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ARSTERACT

Durina the vast four decades, a bhodv of 2conometric
technigues designed to deal with the nroblem of single
equation estimation as well as simultaneous-equations bilas
has been develoned and applied to a variety of economic
relationshins, Such m2thods had wide amnlication in
nresent day developed countries. However, there has bheen
very little attémpt to apply these techniques to empirical
relationships describing the monetarv sector of develoning

countries in general and Ethioria in varticular,

The major nurnose of the studv is, therefore,
1. to forrmulate a mathematical model describing the vari-
ous sectors of the cconomy with more emphasis on the

role of money supply;

2, to apply various econometric methods and compare their
relative efficiency in explaining the emnirical rela-
tions;

3. to identify the significeant exvlanatoxy . variables
that are important in explaining variations in supply

of money and demand for money in Ethionia:

4. to test a structural model of the monetary sector by
first snecifyina demand for and suoply of monay and

the interrelation with other economic variables,

The relevant time series data is collectad from the

Ouarterly Bulletin published by the Wational Bank of FEthiopla




and from the Statistical Abstract of the Central Statistical
authority have been used to estimate the demand and supply
functions for money in single and simultaneous ecquations
models format., The results indicéte that the important
determinants of the demand functions for real money balance
are real income, rate of change of price and lagged real
money balance variahles. The monetarv base and total domes-
tic credit are important explanatory variables in the sunply

function for nominal money balance in Ethionia.
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CHAPTER 1
INTRODUCTION

1.1 Ceneral

BRecause money has an important influence on economic
activities of nations hag been used by governments as one
instrument to increase or improve the welfare of their
neople.  Anppronriate monctary policy, could be an cconomic
instrument available to governments so as to he able to
influence outnut, employment, price and the balance of
payment. In otherx words, governments can annly monetary

policy so as

a) to create the most favourable conditions for increased
production and distribution, i.e. to stimulate economic
growth and thereby increase national income of its

peopleg
b) to stimulate emnloyment generating activities;
c) to maintain a reasonably stabhle nrice level, and

d) to sustain a favourable balance of nayment and to

stahilize external value of its currency.

In order to fulfill these and nossibly other addi-
tional objectives relevant to the social system and stage
of economic qrowth the monetary system that is aimed to
accomplish the objectives should necessarily be put into
practice throuch the utilization of a modern banking

system or other government instruments throuah which the




country's money surply, foreign exchange and reserves are
manipulated, controlled or adwministered, The degree of
effectiveness depends on the availabilitv of necéssary and

sufficient financial infrastructures,

In Fthiopia at nresent, the National Bank of Ethiopia
(MBE) is emnowered to ragulate and adwinister the monetary
affairs of the nation consistent with the major economic
objectives as any central bank does. In addition, it ner-
forms the standard functions in the area of currency issue,
control of banks and othei Financial institutions, regulation
of credit, administration and control of foreign assets and

the like.

Desplte the fact that EBthiopia has a small monetised
sector knowledge about the parameters of demand for and
supply of money are imaortant in order to formulate monetary
nolicy., However, the examination of the monetary sector
has not been a favourite topic of rasearch in Ethiopia. The
praesent paner seeks to throw some light on the varameters
of demand for and supnly of money functions in the case of

Ethiopia by applving single and simultaneous equations

method.

1.2 Objectives of the Study

The main objective of the study is to introduce the

concept of the system of single and simultaneous equations




tecimigques and show its applications on findina consistent
astimates undexr conditions in which the classical least-
saquares method fails., In addition to the above objective,

the purpose of the study is:

1., to build a mathematical wodel describing the various
sectors of the economy with more emphasis on the role

of money sunply;

2. to identify the significant explanatorv variables that

are important in explainino variations in supply of money

and cdemand for money in Ethiopia;

3. to test a structural model of the monetary sector by
first specifyince demand for and supply of money and the

interrelation with other economic variables:

4. to apply various econometric technirmues and identify the
ones that are more robust with hicgh explanatoxy and des-
‘criptive power,

1.3 The Structure of the Study

The study is oroanized in four parts. An introduction

is included in the first part. Part two discusses various
aconometric technigues such as ordinarv least-squares,
two=stage least saquares, etc., applied in the estimation of
the demand for and supply of monev functions. Various types
of money supply and demand for money models are specified in
vart three. Finally, part four deals with the estimation-of
the demand and suprly functions for money, interpretation of

regults and conclusions,
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CHAPTER 2
METHODOLOGY

There are various econometric methods with which we
may obtain estimates of the parameters of the demand for
and supply of money functions. However, we will consider

only the most arnropriate estimation methods,

2.1 Single-BEaquation Rzgression Methods

For the econometrics of estimating the demand for and
suprly of money functions,; the most immortant statigtical
tool is regression analysis. In this section, we shall
takeunr the statistical theory of sinqle equation regres-
sion methods to form a basis for eauations system estima-

tiong in the next sections,

2.1.1 Ordinary Least-=Squares (0LS)

The method of loast scuares 1s probabily one of
the most widely usad tools of aduantitative economic

raegearch. Consider the linear reqression model:

Yt = 30+letl+62Xt2+' . .+katk+qt (1)

th

where Ve is the t observation on the denendent vari-

able in the reqression, .9 is the tth observation on
the ith indenendent variable (rearessor), Bi is the

. - . .t
regression coefficient corresmnonding to the 1‘h reare-

ssor, and ey i the tth observation on the disturbance




error) term angd t=1,2,.,.,T. Note that 7 is the number
I P r

of okservations and k is the number of reqgressor,

The above mod=)l can be written in matriy form as

Y = ¥R + ¢ (2)

-— =g

Here Y is of dimension Txl, ¥ is TxK, B is Kxl and g

is Txl.

It should bé cleay now that the full specification
of the rcaression model includes not only the form of
the redreséion as given in (1) but also a specification
of the nrobability distribution of the disturbance and
a gtatement indicating how the values of the explanatory
variable are determined. This information is given hy
the basic assumptions., These assumntions, which are

taken to anply to all obgervations, are as follows:

i) zero mean: ®(%t) = O,
ii) Homoscedasticity: The variance of each e, is the

same for all the X, values, i.e. E(et2)= §2 con-

t

stant.

iii) Non-autocorralation: The wvalues of a, (corresnond-

ing to Xf) are independent—from the values of any

1
other ey .

Filo = 'Y = : 1
J(Qtet } O for t#t!,

iv} TIndependence of e, and ¥_: Tverv disturbance

t t




term e, is independent: of the exvlanatory vari-
ables

Ele X Y=...=F (e X _,)=0.

1g) B Xy, “£% ¢

v) The X 's are a set of fixed values in the hynpo-
thetical nrocess of repeated sampling which

mderlies the linear rearession model,

vi) DNorwmelitv: e, 1s normally distributed.

t
The assumntions underlvyinag the classical normal
linear regression model are used in deriving estimators
of the rearession narameters. ILet b, denote any arbit~-
rary k—element vector, - This in turn serves to dafine

a vector of errors, or residuals,

ey = ¥ = Xb, (3)

'The least~squares »nrinciple for choosing b, is to mini-

mize the sum of th=s squared residuals ey e,. From

Eg(3)
g4y = (¥=Xb,) ' (Y~XDb,)
= Y'Y-20, ' X'YAR X XD,
dlerey)
- . e ] 1
Thus g 2X'V+2X'Xb, (4)

Equa: ting Rq{4) to zero, we get OLS solution for b,

Xi¥b, = X'Y (5)

ey = e




Thus an equivalent expression for b, is

b, = (X'%) "X'Y (6)

-~ o o

These parameter estimates have some optimal properties.
These are: (1) unbiasedness; (2) Least-variance; (3)
efficiency; (4) best, linear, unbiasdness (BLU);

{5) least-mean-sguare erxor (MSE); (6) sufficiency.

In gsettino un the regression equation in Eg(l) or
Eg(2) way we are, infact, assuring that the current

mav denend on the current value of Xt but

value of Y+

not on anv of the mast values of X N more general

t.
formulation, which would allow for the current as well

as the nast values of Xt to affect Yt' would be written

as

oo

Yt=“+3oxt+81Xtal+32Xt—2+‘"=“+Sioﬁsxt=s+et (7)

Unless we state otherwise, we shall assume that the
error term is normally distributed, indenandent of X,

and neither serially corrclated nor heteroscedastic.

The two major problems with this ammroach are:
{1) There are many regressors that eat un é large numberx
of dearees of freedom; and (2) These reagressors way be
closely related, making multicollinearity a serious
problem. In these circumstances, it is natural to look
for a simnlifyino assumption to make this nroblem more

manageable,




2,1.1.1 7"he Kovck histributed Lag (Ceometric Lag)

This is one of the most popular distributed lacg.
models in applied researxch. The geometric lag assumes
that the weights of the laaged exnlanatory variables

are all positive and decline geometrically with time:

B t
B, = B (8)

with A being a nositive fraction less than one {.e.

O«<Axl) .,

While maintaining a hich degree of realism, the
Xoyck model achieves a substantial simnlifications
There are only two parameters to estimate, X and BO,

as follows:

1. Substitute (8) into (7):

~ 2
Y =a+8 X +B AKX, 1+B 17X

" +...+et (9)

t=1 t-2

and for the nrevious t, of course,

+e (10)

1 +8 X

2
£-1 -2 TBA X

If Bg (10) is multiplied hy A, and subtracted from FEg(9),

most of the terms dropout and we obtain
= % &
Y, a+BoXt+AYt=l+e% (11)

where e* = ., - }e

t t t-1 (1.2)

Ytal and Xt as in Eqg (11) to obtain

the estimates of A and Bo.

2. Now reoress Yt on




3. fubstitutinag these estimates into Eq(8) to generate

the estimates of B+.

Unfortunately ceveral ovroblems remain. The error
term eé in Eq{l2) vprobabily is seriallv corxrelated, which

makes the QLS regression in sten 2 less efficient., Worse

yet, the error term e% is likely to be correlated with

in Eq(ll) (since both depend on ef¥ .)

the reqressor Y, , -1

and this makes the OLS redgression in sten 2 biased for

small samples.

A similar form to Koyvck's transformation (Yt=f0%ﬂYt€ﬁ)
may be established by applyina other behavioural assump-
tions, different from Koyck's. Two such models are
discussed bhelow. They are Cadgan's 'adaptive axpecta-

tions' model and Nexlove's 'vartial adjustment' model,

2.1.1.2 Cagan's Adaptive Fxoectations

The adaptive axpectations model nostulates that
changes in Y, are related to chances in the "expected”

level of the exnlanatory variable X Yie may write this

t.
model as

b4 =a*+30*xt*+e* {13)

t t

where Xt represents the daesired or expected level of Xt'

The expected level of X, is defined by a second relation-

t
ship, in which exnpectations are assumed to be altered

every time period as an adjustment between the current




observed value of X% and the previous exnacted value of

X The relationship is

tl

k-1
K¥ = xt+(1ue)x

i ¢m1 ¢ Where 0<0<1. (14)

Tt ig sometimes more useful to rewrite (14) as

) *
X§ o= 0X +(1=-0) X, 4 : (15)

This suggests that the expected level of Xt is a weighted
average of the present level of Xt and the previous

expected level of Xt‘ Expected levels of Xt are adjusted
period by period by taking into account oresent levels of

X Rewritina (15) by lagoing the model neriod by period

t‘
while at the same timas multinlvina by (1n0)s, where s

is the number of neriods involved in the lag process:
. 2
- * = - -
(1-0) X _q=0(1-0)X, _,+{1 @) "X¥. 4 (16}
2 ~ 2 34
(1-0)} "X, _,=0(1-0) ¥t (1-0)"XE_4
Now, substitute (16) into (15) and corbine termss

NS L 2 __m - g
.tml-(l o) Xt_2+...]—osio(1 0 7%

X¥=0[X + (1-0) X

t 17)

t-5
One should note that the desired level of X, is a weighted
average of all present and previous values of Xt' since
the weights sum to unity. Substituting (17) into (13) we
get

v, =0%4p (1-0)°%, _+e.
Te=07HB50 = ) EpLghe

(18)
8=0 t

The equivalence of this model to the original geometric

lag model (19) can be seen by letting:




= A% =R* o e () ) =p*
3= 3%, Bo BOG'A {1-0), and e, =af.

Thus, estimation of the economic specification agsociated
with the adaptive expectations model is identical to the
problem of estimating the XKoyck geometric lag, with Fa(ll)

now becoming

*
= %* ‘O & #*
Yt a O-FBO GXt4(l O)Yt__l-i-Ut (19)
= g% . - 2
where U, =ef-(Q o)ef -

2,1,1.3 Nerlove's Partial Adjustment

Another process which can gensrate lagged depend-
ent variables among the regressors is that of partial
adjustment. The partial adiustment model assums that

the desired level of ¥

Yo is dependent uron the current

level of X that is,

tf

Yz = N+B'Xt+e (20)

'
t

In any given period, the actual value of Y,_ may not adjust

t
completely to obtain the desired level. TLack of know-
ledge, technical constraints, and other items might bhe

responsible for this partial adjustment. ¥We can repre-

sent the adjustment process as

Yo=Y, 3=y (Y=Y, ), O<r<l, (21)

The eguation specifics that the change in Yt will

respond only partially to the difference between the




desired stock of ¥, and the past value of Y.s the rate
of response being a function of the adjustment coecffi-
clent r. Substituting for Yi in F(2l) and solving
for Yt yields.

Y, =0 yhyB X+ (Loy) Y (22)

]
£ -1t 8¢

2.2 Simultaneous-Eauations Methods

Many alternative techniques of estimating coefficlents
appearing in tﬁe structural representation of economatric
models have been developed., 1In the estimation of structural
coefficients it is well known that two-stage least~squares
(281.8) , limited-information maximum likelihood (LIML) and
three-gstage least-squares (35LS) estimators ave consistent
and agynptotically efficient for large samples. Before
proceeding with the discussion of these techniques, it is

nacaessaxry to develop further some definitions.

2.2,1 Structural and Reduced Forms

A structure is a model with the numerical values
of the parameters specified and a structural model is
a complete system of equations which describe the
structure of the relationships of the economic vari-
ables. Structural equations exvress the endogenous
variables {(variables whose values are to bhe explained
by the model) as functions of other endogenous vari-

ables, predetermined variables (comhinations of lagued




endogenons variables and exogenous (Indevendent)vari-

ables) and disturbances.

Using the conventional notation we write the struc-
tural model of ¢ linear simultaneous stochastic ecua-

tions with ¥ predatermined wariables, in matrix form,

as
.?X "'_"]_’25 = gtroooq (23}
Yy %1e Uit
b4 ¥ U
R 2t 2
where Yy~ 3 L o= L Bl ST
- X U
S al K R
- Rl e L * gy b Ot (@
L)
Bir  Byp ree Byge Y1 Y12 ece Tix
Bxn  Bap oo Pog Y21 Yap v Mg
g~=1 : : S B et I : .
far P2 Ped ey LYal ettt Yer )

The X's are endogenous varibales, the X's are predeter—
;;ned variables, the U's (étochastic disturbances) are
assumed to be serially indenendent and G-Variate normal
with mean zero and covariance matrix §==wjj), The 8's
and the y's are known as the structural coefficients.
In each equation one of the f's is taken to be wnity,
thue indicating that ona of the endogenous variébles
serves as the "devendent"” variable when the equation is

written out as a standard regression eaguation, It

should also be noted that some of the equations may
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actually be identies, which means that all thelr coeffi-
cients are known and that they contain no stochastic

disturbances.

The reduced form of a structural mod=21l is the model
in which the endogenous variables are exnressed as a
function of the nredetermined variables and disturbances
only., To bring out the explicit denendence of the
dependernt wariahles on the predetermined wariables and
the desturbances, we should solve the etructural forn
into the reduced form. Using matrix notation, the

result may be written as

Yo = DX + Y, (24)
where Hll le "'HlK vlt
]-t “ VQDOH K ‘7
. 2
M= gl ?2 :K . Yt _ gt
i Jji so0ll v

The NI's represent the reduced form coefficients and the
V's the reduced form disturbances. In general, each
reduced form disturbance is a linear function of all
structural disturbances. The relation hetween the
structural form and the redvced form can be derived

explicitly by solving Eg(23) for Vv This gives

td
-1 =1
= ~ +
Y= =B "X R U (25)
Comparing this result with the reduced form Eq(24), we
can see that




n= gty (26)

: PR §
and Yt"’ i Qt

(27)
The distinctive feature of the reduéedmform is
that in each of its equations only one devendent vari-
able appears., The reducoed=form parameters measure the
total effect, direct and indirect, of a change in the
pradetermined variahle on the endogenous variables,
after takimag account of the interdenendences among the
jointly dependent endogenous variables (the current
andogenous variableg) , while a structural parameter
indicates only the direct effect with%n a single sector

.

of the economy.

2.2.2 The Ydentification Problem

For an econometrician wishing to use the model of
simultaneous equations there are two major problems to
bé resolved, First ic the problem of identification.
After a model has been specified in the form of the
structural eaquations (23), it is capable of explaining
the relations between the endogenous variables and the
predetermined variables through the reduced-form (24)
which can be observed, ILet there he a sample of T
observations (gt,gt) (£=:1,2,...,T), which can be used
to estimate the vwarameter II of the reduced=form. It is

possible to infer from (I} the structural parameters
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(84y) . This is the probler of identification. %e
discuss the identification problem in this section.
Sacond, given that a certain subset of the structural
paramreters can be identified; how should they be esti-
mated using the ohservations available? This is the
problaw of estimﬁtion and should be discussed in the
next gsections. Returning to a discussion of the
identification nroblem, we consider conditions for the
identification of the parameters of one structural
equation. One basic idea is that for a sat of struc-
tural parameters to be identifiable they must be
uniquely determined if the reduced-form parameters are
known. The narameters of the reduced-form (24} can be

consistently estimated by the method of least-squares,

To investigate the conditions for the identifi~
ability of the parameters of one structural equation,
one may ask under what. conditions the narameters of
this equation can be inferred uniquely from the para-~
maeters of the reduced forwr throuch the relation
1 ==y, We consider the first structural equation
since by rearrancgement any eguation can be renamed the
first, The coefficients of the first equation are the
elements of the first row of {8 y]. Iet Biy = =1, and
let Gl endogenous variables and K, predetermined vari-
ables be included in the first aquation. The coeffi-

cients of the first eguation can be written as

.




(=1 &' 0 y' 0), vhare the two zeros are raspectively

oa g

the coefficients of the 6=, endodenous variablas and

1
the F»Kl predeternined variables excluded from the
first structural equation. The excluded variablas can

always be arranced to be the last.

The relation batween the coefficients of the first
structural equation and the reduced-form coafficients

T is agiven by the first row of Bll=~y,

I Iy
Cre'of. L = (-y'0) (28)
T T =21 . =2 -
where the matrix 1 has bheen partitioned, Hll and le
having Gl rows, 22 and. 322 having G—Gl rovws , Ell and E2l
having Kl columns, and 312 and_Ezg having KmKl coluTns.
Fxpression (28) consists of two sets of emuations,
- L] P |
(=1 B') Hyy = - (29)
- ' =
(=1 8') My =0, (30)

If B can be identified, y can alwavs be identified by
using (29). The question then is under what conditions

~B can be identified by relation (30) aiven 319.

Eauation (30) is a zet of K»Kl linear eguations in
the G1~l unknowng which are elewents of the vector 8.
A necessarv and sufficient condition for a unigus solu-

tion for g (and thus for the identification of the first
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structural ecuation) is that the rank of the matrix

12 be Gy 1, that is, bs ecual to the nuwber of un-

known coefficlents of the endaagenous variables included

I

in the first structural equation. This is known as the
rank condition for identification of a structural equa-

tion,

A necessary condition for a unigue solution for 8,
and thus for the identification of the first equation,
is that the number K-K. of eauations be no smaller than

the number G.-1 of unknown in B. This is known as the

1
order condition for identification of a structural
equation

K=R. > € -1 (31)

1 1

If the necessary condition (31) is not met, the
structural equatioﬁ ig underidentified or not identifi-
able, Tf the equality sign holds in (31), the struc-

tural ecuation is just identified or exactly identified.

There are exactly as many linear equations in (30) as
unknown, the elements of 212 being the given coeffi~-
cients for determining the unknown elements of §.
When the inequality sign holds in (31), the number of
KK

is -

equations or the number of columns of El?' 17

larger than the number of vnknowns in 8, Gy~l. The

structural equation is said to he overidentified, A

structural ecuation is identified if it is either just

identified or over identified.




2.2.3 Two~Staoe L2agt-Squeres (281S)

The two-gtaae loagtescuares method nprovides esti-
mators of the narameters of a sincle justidentified or
overidentified equation containing two or more jointly
dependent variables was put forward by Theil (1958 and
1961) and also bv 3asmann (1¢5%7). The method of 28L8
assunes knowledge of all the nredetermined variables of
the complete system of mimultaneous egquations, If the
specification of thess variables is not correct, the
estimates of the parameters will not have the optimal
properties mentioned previocusly. The method ig fairly
simple in concention and in coemputations. It has yielded'
more satisfactory results than any other econometric
methods and has become the most important technique for

the egtimation of ovaridentified functions,

The steps that need to be Ffollowed in tha estimation
of 28LS are

a) From amona the joint denendent variables in the equa-
tion to be estimated, select the one that is to be
used as the dependent variable in the second staae
of the nrocess described below.

b} Compute the least-sguares egtimates of the reduced-
form equations for the remaining jointly dependent
variables in the equation (all but the one salected
in step {a)), using all the nredetermined variahles

in the model (the step is the "first stage'" of the
two-stage nrocass).




¢} Peplace the observad data for these remaining jointly
denendent variables (all but one of those in the
equation) by their calculatad values from the reduced-

forn as estimated in step (b),

d) Cormute the leastesguares rearession of the selected
dependent variable on the sat of variables consisting
of the calculated values of the jointly dapendent
variables obtained in step (¢) and the observed wvalues
of the prrdetermined variahles in tha equation {this
sten is the "szcond stace" of the orocess). The

resulting estimates are thoe 2808 estimates of the

parameters of thae aguation to be estimated,

To give an exniicit mathematical account of the
28L8 method, considex the estimation of single eguation

in a set of simultaneous ecuations.

- P

let ¥, = gl -@1"'5“1ll+' (32)

be the first structural equation from the system of

structural eaquations,
Y8 +XY+U = 0,

Here Y is of dipension TxG, X is TxK, ¥q is Tx1, Zl is

Tg(Gl—l) included endogenouws variables, X. is Tx(Kl)

1
included predetermined variables, g is (lel)xl, 11‘15

lel: and-y'is Tx1l, The application of OLS to Eqg(32)
will yirld inconsistent parameter estimates due to the

fact that ¥

Y, and U are (asymptotically) correlated.
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However, 28LS yields consistent estimates by purdging Yl
of the- component which is correlated with V and then
refﬁnning the new regression using OLS. These considera-

tions suggest the followinag nrocedure.

134, Obtain the,classical least-squares estimator
of each of the right=hand endogenous variables. by
rééressinq ¥, on 5: 'This is egulvalent to estimating
the reduced-form equations -assoclated with the G,-1

_ 1
right-~hand endogenous variables. We might represent

" this as
AR S LT RR VY PR (33)
or Y, = X0 +¥Y (34)

where §2 is Tx(K—Kl) excluded predetermined variables
from first eguation, o is of demension le(Glnl), n,
is (F-Kl)x(Gl-l)'and V is Tx(Gl-l). The resulting

first-stage estimator is

m= (x'07'x'y (35)

V. = XI | (36)

2., Take the c¢lassical least-squares regression of

Y, on ¥ and X The resulting coefficients are the

-1 1°

2515 of B, and y,;. Thus the two-stace least-squares are
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We can rewrite the 281LS estimators in a more=useful form
by taking into account the fact that the rgsiduals of
the first-stace rearcssion are orthogonal to the fitted
value of the dependent variable and to each explanatory

variables, that is

13
il
o
il
g
<>

V' (39)

>

>
i

(40

ca

Also, ”i

i

since ¥, is a linear combination of nredetermined vari-

ables, Thus

1< >

11
and ¥'¥y = (L3-V)'%; = Y1X

< >

¥

i(gl—g) $.£

<5 >
‘E_._l

f

Therefore, we can rewrite Ra(38) as

. -1 ‘
=K 4 ryy Ly st - Ed ey Ty
By !1§(§ 3 EY X hERS x'3) X'y,
] 1
g 21X 1% 54
(41)

Its asymptotic variance is,




u [t [T 7t
£y 2| 8 ZETD ZY ¥ Hy
agy Var ~ = 8
17 ¥y 0¥ K{ X
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which is a consistant estimator of 63.

The method of 285L% reaquires rather a large number
of observations, esprcially if the model includes many
predetermined variablas, which will be used in the first
stage for obtaining *the estimated values (i's) of the

endowenous variables.

2.2,4 Limited-Infofmation Maximum Likelihood (LIML)

The LIML method, which was oriainally derived by
Anderson and Rubin (1949), nrbvides estimators of the
parareters of a single Justidentified or overidentified
structural ecuation on the maximum—-likelihood principle,
the likelihood maximizing beina done subject only to the
a priori identifying rostrictions imposed on tha equa-
tion being estimated. 1In other words, Anderson and
Rubin arrived at these astimators by application of the
maximum-likelihood principle under the specification
that the structural disturbances are normally distri-
buted and utilizing only the restrictions on the strﬁc=

tural equation being estimated. For this reason the
method is gencerally knowm as the "Limited~information
maximum=likelihood"” wethod,




Tt is hased on the same idea (like 241%5) of purging
the endogenous variables, which épnear as axplanatory
in the particular equation, from their random component,
so that they become non=stochastic and hence indapend-
ent of the random term U of the particular structural

equation.

The mathematical development of the limited=informa-
tion maximum-likelihood astimator is comnlicated and
lengthy., However, the so=called least-variance ratio
{LVR) princinle aives the same estimators in this
situation as the maximum~likelihood nrinciple. e shall
pragsent a relatively simple non-rigorous justification
of the LVR principle based on the fact that the least-
squares method yields maxirum-likelihood estimators for
eguations havinag only ona dependent variable (all the
others being predetermined)., After having thus justi-
fied the LVR orinciple, we shall follow the rigorous
derivation of the linitcd information estimatoxs from

it, The LVR estimatos ara derived ag follows.

Consider again the structural eaquation

Y1 = 518700

4 E)l (43)

o]
—
i
15q
—
=
=

where 1 =1 Tl=1




o . . . .
so that the V1 vector is a linear cowbinaticn of the
. . ~
endogenous variables anpearing in the equation. If ¥

is reqressed on X, then

)

— ] . ="l P v
TR U+

-1 g b4 I

and the residual sum of squares is

_r‘\"mw‘;"IJI\"___"u
SSE) = (Yy7X1xy) " ()

-1

t"l" ,__,;‘."ua ' - PR
Y=y B R X Yy

= ¥} 1

Similarly, if ?l is regressed on all the nredetermined

variables, X = (§l X,) , we have

n =1 n
X (X'X) §i¥1
and the residual sum of zquares would be

() - X0 Gy - XD

SSF =
—_ :‘”‘ "’,=';‘ L_,X(le)"lw.{l:‘,’
SRS R A A T A A

he second rasidual sum of sruares will be ne area-
ter than the first since the second reqression includes
all the explanatory variables in the first regression

Xy plus the sat X, thug, .the ratio

t

oo SSE v n S ) Hyo
- S-,F :}’l 3 _t\"] Y(Y'X) _1 Xl'\l
7y Y17 ¥ 22 L 2 ¥

can never be smaller than unity.
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The next step is the evaluation of El' Rawrite Ra(43)

as

ny
vy = Y1814
Y - -
B12
where XlA =(31Yé...gG1) and ElA = .
B
L
Rewrite £ as
B8
‘- }A 1+81a (45)
B1a¥1 844
= H — 7t T _l 1
whore  Hyu = ¥ia¥%p, - (M3,E0) %) ¥ X
-1
- - ' Py ’
M ® YpaTya W0 TR TR,

ILeast-variance ratic is obtained by estimating ﬁli
(i:l,...,Gl) elements of 8, which minimize £; and
which is the same criterion as that for the LIML csti-
mator. Differentiating £ with resvpect to glﬂ' we

obtain:

e 20Byy) Cylhl) =2 Brfiatyy) Gy

56 (46)
14 2
' (8147 &3y
Setting the result equal to zero vector gives
By, Wou 8
wow 5 . Pia M Pin o5 L g
-:1 ""'lA ) . 1"16
E1a%1814
N (47)
or ([.fl* = 2"31).@.1[3 = 0




i) The estimates obtained from the anplication of
LIMI are biased for small samnles. However, the
estimates ars consistent, that isg, their bias
tends to zZero and their distribution collapses on
the true value of the parameters as the size of

the samnle grows infinitely larcge.

ii) Tf the disturbances of the structural model are
normally distributed the LIML estimates are asymp-

totically efficient,

iii) The comoutational procedure of LIMI, is cumbersome,
Certainly it is more complicated than 298LS. This
is one of the reasons for the perference of ccono-
metriciang for 2878 in actual econometrxic research,
Two stage least—gquares may also have an advantage
over LIMY in small samples.

2.2.5 Three-Stage Least=Sauares (361.8)

E

The simultaneovs cguations to be considered in this
saction are the same ag those in sections (2.2,3) and
(2.2.4). However, sections {2.2.3) and {2,2.4) discussed
“single-equation”" methods of estimation, in the sense
that the estimators thexe operated on each aguaticn
separately. This section will discuss, 35L5, “systems"
methods of estiration, which estimate all equations

jointly,
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This set of equations will only have a nontrivial solu-
tion 1f the determinantal ecquation

W = 2} =0, (48)

1
ig satisfied. This gives a nolynomial in & , which
must be solved for smallest root E . That iz, clearly
we choose the smallest E values since we aim at the

minimum variance ratio,

.
Having estimated ¢ and using our assumption that

the first clement of glb ecual to unity, we substitute

1oonr

in the system of equation (47) and the estimator 1A

obtained from

A

(t'_ll* = 9“2!1) .&1,3 = Q.

In order to obtain estimates of the y's wa substitute
the LVR estimates of élA'S in the structural equation

of the form

v, s
Y1 = L1 B1p
y
and regressina y, on X, gives
I -1 .
o= TR s e T u,b,

These are the LIMi;estimates. The LIMI, estimators have
the same asymptotic variance-covariance matrix as 2SL3.
The estimates of the asymptotic variances, hcwever, will
differ since 52 is computed from the estimated struc-
tural coefficients, which will be different in the LWO

cases. ‘mme should nots the followino:




The motivation for considering joint estimeation
procedures, of course, ig thalt thev are generally more
(asymptotically) efficient than the single~equation pro-
cedures. The 35LS wag develoned by Theil and Zellner
(1662) as a logical extension of Theil's 28LS. 3518
method involves the application of least-sguares in
three staarsg. The first two staqges are the same ag
2815 exceopt that w2 deal with feﬂuced—form of all the
equations of the system. The third stage involves the
application of ceneralized least-sauares, that is, the
application of least-squares to a set of transformed
egquations, in which the transformation xequired is
obiained from the reduced=-form residuals of the

previous staoe,

Acain, let us consider the simultaneous equation
wodel containine ¢ jointly denendent variables and X
pradetermined variables. The ith equation may be

wrxitten

8
=
+

Yy = Y8 Y Eyy Yy

i
[

8ty (49)

where-gi is a Tyl vactor of samole observatlons on the
dependent variable in the ith eaguation, §i is a TxKi
matrix of observationsg on the nredetarmined variables

in the eocuvation, ¥, is a TxG, matrix of obgervations

on the other endogencous variahles in the sguation, Ei




andl Yi are vactors of structural varameters, and Ui ils

the column vector of T s+tructural desturbances; and

By
A= (¥ )y 8y = X

Furthex, wve write ¥ for ithe TxX matrix of values taken
by all (K} nredetarmined variables, and we shall. supnose
that its rank ig XK. Our ohijective is to astimate the
parametor vectors ﬁi’ and for this nurpose it will be
supposad that all sguations are identifiable. If Fg(49)

is premultinlied by X', w2 obtain

— 1 R 1
Klyg = 048, + 20 (50

Rggsuring that the vredetaermined variahles are all
Wfined"” variables, wa find for the wvariance-=covariance

matrix of the disturbance vector §'gi

! =1 4,! ':. )= . k .
VEY ST EU Y ) 8 KX (51)

where Gii.is the variance of cach of T disturbancaes of
the ith structural eguation., Then, applving Aitken's

method of generalized least-squares (CLS) to Eq (50), we

obtain
‘ -1 1
! ' ' = 4] 1, :'1 1 1 L ]
BIX G KRRy, = A6 0T 9 62
from which we derive the 2818 estimator
. =] -1 ~1
= ' Ty i 7 4 *
o =[x ey sz:] 7, XD Ry 53)

Equation (53) is simply ancther way of writing the 2518

estirator of BEa (49), as may be verified by substituting




for Zj, multinlyinag out, and comnarino with the oriaginal

expression for the 2818 estimator in Ra(41),

The crucial idea of the 38LS is that Bg(50) can he

written in the following form for all eauations combined:

l_ ] ] B 1 h "] .T' ] .j
'yq] 1372, O «ee O 84 214y
] 1 w1
L'y, - 0 E'lhge..0 So1 + 1E'Y, (54)
|,' 6 b * e .' A * ‘;
FZ'XG; » 0 2 Z‘(".i. ..(S-.G.J .;Z Q(.?;
which is a system of Zf eguations involving
G
n=%n, (55)
i=1 =

paraneters. Let us wriita ¢ for the n-element column
vaector of parameters on the riaght of g (54}, Then we

can arply generalizad least;squares to Eq(54} to estimate
all elements of § simultaneously. For this purpose we

neaed the covariance matriz of the disturbance vector of

ey (54) .
AR N 3 'Y X1 X]
Yy 8118 81K X .. 8 XX
t Iy ¥ ]
v -}5_92 = ‘321‘%? X 522?-.{ .. 52@%‘ Xaergwy, (56)
T [ ] 1 1
_.}.{ gCL “G(;]_é = 5(:2§ .}5 s 5(:,(;.}.{ .:,.i

whare Gii' is the contemporaneous covariance of the

. .th L th .
structural disturbanoss of the £ and I'™ gauation.
Direct comnutation shows that the inverse of covariance

matrix of Tg (56) is




™ =
- r‘ '] " -
-y 18t et s et
X'Ul
- - 2 - < -
nE Mot et s wep?
v L= ] . . (57)
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- d et Pt T et
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e ‘
where 8" is an elament of the inverse of the contemno-
raneous covariance matrix of the structural disturbances,
Straichtforward avnlication of CLS of Ea(52) gives then

the following resulis:

11, oy = 1G ' Ly~ Loy
SUBE@ DT e+ 8 XA Ty

=l lé -
ST REX ) Kyt + 8 AR

sy oz L. L % e TIXg, 3
5HEER) "L 28 A2 2 1
G]‘.. 1 "—“'1 v C(.:’ 1 ""1 ) ) R
oPzrxan e - x| 4
. . (58)

These matrices involve §%s which are generally unknown.
The zellner-Theil suagestion is to estimate first each

structural aaquation by 28LS, aivinag the residual vectors

Uy = ¥5788 0 3= 1yl G

where gi_is the 25L& estimator of §,. The elements of

\

I are then estimat=d by

. M
Uiy, ,
A A
1

for all i, i°
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z SliZ'IX(X'X)le'y. i
- - A= = = - 1
i=1
: (59)
G
TG N
TS B X (N TRy,
i=1

sy -
where the s™* denote the elements in I 1, The moment

matrix of d3SLR is
M .11 -1 1¢ -1 N
C', -' { i ~'J LI [ " = |£- -'
SR XEDTK'E .. 5 2 XD TR,
:‘:f(dngq} = . (650)
GlL,, vy Lt & CHN vy oy
| S X TR e SR T, |

It will be observed that there ig a gain in asymm-

totic efficiency compared with 2818 only if (8 is

ii{)
not diaconal, i1f it is diagonal, two and three-stace
least-squares are identical, because the nondfacgonal
Jj‘:glu « Further,

ii
2ellner and Theil suggest, however, that the equation

blocks of T (60) are then zero and §

system be divided into two groups, one congisting of
all the overidentified oquations and the other consist-

ing cf all the exactly identified equations and they




recornend that for the estimation of the narameters in
the croun containing overidentified equations, the 35LS
method be ammlied for thisg croup, ignoring all the
exactly identified equations in the gystem. They noint
out that tﬁis proceduxre does not affect the efficiency
of the estimates, that is, the larce samnle variance-~
covarliance matrix of the estimates of the parameters in
the aroun of owveridontifiod equations is the same
whether the 3518 method ig aoplied taking the exactly
identified equationg into account or if thege latter
equations are complétely disracardedy and then tha 3SLS
egtimators of the justidentified eguations are .obtained
by addina to the relevant 2SLS estimates a linear
conbination of the 35L¢ estimates of the overidentified

equations,
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CHAPTER 3

MODEYL SPRCIPICATIONS

In constructing econometric models of demand for and
wmly of monev in Rthiopia, the significant variables may be

fined as follows:

Mlt {(narrow nominal money balance) = currency held by the

public nlus net demand devosits;

M {rxoad nominal money balance) = M

24 + time deposits +

1t
savings deposits;

jU

Yt Cross domestic product at current factor cost:

P

£ General retail price index (1963 = 100).

- (monetary base) = currency held bv the public +
Tt

kank reserves:

Cash reserves = currency held by the MBR + Bank reserves:

o
1
it

Total domestic credit:

Mt
= )
t

NMarrow real mohev balance;

M

(1§E) Broad real monev balance:;
t

Y
. t
v, = (59
t Py
dPt
() /Py_; = the rate of change of price;

t

real income,

T
o
1

dy (cash reserve ratio) = cash reserves divided by bank
denosits.
k, = durmy variable, to Ethionia's nre-~ and post-revolutions

t
period.

t = time.
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L Supply of Money in Tthiopia

The term "money supplv" includes the aggregate
ock of domestic money owned by the nublic in a country. It
2fers to ownershin by vrivate individuals and business firms
~arating in the economy. It excludes from itself the cash
alances held by the Central Government, the Central Rank,
e Treasury and the Cash Reserves owned by the Commercial
anks. the suoply of money at any particular moment of time

17 then the total amount of morev in c¢irculation.

Theoretically money supply is fixed by monetary autho=
ities, But once it is issued it is affected by a numbher of
zonomlc variables, In other words, chanae in money supply
rom one period to another is exnlained by many interrelated
conomic factors. 1In what follows we will considexr only four

 the explanatory variables which may explain variation in money
upply of Ethiopia.

Onz of the most important determinants of money supply of
thiopia in any given year is the monetarybase (high-powered

oney). Total domestic credit and cash reserve ratio are also
n important explanatory variables that explain Variation in
oney supply. Other dsterminant of money supnly is assumed to
e rate of chanage of nrice, as suagested in recent studies by
zigen (1964), Smith (1967) and Modigliani, Rasche and Cooper
1970) , Although foreign assets are theoretically believed to

ffect monev supply, their role is minimal in RWthiopia's case
nd hence are disreaarded,

With the above th=aoretical vrewise, an attempt will be
ade to study the effects of monetary base, domestic credit,
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sh roserve ratio, and thes rate of chance of orice on
vaply of woney in Pthiopia., The narrow and broad money
re defired as

= CHDD {(61)

1t
A = B Y - !
Mop™ Myp + TD 4 8D (62)
here Mlt is narrow money, M?t is broad money, C 1s currency

21d by the public other than commercial banks, DD is net
cnand deposits, TD is tinme derosits, and SD is savines
aposits, Attension ig now directed to singla-equation

odels of monev stock dastermination in the case of Ethiopia.

The sinale-equation model for tha money surwly in Fthio-

4a can be written as:

= _ A3
Fip = aghtad, + a,MB + aza, + a,PC + U, (63)

t 3t 47t

=
1l

here nominal money balances, i=1,2,
ﬁt = rate of change of nrice

NHt = monetarv base

T = cash res=zrve ratio
Pct = total domestic credit
Ut = error term,

We should exrpect the following sions of the coefficients
:¢ hold true al>0, a2>0, a3>0, a4>0. Pecall the narrow

roney andéd broad money definitions:

¥, =C+ DD (61)

My, =M. 4+ TD + 8D (62)

né monetary base (MB) is definred as:
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MB = (" + BR (64)
BR = bank reserves
D = LD 4+ ‘"D 4+ 8D

'or the narrow monev and hroad monev definitions, divide
hrough equations {61) and (62} resnectively by (64) and

warrange terms to aet:

— b (14p) (65)
1 T
w, = mp, Bl (Hp') (66)
! ht4p!
here b = %g r P %? ; bt = %% , ' = %

@ stock money is thus seen to be linked arithmetically to
he monetary base, to the ratio of commercial bank raseswves
o deposits, and to tha ratio of the nublic's currency

oldings to commercial bank deposits, %When these ratlos are

rz2ated as constants then the coefficients

b (1+p) h' (14n')
—_t and e
b+n bt 4p'

an be defined to be money-multipliers(m). Since the multi-
lier is affected by the behaviour of commercial banks and

12 public, they are not, in general, expected to be constant.
us it is arrued that the noney multipliers cannot be used

» deterrine the stock of money. Moreover, multiplier is

b unigue at a polint of time.,




The obiection that multipliers are static, not useful
. prediction, may be ovarcowe bv introducing dynamlc ele-

k8 in the model. The dynamic model is alven ag,

*
Mit =™y + mMBt , A =1,2 (67)

are MB; is the desired or expected value of monetarybase

timeperiod "t", NB% is not directlv observable and hence
nartial adjustment mechanism relating actual to desired

lue is postulated as,

MB* = (l=b) MB

: -kaBEﬂ 3 O<bzl {68)

t 1

substituting (68) into (67), it can be shown that

Mit = a0+ alMBt+ a2”it-l+ut (693)
are ag = m0(1=b) (1 = 1,2)
a; = m{1=b)

w2 signs for all coefficients of Fa(63) and (63) cxpected to
: positive. Relationsg (63) and (69) will be fitted by the

‘dinary least-squares method.

,2 Demand for Monev in ®thiopia

Since money is wrimarily held, in %“thionia, fpr the nur-
sse of financing transactions, and since transactions undartaken
e related to income, one expects the amount of money demanded
» depend on income. The number of amount of goods a aiven

wantity of wmoney can finance depends on the vnrice of level,
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Theraefore, the demand for wonay in ®Bthiopia will depend on
incomz ard the rate of change of »nrice. PRdAding dummy variable
to Fthiopia's pre- and post-revolution years, one can then

hypothesiza this simpl2 form of demand for money function as,

Mip = b+ bl§t+b?yt+b3gt+vt (1=1,2) (70}
where Yt = nominal income
1, for post-revolution years
Kt.= {0, for pra=revolution vears
r Vt =  aerror term,
End my, = b0+bl‘pt+b2yt+b3kt+vt (i=1,2) (71)
: M
w@ere DMy = 7%% = re¢al money bhalance
Yt
Yo T v real income,

xy

If the annual money demand model assumes an instantaneous
adjustment of the dependent variabhle in the adjustment of
income expectations, a slightly different snecification is
called for. The model permits some degree of lag, which in a
developing economy, would not expect to be large because of a
low level of ner canital income. In other words, we assume
that a year is a lonag enough period for wealth holders to brina
their actual holdings of real money balances into conformity
with their desired. To fix ideas, begin with a simple linear
relation vhere demand for money depends onlv on expected or

desired income,
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¥

or Miﬁ = B + B]Y I (72)

bea

Supprose that permanent income 1is a distributed lag of

current and past incomz levels, then,
Ve = E ApY m ) (73)
=0

©

1 : A - .
¢ S are weights, AT>0 and TiOAT l.. If, following

Koyck, we assume that the weights decline exponentially, then

where the

(73) reduces to

* o
v, = {1=1) E AT (74)
€ [0 T

{2} becomes

M., = +C. ¥, +C

it = CotCi¥ eyl

it-1 (75)

wheare C, = Bo(lcx): C

1 2

For generality, rewrita (75) in compact form, switch to dummy

variable, and error term to obtain,

Mip = b +blﬁt+b v +b3 Lt 1+b4Kt+Vt
(for i = 1,2) (76)
where Mit-l = one period lag nominal money balance,
and ms . = b0+b1ﬁt+b Y +b3mit l+b4kt+V
(for 1 = 1,2) (77)
M ”
where my . = (~=<<) = real money balance

P
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Yt
vy, = = (=)= real income
t o)
i o
Mt
™ = ) = lagoed real money balance.
it=-1 Py

Relations (70), (71), (76) and (77) will be fitted by using
ordinary least squares method and Eq(76) and Rg(77) vused to

test the applicability of the permanent lncome hypothesis.

3.3 A Structural Model for HMoney Demand and "oney Supnly

Functions

Since both demand and supply functions for money are
sections (3.1) and (3.2), the parameters of the dewmand for
and supply of rmonev functions for Fthiopia will be estimated

by systers of simultaneous eguation techniques,

Thus, the demand for money function may he sgpecified as,

Mip = botbyh +b,Y, b M +b k, +V

it 27t 73 4e-1 T4 ¢

(for i = 1,2) (76")

on a priori arounds th=z expected signs of bq,b3 and b, are

vositive and the expected sign of bl is necative.

Specification of the supply function comnletes the model,

The money supnly function is specified as follows:

Myp = agta B ta, VB tagq, +a,DC, +I

(for i = 1,2) (63")
In the sunply function (63') the expected signs of ay
a,¢ a5 and a, are nositive,
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Thus the model contains two structural equations in
which the money balances and the rate of chanqge of price are
andogenous and income, one-period laaaed monevy balances,
monetary bases, cash reserve ratio, total domestic credit and

dummy wvariable are exogenous.
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CHAPTFR 4
ESTIMATION OF THFE MODELS AND IMTERPRETATION OF RESULTS

This section considers the 0LS, the 2918, the LIV, and
35LS estimates of the woney demand and supply functions, Data
for this time-~series analysis were obtained fromvarious issues
of the Quarterly Bulletin of the National Bank of Fthiopia and
from the Statistical Ahstruct of the Central Statistical Autho-
rity. All data represent January-December callender year and
annual time-series extending from 1964 to 1985, givino a total
of twenty-two observations and %hereby nrovide empirical regults
to varilous models formulated in part three. The basic data
appear ir Table I of the appendix,

4.1 Estimates of Money Supply Functions
The recoression results, which are estimated using the method.
of ordinary least~squares are aiven in Table 1 below,

Table 1

Estimates of Money Sunplv Functions
Fqua= Derendent Fxplanatory Coeffi-~

tions Variables Variables Clents S.F. R? F DWW,
ﬁt 3,180 4,57 0,982 231,791 2,241
NPf 0,606 0,302
{63) Nlt I, 128,271 144,269
rx%: 0,260 0,101
Congtant -169,518 328,746
ﬁt 5,049 5.885 0,986 284,088 1.723
MBt ¢.612 0,389
{63) HZt P 43,7€7 185,908
DCt 0.481 0,130

Constant: 75,564 423,631




Table 1 (contd,)

Faqua= Dependent Fxplanatory — Coeffi-

“tiong Variables Varlsbles clents S.E, PZ ¥ N,
mt 0,585 0216 0,975 373,222 2.184
(69) Mlt Mltml 0.584 0,196
Coastant -6,784 46,605
Mﬁt 0,467 272 0,985 642,00 2,140
{69) Mét N2t~1 0,827 0,171
Constant 0. 606 52,573

The results appear to bz satisfactory, when one considers
the a priori restrictions imposed on estimation. All of the
coefficients have thelr expected signs and thair magnitudes
are plausible valués. Standard error (s.e.) of the estimates
ave reasonably low and Durbin=Watson (D.W,) statigtics indi-
cate no serial correlation of the residuals. A brief discus-

sion of the results will follow:

Fauation (63) exnlains 98,2 per oent apd 28.6 mer cent of the varlae

tion in Mlt and M2t' vespectively, by means of ﬁt, Nﬂt, g, and DCt. A

high significant linear assoclation exists between these

variables as the F=ratios of (63) show. It is geen that NBt

and DC. are siemificant in the case of My and only pCy is

significant in M,¢ case, Thase suqaest that monetary hase

and total domestic credit are dependable and useful in
explaining variation in the supnly of monev variable (for

My.) and only total domestic credit in the suoply of money
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variable (for M, ). Fegunation (69) shows also bettex fitf,

t
signg of all the variables came out riaht, The two indenen-
dent variables (for Mlt) and one independent variable, Mot
(fox M,,) are significant. These show that monetary base
and lagged nominal monzy balance are rceliable predictors of

monay supply for Mt and only lanaed nominal meney balance

is best predictor of money supply for M, .

It can be verified that monev supnly and money demand
functions (Fa (63') and Eq (76')) for both definitions of
money are overidentifisd, Thus econometric technigues such
as 28LS, LIML, and 3SLS wera employed. Thae results of money

supply functions are depicted in Table 2 bhelow,

Pable 2

Estimates of Money Supprlv Functions

Exolana- o

Fgua~ Dependent tory Lo £ "

tiong Varisbles Variables cients S.E, R F DV,
e 8,297 (.856 0,%82 245,017 2.14
VB, 0.452 0,354

(63a*) Mis
A 131,167 140,136
nCy 0,343 0.125
Constant =151,094 312,584
P, 25,850 6,217 0,992 524,211 2,02
MRy =0, 150 0, 357

1

63’} My, a, ~37.272  141.434

nc 0.751 122

Constant .349.634 327,187




Table 2 (contd.)

- A7 o

y Fxnlana-
Foua=  Dependent tory Coaffi= 5
tions Variables Variables  cients 5.E. R F DWW,
ﬁf 7.758 6.120 0,980 302,05 2.45%7
HBt 0,443 0,234
{63h'") F&t
) % 116,221 140.853
Dct 0, 337 0,074
Constant =113,279 318,717
ﬁt 30,303 6,714 o,n/5 237.821 2.429
‘ MBt‘ -0, 31% 0, 364
{63h*) My
oy =2.324 219,372
DCt 0. 806 0.118
' Constant 378,023 496,380
ﬁt 7.211 5.37% 0,98 241,04 2,45
Dm{ 1,204 0. 066
' 34 504
(63c") M U 165,604 109,131
Dct 0,020, 0,004
Consktant  271.244 216,658
pt 19,3% 6,500 0,986 431,06 2.23
}-ﬂBt 1,417 0,078
v b3c") Mét a, 19,954 83,165
DCt 0,011 0,003
Congtant 212,823 201,408

Fauarion (63a'), Fg (63b'), and ¥y G3c') renresent 2858, LIML and

3818 estimates reswvectively,

of =xplanation achieved in all equations is aquite high.

N [

-

In these aestimates, the deqree

The




D,~W, statistics all indiecate that no serial earrelation
exists in the residuals of any eguation. For Mlt’ all of the
signs agree with exnectations, and for Mot r only the coeffi-

cients of DC_ and ﬁf agree with exmectations in the 2SLS and

t
LIMI. cases,.

In narrow money definition eguations (M. ) which cive

1t
the best results in terms of the R2 and the statistical
sicnificance of the recression coefficients, we see that only
the cosfficients of the total domestiec credit and the monetary
bage wariablee are statistically sianificant, The cash

reserve ratlo and the rate of chanae of rrice coefficients

are not significant, In other words, the monetary base and
the. total domestic credit for monev sumpnly, for Mlt’ are ins-
tantaneous,

As for ‘narrow' monay, the results of the supply of money
equations (for MZt) show a reasonaply hich Rz. The DurbineWabsm
son statistics are in the acceptable reaion., Bstimates of
money supply functions (for MZt) seem to be more sensitive to

the rate of chance of nrice than '"narrow' money (Ml ). This

t
is reflected by the significance of the coefficients of pt in
Mot and the nonsionificance of it in Mg Therefore, the
supply of money in the aconomy is not whollv determined by the
amount of the monetarybase and the total domestic credit; it
also depsnds on the rate of chance of price.

The major results of the monev supnly function can be sum

marized briefly:




ii)

iii)

iv)

V)

The expected reoression equations for nominal roney
balances, as shown in Takles )l and 2, indicate that
the overall aoodness fit of the model 1s excellent
and that the individual wvariables contribute si¢nifi-
cantly to the explanation of behaviour of nominal

money balances.,

Tn Table 1, the signs of all explanatory variables

are consistent with a priori anecifications., The
coefficient of the lagged denendent variable implies
that there is censzrally a short adijustment periocd for
actual nominal monay balances to adjust to their desiredt

values.

vhe coefficients of the rate of chance of price, b,
as nresented in Tables 1 and 2, have the correct nosi-
tive sian, but are statisticallv insionificant In the
OLS estimates (shown in Table 1) and are statistically
sicnificant in the 2S1L%, LIML and 39LS estimaies
(shown in Table 2)., This mav be so becauses the OIS

estimate suffers from simultaneous equation bias.

Sirilar ocain or loss of'information in the equations
can be seen when the dependent var%ables area "Mlt“

and "Mzt"; this suoports the view that for Ethiopia,
both narrow and broad money definitions must be anplied
for money supply functions,

Finally, the OLS estimates indicate that monectarybase,

lagaed nominal balance and total domestic credit are




aponroprlate explanatorv varianles of the monev gupply.

vhilas 2818, LIML and 3305 estirates show that total domestic
cradit, ronaetarv base, and the rate of chance of price are
important exnlanatory variazbles in explainine the money

supply functions.

4,2 rRgtimates of Money Demand Function

In this section wa wrasent an emnirical results of the
demand for money for th2 two definitions of money. The
resulte with the hichest multiple coefficient of corrzla-
tion and aenerally simnificant recression coe€ficients,
though not necessarily significant t-values, are renorted
in Tables 3 and 4., Ve have sincled out snecific egtimates
for discussion in this section., Fauation (70) is estimated

first,

The coefficients of ‘ﬁt' and 'Yé, of Baq (70), are of
the expected sion. The nominal income coefficients are
significant and the rate of chance of nrice cocfficients,
howaever, are not sicnificant. 2Althouah the over—-all regres-
sion is sionificant with one percent nrobability arrcr,
nomlnal income, the rate of chance of vrice and Jdummy vari-
able can exnlain 92,5 nercent (for Mlt) and 923.6 percent
(for MZt) of the total variation in the demand for nominal
money balances,

The correspondine model, Eq(?l);.is in the real fomm and estimated,

The confficients are of the expected sinn and the real income




coefficlients in both cases ave slenificant. Real income,
rate of chanage of price and dummy variable account for
about €67 nercent variation in the demand for real money

balances in both narrow and broad monev definitions,

Lagced values of real monev balance have often ficured
as explapatory variables in derand functions for monay.
vy (76) and (77) in Mable 3 incornorate a one-period lacced

money balance variable in addition to ﬁt' Vi kf.

The results of Wa (76} show that a varv hich proportion
of the observed wvarianca in wmonevy balances is ouxplained by
the two arauments of the dewmand function., Tha lagged money
balanc: coefficient is nich and differa substantially
dependine on the definition of money used. The rate of
change of price coefficient is also hich and substantially
different for the two dafinitions of money. Assuming that
thz residuals are free of auvtocorrelation, tha teste indic-
ate that only one-nerind lagced nominal monev balance is
statistically sicnificant for beth definitions of woney. 2
significant laoged nominal balance coefficient suagests
that the total effect of a change in nominal income on the
demand fcr money is not realised in the same year but extends
over future years. BAlternativelv, it mav be interpreted as
an indication, that a '"wermanent income variahble' may have

better explanatory power than current incone.




Mo, we congider estimatas of the monev AdAemand func-
tions, of Faq (77), with xespect to one-neriod lagoed real

nmonay balances and three independent variables (b and’

ef Y
kt) for two definitions of monev,
The results are failrlv satisfactory since we are able

to explain onver 79 percent (in m,_ ) and 86 nercent (in m,

1t t)

of the variation in the demand for real monevy balances,
Thae Durbin-Watson statistics are much better although they
shonld he discounted on account of the nresence of a laaaed

epdoganocus variable in the fitted aquations,

All coefficients are of the expected sion and the rate
of change of nrice coefficient, in hoth cases, ls signifi-
cant. One period lacced real money balance is alsc statis-
tically sieanificant for both definitions of money and L is

significant for w but not sicnificant for PP The t-value

1t

of the real income variable is not significant in hoth cases.
The meaninag of this result is that the role of 'perma-

nent' real income effects are the nrimary influsnce and the

rate of changr of nrice effects are the secondary.

Next, we consider estimates of the money demand func-
tions which were fitted by means of 2815, LIML, and 3818 to
the data of the same time pericds as we fitted tha linear
form of equations, shown in Table 3, by means of ordinary
Jeast squares. The results are presented in Table 4. Fag

(72a'), Fg(76h') and Tg{76a’} represent two stage least-




Nahla 3

Batimates of Money Demand Functions (using OLS)

¥xnlana-
Togua= Teosndent  tory Coeffi- 7
tions Variahles Variables  cdenis 8.E, R | ¥ D.W,
b 5,623 7.40% 0,925 73,497 0,729
v 1, 330 0,39
(70) M, Yt .33 3
K’f: =100, 2483 187,768

Congtant  =022,841 166,362

By 5,247 9,832 0,936 £8,73 0,677
a9
X " =1 85,275 249,198
(‘mstarlt '21.387. 37.] 220. 7“4
;51_ =", {22 0,020 N,GTL 12,709 1,089
i 3
70 . Vs D020 0.033
Kt 1,872 0,368
Congtant 2.198 0,998
ét =0, 022 0,032 0,A8 12,048 0,72
‘f Bl) }“Zt :Yt Oe (}Rg r‘- 053
' Kt 2971 0,585
B, -3,358 4,958 0,98 120,086 2,257
LA 0,087 OL0R3
(76} p&t :
Mg 0, 914 0,188
Hi- 27,71 127.86

Constant:  =130,942 197,254




Table 3 (conkd,)

nlana-
Wjua= Dependent:  tory Coefifi- 0
tions Varxiables Variables ci-nts S.F. R P D.Y,
f)t_ «}, 335 4,958 0,084 253,871 2,206
Yt 0,034 0,071
(716} M‘Zt
Moy 1 1,047 0,151
Kt «h4,3 132,23
Congstant =53,987 220,447
Yt 0.C05 0,029
{n m
1t ™yt .45 0,147
Kt 1.08 N, 39
Congtant 1.746 0, 837
ﬁt =, 44 G022 0863 25,.87% 1,548
Ve 123 0,03°
7N L
i Mog1. 0. 685 0,141
K,C Q178 N, 589
Constant 1,769 1,047
Tanle 4
Estimates of Monay Demand Functions
f)t =6, 751 6.585 0,969 134,66 2,330
Y, 0.072 0.064
(76a') M‘_L & -
M] 1 ¢85 0,128
Kt 59,503 132,075

Constant =163,837 196,274




Tahile 4 {contd, )

Fxplana-
Fona= Dependent torv (oefii- 2
tion Voriablesg Varisbles clenis S,m™ R” 15 DV,
ﬁt 1,218 5.867 0,984 254,26 2,176
Y 0,35 0,070
' Ty | £
(75a') Mor M1 1.05 0.149
¥, ~71,198 135,799
Constant =86,8% 220,685
f)t =16,73 12,52 0,934 85.65 2,177
Y 0.052 0,083
?
(76b"} L Moy 0,968 0. 246
1 =217
X 217.7 152,39
Constant  =14%,407 259,069
Py 10,43, 14.30 0,98 308,526 2,131
Ve 0. 046 0,076
[27 | n g 7
(76h') Moy M1 1,017 0.162
K, 71,00 122,87
Constant =30,257 238,777
1’»1_ =32,52¢ 3,364 0,932 123.0 2.356
Yy 0,102 0.031
'
(76c') 1y, My €, 432 0,082
K, 435,802 9.971
Constant =52, 846 93,335
q')t =39,56 5,265 0,978 230,12 2.7218
Vo 0,138 0,029
' -
(76c') Mor Mar1 C, 381 0,052
X 432,952 32,985
Constant 25,536 100,914
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squares, limited-information maimxn likelihood and thres atacs leasgte

sguares eostimates respechively, mhe results arme guite satis-

]

factory since, the deqroe of explanation achieved, in each
case, is very hich; the DMurbin-Vatson statistics are wmuch

batter, and the F-ohservad ig sicnidicantly large.

As expected, the coefficient of the lagoed endoaenous
variable in the demand function is hiaghly significant by the
t-test, supporting the hypothesis that a laaced response oxists
on the demand side. We observe that in all but two of the

ragrossions the coefficicnt For »,_ has the wrong sign. The

t
coafficient for nominal income and one-periocd lagged nominal
monay balances have the correct sien in all the regressions,

Wa also note that the t=value of the nominal income variable

ig not sicnificant in the 28LE and LIML cases,.

For the money demand function on the narrow monzy defini-

] o I - 5 = p %) ¢
tion, the four indevendent variables Py Yt’ rltwl and. Kt
together explained over 93 percent of the variationg in M

t’
Howover, as all equations reveal, the lacaed nominal money
balance was the most important of the four, The demand for
monay is seen to vary inversely with the rate of change of
price and directly with respect to nominal incomes and lagged
nominal monay balance, The effect of the rate of change of
price is not very clear. Tits coefficients were statlstically
nonsignificant. WNote also that the coefficients for nominal
income, rate of chanae of price and lacaed nominal woney
balance havwe very similar values when the depmendent variable

ie M“ (in the 2815 and LINML cases).




For the bhroad noney definition, the major explanatorv

variahles to be D and K, which nxnlain, in each

er e Mol £

case, %8 percent of the variation in the total demand for
money., The coefficients for nominal income and lagged
nominal money balance have the correct sion in all of the
regressions. The rate of chanae of price is nésitively
gsigned, for two eaquations, therebv contradicting the standard

hypothesis that the demand for monev relates inversely with

the rate of chanae of vnrice,

We now summarize several features of the results reported
in the Tables 3 and 4.
i) The models provide a good fit for the data, that is,
the models form a genorally cood annroach for "exnlain=-

ing" variations in money demand since the R? values are
uniformly high;

ii) The introduction of lagged wonev balances improves the
axplanatory nowers of the model since R2 values for

rearession equations with laocged term arse higher than

those of rearession equations without lagged term;

iii) The sians obtain=d on the estimated narameters of the
rmodels, usina OLS, are uenerally consistent with exvec-

tations and are suovortive of the money damand functiong;

iv) The demand functions fFor real monev balances are fairly
gsimilar for both narrow and broad monev definitions,

Real income is important determinant of aggrecate demand

.y . LI 4
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for money when lagaed real money bhalanc2 is absent
from the modelf

v) When the lagged real monev balance is introduced in
the model, only lagged real money bhalance and rate of
change of price do affect the demand for real money

balance;

vi) Recgarding the estimated demand equations for mominal
money balahce, one would be led, incorrectly, to accent
a nul hypothesis of no relationship betwean demand for
money and the rate of chanae of rrice in contrast to
what is suaqgested by the demand functions for real

money balances,

vii) The coefficients of lacged nominal monev bhalanne have
the correct vositiva sicn and are statistically signi-

ficant in each regression,

4,3 Conclusion

From the results and discussions, we can draw the follow-

ing conclusions:

1, The supply of mohey in Fthiopia over the vneriod 1964-1985
can be best exnlained by monctary-hase and total ¢ mestic
cradit.

2, The study also shows that monevy supnly, among other vari-
ables, depends on the raté of chanqe of nrice. This is

revealed in the 25LS, LIML and 3SLS estimates and not in
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the OLS estimate. Thig could he due to simultancous

aguations hias in ths latter.

There exist a substantial deoree of summlv adjustment
and exnectation lags in money supply function as is
shown by the sienificant values taken bv laagaed nominal

money balance.

Cagh reserve ratio appsars to have no sionificant influ-

ence on the money supply in Ethionia,

The nominal income and lagoed nominal money balances
coefficients, of the monay demand function are positive
and are statistically significant, These razults clearly
suggest that nominal income and laggad nominal money
balances are the determinarts of the money demand func-
tioh. \

Tha rate of chance of price and lagaed real money halances
are ilmrortant exnlanatory variables of tho demand function
for real money balancz of Fthionia. In other words, it

seems that permanent real income srnecification is superior

to that of current reoal income in Fthiania,

It is obvious, from the results, that the introduction of
lagged money balance adds the explanatorv powers of the
model,

The results do not conclusively indicate the superiority
) ér broad (M, ) definition of

1t 2t

monay in both the demand for and sunnly of money cases.

of either the narrow (M
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Both definitions perform well in the reagrasslon. Yow-

2 ot g
ever, the R and t-values on the Mot definition are by

and large higher and the Durbin-Watson statistics also
falls in the acceptable rance in most of the ragressions,

this result would seem 10 indicate that the M defini-

T2t

tion is the wore anvrovnriate ona,
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RPPENDLIY

Wable T: DATA FOR THE ESTIMATION OF TUR MONRY

DEMAND AND SUPPIY FUMCTIONS

End of
i Y y ; ‘

Period Mg Mea M Mg M Pe %
1964 303.3 0 375 00 2323 L0 2.3

1965 350.1  303.3 421.3 371.%  266.9 .00 2,18
1966 363,7  350,1  449.4 421,3  276.5 .0 2,30
1667 356,0  363.7  456,3  449.4  272,6 .79 1.68
1968 383,7 356,00 508.9 456,3  297,0 .16 1.81
1969 431.8  383,7  %81L,8  508,9 345,2 1,41 2.02
1970 427.9  431.8 614,55 581,88  1353,2 W17 1,94
1971 408,6  427.%  623,2  614,5  331.6 2L 1,92
1872 454,3  408.6 719.5 623,2  372.0 5,69 1.72
1973 582.9  454.3  046.2 719,5  446,4 8,84 1,66
1974 694,4  582,9  107%,1  946,2  572.6 8,57 1,82
1875 883,0  £94,4 1184,¢9 1075,1  813.3 6,51 1.34
1976 800,7 883,00 1259.6 1184,9  948,7 28,57 1,18
1977 1038,1 89,7 15113 12596 1036.1 16,55  1.35
1978 1226.,2 1038,1 170%.4 1511,3  1M1.7 14,40  1.36
1979 1327.1  1226.,2 1863.1  1709.4  1141.6 16,05  1.48
1980  1229.7 1327.1 1857,% 1863,1  1275.2 4,46 1.31
1981  1719,8 1229,7 2438,2  1857.9 1482,3 6. 14 1,16
1982 1860.6 1719.8 2653.1  2438,2 1621.1 4,37 1.15
1983 2171.4  1860.6 3092.4  2653,1 1612.3 LT 1,22
1984  2320.7 2171.4 3387.3 3092.4  1943,9 8,41 1,13
1985  2743,8 2329.7 3965,1  3387.3 2028,3 19,07 L.16




Table I {contd.)

povion D, My Wy Mop My e Yy
1964 212.4 2,41, L00. 2.95 00 28016 22,27
1965 240,0 2.76 2,41 3.3 2,95  3167.6 25,08
1966 269,9 2.87 2,7  3.54 3,34  3376,7 26,63
1967 319,8 2,79 2.87 3.57 3,54  3521,6 28,10
1968 383.9 3,00 2,79 3,98 3,57  3805.0 29,73
1969 444,2 3.33 3,00 4,48 3,98  4173.0 32,15
1570 523,7 2.99 3.33 4,30 4,48 4408,9  30.83
1971 557.0 2,85 2,98 4,35 4,30 4416.6 30,82
1972 593, 8 3,36 2,85 5,32 4,35 4542,7 34,35
1873 603,5 3.96 3,36 6,43 5,32 5180.0 35,21
1974 634,6 4,35 3.26 6.73  6.43  5103,2 31,95
1975 754.0 5.19 4,35 6,97  6.73  5530,0 32,51
1976 042,1 3,70 519 5,76 6,97  6146,3 28,10
1977 1177.6 4,07 3,70 5,93 5,76  6487,4 25,45
1078 1544.0 4,21 4,07  5.86 5,76  7086,5 24,30
1979  1846,9 3,92 4,21 5,51  5.86  7624,7 22,53
1980  2668.3 3.48 3,92 5.26 5,51  8156,4 23,07
1981 2801.1 4,58 3.48 6,501  5.26  8296.6 22,11
1982 3314.2 4,75 4,58 6,78 6,50  9082,7 23,19
1983 3873,9 5,50 4,75 7.84 6,78 8942,8 22,66
1984 4267,2 5421 5,50 7.92  7.8¢  23213.5 20,84
1985  4638,3 5,39 5,42 7,78 7.92  1M68,6  20.55
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