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NON-TECHNICAL SUMMARY

During the 1970s inflation in Israel climbed towards 100% per annum. By the first
half of 1985 the rate of inflation exceeded 500%. Now it is about 15%. In this
paper we study the roles of fiscal and monetary phenomena in this inflationary
process. We conclude that monetary growth has been the principal cause of the
rise and decline of Israeli inflation, while the budget deficit has been the driving
force behind the growth rate of the money supply.

Previous empirical research into Israeli inflation has failed to find a causal link
between the money supply and inflation. It is widely held that the money supply
has been a passive phenomenon in an inflationary environment. Inflation has
reflected instead real phenomena such as excessive real wages or excessive
real devaluation. According to this argument, inflation set off by such real forces
leads to an increase in the demand for money, and the authorities allowed the
supply of money to rise to meet the higher demand. We argue that while there
may not have been a consensus on the causes of Israel’s inflation, there has
been a consensus that monetary growth was not among them. We challenge
this view by integrating real and monetary theories of inflation and argue that the
impetus to inflation was the fiscal deficit which triggered excessive monetary
growth, although there were also times when inflation was purely a monetary
phenomenon operating independently of fiscal policy.

To test this view, we estimate a two-equation model in which the money stock
and the aggregate price level are endogenous variables. They are represented
by the broadest definition of the money stock (M4) and the GDP deflator. The
data are quarterly and run from 1970 through 1987. Stability tests reveal that the
model did not break down following the Stabilization Programme launched in
July 1885. In the model expected inflation is ‘rational’ in the sense that the public
is assumed to form its expectations according to the estimated model itself. This
property implies that inflation will tend to jump up or down prior to expected policy
changes. For example, if fiscal policy is expected to be expansive next yearin a
way that will induce excessive monetary growth, inflation will accelerate now. It
then appears that monetary growth was caused by inflation, when the truth is the
converse. Controlling and testing for the presence of rational expectations is
essential if the causal effects of monetary policy are to be isolated properly.

This approach addresses the ‘Lucas Critique’ directly. The econometric
technique employed fo estimate the model is cointegration, a powerful statistical
method for estimating the dynamic interdependence between variables which
are highly trended. In Israel prices and money are highly trended, so
cointegration is particularly suitable.

Our analysis suggests that fiscal policy did not directly affect the rate of inflation.
Instead, inflation depended on the rate of monetary growth and the net excess



supply of money. It also depended on expected inflation which, in the model,
depends on expected monetary growth. This is a ‘monetarist’ account of inflation
in the sense that only money appears to matter; fiscal policy does not appear to
matter. Our analysis suggests that growth largely reflected the fiscal deficit;
money was ‘printed’ in order to finance the deficit, which reached 15% of GDP
by 1985. There was also a tendency for the authorities to accommodate
inflationary shocks. This policy reinforced underlying inflationary tendencies both
directly and indirectly via rational expectations.

The main policy conclusion we draw is that control of the fiscal deficit is vital if
inflation is to be stabilized. Control of monetary growth is impossible if the fiscal
deficitis not moderated, and monetary growth is the driving force behind inflation.
Monetary growth must be reduced if inflation is to be reduced. There are two
ways in which this may be carried out; either by announcing it in advance or by
springing it as a surprise on an unsuspecting public. If expectations are indeed
rational, the public will respond responsibly to credible policy pronouncements.
This implies thatinflation may be brought down by promulgating a ‘Medium Term
Financial Strategy’ in which moderate fiscal deficits and consistent monetary
growth targets are announced in advance. The alternative of reducing meonetary
growih on an unannounced basis will delay the reduction of inflation and may
depress the economy unnecessarily.

It is implicit in this work that the exchange rate is determined by rather than a
determinant of inflation. The paper does not, however, test the hypothesis that
inappropriate exchange rate policies, in particular excessive devaluations, were
an independent cause of inflation. A more authoritative answer on this issue will
have to await the integration of the exchange rate as a third endogenous variable
into the model.



I. Introduction

During the 1970's Israeli inflation breached single and then
double digit levels. In the first half of 1985 it was approaching
triple digits. Thereafter it rapidly fell to less than 20% p. a.
In this paper we seek teo investigate the monetary, £iscal, and
related factors responsible for the rise and decline of Israeli
inflation.

Econometric analysis of the relationship between money and
inflation in Israel geoes back many vears. Xleiman and Ofir (1872
and 1975) concluded that for the periocd 1955~65, the supply of
monsy was essentially demand~ determined. Inflationary shocks
which raised the demand for money were accommodatad by the
monstary authorities; =he supply of money was a passive
accomplice in an inflationary envircnment. Morsovar, this
parepective on the Israeli mwonetary system may bes partly
responsihls for a series cof econometric studies of the demand for
money, e.g. OCffenkacher (1%85%), in which it is assumed that the
quantity of money is demand-determined. In addition, simple
"causality” tests, e.g. Brezis et al (19832}, tend to confirm that
meoney has been passive rather than active in the Israell

inflation while Melnick {(1988) presents evidence in faveour of the



hypothesis that price shocks were primarily responsible for
Israel's inflation during 1970-1983, In short, the econometric
evidence, such as it is, does not support the hypothesis that the
money supply was a contributory factor in Israel's inflation. Nor
for that matter does it support the hypothesis that the fiscal
deficit was a contributing facter although fiscal orthodoxy is
one of the centrepieces of the stabilization programme that was
launched in July 1985, see Brunc and Piterman (1987).

The central objective in this paper is to attempt to unravel
the two-way, dynamic interdependence between the money supplv and
prices in Israel. In this context we alsc seek to estimate the
influence of the fiscal deficit and public sector borrowing on
ronetary growth. To these ends we estimate a dynamic medel
consisting of two behavioural simultaneous equations in money and
prices respectively and an identity that relates the evclution of
public sector debt to the fiscal deficit. Expected inflation
plays an important part in the model and these expectations are
hypothesized to be rational . The main implications of the model

are as follows:

i) Public sector borrowing has been the fundamental deter-
minant of the core rate of inflation over the period in-
vestigated (1970 QI - 1987 QI}.

ii} However, monetary accommodation tended to reinforce



inflationary shocks.

1ii) Rational expectations of inflation - prone policies
aggravated the rate of inflatien.

iv) The inflation has been home - grown; external factoers have
played a negligible role.

v) Monetary growth was both a cause and a consequence of the
inflationary process.

vi) Monetary growth has reflected the fiscal deficit and the
public sector borrowing requirement (PSBR).

vii) It dis difficult to distinguish between a "monetarist"
model in which only money matters for inflation and a
"Keynesian" medel in which non-monev assets also matter for
inflation.

Perhaps the most novel result is the first, which others e.
g. Liviatan and Piterman (1986) and Brunc and Fischer (1986)
failed to find. Nevertheless, the theoretical specification which
we adopt broadly mirrors that of Bruno and Fischer. However, our
econometric treatment is very different. Liviatan and Piterman
have tried to argue that Israeli inflation was fanned by
inappropriate exchange rate policies. Balance of pavments crises
prompted over-reaction by the authorities, which resulted in
excessive devaluations (especially in 1982). By trying to push
the real exchange rate above its natural rate inflation became
pandemic. According to this view the rapid monetary growth was on

the whole a result of the inflation and not a cause.



Liviatan and Piterman did not implement formal econometric
tests of their hypothesis. Nor do we in the present paper. Indeed
we abstract from exchange rate (and labour market)
considerations, which inevitably 1limits and qualifies our
findings. The implication of this is that the exchange rate and
the balance of payments were determinands rather than
determinants and reflected the inflationary process instead of
contributing to it. Beenstock and Kahanaman (1988) consider the
dependent mnature of the exchange rate and the balance of
payments. However, a full analysis of the joint determination of
the exchange rate and inflation lies beyvond our present, less
ambitious, terms of reference.

Our econometric efforts are based on the cointegration
methods proposed by Engle and Granger (1987). Indeed the
implementation of this technigue, particularly in a simultaneous
setting, 1s an important methodoclogical component of the paper.
The highly non-stationary character of Israeli data is
particularly suited to the technique. Cointegration invelves
separate equations for the long run and short run elements of
"error correction mechanisms". We show that money and prices
feedback onto each other over time and that the second stage
equations for money and prices are interdependent.

The remainder of the paper is organized as follows. In

section II we present the theoretical context in which our



econometric efforts are based. 1In section III we present ocur

empirical findings. Section IV concludes.

II. Theory

Macroeconomic Framework

Except for a brief interval in the late 1870's, 1Israel has
operated a fixed but adjustable exchange rate system. In
Principle, this implies that monetary conditions were dominated
by external considerations since Israel is a small open economy.
In practice, however, monetary aggregates appear to have been
dominated by net domestic credit and the exchange rate was
frequently devalued. The rate of inflation that surpassed 400%
in 1985 was essentially a domestic phenomenon and it is assumed
here (see section I) that the exchange rate by and large
responded passively to domestic monetary developments,

We postulate a demand for money (M) which is linear
homcgeneous in Prices (P) and varies inversely with the rate of
inflation (m). In section IIT we consider the more general case
in which the demand for money depends additionally on the rate of
interest. We assume for Present heuristic purposes that foresight

is perfect and myopic:~-



m® = {M/P)®° = e®™ (B<C)

For expositional simplicity we assume that the "core" rate of
inflation happens to be zero. Prices do not clear the

product/money market instantaneocusly, hence,

n o= Tin{M/M®} + V (%)

i.e. the rate of inflation depends on the excess demand for
meney. If the "core" rate of inflation is peositive the change in
the rate inflation will depend on excess MOLEY demand. The term V
reflects other factors such as import costs that might affect
inflation.

The money supply process contains two elements. First, the
authorities are assumed to accommodate in part the demand for
money. Secondly, the real figcal deficit (G) has to be financed
either by money issue oOF bond issue. Here we assume that the
"unpleasant monetary arithmetic” suggested by Sargent and wallace
{1881) has already been realized in which case sustained
bond-financed deficits are infeasable. These considerations

suggest the following money supply process:

DIlnM = G/m + pln (M®/M) (2)




where D = d/dt denctes the differential operator.

The second term represents the accommodating element of
monetary policy where an excess demand for meney induces monetary
growth. The first ternm represents the effects of the fiscal
deficit on monetary growth; the bigger the fiscal deficit the
bigger the rate of monetary growth. However, this growth is
Proportionate to the rate of inflation reflecting inflation-tax
considerations and the effects of inflation on the demand for

real money balances, see €.9. Melnick and Sokoler (1984) .

The model incorporates several dynam;c features. First, the
government budget constraint implies that inflation fesds back
onto the money supply (1f G > 0) which in turn feeds back onto
the rate of inflation. But increases in expected inflation lower
the demand for money which in turn raises prices. Secondly, if np

> 0, inflationary shocks are accommodated and inflation will

feedback onto itself. This in turn will affect expected
inflation and thence prices. If, however, <t <« ®, monetary
disturbances will not be fully reflected in Prices

instantaneously and the inflationary process will be moderated.
In the limit if t = 0 the 1link between money and prices is
severed completely and the dynamic interaction between fiscal

policy, monetary policy and Prices disappears.



ynfortunately, the simple model that has been proposed is not
amenable to analytical solution. However, its insights may be
revealed analytically provided we consider its dynamic components

separately. If we assum2 T = @ and p = 0 the model becomes

pm + mm = G

i.e. prices are perfectly flexible and monetary policy reflects
the budget deficit. substituting the first egquation into the

second implies that the dynamics of inflation are governed by:

asm (D + BTH)M = G/B

The particular solution is (see &.9- sargent (1979, P. 37); -
-]
Mee®™t = G/E(D N o p-2|e {m=T) /R G(s}ds (3)

t

i.e. current inflation depends on expectations of fiscal deficits
over the entire future. Thug, even if the current fiscal deficit
is relatively modest, current inflation will accelerate rapidly
if expectations of future fiscal deficits are revised upwards.
The solution to the homogeneous component 1is independent of

z®™ and implies that



Me = Ae~—0®

where A 1is an = arbitrary constant. Since B < 0 the root is
unstable. The condition that inflation will not explode
independently of the fiscal deficit implies that A = 0 in which
case equation (3) is the solution. This implies that the fiscal
deficit is the driving force behind inflation and that at the
margin the effect of fiscal deficits on inflation tends to

increase with the size of the fiscal deficit as illustrated on

the diagram.

high 8 low 2

Fig. 1 Relationship between Fiscal Deficit and Inflation
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Next we assume that G = 0, i.e. the budget is palanced and
that t < = and n > . This enables us to consider dymamic
elements of the model that are independent of fiscal policy.

ynder these assumptions the model becomes:

([1+TRID + T)lnP -~ TinM = v

u{l +B8D)1ln¥ ~ (D + w)inM = ¢
in which case the dynamic solution for inflation is:
(0 + @}m = V(D + /(1 + 8)
where ¢ = (T + nl/il + TR)

TED + 9 < O the general solution for inflation is:

o
Ne = Re”®% - {1 + ‘CB)“S gtm~eise (D + uiv(slids {4}
t

i.e. current inflation depends on expectations of the future
exogeneous shocks that are likely to affect the rate of
inflation. since in the absence of such shocks the inflation
rate would be expected to be stable it follows that A = 0. If

e.g. V is expected to be censtant the solution for inflation is:
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Tt = Vit + p)/{1 + TR)*®

which dmplies that as monetary policy becomes more accommodating
{i.e. as u 1increases) inflationary impulses beccome more
pronounced. As monetary policy becomes completely accommeodating,
(i.e. as p tends to infinity) the rate of inflation becomes
completely unstable.

I£f D + ¢ » 0 it may be shown that instead of the
forward-looking solution of egquation {4) we obtain a

backward-looking solution of the type

ot

Me = AE™PT 4 (1+TH)"2 gla-t¥e (D + p)V(sids

-t

Provided prices are not extremely sticky and the demand for money
is not too insensitive to expected inflation the forward-looking
solution will be wvalid.

If expectations are rational stabkle fiscal deficits and
stable rates of monetary accommodation imply stable rates of
inflation. There is no inherent hyperinflaticnary legic unless
of course fiscal deficits and/or mnonetary accommodation are
expected to become more preonounced. Alternatively hyperinflation
would tend to cocecur if, as suggested by Brune (1987), £ were

positively related to inflation, i.e. at higher rates of



inflation the demand for money becomes more sensitive to the rate
of inflation. If instead expectations are irrational (e.g. they
are adaptive) then almost anything can happen; inflation will
tend to explode as the elasticity of expectations exceeds unity.
However, such prognoses are arbitrary.

In equation (2) it was assumed for presentational purposes
that fiscal deficits were monetized instantaneously, i.e.
deficits were money-financed both in the short run and in the
long run. Sargent and Wallace (1981) have suggested that in the
long run the money supply will be driven by the fiscal deficit
and Minford et al (1984) provide some empirical support for this
view. In the short run, however, there are many reasons why the
deficit might not be instantaneously monetized and why it might

be bond-financed instead.

Therefore a more general specification of equation (2) is:

DInM = po + M2 (G/m) + H=21n(MP/M) + ualn(B/M) + pant (5)

where Ma1<1, 0<ps<l, pe<0, and B denotes the stock of public
sector debt, i.e. DE = GP. The first two restrictions imply that
fiscal deficits may be temporarily bond-financed. The latter
reflects the peculiarities of the Israeli financial system.
Because public sector debt is largely indexed to inflation while
monetary assets (except PATAM accounts) are not indexed,

inflation is likely to raise the demand for public sector debt



relative to the demand for money. This enables the authorities to
bond-finance to a greater degree than otherwise would be the

case. Equation (5) implies that the long run stock equilibrium

(i.e. when G = 0) is:

InM = Ha/Ha + 1nB + (Ha/B2)T (6)

In fig. 1 we plot B/M where it will be discerned that this ratio
is broadly (but not exclusively) positively related to inflation
as suggested by equaticn (6). The real rate of interest is likely
to be a negative component of Ro, however, in what follows we
assume that it is constant in the long run. Other shift variables
in Weo such as tax incentives to invest in public sector debt are
also ignored. In section III we test the restriction in equatien
(6) that the quantity of money is homogeneous to degree one in
public sector debt.

For presentational purposes we further assumed that G was
exogenous. In Israel, and most probably in other inflation-prone
countries, this is likely to be unrealistic especially in the
short run. The so-called "Tanzi Effect"” implies that the real
fiscal deficit is positively related to inflation since most tax
systems are less than perfectly index-linked and tax payments are
usually paid in arrears. Inflation therefore ercdes the real
value of tax payments. This will give an extra twist to the

instability of inflation. An increase in the underlying deficit



which fuels inflation will induce a bigger deficit and vet more
inflation. The opposite happens when the deficit is reduced.
Indeed most probably a significant part of the fall in the
deficit in Israel from 14 percent of GDP in 1983-1984 to¢ the
current level of about 3 percent is explained by the "Tanzi
Effect" associated with the fall in inflation from over 400
percent per year to less than 20 percent.

Finally, another presentational simplification consisted of
the assumption that the demand for money is interest inelastic.

However, we defer discussion of this issue until section III.

Econometric Framework

If we seek to estimate equations such as (1) and (5) in an
orderly fashion appropriate dynamic estimation techniques are
required. We illustrate our arguments with respect to inflation.
Inverting the demand for money function (in discrete time)

implies that the long-run equilibrium price level is:

InPx™ = @6 + @1lnMe + @2Zc + Qal®ery + Ue (7)

where homogeneity implies aq. = 1, Z is a vector of variables that
affect the demand for money, mn®e.. = 1nP®c.a - 1nP. denotes
expected inflation and u is a stochastic term. Hendry and Mizon

(1980) suggest that e.q. equaticn (1) may be estimated in the
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form of an "error correction mechanism" (ECM), from egquation (7).
They argue that serial correlation should be regarded as a
diagnostic check on dynamic misspecification rather than as a
nuisance that must be purged e.g. by GLS.

More recently Granger and Engle (1987) have suggested that
under certain circumstances eéquatien (7) may be estimated
Seéparately in a two stage pProcedure. In the first stage equation
(7) is estimated Wwithout any dynamics. This idis legitimate
pProvided P is "cointegrated" with M,Z, and n. The latter
variables constitute a colntegrating vector if the estimated
residuals (u) are staticnary and if P, M, Z, and n are jointly or
Severally integrated to the same degree (d). Although P,M,Z and n
are unlikely to be individually stationary, it may be the case
that scme combination of thenm generates a variable (u) which is
Stationary. If this is 50, it implies that the trend in P is
explained by the trends in M,Z and n. This first stage egquation
may be regarded as the long run relationship that we seek to
identify in the data. If in the long run we expect to be on the
demand for money function estimates of eguation (7) shoulg
generate stationary estimates of u.

We note that equation (7) may be written alternatively as:

1
InP. =

(2o + @1lnMe + qoZ. + @sInP®c.:) + u'. (77 §
1 + aa



However, it is an empirical matter whether the specification of
pe in equation (i il instead of m*® in equation (7) provides a more
reliable basis for cointegration.

Having generated a stationary series for u Granger and Engle
suggest that the dynamics of +the model can be estimated

separately in an equatiocn of the following type:

AlnPe = F.(L)ALlnM= + Fo(L)NZe + Fa(L)AlnPe-a + AM®cw2

+ FalL)&Vx—. + Bile-21 * Ve (8)

Wwhere ©. 1is expected to be negative, and Fai(L) denotes polynomial
functions in the lag operator L. The basic idea is that u may be
regarded as an estimate of the deviation from equilibrium (p*) in
which case eguation (8) may be regarded as & first order ECM.
. (L) and ©. represent derivative and proportionate error
corrections respectively.

provided P, M, L and n® [(or P°) are highly trended OLS
estimates of aa will be 'super consistent” but not efficient
because u is unlikely to be white noise, see stock (1987). Thus,
the °~t' values for ca have to be interpreted with caution. This
effectively turns non-stationarity to advantage; the greater 1is a
the more sensible it is to estimate equation (7). An advantage
of Israeli data is that P and M are highly non-stationary (see

Table 1)-
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Another characteristie of equation (7) is that if P, M, z
and n* are cointegrated then e.q. M must "Granger cause™ P and/or
P must "Granger cause" M. Hence cointegration implies "Granger
causality", If equation (8} ecan be estimated angd [ is
significant it implies that M "Granger causes” P. However, if
equation (8) cannot be estimateq it implies that P "Granger
causes" M,

To explore the latter we suggest the following two stage
Procedure for the determination of the money steck that is
implied by equation (5). In the firse stage we represent equation

(6} by:

InMe = 8, + £1lnBx + Bone.., + We (%)

where w is a disturbance term that is analogous to u in equation
(7). The maintained hypothesis is that By = 1 and Bz < 0,

In the second stage we represent equation (5) by:

MnM, = FafL)AInM.., + Fa(L)AlnP. + F,(L)AzZ.

t Fa{L)AlnB. + Bale.y - BaWeos + e, (10)

where Fi(L} denote rolynomial functions in the lag operator 1,.
The coefficient 8s reflects the ECM implieqd by equation (9} while
Bz reflects Bz in equation (5). If o, is statisticalliy

significant we may infer that B "Granger caugeg" M. If e, is




statistically significant we may infer that P "Granger causes" M
in a way that reflects monetary accommodation and is independent
of fiscal influences on the supply of money. In principle M may
be "Granger caused" by both B and P.

clearly eguations (8) and (10) must be estimated
simultaneously, because Me 18 endogenous in the former eguation,
while P and Be 2are endogenous in the latter. A separate
econometric issue concerns the specification of expected
inflation in equations (7). (8) . and (9). Since these
expectations are hypothesized to be rational we apply the "errcrs
in variables" method which has been proposed &. 9. by Wickens
(1982). While in principle this simpler method is less efficient
than the nsubstitution method" proposed e.9. by wallis (1980) we
note with interest that in a practical comparison of the two
methods West (1986) found the former superior to the latter.

It should be emphasized that this schema has nothing in
common with ‘the VAR model of Leiderman and Razin (1987). There
are several differences. First, we attempt to estimate economic
structure rather than a "black pox". Secondly, we make use of
data about the levels of variables and not just their first
differences. In doing sc we tend towards the school of Hendry,
Engle, and Granger rather than the school of Sims and Litterman,
and are able to test for various restrictions in levels as

illustrated by equation (7)-



III. Estimation
==L mation

Data

our observation period ranges from 1870Q1 - 1987Q1. The
data are defined in the appendix, however, here We note
Particular data issues. wWe PIoXy the general level of Prices by
the GDP deflator °n  the grounds that this is the most general
index of prices just as the Gpp is the most general index of
ecenomic activity, We therefore 4o not distinguish between
controlled and free Prices or between consumer and other Prices.

There are currently four official definitions of the money
Supply in Israel. M. denotes current account deposits ang notes
and coins held by the non-bank private sector. Mz is M. plus
deposit accounts. M, is M. plus accounts that are index~-linked to
the shekel-dollar exchange rate. Finally, M. is Mz plus tradeable
bonds that are either index-linked to the dollar or the CPI. We
use the M. definition of the money supply for theoretical asgs well
as statistical Teasons. Until 1983 tradeable-linked bonds were
effectively monetized and it turns out that a broader definition
of the money supply lends greater statistical Support to the
theories that wWe investigate. However, since 1983 the monetary
character of tradeable-linked bonds has diminished in principle
and in practice we find that after 1983 the importance of Ms

began to increase, However, these results are not included here.
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In fig. 2 we plot velocity for the different definitions. Not
surprisingly. these suggest the the sensitivity of velocity to
inflation increases with the narrowness of the definition of
money. Melnick {1988) has provided a more detailed analysis of
this phenomenon.

our most serious data deficiency concerns the absence of
quarterly data on the fiscal deficit {G). Fortunately, @&
quarterly time series has been recently constructed on the net
domestic 1iabilities of the public sector (B} whoese relaticnship
with M. is plotted on Fig. 1. Details concerning this series
(which includes commercial bank reserves) may be found in
Elkayam, Tal and variv (1987). since tradeable 1inked bonds (i.e.
Ma = Ms) Aare also a component of B there is inevitably some
overlap between M and B. However, it is clear from fig. 1 that
this overlap 1is relatively minor for otherwise the ratio hetween
M and B could not have varied to the extent that it did.

in section I we assumed for presentational purposes the
rextbook case where AB = GP. In this simple case we may impute &
= AB/P. However, in reality the case is considerably more
complicated and the definitions of the change in the cutstanding

stock of public sector debt is:

AB z GP + N + R + I + F (11}




where

N = net asset purchases by the government

e
n

revaluation effects

H
I

= Indexation Payments

L |
1]

Purchases of foreign exchange by the Private sector

The inclusion of R reflects the measurement of B ip terms of
market rather than par values. The inclusion of T reflects the
fact that much of the debt is index-linked as discussed
above.Direct data are available for B, F, and P and indirect
data are available for I. we compute the latter from data on the
indexed components of the debt. This implies that we may infer Gp
+ N from equation (11) but not G. However, this is not
Necessarily a shortcoming because 6P + N = PSER where PSBR
denotes what in UK parlance isg the Public Sector Borrowing
Requirement. ror eéxample Minford et al (1984) argue that the PSBER
1s a more general measure of the financing requirement of the
authorities than the fiscal deficit. op this basis the
nationalization of assets will generate financing requirements
similar to those geénerated by the fiscal deficit while
Privatization proceeds will reduce them. Unfortunately separate
data for R are not available in which cé&se we may only infer PSER
+ R from eguation i

On fig. 3 we plot 45 a percentage of nominal GDP, AB, F, 1,

and PSER + R that are generated from eguation (11). For



comparative purposes we also plot the fiscal deficit on an annual
basis.

In Table 1 we report the astimated order of integration (d)
for the central yariables in the model in terms of the
Dickey-Fuller (DF) and augmented pDickey-Fuller (ADF) statistics
based on the significance tables (at p = 0.05) reported by Engle
and Yoo (1987). The ADF is based on 2 third order autoregressive
process and is appropriate when the DF regression errors are
autocorrelated. The table suggests that the order of integration
is not unambigious and that DF and ADF can suggest different
conclusions. However, We have asterisked the estimate of 4 on the
basis of the autocorrelation properties of the DF regression. For
example, Wwe prefer the ADF statistic for B which suggests that d
= 3 to the DF statistic which suggests & = 2 because the DF
regression errors are autocorrelated.

Notice that all the variables in Table 1 are expressed as
deviations from (semilogarithmic) deterministic time trends. We
found that untransformed variables did not cointegrate ©T if ‘they
did the estimated ECMs failed various statistical tests. These
problems were resolved by the transformed data. Because tests of
cointegratiocn require that all the variables be stochastic it was
necessary o detrend the data before applying them. However, We
note that the results were Very gimilar whether OT not we

detrended the data.



The need to detrend requires some theoretical as well as
statistical justification. It would have been preferable to
specify stochastic variables of an appropriate order of
integration in rlace of a time trend to achieve cointegration.
However, we were unable to specify such stochastie variables and
our resort to the use of a time trend is a popular, if
unsatisfactory, default option. 1In the case of equation (7) it
implies that the demand for money 1is time-trended, a common
empirical finding that reflects technical innovation, while in
the case of equation (9) it reflects a secular shift in asset
preferences. Thus, henceforth, all the variables reported in the
regression egquations are detrended.

Cointegration regquires that all the wvariables in the
cointegrating vector be jeintly or severally of the same order of
integration. In our multivariate context the number of possible
combinations is very large and we do not report them. However, in
practice we found that it was possible to find several
satisfactory combinations. Although we do not report them in
Table 1 we present estimates of d for certain combinations of

economic aggregates that may be of interest to the reader.
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Results

We begin with illustrative estimates for the first stage
equations in money and prices respectively, 1i.e. equations (9)
and (7'). The latter specifies the expected future price level
which is necessarily integrated te¢ the same degree as the
dependent variable. Accordingly we may assume that P®c+1 = Prazx
without any instrumentation provided the R*® 1is high (which it
is). The former specifies expected inflation which cannot be
integrated to the same degree as the dependent variable.

Accordingly we have taken the precaution of instrumenting Mesa
(see table x.) in estimating equation (9). The choice of

instruments includes the PSBR and lagged money supply because
+these variables play a central role in the estimated model.

Engle and Yoo (1987) suggest that unless the sample size is
very large the Durbin-Watson statistic is an unreliable test for
the absence of unit roots in w and u. We therefore report the
Dickey-Fuller statistic (DF) and denote in parentheses their
approximate critical values at p = 0.05. Wwe found that
augmentation of the Dickev-Fuller regressions was unnecessary.

our estimate of eguation (9) is:

1nMe = -.003 + 1.11nB. + 0.771nGDPe = 0.82N%c+2
(0.243) (64.5) {3.01) (5.07)
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+ We (9)

R2 = 0.988 DF(4.11) = 3.45 OP = 1970Q4 - 1987Q1

The very high R® suggests that the parameter estimates are likely
to be "super consistent". Although their estimated standard

errors are biased we nevertheless report 't' wvalues in

parentheses. Eguaticn (9) implies that in the 1long run the

quantity of money rises slightly more than proportionately with
the stock of debt thereby supporting the view that the growth of
debt generated by the PSER and the growth of the meoney stock are

related. We defer issues of causality to the discussion of
equation (10). GDP raises the quantity of money relative to debt

because it forces the authorities inte a greater degree of
monetization via upward pressure on interest rates. The opposite
happens when expected inflation increases; because it is indexed
the demand for debt rises which enables the authorities to engage
in less monetization than otherwise would have been the case.
Finally the implicit time trend suggests that there has been a
secular tendency for the relative portfelio demand for public
sector debt to 7rise Dby about 4.3 percent per gquarter which is

apparent from fig. 1.
In short, equation (9) represents a long run policy reacticn

function of the gquantity of money to the guantity of public

sector debt such that its real rate of interest remains stable
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over the long term. The elements of the cointegrating vector
constitute factors that influence the public's demand for
interest bearing public sector debt. The greater this demand the
less is the deficit monetization in which the authorities are

required to engage in order to guarantee a stable real rate of

interest.

The DF statistic 1igs somewhat below its critical wvalue
suggesting that the wvariables 1in equation (9) might not

cointegrate. However, the autocorrelation function for w decays

to within a standard deviation of zero. We therefore proceed
under the assumption that equation (9) is cointegrated.

Qur illustrative estimate of equation (7') is:

InPe = 0.005 + 0.3711nPeu. + 0.6041nM. - 1.431nGDP.

(0.73) (8.74) (14.6) (9.45)
+ Ue (7")
R® = 0.9967 DF(4.11) = 4.2¢ OP = 1970Q2 - 198791

In this case the DF test is passed. The implicit estimates of a.
and as are 0.96 and 0.79 respectively. The former implies that
the long-run homegeneity condition is almost satisfied. The
latter implies that the demand for money is quite sensitive to

expected inflation. This is true despite the fact that part of M,

is index-linked. Equation (7') further implies that the real
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income elasticity of the demand for money is greater than unity.
The implicit time trend implies that there has been a secular
tendency for ‘the demand for money to £all by about 1.7 percent
per quarter. The latter may be interpreted as reflecting

rechnological improvements in cash nanagement etc.

Equation (8) illustrates the estimation of egquation (8)

based on eguation (Ft):

e = 0.01 + 0.5221M%cw2 + 0.466A1NM= - 1.21A1nGDP<
{1.12) (2.5) (3.26) (11.8)

- 0.42HUc-2 (8)
(4.59)

Rz = 0.904, O = 0.042, LMFo(2.17) = 1.61, §(21.03) = 16.5

ARCH(9.49) = 4.02, W(9.49) = 7.59, z(2.2) = 1.02

s denotes the standard error of estimate. LMF; denotes the
lagrange multiplier portmanteau (F version) test for 3j order
autocorrelation in the residuals where the auxiliary regression
is appropriately instrumented. s denotes a chi sguare test for
instrument validity proposed by Sargan (1958) . ARCH denotes the
test statistic for autoregressive conditional heteroscedasticity,
Engle (1982), and W denotes the test for heteroscedasticity
proposed by White (1980). These test statistics are also chi
square. Finally 2Z denotes the predictive test due to Salkever

(1976) over the period since the implementation of the



Stabilization Programme in 1985. It has the dimension of an F
test. Critical values are indicated in Parentheses, i.e. if the
calculated value exceeds this critical value at p = 0.05 there is

evidence of misspecification.
Equation (&) passes all of these tests independently

although as the number of autocorrelations is reduced LMF begins
to become significant. Perhaps of particular interest is the ease
with which the pPredictive test is prassed Suggesting that the same
model applies both before and after the launch of the
Stabilization Pregramme. Also of particular interest is the
significant negative coefficient on Ue-3 suggesting that money
"Granger causes" Prices. However, the size of this coefficient
suggests that the speed of adjustment is Very rapid. In addition
the equation suggests that inflatienary exXpectations have a large

effect on actual inflation. Details about the instrumentation of

equation (8) are reperted in table 2.

Equation (8) does not include any explanatory variables that

Tépresent the cost-push variables (V) that were mentioned in
equation (1). wWe could not represent V by wage rates or the
exchange rate, as e.g. in Melnick (1888), because these variables
are clearly endogenous 1in the framework that we Propose.
Therefore we tried instead to represent V by exogenous components
of costs €.g9. by world inflation, the Prices of imported raw

materials and by 0il prices. However, we failed to discover any
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gignificant role for these variaples. Melnick suggests the
specification of controlled prices as an exogencous jnflationary
component, but it is doubtful whether this variable is weakly

exogencous since inflation forced the authorities to adjust these
controlled prices at frequent intervals. Therefore, equation (8)

suggests that Israeli inflation Was dominated by monetary
variables and that perhaps the sheer pace of the inflation

prevents successful estimation of cost-push phenomena.

Equation {10) illustrates the estimation of equation (10}:

AlnM. = -0.004 + 0.373AlnMe-a + 0.162A1nB.

(0.54) (5.66) (1.73) )
+ 0.487AIR(PGDP)= + 0.0776(Uews = We—a) (10}

(3.78) (2.32)
R* = 0.907, © = 0.035, ILME.(2.57) = 1.22, $(23.68) = 8.25

ARCH(9.49} = 2.65, wi{9.49) = 4.18, z(2.2) = 0.81

Here too the various specification tests are passed with ease.
The coefficient on lagged w ({¢> 1in equation (10)) should ke
negative if B "Grangexr causes" M. The coefficient con lagged u (=
in eguation (10)} should be positive if there is monetary
accommodation according to wnich P "Granger causes™ M. We found
rhat . and ¢z were egual and opposite to OD& another at lags

four and three respectively. There is no inherent reason why
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these lags should be first order and the lag correlation in

equation (10) reflects goodness-of-fit criteria. This suggests

that both B ang P "Granger cause" M while from equation (7') M
also "Granger causeg" P.

Finally, we draw attention to the fact that equations
(8) and (10) are estimated in first differences despite Table 1

which suggests that the degree of integration of M and P might be
2 or 3. The latter suggest that the ECMs might be estimated in
terms of second or even third differences instead of first
differences. While this would have guaranteed that alil the
variables in the ECM were stationary it would have Testricted the
dvnamic form of the ECM in a wWay that might not have been
desirable or intended. Faced Wwith a similar dilemma Hall (1986)
chose to estimate the EcM in first differences despite the fact
that d = 2, we followed this Precedent. Indeed, when the ECM was
forced to include stationary transformations of all the variables
(e.q. A% 1nM, A=1nP, A lngDp and A21nB) the Tesults were

unsatisfatery. Either the latter implies that the ECM hypothesis

is rejected Or egquations (8) and (10) corroborate the first

difference representation of the ECM. We prefer the second
interpretation to the first. However, the moral seems to be that

when variables are integrated to 3 relatively high degree the
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empirical resting of ECM 1s more hazardous than in the "standard"

case wWhere variables are assumed to Dbe b 5 )

Testing nMonetarism"”

Equations (7') and (8) are "monetarist" in the technical

sense that only monetary variables directly affect the price
level in both the short and long terms. Fiscal variables
indirectly affect the price level through the 1ink between fiscal
policy and the money supply and via Trational expectations that

are implied Dby this linkage. However, fiscal variables, such as

B, do not directly affect inflation in equations (7') and (8).

peenstock and Longbottom (1982) proposed a test of
"monetarism” based on exclusion restrictions with regard to B im
an ECM in prices. They showed that in the long run (i.e. when
output and interest rates are at their equilibrium values) the

general solution for the aggregate price level is of the form:
1AP = Jdo + AxlnM + (1-21)1nB + B 2 ™ (12)
In a nmonetarist"” model A2 = 1, i.e. only the money supply

matters. More generally in a nKeynesian model where 2. = 1 both

money and bonds (and thereby fiscal policy) matter. control of
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the money stock alene is not enough to control the Price level.
The proposed test therefore consists of testing for i, = 1.

This test ig closely related to the test proposed by Stein
(1976) . However, it ig Were general in the sense that if, as
Barro (1572) suggests, government bonds are not rart of net
Wwealth we shoulgd find that 1=22 = 0. In thisg section we consider
tests hased on equation (12} within a cointegrated setting. The
basie question is whether B is a wvalid element of the
cointegrating vector for P, i.,e. ip addition to M in  equation
{7). The matter cannot be decided directly by adding a term in
inB to equation (7') because although "super consistent" the
variance-covariance matrix is biassed. Drobney and Hall (1988)
have proposed a nested test tec decide the matter ip the second
stage rather than first stage.

They suggest the following procegure:
i} Re-run equation (7°) with the addition of inBe as a

regressor. This équation is the equivalent of equation (12).

Compute the residuals from this equation and call them v.

1i) Re-run equation (Q) With (ve_, =~ Ue_1} as an additional

that 2, = 1 ang the "monetarist~ model is corroborated.

The first and second stage results from this exercise are as

follows:



1nPe = 0.002 + 0.1731nPesa + 0.8421nBe + 0.3521n(M/B) =
(0.

286) (3.61) (16.1) (6.57)
- 1.3431nGDPe + Ve (13)
(10.93)
Rz = 0.997 DF(4.35) = 5.21

ne = 0.006 + 0.535M%c+2 *+ 0.47601lnM= -~ 1.2A1nGDP«

{0.64) (3.58) (3.36) (11.76)
- 0.542U0c-2 * 0.359(ue-2 — Ve-1) (14)
(4.97) (1.93)
R® = 0.909 c = 0.042 LMFa(2.57) = 2.14

Equation (14) reveals that (Ue-1 ~ Ve-a) is just significant at p
= 0.05, suggesting from eguation (13) that 1nP is homogeneous to
degree one in 1lnM and 1nB and that X2 = 0.428.

This rejection of "monetarism” assumes that the two
hypotheses are nested. This is true if all that 1is involved is
the addition of 1ng to the cointegrating regression and the
addition of (Ve-21 = Ue—2) to the second equation. An alternative
procedure which is non-nested, compares a nmonetarist" medel with
a "Keynesian" alternative. The latter ig exemplified by equation

(158):

n. = 0.006 + 0.478M%c+a + 0.397Aln(M/B) + 0.524A1nB<

(0.65) (3.15) (2.31) (3.77)
- 1.205A1nGDPx - 0.543V<-a (15)
(12.02) (5.07)

R* = 0.5%08 O© = 0.0207 LMFa(2.18) = 2.38 §(21.03) = 5.44



Equations (15) and (8) are non-nested since the former is based

on v and the latter is based on u. In addition the derivative
error correction tefms are different. Godfrey (1984) has usefully
reviewed the available methodologies for testing non-nested
hypotheses, while Mizon and Richard (1986) have related
non-nested tests to the Encompassing Principle. Here we seek to
determine whether the "monetarist" model encompasses its
"Keynesian" rival, whether the Opposite applies or whether
neither model encompasses the other.

Broadly speaking there are two groups of non-nested tests
based on 0OLS and v respectively. In the former case Godfrey
recommends a Wald (W) test in preference to the alternative J,
JA, and F tests. The JA-test is a "t' test on the fitted values
from the alternative hypothesis as an explanatory variable in the
maintained hypothesis. The F procedure is an F test on the
explanatory variables from the alternative hypothesis as
explanatory variables in the maintained hypothesis. The W test is
based on a comparison of the error variance from the alternative
hypothesis and the error variance based on a regression of the
fitted values from the maintained hypothesis on the explanatory
variables from the alternative hypothesis. Monte Carlo studies

suggest that the wWald test is the most reliable of these tests.

Although eguations (15) and (8) are based on IV rather than



OLS we nevertheless report JA, F, and W tests. Non-nested tests
for IV have been suggested by Gallant and Jorgenson (1979) and by
Godfrey (1984). The former is baszed on a comparison of the sum of
squared predicted values generated by the auxiliary regression
proposed by Sargan (1952) for the residuals of the maintained
hypothesis and the unrestricted hypothesis. The latter is based
en a test of independence between the residuals from the
maintained hypothesis and the instrumented explanatory variables
from the rival hypothesis. Details of all of these tests are
provided by Godfrey (1984).

Results for these non-nested tests are reported in Table 3
where in colunm A the "monetarist"” hypothesis is tested against
the "Xeynesian" alternative while in column B the "Keynesian"
hypothesis is tested against the "monetarist" alternative. The
first test implied that the "Kevnesian" model does not encompass
its “"monetarist"™ rival but nor does the T"monetarist" model
encompass the "Keynesian" model. A similar conclusion (but less
strongly) is implied by the JA test. The Wald test suggests a
different picture in which both theories encompass each other in
which case neither is likely to be wvalid.

Tests 4 and 5 are IV tests and as such failure implies
2ither that the hypothesis is invalid and/or that the instruments
are invalid. Test 4 suggests that the "monetarist" model is
encompassed by its "Keynesian" rival. However, we were unable to

apply the GJ test to the "Keynesian” model since the computed
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value of Chi-sguared turned out to be negative. In our view this
may arise -when the instruments are particularly invalid in the
restricted model while the opposite applies in the case of the

unrestricted model. Indeed the S tests reported below eguations
(8) and (15) respectively suggest that this may Dbe at issue.

Finally, the test proposed by Godfrey (1984, p. 79) implies that
neither hvpothesis encompasses the other. In this context it 1is
worth noting that the test turns out to be very sensitive to the
generalized matrix inversion algorithm with SAS providing more
accurate test values than TSP.

The results in table 2 reject the noticn that one hypothesis
encompasses the other. However, eguation (15) fails the LMF test
suggesting perhaps that the decision (if one has to be made)
should go in favour of the "monetarist™ model. However, our focus
here has been more concerned with the application of different
non-nested tests in a cointegrated setting rather than with the

search for an unambiguous explanation of Israeli inflation.

IV. Conclusion

We have already drawn attention to policy conclusions in
section I. Here we address our attention to certain econometric
issues arising out of the paper. In contrast to previous efforts

at cointegration we sought to work with a model (albeit a simple



one) rather than within a single equation context. Although the
price equation was clearly cointegrated (after detrending) the
money supply equation proved more difficult. This raises the
question of stationarity tests for systems of equations rather
than single eguations. However, such tests are currently not
available. Nevertheless, we found that the technigue of
cointegration proved wuseful in tackling the data especially in
Israel were they are so highly non-stationary. We also found that
it made very 1little difference whether the variables in the
cointegrating vector were first detrended (as reported) or
whether they were left in their original state (as not reported)
but with an added time-trend in the cointegrating regression.

A  shortcoming of cointegration concerns hypothesis testing
of the cointegrating vector. Such tests cannot be carried out
directly because the cointegrating regression is not efficient
even if it may be "super consistent". The tests therefore have to
be carried out indirectly thereby creating substantial
difficulties. Indeed whatever the benefits of cointegration may
be a disadvantage consists of the inherent awkwardness in
comparing different hypotheses.

Finally, in the ideal case the variables in the
cointegrating vector are all I(1), or at least meaningful
combinations of them are I{1). In this case all the variables
included in the ECM must be I(0). If, in practice, the variables

in the cointegrating vector are greater than I(1), as they were
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in our case, the investigator is confronted by two related
dilemmas. The first is whether or not to apply restrictions in
the cointegrating regression that force the transformed data to
be I{l1l). For example, if inM and 1lnP happen to be I(2) while
inM-1n? turns out to be I(1), should linear homcgeneity between M
and P be imposed on the data to make life easier or should
homogeneity be tested? In our case we opted for the hard life.
The seceond dilemma relates to the estimation of the ECH.
Having opted for the hard life dcoes cne then restrict all the
variables in the ECM to Dbe I{0) forcing possibly undesirable
restrictions in the process in order to exploit the advantages of
staticnary regressors, or does one relax these restrictions at
the cost of introducing nonstationary regressors inte the ECM?
Here, we resolved these dilemmas by £following the precedent of
Hall (1986} in opting for the hard life but avolding its

consequences.
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Table 1: orders of Integration

DE ADE
inP 2 3
1nM 3 3
1nB 2 3>
1ny 1* 2
1n(P/M) 1 2
1n{¥p/M) 2 2
1n(B/M) 2 2

Notes: ADF is assumed to be third order. In first four
rows variables are expressed as deviations from semi~
logarithmic time trends.

* denotes suggested value of d based on autocorrelation
properties of DF regression.
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Table 2: Instrument List (lag order)

Endogenous Variables/Equations

lnM</8, 14

= N®ea/
InB./15 1lnB./10 ~ - -

Instruments In(M/B)e/15 1n(PGDP) /10 9, 8, 14, 15
(PSBR + R)/PGDP 0 Q 0
AlnM 0
AlnPOIL 0o, 1, 2 o, 1, 2 1

n* 0, 1 0, 1 1
1nGDP o, 1 0o, 1

AlnM* 0, 1 0, 1

u 3 2y 3

W 2 1, 2

Netes: POIL = world oil Price §, n* = inflation in industrialized
countries, M* = world money stock. E.g. uc.s is an instrumental

variable in equations (8) and (12) while Ue_- and Ue-» are

instrumental variables in eguation (10). The choice of
instrumentation is based on the Sargan (1958) test for instrument
validity.
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Table 3

Non-Nested Tests

Maintained Hvpothesis

A B

Test "Monetarism" "Keynesian"
1. F 1.44 1.51

(F) (2.37) (2.53)
2. JA 1.80 1.78

e (2.00) (2.00)
3. wald 12.86 10.02

{chi?®) (3.84) (3.84)
4. Gallant & T2l -

Jorgensen

(Chi=)
5. Godfrey 0.31 0.68

{Chi?) (11.07) (9.49)

Note: Critical values at p = 0.05 are indicated
in parentheses. If the calculated value

exceeds the critical value the hypothesis
is rejected.
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Data Appendix

M Mo, average of end months, NIS millions, Monthly Bulletin
of Statistics (MBS)

P GDP deflator at market prices, 1980=100, MBS

GDP GDP at constant market prices, 1980=100, MBS

B Internal debt, MIS millions, unpublished Bank of Israel,
See Elkayam, Tal and Yariv (1987)

POIL Price of oil, Es Sidra, §/bl, International Financial
Statistics (IFS)

M* World Money Stock, local currency, 1980=100, IFS

F Purchase of foreign currency by the private sector, NIS
millions, MBS

* Inflation (CPI) in industrialized Countries, percent Paeduy

IFS

Note: The relationship between internal debt (B) and total debt
(D) may be understood as follows. The overall fiscal deficit
(DEF) is equal to the domestic deficit (DEFs) plus the external
fiscal deficit (DEF=). The latter is defined as external
procurment minus intergovernment transfers which in Israel are
substantial. Hence
DEF = DEFp + DEFse
The financing counterpart of the external deficit which must be

in foreign currency is:
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DEFz =AfL - R - F

where
L = external liabjlities of the Israeli government
R = gold and foreign exchange reserves
F = purchases of foreign exchange by the private sector

The financing courterpart of the domestic fiscal deficit is

DEFn -~ F = B
Bere for clarity we assume that N =R = I = 0 in equation (11).
on this basis it follows that:

DEF =AlL - R + B)
and

D=L «R +B
Since in the text we use data for B rather than » it folliows that
our results reflect the domestic rather than the overall fiscal
deficit. On fig. 4 we plot annual data for the overall deficit
and the domestic deficit. The external deficit affects the real
exchange rate as suggested by Beenstock and Kahanaman (1588). The
internal deficit matters for inflation along the lines suggested

in the present paper.
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