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ABSTRACT

In this paper an attempt 18 made to incorporate the major
characteristics of the Irantan cconomy Into a4 macrocconomic
modcl. We have maintained a specification of the modcel as
general as possible and used widely accepted developing
country specilications. A unificd data sct provided by the
IMF’s IFS 1s used and we have relied on an appropriate
cconometric techniquce for the estimation ol the model’s
parameters. For the purposce ol dynamic simulation of the
modcl we have utilised a computer program ol ordinary
substitution mcthod.

The Iranian experience is of considerable importance not
lcast because of the role this country plays in the Middle East
and also its position as a founder member of the Economic
Co-opceration Organisation (ECO) which consists of [ran,
Turkey, Pakistan, Alghanistan and six newly independent
states of the former Soviel Union.

In this papcr we aim:

(1) To generate asct of macrocconomic parameters lor lran
that arc reccognisced 1o be important for policy analysis and
policy reccommendation.

(11) To cstablish whether the cconomy has been structurally
stable throughout the sample period ol 1959-93.

(11) To usc the estimated modcel lor partial cquilibrium and
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impact multiplier analysis of the economy in the short- run.

As aresult, this study probides considerable knowledge
about the structure of the Iranian economy in the period
1959-93 and about the impact of macroeconomic policy within
the economy. Somece of this knowledge might usefully be
generalised to other developing countries, particularly to the
oil exporting countries i which o1l revenues constitute a
substantial part of total government revenuc.

1. The Model

In this paper a macroeconomic model 18 developed to explore, within a
developing country context, the channels through which economic policy
instruments affect domestic aggrgate demand and supply and to identity the
parameters that govern their effectiveness. The model 15 a tlexible- price
dyvnamic version of the traditional Mundell- Fleming model, modified to take
account of the characteristics of developing countries. A single good 1s
produced domestically that can be sold at home and abroad and there is an
imported good. The specification of private consumption is conventional,
assuming as 1t does that 1ts determinants are: the real rate ol interest,
disposable income and lagged aggregate consumption. Total investment 1s
sub- divided to the private investment and government development
expenditure, the latter treated as an exogenous variable. Private mnvestment
is a function ol aggregate mmcome, the real aggregate capital stock and real
the rate of mterest. In order to test the etlects ot government development
cxpenditure and domestic bank credit on private capital formation, these
two variables are also included 1n the private investments fuction, All agents
in the economy are assumed to be price- takers for mmports in the
international markets while exerting some monopoly power over the price of
exports in the world market. However, because Iran 1s a developing country,
the availability ol loreign exchange (measured by the lagged reserves to
imports ratio) 1s included 1n the import demand tunction as an explanatory
variable to capture the effects ol cxchange controls on imports. The
aggregate production luncuons 18 a neo-classical production function and
assumes that the aggregate output to be a function of the capital stock,
labour force and the current period investment.

On the financial side, some ol the main features of developing countries
arc mtegrated nto the model. These mclude the absence of a market tor
domestic securities. The presence of capital controls and the official
determination of interest rates on bank assets and habilitics. The market
determined interest rate 15 formulated as a weighted average of the
international (uncovered parity) interest ratc and a domestic shadow interest

o
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rate. This shadow interest rate 1s the which would clear the domestic money
market in the absence of capital mobility. Having constructed the market
determined nterest rate we can estimate an index of the effective degree of
capital mobility in the economic system; and the mterest rate sensitivity of
consumption, investment and the demand for money. '

From the specilication of the simulataneous equations model a set of
structural equations consistent with the equations and identities can be
found. Table (1) summarises the structure of the model. definition of the
exogenous and the endogenous variables of the model 1s given in tables(2)
and (3) respectively.

Table 1 Specification of the model
(1) .. Ad, =C, +Pi, +Gi, + X, - (¢,.P, /P,)Z
2) ... Da, = +P1, + C + G,

(3) . log G =g + oy I+ lOg C | +«glog Yd, +a,logYd, _,
@) .. Yd, =Y, +(i,.e.Fp,_,)/P, - (i,.Dep, ,)/P, - Dtax,
(5) . logP1y =«y + kT + x50 Y, +x5log K, _; +x,10g Gi,
+ x5 log (Dep, /Py )
(6) ... Ti, = Gi, + Py,
(7) ... log X, =+, +7;10g( €, ..IE’::/Pt )+ rzl()ng +75l0g X, _;
8) .. log (P .e,./P,)Z =54+ 06,108 (€, .P:/P[)m?loth
+5310g(Frt-1/PT-1-7f-1) +5410g(P:—1-et-l/Pt—lt)Z-l
9) .. log Y, = A +0)logK, _, +0, logL, + 0}, log Ti,
(10) ... G, = G, + G,
(11.1) ... T, = (Dtax, + Indtax,) + Oulr,
(11.2) ... Dtax, = dtaxr.(Y,)

(11.3) ... Indtax, = indtaxr.(Y,)
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Table 1 Continued

(12) ... Nft, = (Ca, + P,.Da, ) - P, . Y,

(13) .. Ca, =P,. X, -¢,.P, .Z +¢,.Fae,

(14) ... Fae, = if (Fr _,+Fp,_;+Fg ;)

(15) .. Bop, =(1/¢, )Ca, - (a Fp, + A Fg, )
(16) ... Fr, =Fkr, _{ + Bop,

(17.1) ... Fp, =Fp, ; +a Fp,

(17.2) .. aFp, =(1/¢e ) [P..(Yd, - C -Pi,) - (aM, -aDcp, )]
(18) ... Fg, = kg, + A Fg,

(19) .. M, =M, , +e .Bop, + A Dcg, + a Dcep,
(20) ... D¢, = De, ; + A Deg, + a Dep,

(21) ... Deg, = Deg, 4 + a Deg,

(22) ... Dep, = Dep, -y + a Dep,

M[ : M[—l
(23) . log(—)=ipg+rp 1 +ipylog Y, + (1 -2)log( )
Py Py
4 M[ 11d
(24) ... log R =pot0 1 +h,102Y,
LT
N M) M Mo
25.1) .. alog| — | =4 |log| — - log
S SO A R Py )
¢ M ) - M "ﬁ]d
(25.2) ... Emb, =log | — | -log | —
Pl - PI J

(26) ... M =M, +¢,.aFp,
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- EP _,-P
27) .1, =1, - ( IPlt )
N bo Fo (1~A) M. M,
28) .. 1, = - logY, - lo ’ log (-
( ) ( B1 P g Iy e Ig(Pt_l ) AP g( t )
| . Ee  ,+e ™
(29) .. iy = ¢ (1, A Helt )+ (1-9) i,

30) .. EP ;=P +u

Table 2 Exogenous variables of the model

Ge = Real government consumption expenditure

(G1= Real government mvestment expenditure

Dtaxr = Direct taxation rate

Indtaxr = Indirect taxation rate

Otlr = real o1l revenucs

AFg = Net change to foreign assets held by public sector (nominal)
ADcg = Net change in domestic credit to public sector (nominal)
ADcp = Net change in domestic credit to private sector (nominal)
¢ = Nominal, oflicial exchange rate

Y" = Real world income (approximated by OECD income in 1985 price)
P"= World consumer price index (WCPI)

i = International interest ratc {3 months London market)

i,= formal interest rate charged by the domestic banking system

L. = Labour force

Table 3 Definition of the endogenous variables of the model
Ad = Real aggregatc demand

Da = Real domestic absorption

C = Real private consumption

Yd = Real disposable income

P1 = Real private investment

11 = Real total mvestment

X = Real export

Z = Real import

Y = Real aggregatce output

(b = Real total government expenditure
T = Real total government revenues
Dtax = Real direct taxation
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Nft = Nominal net factor income tfrom abroad

Ca = Nominal current account of the balance of payments

Fae = Nominal foreign assets earnings (in foreign exhchange terms)

Bop = Nominal balance of payment (in foreign echchange terms)

Fr = Nominal foreign exchange reserves (in foreign exchange terms, US
dollars)

Fp = Nominal foreign assets held by private sector (in foreign currency
terms)

Fg= Nominal foreign assets held by public sector (in foreign currency terms)

M = Nominal money supply (broad definition of money i.e. M,)

Dc = Nominal domestic credit

Dc¢g = Nominal domestic credit to public sector

Dcp = Nominal domestic credit to private sector

(M/P) = Money market equilibrium

( M )!d

P

Emb = Excess money balance

= Real, long-run demand for money

M = Nominal, shadow money balance
r = Real rate of mnterest

I ™

1 = Nominal "shadow" interest rate
1 = Nominal (market determined) interest rate
EP,,,= Expected price of the next period in the current period

From the structural equations given in table (1) we only have to estimate
the behavioual equations of the model which contain unknown parameters.
The behavioural equations to be estimated are the consumption function
(eq.3), the private mvestment equation (eq.5), export (foreign) demand
(eq.7), import demand (eq.8), the aggregate production function (eq.9), the
demand for money (eq.23) and the market determined interest rate (eq.29).

2. Estimation Methodology

In order to estimate the behavioural equations mentioned above we have
to address two 1ssues: (1); unobserved variables and (i1); expectations. Also
we note that OLS would not vield unbiased estimators because of the
stochastic regressors.

2.1. Unobserved variables
The absence of data on the market determined interest rates (i;) and
certainly the real rate of interest (r,) is typical of most developing countries.
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The relevantmarket- determined interest rate 1s that for loans in imformal or
curb markets. Time series data on such interest rates are not available. In
[ran, as m most developing countries, the official interest rates reported by
the central bank (Bank Markazi Iran) refer to the discount rate of the
central bank (before 1979) and to the bank rate ol return on time deposits
and investment accounts after 1979. These rates do not capture the marginal
cost of funds and cannot be taken as the market determined interest rate.
Thus the consumption function (eq.3), the private mvestment function
(€q.5) and the money demand function (eq.23), cannot be estimated as they
stand. To address this issue we climinate (1) and (1,) from these equations by
appropriate substitutions. Eliminating r and 1 from the above mentioned
equations we therefore have the following set of simultaneous equations to
estimate:

Table 4 Estimating form of the behavioural equations
(revised) consumption function

Fe . +e
! ¥ t +1 | t -1
(3)10gq :r:J:O]-i-n:ll(]t I e )-i~a1210gY[+ﬂ:13]0gP
t-1
Mt EP[_] “"Pl ~
+r,»:1410g p r;r]( D )"‘Cﬁj:log{ut,.] + f£31()ng[ +m4]Ongt_]
{ t
b o P o
G’O] :r,{0+f'}$1(¢“1)f_ ;1’111:(3{1?5;(2[2:(11(@')_1);_
' 71
(f,b—l) r:):]_(]_—q‘))
‘e =aql 1 -4 y (14 —
? 13 ]( ) ﬁ]’l y 14 ﬁ])l
(revised) private mvestment
Ee, , -e€ M
! . . ¥ t-1 | - t-1
~ t -1
M Ep, ,-P | Dc
P, P, ' P,
0 Py
o1 — Ko T+ (¢ - 1)7‘" ’ K11 —_“’*'-1¢*§“’12:“f1(¢“1) "R
P £1
o (3-a)(1-g) _ . (1-¢)
y K13 7 * 1 ) y K14 —F1 ™
b4 17
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Export (foreign) demand

%

et.P[ *
(7)... log X, =74 + 7 log( 5 ) +7olog Y, +r5log X,
t
Import demand
e[.P: et.P:: Fr,_,
(8)..-( )Z, =04 +0,10g ( ) +0,10g Y, +0q10g ( —)
£y P S P, .Z
| ) t-1-%1-1
,\ € _1 P 1
t-1
(Modified) aggregate production function
(9)...10gY, = A +0,logK, , +0,logL, +#8,1og Ti,
,. U -1 (-1
log K, _; :10g2+§]0g (1-p) 'Tit-(i—l_)I 2-(1—/))
i 1
1 o Oy Upty
—logK,:;0, =—;0,=
—l—2 Of 0 Y0 5 9 5
(revised) demand for money function
M « Ee . -¢ M,
(23")... log (=) = oy + 2, (i, - He][ )+, log Y, +a;log Pt :
t (-1
M, M
+(1-;)log t :(1—¢)log-——‘
P4 t

Qy=A¢fBg; @ =Adhy; Q=Aghy; 2 =(1-4)(¢-1)

2.2. Expectations
The second issue to be addressed mmvolves the assumed mechanism for

expectation formation to be emploved in the model. The assumption of
rationality implies that forward looking agents torm their expectations ol
prices on the basis of all available information, including the structure of the
model.
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This implies that prediction errors should be non- systematic.

G . P, =FEP | +u

where 4., are white noise random terms. To estimate the model some
proxies are needed for EP.,; A candidate proxy 1s the actual value of P, .
There are two possible methods of estimation. One procedure mmvolves
substitution of the realised (observed) values for the expected values and
using some appropriate instrument variables. The instruments for the
realised variables are taken from the predicted values obtained from the
regression of the realised vanable on a matrix of variables selected from the
information set (£2,); (see MacCallum, (1976)). This so called substitution
method thus requires replacement of rationally expected variables by
forecasts. The other procedure 1s the Errors i Variables Method (EVM)
(see Wichens, 1982). This method 1s based on drawingg an explicit
expression for the rationally expected variables irom the model. These are
substituted for the expected variables and the model 1s estimated using any
implied parameter constraints. Thus in this method, the realised variables
are treated as additional endogenous variables of the model and all
equations are estimated together.

3. Estimation results
It should be noticed that 1n order to obtain a set of consistent estimates

we have used the 2SLS method to estimate the structural parameters of the
model. Most of these parameters are obtained directly. However, values of
parameters related to the unobservble interest rate and the real rate of
interest; and also value of the parameters ¢ and A (which measure the
degree of capital mobility and excess money adjustment respectively) had to
be extracted from the estimated values for parameters of the revised
equations for consumption, private mvestment and the demand for money.
Data used in this study are taken {rom issues of the International Monetary
Fund’s International Financial Statistics (ISF) and the World Economic
Outlook, and also 1ssues of the Iranian central bank’s (Bank Markazi Iran)
Annual Reports Data are annual covering the period 1959-1992. All stock
data are measured at the end of the period and the price data are period
averages. To summarise the estimation results of the simultancous equation
model we have given these results in table (3).
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Table 5 2SLS estimate of structural parameters
Consumption function

(32) ... logC, =.13-.023r, +.3910gC,_, + .581og Yd,
(T-ratios) (90) (-2.0) (2.7) (4.4)

R'=.991; DW=22; ,&(1)=.41; 4% (1)=.02

. x8(2):.79; x% (1)::25
Private mvestment

(33) ... logPi, = -10.86-.0351,+.79]0g Y, + 14510 K, | +.411log G, —.9510g[Dcpl_1/P[_l)
(T-ratios) (-3.7) (-1.24) (2.4)  (2.4) (B.0) (2.4

R°=091; DW=189; c&(1)=.88; % (1)=.029

, Ci(2)=.66; c(1)=.002

Export demand

*

e .P *
(34) ... log X, = -9.2 + .94 log(——) +.90]og Y, +.64logX, _; - .60 Dum
(T-ratios) (23) 22) L (2.7) (5.9) (-4.5)

; x3(2)25.4; xﬁ (1):.43

Import demand

e, . P e, . P |
(35) ... log /, = -.013log -1.6logY,_, +2.logY,
(Toratio) | Tt -119) | Tt ] 4 (4.9)
et.Pf e _1-P_q
+.111og | — +.581og Z, - .35Dum
en |\P_,.Z.,) 66 | Yoo | (40

R°=.93; DW=197; & (1)=.007; 42 (1)=1.19

; 13(2)21-6; ' x% (1):.008
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Aggregate Production function

(36) .. log(Y,) = 2.4 +..14K,_, +.70logL, +.5010gTi,
(T-ratio) (11.0)  (2.7) (5.9) (15.2)

R°=98; DW=160; & (1)=.46; 42 (1)=1.0

. xf(2)=22; 42(1)=.3

Demand {for money

M, . P-Py My
(37) ... log | — | =-1.3-.0051, +.241og Y, - .83 | - 1 +.92]0g
(Tratioy | o ) 41y (12) @3 (39 Py ) @305y (P

R°=.997; DW=170; ;2 (1)=.66; 2 (1)
2.1

;xg(): ()1

The estimated model turns out to be a reasonable proxy of the Iranian
ecconomy In period 1959-91. All estimated functions explain much of the
variation in actual variables. Goodness of fit for all the estimated equations
Is above 91 percent except for the cxports (toreign) demand function which
1s about 86 percent. Overall, the estimated model represents a standard
macroeconomic model adapted to accommodate a developing economics’
main characteristics.

Aggregate consumption expenditure in the Iranian economy in the
sample period of 1959-91 has been mainly responsive to the real disposable
income of the private sector and to some extent to the previous period
consumption expenditure. No evidence could be found of a significant effect
of the real rate of interest on consumption expenditure. The short-run and
long-run income elasticity of consumption turned out to be 58 percent and
95 percent respectively, close to some other estimates of this cconomy (see
Kiani 1992). Our results therefore reject the Hall (1978) specification of the
permanent income hypothesis in the Iranian economy in this period. The
most influential explanatory variables on private investment were real
aggregate mcome and the capital stock of the economy. Our estimates also
indicate that public sector investment exerts a significant and positive effect
on private capital formation. No significant relationship was found between
the mterest rate and private investment, although the sign on the interest
rate coefficient i the investment function was negative in accordance with
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economic theory. Export (toreign) demand was found to be responsive to
price changes but import demand appeared quite price inelastic.
Considering the nature of the mmports and the immense necessity of the
imported capital and intermediary goods m the economic development of
the country, a price inclastic demand for mmports retlects a familiar
characteristic of the Iranian economy. The income elasticity of the demand
for imports on the other hand 1s quite large (2.07) suggesting that in Iran, as
in most developing countries the major difticulties of the economy lie on the

supply side-demand appears quite strong for home and imported goods and
is largely dependent on aggregate income. Also our estimates show that the

coetficient on the lagged reserve- import ratio is significant and positive
reflecting the foreign exchange constraint in the economy. The Marshall-
Lerner condition 1s satistied in our model n the long-run but not on impact.
The per capita stock of capital atfects current output significantly and
positively with a short-run elasticity of ablut .20 and of close to .62 in the
long-run. The capital stock and the labour torce both appeared to exert
significant and positive ntluences on aggregate supply, reflecting the
technological change embedded in new investments. The estimated
production function exhibited constant returns to scale. Except for that on
the 1nterest rate, the coefficients in the estimated demand for money
function are all significant and of the expected sign. The estimated income
clasticities are .23 and 2.8 in the short-run and long-run respectively. The
coefficient on the inflation rate in the demand for moneyv function was
found to be negative and highly significant. One interpretation of this is that
the 1nflation rate should be regarded as the opportunity cost of holding
money 1n this economy over the smple time period. Our modelling approach
allowed us to estimate the eftective degree of capital mobility (indexed by
the parameter ¢ ). The estimate of ¢ in our study of the Iranian economy
turns out to be about .62 indicating, a relativelv high degree of capital
mobility 1n this economy. This finding implies that economic agents find ways
(and certamly 1n the long-run) to get around official barriers adopted to
curb private capital transters.

These findings have a number of implications for policy. As Haque et al
(1993) argue "...the existence of capitalmobility, for example, aggravates the
destabilising potential of exchange rate overvaluation, and thus emphasises
the importance of avoiding exchange rate misalignment. At the same time, it
underhnes the futility of financial repression as a means of keeping domestic
Interest rates low to stimulate mvestment”. (Haque et al 1993 p. 353).
However, while correction of an existing exchange ratc misalignment will
move the economy in the right direction, we should note that this will only
happen slowly due to the satisfaction of the Marshall-Learner condition in
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the long-run and the sustained balance of pavments deficit. Thercfore
complementary demand management policies are needed to correct external
balances 1n the short-run.

Finally, 1t will be noted that although estimation of the parameters of
model are useful mn indicating how it fits diverse circumstances, this is only
an intermediate step in assessing the value of the model for policy-making
purpose. If the multiphers linking endogenous variables with the policy
Instruments are very sensitive to changes in the paramcters, the robustness
of the model and the degree of precision in forecasting with the model will
be low. To assess the usefulness of the model estimated above we could
investigate two types of issues: (1), whether the key parameters of the
structural model are stable, and (1), how sensitive the policy implications are
to changes in the parameters. These issues arc addressed in the next
sections of this paper.

4. Structural Stability

We now use Chow’s first and second tests to establish the structural
stability of the main behavioural equations of the model estimated by 2SLS
method. The most common use for structural stability tests is as a general
test of specification, because rejection of coefficient constancy constitutes
evidence against the specification of the estimated model. Alternatively, it
may be intended to use the model {or forecasting, and the confidence which
with the forecast are regarded will be related to how stable the relation is
over the sample data available (Pesaran et al (1985)). Thus, testing for the
structural stability of the macroeconomic model developed and estimated in
this study serves the following purposes: first, it provides information on
whether or not the model 1s correctly specified. This is important because
our analysis of the economy’s characteristics is based on the estimated
coefficients of the behavioural equations. Second, given the structural
stability of the model, it 1s possible to derive the IS-LM curves of the model
which can then be used for the short-run impact multiplier and policy
analysis ol the economic system. |

Chow’s first test, known as the analysis of variance test in the literature, is
gIVEN as:

[é’é-—(é’] &, +8,.8,) | /(k+1)

(38) Fn.v., —

. e - .

(€, .€;+€.8,)/(n, +n, -2k -2)

. : , . .
which s distributed as F(k+1,n, +n,-2- Zk)!. In (5.1) ee 1s the
residual sum of squares for the whole period while €, . €, is residual sum of
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squares for the first sub-period and e, . e, for the second period. k 1s the
number ot the explanatory variables ot the regressionand n. 1 =1, 2 denotes
number of observations for the sub-periods. The number n - 2k - 2 therefore,
refers to the degree of treedom (d.f.). Chow’s second test, also known as the
predictive failure test or the predictive test for stability 15 given as:

which has an F-distribution with d.I. n, and n,-k-1 . where k 1s the
number of the explanatory variables. This test was intended tor tesung the
thotheﬂi% of coeflicient equality when there were insullicient degrees of
frecdom in the second period. However, 1t should be noted that F N
cquation (39) 1s not just a test of coellicient equality lor these cases dnd can
be applicd to test the structural stability ol the model what ever the degree
of freedom is in the second period.

We have summarised the tests results 1in table (0). We have split the
sample period into two sub-periods 1959-1979 and 1980-1991 for the reason
that there have been dramatic changes 1in socio-economic environment in
[ran following the 1979 revolution in the country. These results clearly
support the hypotheses that the parameters of the main behavioural
equations of the model have been stable in the time period (1959-91). On
the basis of Chow’s both first and second test structural stability ol the
consumption function, private investment and the real demand for money 1n
the sample pertod 1959-91 cannot be rejected at the 5 percent level of
significance. With respect to aggregate production function the results are
mixed. For the production function m non-per labour form. analysis of
varlance test fails to satisfy at 5 percent level, while the predication test
comes up in favour ol parameter constancy of this regression. Regarding the
rclative power of the two tests this may lead to the interpretation that the
aggregate production tunction 1in non pre labour form 1s either misspecified
or 18 the subject of a structural shift. However, as the results presented 1n
table (6) indicate both Chow's tests for aggrcgate production function n
per-labour form are satisficd at the 5 percent level of significance. In our
cmpirical study we have lound cmpirical evidence supportive of constant
return to scale for the aggregate production function 1n the model.
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Table 6 summary of the results of Application of the Chow tests

First test Second test
(analysis of variance test) (prediction test)
(df)  critical value value of  (d.f.) critical value  value of.
of F-test I the of I test I in the
model maodel
Consumption function T
log C (3.20) 2.38 1.04 (12,17 2,95 1.05
Private mmvestment
log Pi (5,22) 2.66 (.39 (12,15)  2.48 0.53
Aggregate supply
log Y (4.24) 2.78 3.6 (12.16) 242 1.67
Aggregate supplv in per labour form
log (Y/1) (5,21) 2.08 (L055 (13.13) 258 1.28
Monev demand |
jog (M/D) (5.21) 2.68 1.33 (1L11)  2.50 0.69

The prediction failure test was satistied at 5% level of significance lor all
lour regressions. The prediction fatlure test is a powerful test against a very
broad class of specification errors and, therctore, indicates that the model
devcloped and cstimated i this study is correctly specihied. It goes without
saving that the structural stability of a macrocconomic model is an important
aspect of 1ts rehabitlty as 1t s w1dc,lv believe that the structural parameters of
the economy are stable. Any structural analysis of the economy relies on the
estimated parameters without which this interpretation mav appear baseless.
[n the next part ol this paper we use the estimated model to analyse its
policy implications for the economy in the short-run cquilibrium.

S. The IS-LM Curves and Policy Implications of the Model in Short-run

Having established the structural stability of the model we now explore
the structurc ol the model through the determimation of short-run
cquilibrium conditional on the expected values of the exchange rate and the
price level one period ahead.

On the most gencral level, the credibility of an empirical model
dependent on a showing that 1ts major features are consistent with mainline
theory, and the latter 1s usually formulated in the IS-LM-BP terms for the
analysis of stabilisation policy and in aggregate demand- aggregate supply,
AD-AS terms lor the analysis of the macrocconomic effects of supply
shocks.
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[t 1s well known that establishing the clasticity of IS, LM and BP curves
provides basic information about the predicted outcome of fiscal and
monetary policies in a given model. The combination of inelastic LM and
clastic IS mmplics fiscal crowding out and potent monetary policy, whercas
clastic LM and 1inelastic IS lead to potent fiscal and weak monetary eftects.
estimation of these locuses thercfore provides a useful diagnostic tool for
characterising these policy responses 1n a given model.

5.1. The IS curve

To derive the IS curve we substitute for consumption tunction (Q) ,
private investment (Pi ) , export (foreign) demand (X, ) and import
demand ( Z;) in the goods market equilibrium condition (Le. AD=Y). Since
the above estimated behavioural equations are all in log-lincar form the
goods market equilibrium identity also should be transformed to log-hinear
form. We linearise this identity by approximating it about the point of
sample mean (sec Gandollo (1971) and Haque et al (1990)). By proper
substitution and rearranging the equation for log P, we arrive at the
following aggregate demand functions:

(40) ... logP, ={-8.5+.201logC, _, -.7log {(1? L€, .Fp[)/Pt}
-.07log [(it . Dep, )/Pl] +.761ogK, _; - 5log(Dep,_, /Py )
+.68logX,_ +1.7logY, - .11logkr,_, +.11logP _, -.11loge, _,
~.5logZ 1+ [.95logY, +1.01logP, -.3Dum + 1.01 loge,

+1.0610g G, +.2110g Gi, - .081og T, -.291, +.2910gEP, ., - 5.910g Y, |

Assuming all the other variables remain constant in the short-run we would
have a downward curve in (P,Y) space for the aggregate demand. It will be
noted that the equation of the aggregate demand takes the form:

@411 .. P =p(i,,EP,.,,,G,, T, , P ,.....)
)y () () () (+)

which gives the model a lairly standard IS curve with the domestic pru,e
level cxpressed as a function of the nominal interest rate (1,) . the price
levelexpected nextperiod ( EP, | , Jandexogenousvariablessuchas government
spending ( G,) , taxation (T,) as well as predetermined variables. Assuming
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goods market equilibrium and assuming the price level remains constant in
the short-run, with output and intercst rate as the main variables of the
system, rearranging equation (40) for interest rate (i,) we obtain:

(41) .. i, =[-293.1 +6.910gC,_, - 2.410g {(jf e, .Fpt)/Pl}
- 2.41og {(i[ .Dcp[__,])/Pt} +26.210gK, _, -17.21og(Dcp, /P, )
+23.4log X, ;+58.6logY, ,-3.8logkr, _,+3.8logP, ,-3.8loge, _,
-17.21og 4, |+[32.7log Y, + 34.8 log P, - 10.3 Dum + 34.810ge,

+36.510g G, + 7.210g G1, - 2.7 log Dtax, + logEP, ,, - 34.510g P,
-203.41log Y, ]

which gives a rather steep IS curve.

The interest msensitive of the IS curve that we are concerned with here,
may fail the Keynesian effcct. It 1s argued, that although the increase in real
money balance through the Keynesian eflect brings a fall in the interest rate,
expenditure docs not respond, lcaving aggregate demand insufficient.

Considering real wcalth as a determinant of expenditure (through the
Pigou or real balance eftect) could ensure that even in the two Keynesian
imiting cases, thc macrocconomic system will attain full employment
equilibrium. The particular version of the wealth effect, proposed by
Patmkin (1965), argues that if wealth include the real money balances,
expenditure may depend on wecalth, and thus real balances. Therefore, a
wealth effect provides an additional mechanism whereby the economy could
return to the equihbrium following a fall in aggregate demand.

The relevance ol this argument to our case 1s that on the onc hand we
have derived a rather steep IS curve that considering the possibility of the
hquidity trap renders expenditure inscnsitive to change in the price level in
the absence of the Pigou ellect. But on the other hand, in versions of the
estimated consumption function we find a significant and positive real-cash
balance eflect on the aggregate consumption function that could be
interpreted as the Pigovian effect on the private expenditure (sec
Morishima (1972)). Therefore, although the aggregate demand curve
derived from the estimated model turns out to be rather vertical, however,
on the basis of the estimated consumption function we can come to
conclusion that assuming an increasing aggregate supply curve this ensures
that the economy will settle at full employment.
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5.2. The LM Curve

To derive the LM portion of the model we use the "shadow" money
(€q.26) and the "shadow" interest rate (eq. 28) relationships of table (1).
Substituting the balance of pavments relationship into the foreign exchange
reserves 1dentity and the resultant relationship into the shadow money
bfj]fl{]w (i.e. M, = D¢, +e,.Fr +¢,.aFp, ) and lincarising the equation
yields:

ot

(42) ... M, =2log2 +.25log D +.2510g Ca, + .5loge, +.25logkr, ; -.25log kg,

The only endogenous variable n this cquation 1s the current account of the
balance of payments ( Ca,) . To eliminate this variable from the equation we
have to write the current account’s relationship 1 log linear lorm. We,
therelore, dppr()mmau, the Current account identity about the sample
means which gives a log Tinear relationship for long as a lunction of

log X, . logZ, , logP, . loge, , logi, ,log Fr,_, .logFg, _, and log Fp, _; -
Substituting {rom the estimated regession of the demand for exports (log x)
and the demand tor imports (log z), into the current account equation and
then the result for log Ca, ; back m the above equation and rearranging
the equation gives an expression for the real "shadow"” money balance as
tollows: |

L

M, _
(43) ... logFt- =[1.078 = .04 log X, +.05logY, ;-.003logP, ,-.0151ogZ
{

-.003loge,_; +.3071ogkr, , +.03logkg, ,]+[.68loge

+.25log De, +.061og P, +.0561og Y, -.05 Dum -.935]0g P,
-.0651og Y, + -.25loga kg, |

To eliminate the real "shadow” money balance from the above expression

recall that we had derived the followmg equation for the "shadow" mterest
rate {1, ) :

~ b, b, ] M, M
(29) . 7= - 20 22 yogy, - o) jog 2ty L L gy
b1 hl ’lﬁl Pi_] P t

[ g W J

where the "shadow” money balance (M, ) in the model is defined as

(M, =M, +¢,.aFp,) . Estimation of the demand for moncy tunction
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provided us with the values of the structural parameters (4,1 = 0,1, 2) as

well as A and ¢ . Thesc value were gy = -2.9 , g, = --.005 . g, = .53,
o s M, ., .
7 =.48 and ¢y = .62 . Substituting from cquation {43) for (log(-P— )) mto
N {_

the above estimated form of the "shadow"” nterest rate ( i,) and rearranging
the cquation we arrve at the following expression for the "shadow" interest
rate:

| I

~ | M, .
(44) .. 1, =[-1028.4 + 216 l()g(-Pl ) - 16.6 log X, ;- 20.8logY, |
P (-1
- 1.25]0g(el“] )+6.2410g7, - 127.7Tloglkr, ;- 12.5togFp, _,
t -1

-12.5logkg, ]+ ]-2831oge, - 25 !ong - 104 log Dx,

- 23.31log YT +12.5Dum + 389 10¢g P, +133.041ogY, + 104logaFg, ]

which express the nominal "shadow” interest rate as a function ol the price
level, exchange rate and domestic credit. Assuming that money market is in
cquilibrium we can derive the models LM curve from the above relationship
(44). The monctary aggregated controlled by the authorities in this sctting is
the stock of domestic credit (De,) . The shadow interest rate depends on
credit policy, government external borrowing, the exchange rate policy, the
current account outcome and money demand variables.

Substituting lor the "shadow” mterest rate from the above cquation

(5.15) 1nto the domestic market determined interest rate relationship in the

lel Tr.eq ¥ bctﬂ_cl N clds:
modcl [1.e.1, = ¢ (1, - 5 )+ (1-¢)1,] viclds:
o M,
(45) .. 1, =[-390.1 + 82.log ( 5 )-6.3logX, ;-8logy, _,
P -1
-1.25log (== ) + 2.4log 4, -48.51logkr, _, -4.751ogFp, _,

€1

-4.75toglkg ]+ [-1081.6loge, - 9.5 log PT - 39.5 log Dx,
- 8.81og YT +4.75Dum + 147.8log P, + 50.51og Y, + 39.5log A Fg,
+.62 i:ﬁ +.621og ke, |,

This gives the domestic market determined interest rate as a function of the
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domestic price level, domestic credit, and other exogenous and
predetermined variables and represents the models LM curve.

. . F
46) .1, =1( P, ; D¢, 1, , E(e q),-.... )
(+) () () (+)

Assuming fix-price level in the short-run, a rather steep LM curve trom
equation {45) can be drawn which 1s relevant at the point of the sample
mean and neighbourhood of that point. |

In the IS-LM framework the etfectiveness of monetary policy in affecting
aggregate demand 1s determined by the slopes of the IS and LM curves.
Monetarist optimism about the etfectiveness of monetary policy 1s [requently
represented by a steep LM curve and a tlat IS curve. In our case, however,
while the IS curve has larger slope compared to the LM curve, but both IS
and LM curves appear to be quite steep indicating the underlving interest-
inelastic expenditure and demand for money function in this economy. We
theretore do not appear to have either the monetarist or the Keynesian
extreme cases 1n our empirical study of the Iranian economy. The IS-LM
slopes give the impression that the monetary policy in this economy is
impotent 1n affecting the real income in equilibrium level. It will be noted
that while unlike the monctary approach, in which domestic monetary policy
is impotent, in the Mundell-fleming model, from which our model has its
main characteristics, monetary policy exerts some influence on cquilibrium
income. However, the same result can be obtained from a Mundell- Fleming
model assuming zero sterilisation. Because an increasc in the money stock
will increase real income and reduce the domestic interest rate while the
balance of payments remains 1n deficit. Balance of payments delicit in longer
term 1n turn reduces the money stock returning the variables to their
original values. On the other hand, considering the wealth effect 1t could be
argucd that a more accurate presentation of the monetarist mechanism
would involve a simultancous rightward shift of IS. reflecting a direct wealth
ettect on expenditure. Since therc has been no extensive use of open
market operations n this economy, the government’s ability to sterilise
balance of payments changes on the money supply is also limited, leaving
some doubt about the exact eftect of the monctary policy on the real
income 1n the Iranian cconomy.

5.3. The External Balance (the BP Schedule)

As a flex-price version of the Mundell-Fleming model, our model
incorporates the external sector of the economy and we now turn to the
short-run equihbrium condition of the external sector of the model. To
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derive a BP schedule for the model we use the balance of payments identity
. where, [i.e. Bop, =aFr, =(1/e,).Ca, - (aAFp, + aFg, )] as belore, Fr
Is foreign exchange reserves, 1s the current account of the balance of
payments and Fp and Fg are foreign asset holdings of the private and
public sector respectively. Substituting for Ca | from the current account
identity [1.e. Ca, = Nft, + P (Y, - Da, ), where Nft is net factor income
from abroad and Da 1s the domestic absorption] into the balance of
payments relationship we obtain: '

(47) . aFr = (1/e. ). (Nit, + P (Y, - Da, ) - (aFp, +akg)

Substituting from the above relationship for AFr, in the economy’s foreign
exchange reserves identity (Fry=AFr +Fr. ;) and the result into the
balance sheet identity { M, = D¢, + ¢ Fr,) we arrive at:

(48) ... M, =Dc¢, +e Fr,_, + Nft, + P, (Y, - Da,) - ¢, (ant +aFg, )
To Iinearise the above equation we approximate it about the samplc mean
which gives a relationship as [ollows:
(49) ... ltog(M[/P1 }=2.5log2+.125logDx, - .25loge, + .250g Fr, _,
;.125]0gNﬁl +.125log Y, -logP -.125]logDa, - .1251log(aFp, )
' . -.12log(aFg, )

Furthermore, substituting for log(M, /P, ) Irom the above equation into
the estimated money market equilibrium condition (i.e. the real demand for
money function eq. (37)) and rearranging the equation we have:

(50) ... log(aFp, ) =[12.5-6.6logP,_, - 7.4 log(M,_,/P,_,) + 2togFr, _,]
+ [logNtt, - 2loge, +logDc, -.921log Y, - 1.410gP, - log Da,

~log(aFg, ) +.401, )

With proper substitution for Nft and Da (the remaining endogenous
variables in the equation) we can obtain a semi-reduced form equation for

as log (aFp, ) [follows:
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(51) . log(aFp, ) =[7.9-6.610ogP,_, - 7.4log(M,_, /P _ ) +251ogFr _,
+.25logFp, ; +.25logkg, - .8logY, , - .055I(JgI:’:F_1
-.23log”Z, ;, +.321log X, ]+ [-.52loge, - .48]0ng + log D,

-241logY, -1.8logP, -log( aFg, )+ .45 10ng -.12Dum + .041,

Therefore, changes m private sector holdings of foreign assets 1s expressed
as a tunction of the interest rate (1), the price level (P;) and other
predetermined and exogenous variables, taking the form:

(32) .. AFp, =F( i, ; P, D¢ ,..... )
(+) () (+)

This equation determines the magnitude ol private capital flows. This latter
variable 18 essentially a policy reaction function which gives magnitudes of
capital outflows permitted by the authorities as a tunction of demestic and
cxternal variables allecting the degree ol tightness in domestic {inancial
markets (see Haque ct al (1993)). _

It we assume AFp is an exogenous variable, rearranging cquation (51)
tor 1t gives the models BP schedule as follows:

(53)..1, =[-197.5 + 1651logP, , + 1851og(M, /P, ;) -62.5logkr
-6.25loglp,_-6.25logkg, _; +20logY,_, +1.37 log PT-]

5.75l0g7Z , - 8logX, ]+ [13loge, + 1210gP; - 25 log Dx,

+60log Y, +451ogP, + 25log( aAFg, )+ 251o0g(aFp,)
- 11.2510gY:= + 3 Dum }

Assuming a lix-pricc condition in the short-run, we have a BP schedule with
a larger slope compared to that of the LM.

- The BP curve’s positive slopes asserts our finding of some degree of
mterest sensiivity of the capital movements in the economy. Otherwise we
would have cvidence of a vertical BP line idicating capital immobility. The
mportance ol this point 1s that in a Mundell-Fleming model, the result that
internal and external objectives can be achicved by the appropriate fiscal -
monetary mix relies upon at least some degree of interest-sensitivity of
capitals mobility. In what follows we brielly discuss the policy implication of
the model in the short- run equilibrium condition.
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5.4. Price Flexibility, Internal and External Balance and the Fiscal-
Monetary Mix

As was noted above the key result from the Mundell- Fleming model s
that 1t provides a solution to the problem of sccuring simultaneously internal
and cxternal balances, soicly by means ol the appropriate mix of monetary
and [iscal policics and without rccourse to other balance of payments
policies. Because the model 1s an open economy model the consequence of
changes in the domestic price level stem from the presence of the
international relative price term (e, . P /P,), in both the IS and BP curves.
An incrcasing domestic price level mduu,:» compeutivencss and therelore
net exports, shilting the IS curve to the left. Sunilarly, an increase in the
domestic price level means that a given real mcome level 1s associated with a
farger current account deficit, requiring a greater capttal inflow  and
thercelore a higher interest rate to oflsct it, shifting the BP line to the left.
We assume an upward sloping aggregate curve and therefore the price and
rcal mcome ellects operate in the same direction.

Supposc the monetary authorities increase the domestic moncey stock.
Considering the policy change eltect in Figure (1) this will shift the
ageregate demand curve to right, increasing the mcome level to Y, and the
price level to P,. In IS-LM space this summarises three scparate ellects.
First the nominal moncy stock increase shifts the LM curve to the right.
Sceond, the incrcase in the price level reduces the moncey stock dampening
the rightward shift in the LM. Thesc two elfects taken together shift the LM
curve to LM,. Third, the rise in price level reduces (e, Pl /P) and
therefore competitiveness declines shifting the IS curve to the Ieft 10 IS, . In
addition, however, the [all m (e1 P /P, ) has also shifted BP line to the lelt,
to BP, since decreased competitiveness dictated that for a given interest rate
cxternal balance now requires a lower domestic income. The relative size of
the external defieit 1s unclear and depends on the relative price and income
cliects on net exports.
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Suppose that i order to finance public sector consumption there is a
domestic credit expansion which shifts the LM curve to LM, . If the price
level was assumed to remain constant, aggregate income would increase to
Y 11 with aggregate demand and aggrcgate supply adjusting at B,. However,
assuming a flexible price an expansion of money balance would induce a
pricc rise that will reduce the economy’s competitiveness. This would shift
BP and IS to BP, and IS, respectively while assuming wealth cffects of the
money balance aggregate demand (AD) would move to AD-. In the context
of the Iranian cconomy, the government would intervene to prevent turther
reduction i foreign cxchange reserves, for example by imposing imports
compression. This in turn could lead to a fall in aggregate supplv and AS
shift to AS,. The net outcome of the expansionary policy in this case as
shown n tigure (1) where the IS curve 1s steep and the LM curve is Hatter
than BP schedule 1s lower aggregate income Y, < Y; and higher price level
P>>P,. At this pomt therefore, the result of a monetary expansion is
deficit in the external sector and a dechne in imncome level.

Suppose that in an attempt to stimulate cconomic growth the
government increased 1ts mvestment expenditure. This will have to be
fianced either by domestic credit or by the sale of bonds. However, it was
noted that open market operations have not been a major source of finance
ol the public borrowing requirement i Iran so we assume the government
will resort to domestic credit to {inance its fiscal expansion. In this
circumstances while a higher interest rate is required to increase capital
inflow 1n order to offset the current account deficit, government credit
policy would prevent rising of the domestic interest rates to attract foreign
capital. On the other hand the rising price level would reduce
competitivencss further deteriorating the balance of payments. A balance of
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payments deficit would not reduce the money stock because of the
government sterilisation policy. A combination of fiscal and monetary policy
in this case therefore fails to secure both internal and external balances. It
seems thus, as Meade (1951) pointed out, il monetary and liscal policies
were emploved to achieve internal balances then some other policy
instrument was required to attain external balance. In terms ol Figure (1)
once monetary and fiscal polices have attained Y., additional policies are
required to shift the BP line. Such polices might mclude for example
exchange rate policy.

Consider an exchange rate policy of devaluation. This will increase the
competitiveness of the economy and since the Marshall-Lerner conditionis
satisfied this will shift the BP line to the right towards BP; Meanwhile
government can increase its expenditure moving the IS curve to right to ISs.
The internal and external equilibrium could attain at point Ay on LM; while
aggregte supply and aggregate demand meet at pomt B;. The government
can assign the monctary policy to curb price increases and fiscal policy to
induce mcome growth while the exchange rate policy 1s used to attain
external balance thereby securing internal and external balance with higher
income and albeit, higher price level.

0. Comparative Statics and Policy Multipliers

One of the main reason for performing an econometric study is that of
using the estimated model for structural analysis. By structural analysis, we
mean an investigation of the underlying relationships in the system under
consideration in order to comprehend and explain relevant economic
phenomena. Structural analysis therelore involves the quantitative
estimation of all the essential causalities, static as well as dynamic, implied by
the modcl. The basic step m structural analysis is the estimation on the
coctticients of the structural as well as reduced form equation of the system.
In addition to the estimation of thesc coefficients themselves, it is also
concerned with the interpretation of certain coefficients or combination of
them. The macroeconomic model constructed and estimated in this paper
was supposed to represent the macroeconomics of the Iranian economy.
The system of equations represented in their structural form expressed the
endogenous variables as functions of other endogenous variables,
predetermined and exogenous variables and disturbances. On the other
hand, the reduce form equations describe the endogenous variables in term
of the predetermined and exogenous variables alone. In the macroeconomic
literature the reduced form coefficients are called "impact multipliers” since
they measure the mimmediate response ol the dndogenous variables to
changes in the predetermined and exogenous variables (see Rao (19787)).
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There exists a precise relationship between the reduced form coetticients
and the structural parcmeters, sizee the reduced form parameters are
obtained through the subsequent substitution. for endogenous variables.

Comparative statics 1s a method u.2d by economists to analys: changes in
the equilibrium of an economic model that result from changes in
exogenous vartables. In terms of culculus, comparative statics 15 concerned
with determining the denvative of cach of the endogenous variables with
respect 10 the exogenous variables when the system wide efiects of the
model are taken into account and cguilibrium 1s maintained 1.e. the reduced
form partial derivatives (see Cuthbertson and Taylor (1987)).

The purpose of comparative statics 18 to examine how the <juilibrium
values of the variables respond tu change in one or more exogenous
variables. An obvious use of the reduced-form partial derivatives,
particularly in the macro contest, lies in the formulation of policy
prescription. Furthermore, if economic theory 1s to be meaningful 1t must
have empirical content. Bv predicting the nature of changes in the
endogenous variables resulting fromm a change in one or more of the
exogenous variables in a model, the wethod of comparative statics describes
features of that model that could be tested.

Generally speaking, an econoimic model, like the one developed and
estimated in this paper, consists of n-structural equations in n endogenous
variables  y. =1,..,n  and cxogenous variables  x;.=1,..,m
Generally therefore we have: |

(54) fi(yl,yz,...Yn,Xl,Xz,..‘,}{m)::0 i:].}.... ,Il

In our model for example as was displayed 1n tables (1) and (2) n=30 and
m=14. For a given vector of the exogenous variables, X, the solution of the
equilibrium equations cntails an cquilibriim vector of the endogenous
variables y. The structural equations of our model are either in linear or log
linear torm. These equutions are differcintable in the neighbourhcod of
(v X) and considering the behavioural equations of the model it can be
detected that the Jacobian determinant:

- afy o, if, |
T
of, f, i,
E ify 0l iy |

a }’!1 (}}'2 ':J }"ﬂ

| {
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1s non-zero at (v.,x). This confirms that we can apply a mathematical result,
the mplicit function theorem, which asserts that cach of the endogenous
variables can be expressed as a function of the exogenous variables that are
well behaved in the neighbourhood of (v x), that is:

(56) . V. =V (X7,XgyeeeeyXm) 1=1,....,0n

Equations (56) are referred to as the reduced form equations of the system.
Now, we can solve (56) directly and derive our comparative static results
straightaway. by calculating the matrix of the reduced- form  partial
derivatives:

_f»“yi -

(57) ..
i r'j*xi )

j:1, ..... , 1 '*::_,....,1]_]

and this we are able to do in our modecl.

6.1. The Impact Multipliers

To dertve a reduced- form equation for logP, we first obtain
rclationship for logY, from equation (450 putting 1=0. Then we substitute
tor logY, from this equation into equation (40). Rearranging the equation
We arrive at:

(58) ... logP, =[.27logP, _, - .05log Y, ; +.351ogFr, ]
+[3.3-.121ogC_; +.04logkp,_; +.311ogDep, 4 -.0510g K, |
-.0021oge, _, -.013logZ, _, +.004log X, _; -. 6]0,51\/] 4, +.00610g |
+[.3log D¢, -.0610g G, + 005]05Dtclxt + 71]0ge[ - 3logakg, |
+[.005100 Y, - 00610g P, ]

Reduced- [orm equation [or logY, is obtained by substituting for logP, from
equation (40) into equation (45). Putting i=0, and rcarranging the equation
for logy..

(59) .. log Y, =[.811ogP, +.3logY, , - .081logFr, ]
+1-2+.03logC,_, -.005logFp, 4 -. 92]0grDcpl  +.131log K,
-.02loge, ., -.08logZ, _,+.111log X, | 8]0&1\/[[ , —.00loglkg, ]
+[-.0510gDe, +.1910og G, + .01 log Dtax, + .051oge, + .04 1ogaFy, ]
[1610LY - 17]OHP |
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"To derive a reduced form equation for logkr, we use the foreign exchange
reserves identitv te. Fr,=Fr.; + Bop, and then the balance of payments
identity (eq. 15) i.c. Bop, = (1/e,) Ca, - (aFg, + AFp,) where AFg, and
AFp, changes to foreign assets holding of the public and private sectors
respectivelv. Alter proper substitution and linearising the non- linear
equations about the sample mean we end up with the following log linear
approximation for logkr,:

,. )
29 log 2 + 9

60 ... log b1, = 2
(%) TS (16 .

+ L log Fp, _{ -

L].6J

In the above equation variables logAFp, , logX; and log(P: e, /P, )Z are
endogenous variables to the model. To eliminate these variables trom the
equation we substitute from equation (51) for logAFp, and {rom equations
(34) and (35) for logX, and log(P:: e /P, )Z, respectively. The result is
the following expression for logkr, :

(61) ... logkFr, =[-.30 + .24logkr,_,.1logP, ; +.921logM, _,
+.210g Y, ; +.01410gP;_, +.08logX,_ ]+ [.12loge, +.1210g P,
-.125logDc, +.1751og Y, +.17logP, ]

Now, substituting for logY, and logP, from the reduced- form equations {or
these variables derived above (eq. (58) and eq. (59)) respectively we arrive
at the lollowing reduced form equation for Fr,:

(62) ... logFr, =[.0011logP, , +.241logY, , +.291ogFr, ]
+[.6+.0031logC, _, - 'l.45longt_h1 -.11logDcp, , +.011logK, _,
- 46loge, , -.02logZ _, +.11og X, _; + .3710gﬁt_] +.005log kg,
+.01410gP, ; 1+ [-.081og Dc, +.0231og G, - .000081 log Dtax,
+.25loge, - -.04logaFg, 1+ [.03logY; +.151og P ]




ECONOMIC POLICY ANALYSIS IN A MACROECONOMETRIC MODEL FOR IRAN 33

We can put the reduced- form equations (58), (39) and (62) in matrix form
which gives a clearer expression. The coellicients of thosc lagged variables
which exhibited a negligible impact cu all the target variables are omitted in
the matrix form. Each element of the matrix {G3), which 1s obtamed by log-
lincarising the model’s non- linear relationships at the pomt ot sample
means, indicates the magmtude of the direct and indirect influence of some
predetermined vanables, including the lagged cndogenous variables,
exogenous varlables and policy variables upon the target variables of the
macroeconomic model. For example the percentage change m the price
level (logP,) induced by a 10 percent change in the domestic credit

——

_ [ alogP ,
(logDc,) 1s 3 percent | 1.e. _ ==.3 ' | and by a 10 percent increase
o log D, IR

L

in the foreign exchange reserves i the pervious year 1s 3.5 percent

o rl...- ™ —

_ o log P,
1.€. -

= .35 . The percentage change mn aggregate income

ologkr,

L —

caused by a 10 percent increase in government expenditure is 1.9 percent

- [elogY, | | |
1.c. =.19 and by a 10 percent increase mn the last period
o log G, _
. ,, [ nlog Y, o : . : .
capttal stock 18 1.3 percent | K -=.13 ' |, This matrix also implies
| Lrlog i j

that elasticity multiplier ot the domestic credit on aggregate income at the

alagY,

point of sample mean 1s -.05 or . -.05 | . Also by use of the

o log D, )
1A e )
| 2loy | ——— |
: 2 log Y, slog Y, S J log Y | slog P,
formula: S e S S - we
slogDe, [ Per » Tog D, oo | 2% slog I, |
14 "):TL'J L_P O-.‘:? [ —I..*..._
. o log Y, falogY, - g
find that: ST = (1-3) T T = 071 . In other words the
C o 10y -
s log [(.1;._‘_ l | HOS LA

propotional change of aggresite income due to & 10 percent change in real
domestic credit s -.07 percent. Sumitarly, a 10 percent devaluation of the



34 Mehd{ Assall

exchange rate increases foreign exchange reserves by as much as 2.5 percent

—

s log b,

|

o 1og e,

Yy

Calog P, - )

() 10g et

.

25

—

while inducing a 7.1 percent rise in the price level

, with all other predetermined variables held constant.

We may generalise the concept of the multiplier so as to call each element
of the matrix (63) an "impact elasticity multiplicr; (see Morishima (1971)).

Matrix (63) Impact Multipliers of the Model in Terms ot LElasticity

logP,
(63) ... | logY,
log bFry |
' 3.3 .04
+3 -2 -.005
| .63 -.45
.3 -.06
+1-.00 .19

I

31
-.92
-.11

005

-.01

. -.08 .02 .00008

.27
81
.001

-.05
13
01

71
05

29

~.05 .35 _ ]ngt—l
30 -.08| ] logY,_,
24 .29, logkr, 4|
: 1
longt_l
_ [ log D¢
002 -.004 -8 | BT
02 11 08| | logki,
_46 .1 .36 | loge
loi_g{}(t_1
logM,
ClogDx,
~3 log, 005
04 logDtax, | + | .16
-.04 | loge, .03
- logatyg |

-.006

17
10

A

i -
log Y,

_long_J

[t should be noted that expressing the comparative static results in the
form of elasticities 18 more convenient than in the form of absolute terms.
The absolute multipliers depend on the ratios of the relevant variables and
multipliers which in turn depend on the structural parameters of the model.
We can derive multipliers i absolute terms from the corresponding
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multiplier terms ol elasticities. For example the absolute impact multiplier of
income with respect to the government expenditure depend on (Y,/G,) as
the following relationship shows:

Y, Y, slogY Y Y » Y
ot 005 T :(.19)-4.11' fOI‘ﬂXElmple——i:‘lthenJ :

— = =.76
0 G, G, alog G, G, G, 0 G,

(64) ..

These absolute mmpact multipliers depends on the ratio of the relevant
variables and elasticity multiphers which in turn depend on the structural
parameters (1.e. the estimated coefficients of the behavioural equations and
the coefhicients of log- linearised identities). These multipliers are relevant
only at the sample means because they arc obtained fixing linearised
relationships of the model to their sample means. If we take the actual ratios
of the relevant varables (Y,/G,) and (Y,/Dc,) for example in each vear of
the sample period, contingent on lmearised approximation of the model’s
relationships impact multpliers will vary from vear to vear. To illustrate this
we have given mmpact multipliers of real domestic credit (Dc/P) and
government expenditure (G) on the real aggregate income (Y) (ie.
/Y, 9 Y, | , | ‘ | _
and respectively) for 5 sub- periods of the time period

a(DCt/Pt) G,

1959- 91 1n the following table (7). These multipliers are calculated using the

ratios of real income to real domestic bank credit and rcal income to real
. )

| | | | 2¢ CosloeY, Y, )

government expenditure using relationships = | |
| ‘ |

(D, /P,)  alog(De,/P,) | (De /P

oY [olog Y} Y,
EJGI B hf]logG[J Gl’

rate ol real domestic credit, as the main monetary policv instrument, to
government expenditure, as the main fiscal policy tool in the economy

raYt /(”DCt/Pt)
0 Y, /G,

and . Table (7) also gives the marginal substitution

., -

N
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Table 7 Impact multipliers and marginal rate of substitution between
domestic credit and government expenditure in the selected periods

. J Gt ,A
1959-61 5.4 -().59 6.7 1.3 -0.46
1963-69 6.3 0.45 4.3 082  -0.36
1970-78 4.3 -().31 2.9 (.55 -0.56

1979-87 1.6 -0.11 3.96 0.75 -0.15
1988-91 ) | |

From table (7) 1t 18 apparent that the multipliers vary from period to
period. It will be noted that in gencral real domestic credit multiplier on

- ™

oY

aggregate mcome has a dimmishing pattern as this multipher

Lo (De/P)
decreases {rom -59 m the period 1959-62 to -.11, in absolute
terms, in the period 1988-91. Government expenditure multiplicr on
aggregate mncome decreases from 1.3 m the period 1959-62 to .55 1n the
period 1970-78 but increases again to 1.02 in the period 1988-91.
diminishing pattern of the real domestic credit multiplier should be obvious
because of decreasing ratio of mcome to real domestic credit. It is worth
noting that domestic credit 1s a stock variable while aggregate income 1s a
flow variable. This point should be noted when inspecting the marginal rate
of substitution, between domestic credit and government expenditure on
aggregate 1ncome, that gives a measurement of comparing the relative
etfectiveness of domestic credit policy vis-a-vis government expenditure
policy. Table (7) shows that marginal substitution between real domestic
credit and government expenditure is m favour ol the fiscal policy
instrument i 1ts clfect on aggregate income. However, we note again that
while domestic credit 1s a stock variable, government expenditure 15 a tlow
variable.

As was mentioned an advantage ol impact multipliers exapressed in term
of elasticity 1s that it provides a dimensionless measure of the sensitivity of
the endogenous variable to change in the exogenous variables and do not
depend upon the units in which they are measured. For this reason a
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measure ol the relative effectiveness of policy would be the ratio of
clasticities. This could provide a comparison of the relative eflicacy
of fiscal policy as opposed to monetary policy as far as their impact on the
price level, aggregate mcome and [loreign exchange reserves are
concerned. For example the margmal rate of substitution (see Morishima
(1972) and Rao, (1987)) between domestic credit as the main monetary
policy instrument and government expenditure as thc main fiscal
policy vanable upon the aggregate income can be calculated as:

slogY, /alog D, - =05
slogY,/ologG, 19

fiscal policy mm pursuing the aggregate mmcome target. In table (8) we have
presented the marginal rates of substitution of the policy mstruments for the
target vartables m terms ot elasticities. These multipliers and the rate of
substitutions are uselul in the sense that cast some light on the impact of
different pohcy variables upon target vanables and their relative
effectiveness.

The results in table (8) indicate that in general the elasticity marginal
rates ol substitution at the poimnt of sample mean are biased in [avour of
fiscal policy (government expenditure G,) as lar as aggregate income is
concerned while monctary policy (Dc,) tracks the price level target more
accurately; and loreign scctor policy instruments (¢, and Ath) ar¢ more
citective on foreign exchange reserves. However, two points merit noting:
First, tax policy appears to be almost completely ineffective in this economy
rclative to the other policy mstruments. It should be noted that mainly due
to the o1l revenue which accrued to the government’s budget, taxation has
not been developed as the main source ol government revenues. These
results confirm that indeed taxation exerts a relatively small effect on the
ditferent economic target variables in this economy. Secondly, exchange rate
policy turns out to be more cffective in general relative to the domestic
credit policy, which 1s regarded as the main monetary policy variable in the
[ranian economy. The marginal substitution rate ot the domestic credit to
exchange rate, at the point of sample mean, 1s .42 (less than unity) indicating
a more elfective exchange rate policy on the price level. This could be due
to several factors. First, the o1l revenue received by the government is
usually greater, in magnitude, than domestic credit (ADcg,) extended to the
public sector (largely to finance the government budget deficit) and often
even greater than total domestic credit (ADc;). A change in the nominal
exchange rate therefore, can considerably effect on the nominal money
supply. Secondly, as was discussed earlier, the lack of a sterilisation policy
instrument denies the monetary authorities the means by which they could

j

MRS.® =

-.26  which clearly is mm favour of
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offset balance of pavments or exchange rate devaluation effects on the
money supply. Finally, a large percentage ot the imported goods in this
economy are inputs to produce final products. A change 1 prices of imports
in the home currency terms affects a broad range of industries inducing a
price 1ncrease.

Table 8 The marginal rate of substitution between policy instruments
(in terms of elasticities)

[ MRS log P, log Y, log I'r, ]
MRS’ 5.0 10.26 4.0
MRS, 60.0 50 1000.0
MRS, 0.42 -1.0 0,32
MRSy 1.0 1.25 2.0
MRS, . . -12.0 -19.0 250.0
MRS, 0.08 3.8 0.088

| MRS, 0.2 4.75 0.5
MRS 0.007 0.2 -0.00032
MRS, -0.016 0.25 0.002
MRS, -2.36 1.25 -6.25

5

To summarise the impact multiplier analysis ol the model, it is fair to say
that the set of impact muitipliers presented in matrix (63) and the marginal
rates of substitution between policy instruments of tables (7) and (8) help to
draw a demarcation line between the economy’s sectors on the basis of the
policy. In general, it can be seen that monetary policy 18 more effective in
the tinancial sector while fiscal policy is more influential on the real part of
the economy which 1s 1n a true Mundellian {ashion. However, impotence ot
the taxation policy and influence of the exchange rate policy should be
considered as special features of this economy.
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7. Summary and some conclusions

In the first part of this paper we presented a macrocconometric model
lor Iran. A summary ol the estimation results was followed. Then Chow's
[irst and sccond tcsts were applied to establish whether the main
behavioural functions of thc model have been structurally stable in the
sample period. On the bssis ol these tests we were able to conclude that
constancy ol the estimated parameters of the model, in the sample period,
could not be rejected at the 5 percent level of signilicance. Since Chow's
second test (the prediction failure test) 1s also considered as a powerful test
ol a broad range ol musspecilications, these results ruled out anv serious
misspecification ol the macrocconomic model.

Having established cvidence of the model’s parameter constancy for the
sample period under observation, in the second part of the paper, the
structure ol the model was examined through the determination ol its
short-run equilibrium. IS-LM-BP curves of the model were derived to
constitute a sctting for the purpose of policy analysis in the short-run. The
IS curve of the model turned out to be quite steep rellecting the underlying
interest inclastic expenditure i the economy. The LM curve also was lound
to bc rather stecp but its slope was smaller than that of the BP schedule.
" The relative slopes of the IS-LM-BP curves indicated that an income
growth, mnduced for example by the private or government expenditure,
would generate a balance of pavments delicit.

The policy implications of the IS-LM-BP curves, that cxhibited neither
cxtreme monctary nor Keynesian  cascs, werce  discussed with  somce
consideration given to the wealth ellcct and stertlisation policv. Generally
spcaking, assuming zero sterilisation, monetary policy was found to be
impotent (if the wealth clfect is disregarded). A monctary expansion will
increase real mncome and reduce the domeslic interest rate while the balance
ol payments s i deficit. In the longer term, as the balance of payments
defieit reduces the money stock, the variables return to their original values.
Howecver, while the system is adjusting, monctary policy is not neutral. On
the other hand monctary policy could exerts some influence on the external
balance. Fiscal policy can affect domestic real income cxpansion and its
crowding out effect should be taken into consideration. When the lixed-
price condition was rclaxed a combination o’ monetary and - fiscal policy
failed to securc internal and external balance. In this case additional of the
cxchange rate policy to the monctary -fiscal mix appears to be ellective in
persuading the cconomic growth with price stability and balance of
payments improvements.

On the basis ol the finding that agents in the cconomic model were
largely unresponsive to the expected rate of inflation and the interest rate,
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we dropped these variables from our analysis in the last sectionof this paper,
which was devoted to the impact multiplier analysis of the model. Derivation
of the mmpact multipliers of the macroeconomic model cnabled us to
conduct a brief comparative static analysis of the Iramian economy. The
marginal rates of substitution of policy variables were slso calculated. These
highlighted the relative elfectiveness ol monetary policy on the tinancial
part of economy and tiscal policy on the real sector of the economy.
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