard to inflation, as opposed to the constant-elasticity form

of Cagan (1956) used by a plethora of followers. We showed that the higher is the degree of substitution

between money and bonds in the consumer portfolio, the higher is the likelihood that the inflation semi-

elasticity increases with inflation and that a seigniorage-maximizing level of inflation exists.

The empirical application of the model to a 1960-1990 sample of 11 high-inflation developing

countries (defined as those with 100% inflation in at least one year of the sample period) led to rejecting

the constant-elasticity hypothesis in 4 countries and, in the case of the panel estimations, for the sample

as a whole. The panel results imply an absolute value of the semi-elasticity which increases with

inflation, which implies a strikingly high degree of substitution between money and financial assets in

high-inflation countries. While under the Cagan form there is no seigniorage Laffer curve, the variable

semi-elasticity approach renders a reasonable seigniorage-maximizing inflation rate: 266% p.a. These

results, based on the correct measure of the opportunity cost of holding money, also differ markedly from

those obtained when using conventional but incorrect measures of inflation.

When drawing policy conclusions, it is important to recognize that the Keynes-Olivera-Tanzi and

bracket-creep effects of inflation on tax revenue and non-indexation of government expenditure make it

necessary to distinguish between the seigniorage-maximizing and the revenue-maximizing inflation

rates.29 If higher inflation implies lower real tax revenue due to the Keynes-Olivera-Tanzi effect, higher

tax revenue due to bracket creep or lower government expenditure due to lack of full indexation of

government expenditure, the inflation rate that maximizes total revenue to the government will diverge

29See Eaterly and Schmidt-Hebbel (1991) for recent evidence on Keynes-Olivera-Tanzi and bracket-creep effects of inflaion
on tax revenue in developing countries.
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from that which maximizes seigniorage. As a consequence, estimates of wm, will differ from the

revenue-maximizing inflation rate, whether the specification of money demand is linear or non-linear.

Our empirical results on the variable semi-elasticity might need to be qualified with respect to

the difficulty of distinguishing between non-linearities and shifts of the money iemand schedule. One

could conceive of an extreme case in which the true money demand function is linear (in the sense of a

constant semi-elasticity), while it keeps shifting due to financial innovation. Dornbusch, Sturzenegger

and Wolf (1990) provide some evidence of hysteresis in money demand: they show that, as a consequence

of high inflation, new institutions arise that allow people to economize on money holdings. This

constitutes a permanent shift in the money demand function, which persists even when inflation falls back

to low levels. Arrau et al. (1991) provide evidence that shifts in the money demand function occur to

a greater extent in countries that experience higher (and more variable) inflation. Finally, policy-induced

financial innovation could cause shifts in the demand for money. Nevertheless, the results we obtained

in Appendix 1 by introducing dummies in order to capture financial innovation make us confident that

shifts in the money demand function would not be sufficient to reverse our results on the importance of

allowing for a variable semi-elasticity.



26

Bibliography

Arrau, P. and J. De Gregorio (1991), "Financial Innovation and Money Demand: Theory and Empirical
Implementation", WPS 585, The World Bank, Washington, D.C., January.

Arrau, P., J. De Gregorio, C. Reinhart and P. Wickham (1991), "The Demand for Money in Developing
Countries: Assessing the Role of Financial Innovation", WPS 721, The World Bank,
Washington, D.C., July.

Barro, R.J. (1972), "Inflationary Finance and the Welfare Cost of Inflation", Journal of Political
Economy, vol. 80, No. 5.

Barro, R.J. (1991), "Economic Growth in a Cross-Section of Countries", Ouarterly Journal of
Economics, 106 (May): 407-443.

Barro, R.J., and D. Gordon (1983), "A Positive Theory of Monetary Policy in a Natural Rate Model",
Journal of Political Economy Vol. 91, pp. 353-374.

Bhargava, A., L. Franzini and W. Narendranathan, (1982) "Serial Correlation and the Fixed Effects
Model", Review of Economic Studies, XLIX, 533-549.

Bruno, M. and S. Fischer (1990), "Seigniorage, Operating Rules, and the High Inflation Trap", The
Quarterly Jounal of Economics, May.

Buiter, Willem. (1990) Principles of Financial and Budgetary Policy. MIT Press, Cambridge,
Massachusetts.

Cagan, P. (1956), "The Monetary Dynamics of Hyperinflation", in Studies in the Quantity heory of
Money, Friedman M. (ed.), Chicago, University of Chicago Press.

Calvo, G. and L. Leiderman (1992), "Optimal Inflation Tax under Precommitment: Theory and
Evidence", American Economic Review, 82 (1): 179-195.

Calvo, G. and C. V4gh (1992), "Currency Substitution in Developing Countries: An Introduction",
Revista de Analisis Econ6mico, 7 (1): 3-27.

Cooley, T.F. and E. Prescott (1976), "Estimation in the Presence of Stochastic Parameter Variation",
Econometrica, 167-184.

Dornbusch, R. and S. Fischer (1986), "Stopping Hyperinflation Past and Present", Weltwirtschaftliches
Archiv 122, 1, pp. 1-47.

Dornbusch, R. and S. Fischer (1991), "Moderate Inflation", WPS 807, The World Bank, Washington,
D.C., November.

Dornbusch, R., F. Sturzenegger and H. Wolf (1990), "Extreme Inflation: Dynamics and Stabilization",
Brookings Papers on Economic Activity, Vol. 2.



27

Easterly, W. and K. Schmidt-Hebbel (1991), "The Macroeconomics of Public Sector Deficits: A
Synthesis", WPS 775, The World Bank, Washington DC.

Engle, R. and C. Granger (1987), "Co-Integration and Error-Correction: Representation, Estimation and
Testing", Econometrica 55, pp. 251-276.

Kiguel, M. (1989), "Budget Deficits, Stability and the Monetary Dynamics of Hyperinflation", Journal
of Money. C d Banking, Vol. 21, No. 2, May, pp. 61-80.

Kiguel, M. and N. Liviatan (1991), "A Policy-Game Approach to the High Inflation Equilibrium",
manuscript, The World Bank, April.

Lucas, R.E. and N.L. Stokey (1987), "Money and Interest in a Cash-in-Advance Economy",
Econometrica, Vol. 55, pp. 491-513.

Pazos, F. (1972), Chronic Inflation in Latin America, Praeger Publishers.

Rebelo, S. (1991), "Long-Run Policy Analysis and Long-Run Growth", Journal of Political Economy
Vol. 99, No. 3, pp. 500-521.

Rodrfguez, C.A. (1991), "The Macroeconomics of Public Sector Deficits: The Case of Argentina", WPS
632, The World Bank, Washington, D.C.

Sargent, T.J. (1982), "The End of Four Big Hyperinflations", in R.E. Hall (ed.), Inflation, University
of Chicago Press.

Vdgh, C. (1992), "Stopping High Inflation: An Analytical Overview", IMF Staff Papers Vol. 39, No.
3, September.

Walsh, C. (1984), "Optimal Taxation by the Monetary Authority", NBER Working Paper 1375, June.

Van Wijnbergen, S. "External Debt, Inflation, and the Public Sector: Towards Fiscal Policy for
Sustainable Growth", World Bank Economic Review 3, September.



28

Appendix 1: Country Money Demand Estimations with Regime Changes

By introducing dummies to represent regime changes we are able to obtain co-integration for a

few countries. The dummies were selected after discussions with World Bank country economists. They

are usually significant.

Country results based on the correct inflation measure are presented below. White and Newey-

West corrected standard errors are reported in brackets. ADF is the Augmented Dickey-Fuller statistic

on the residuals from the regression, to be compared with a critical value of 3.17 (at a 5% confidence

level). The number of degrees of freedom is reported as dfr.

consant -1.77 (0.05) -1.65 (0.24)
dummmyA 40.603 (0.080) 40.59 (0.08)
lambda 40.863 (0.148) -0.94 (0.24)
gamima 1 0.73 (0.40)

R'=0.92 R'-0.92
DW-1.22 DW-1.17
ADF--1.50 COINT:NO ADF=-1.11 COINT:NO
dff -27 dfr=26

Bolivia

constant -2.56 (0.04) -2.60 (0.06)
dummnyBO -0.546 (0.107) -0.55 (0.11)
lambda -0.740 (0.119) -0.746 (0.121)
gamma 1 1.301 (0.574)

R'-0.68 R2"0.6
DW-0.96 DW- 1.07
ADIF-3.12 COINT:NO ADFP-3.14 COINT:NO
dfr-27 dfr=26

constant -1.34 (0.07) -1.66 (0.09)
dummyBR -0.489 (0.068) -0.43 (0.06)
lambda -1.85 (0.120) -1.80 (0.10)
gamma 1 1.679 (0.262)

R=0.91 RI=0.94
DWI1.08 DW=0.97
ADFP-5.08 COINT:YES ADF-4.95 COINT:YES
dfrm27 dfr=26

Chile

consant -3.45 (0.10) -3.29 (0.74)
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dummyCI 0.621 (0.122) 0.62 (0.13)
dummyC2 0.769 (0.108) 0.77 (0.11)
lambda -0.444 (0.195) 4-055 (0.67)
gamma 1 0.48 (1.15)

R'=0.66 R2 =0.66
DW=0.71 DW-0.74
ADF=-3.55 COINT:NO ADF-3.53 COINT:NO
dfr=26 dfr&2S

Ghana

consAnt -1.15 (0.05) -1.22 (0.03)
dummydil .0,873 (0.068) -0.89 (0.05)
lambda 40.669 (0.1)8) .21.73 (30.76)
gamma 1 6.51 (2.43)

R'=0.89 R'=0.92
DW=1.18 DW= 1.79
ADF=-2.79 COINT:NO ADF--2.71 COINT:NO
dfr=28 dfr-27

laMe!

consat -1.42 (0.05) -1.52 (0.05)
dummyll -0.578 (0.129) -0.62 (0.13)
dummyl2 -0.795 (0.088) -0.79 (0.08)
lambda -1.341 (0.198) -1.608 (0.292)
gamma 1 1.647 (0.461)

RW=0.92 R"=0.92
DW=0.53 DW=0.74
ADF=-2.13 COINT:NO ADF-2.46 COINT:NO
dfr-27 dfr-26

constant -2.18 (0.08) -2.20 (0.11)
dummyMI 40.500 (0.066) -0.50 (0.06)
dummyM2 -0.110 (0.060) 40.10 (0.07)
dumunyM3 -0.072 (0.071) -0.08 (0.08)
lambda -0.823 (0.205) -0.855 (0.261)
gaomma 1 1.104 (0.477)

R=0.89 '-0.89
DW- 1.28 DW= 1.29
ADF-3.24 COINT:NO ADFP-3.29 COINT:NO
dfr=26 dfr-25

Nicamgua

consant -3.59 (0.114) -3.76 (0.04)
dummnyN -0.794 (0.283) 0.541 (0.09)
lambda -2.413 (0,396) .3.163 (0.155)
gamma 1 7.87 (0.985)

R1=0.61 R2-0.94
DW-0.88 DW-1.68
ADPi-2.91 COINT:NO ADF--2.79 COINT:NO
dfr&28 dfr=27

frM
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constant -2.126 (0.056) -2.26 (0.03)
dunmuyPi 0.576 (0.080) 0.4S (O.OS)
dummyP2 0.394 (0.129) 0.07 (0 11)
dummyP3 0.520 (0.173) 0.36 (0.13)
lambda -1.805 (0.243) -1.817 (0.1SS)
gamma 1 2.064 (0.305)

R'=0.87 R 2 "0.94
DW=1.33 DW-2.19
ADF-3.11 COINT:NO ADF--3.67 COINT:YES
dfr=25 dfr=24

Uruiuav

constant -1.69 (0.OS) -1.74 (0.11)
dummyUl -0.494 (0.046) -0.50 (0.OS)
dummyU2 -0.754 (0.039) -0.75 (0.04)
lambda -0.796 (0.137) 40.863 (0.287)
gamma 1 1.301 (0.829)

R-0.94 R'=0.94
DW= 1.92 DW=2.00
ADF=-3.7S COINT:YES ADF=-3.79 COINT:YES
dfr-27 dfr=26

Zsire

constant -1.27 (0.08) 11.29 (302)
duumnyZ -0.541 (0.130) -0.49 (0.13)
lambda -1.431 (0.269) -13.47 (301)
gamma 1 0.025 (0.601)

R2=0.69 R2=0.71
DW=0.68 DW-0.60
ADF=-2.05 COINT:NO ADF=-2.28 COINT:NO
dfr=23 dfr=22

The dumnies were introduced to capture the foUowing regime changes in each country:

DunnmyA for 1977-90: Financial liberalization and dollrization after 1976.
DummyBO for 1987-90: Dollarization after 1985.
DummyBR for 1966-90: Reform of financial markets in naid-1960a under the militauy government.
DummyCI for 1966-73: Higher money demand and increasing price controls.
DummyC2 for 1974-90: Financial liberalization after 1974.
DummyGl for 1979-90: Coups beginning 1979 worsen capital flight.
Dummyll for 1979-82: Financial innovation (itroduction of PATAMA deposits).
Dummyl2 for 1983-90: Further introductions of financial instments.
DunmmyMI for 1986-90: Lower floor of money demand after financial innovation and capital flight.
DummyM2 for 1960-66: 'Golden years' of financial intermediation.
DummyM3 for 1980-85: Financial innovation (i.e. appearmnceofhigh-intereapayigpublic bonds - CETE - in 1979) and assive flight

into dolars beginning 1981.
DumnmyN for 1980-90: Sandinista populism.
DummyPI for 1970-80: Military populism.
DummyP2 for 1980-84: Belalinde regime.
DummyP3 for 1985-90: Garcia populism.
DummyUl for 1975-80: Financial iberalization.
DummyU2 for 1981-90: Further financial lberalization and doLarization.
DummyZ for 1979-81: Unplanned demonetization: 1979 reform involving withdrawal of some currency denominations; it took two years

before they were completely substituted.
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Appendix 2: Application of Bhargawa et al. (1982) Method

Bhargawa et al. (1982) addresses the issue of serial correlation in panel regressions. Application

of this methodology relies on the assumption of large sample behavior in the number of countries.

Therefore it is not unambiguously justified in our case. Nevertheless, Bhargawa et al. show that it

performs very satisfactorily with a sample size of 30 individuals.

Bhargawa et al. (1982) provides appropriate tables for the Durbin-Watson statistic in the case of

panel estimation. It also outlines a way of constructing appropriate tables for testing the null hypothesis

that the residuals follow a random walk. In addition, it provides a method of correcting for first-order

serial correlation of the residuals. The procedure is based on the following panel regression:

yj, = k, + AIs + uk

where ut are normally distributed errors with mean zero and variance oa. (individual i, period t), and k;

are the individual country fixed effects. The appropriate Durbin-Watson statistic shows first-order serial

correlation of the errors:

um = pU"-l + e

where ei, is i.i.d. with mean zero and variance aoe. Now calculate PD = 1 - d/2, where d is the Durbin-

Watson statistic, which is a biased estimator of the true p for the error process. An unbiased estimate

PD is obtained by solving for p from the following equation:

PD = 1 - [(1-p)(T-1)J1[T-(1+p)1(1-p) + 2p(l-p7)/7M1-p)2 J

where T=29 (because of missing data, T is slightly smaller than the sample period 1960-90).

Then PD is used to derive the series
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Yo - PD Yi -1 ; as well as -. - PD WI t-l

on which least squares estimations are performed.

For the non-linear least square estimations, we used PD from the uncorrected non-linear least

squares regression, and then re-estimated 'y.

Appendix 3: Data Sources and Methodology

The series for MI and the Consumer Price Index (CPI) were retrieved from the World Bank

BESD data bank. MI is the end-of-year observation and corresponds to line 34 in the Intenatonal

Elnancial Statistics (IFS) published by the International Monetary Fund. The CPI is line 64 of the IFS;

however, it is the December observation. Real GDP is from the World Bank STARS data bank. Where

the above data set still showed missing values, data from World Bank (Country Operations) sources was

used. The complete data set is available on diskette from the authors.

All computations were performed using the RATS package where appropriate. Non-linear least

squares estimates were obtained by using the Gauss-Newton algorithm provided by RATS. For all non-

linear estimates, grid searches for y between 4.0 and 0.1 (using step-size 0.1) were performed to check

that the algorithm reached the global rather than a local minimum. In all instances, the initial values of

the parameters in the algorithm for the non-linear regressions were those obtained from the corresponding

linear regressions (where y was restricted to be 1); the initial value for y was set to be 1.
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