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15 THE BEGYPPIAN BECONOKY

DYNAMICALLY STABIE 7

e -

A four-equation short —term dynamic model is constructed

for the Egyptain economy for the period 1960-1975. Estimates

of atructural equations are.obtained with the aid of the three
stage least squares method, and the reduced form is derived .
Both Jdeterministic and stochastic aspects of stability issue
are exaumined which could be of importance to Egyptidn policy-

makers. The equillium time path is also examined of the res-

ponse of an endogenous variable to a unit shock in one single
period (which 1s not sustained) of an exogenous variable.

1. A Short Term Model For Egypt :

1Ihe model to be presented has not had the resources

devoted to it that would be necessary to make it a substantive

contribution to knowldge about the Egyptian economy. The

number of equations qnd variables has intentially been kept

rather small. It wes decided to include one consumption equ-
one equation to explain investment behavior, one equa-

ation,
tion for the money market, and the known identity of national

income.

A1l flows of income and output and expenditure are in

real terms, no attempt being made here to explain variations

in either absolute or relative prices. A major defect in the

model is that the supply side is suppressed, neither product-

fon function nor labor equation are included, so that variat-

ions in output are explained in the crude fashion adopted by



T

Y )
Juinand only

the following notations are€ used. For the €ndogen,,
e :

1
we have i
variables consldered in the model

CJ
"

> [ Kt\\ﬁ\(?ﬂo n“me]y L o Effectjve
rollowersa ¢ :

{ qnoring resource 1imitations.
gnoring

8

real private consumption-expenditure in Period ¢
]

t
1, = real gross fixed capital formation in periog t,
« - real interest rate (nominal interest rate minyg
. t — |
actual inflation rate lagged one period),
¥, = real national income.

For =he exogenous variables, we have :

.Y‘-I'.‘; =
( %

Nt=

L:t =

As indicated ly
essumed to depend on the income
]

tion, end the population size.

account the s

reel net exports in period t,
population size in millions in period t,

real money supply (currency plus demand deposits,

i.e, Ml ) in period t,

real sum of goverment expenditure, inventories

end statistical corrections.2

.model is

81Yp * 8,Cy | + 83N, 4 ay * Uog &
byRy + boY, +. 0T, o+ by (X-M), + bgN, +be4U, (2)
clYt + czmt +.c3 *.Urt (3)
Cy + Ty + (XMWY, 4 G (4)

vquation (1) Private Consumption Ct is

the lagged Private consump~”
This €Quation takes into



»: ¥ 0
the Intter depending on current real income and on the

population sise,

The inveotment equation (2) considers the adjustment,

of actual to deaired inveatment, the latter depending on

the current real interent rate, the real income, the real

net exports, and the population size.

The consumption equation (1) with the investment
equation (2) plus the accounting identity of national
income (4) form the so-called IS-equation. The other split
of the keynesian model known as LM-equation is given by

equation (3) which is a Bomewhet unusual keyneslan money

demand function. Assuming a unit-income-elasticity of

the demand for money - this is probably the case in
Egypt-taking the linear approximation of the logarithmic
transformation of the original function, and putting the
real interest rate variable on the left hand side, one

arrives at the given equation (4).

For our investigations we use annual data from 1960
to 1975 ab published in InternatiOnal Financial Statistics.
The'data appeared in these pﬁblicationé are nominal, while
the data used in running the regression are real. They are
deflated by converting them to 1970 prices. The flows are
measured in millions of 1970 Egyptian pounds per year except

for the interest rate, which is measured in percentage points.

The data appear in the appendix.



by examining the order and rank conditions fqp
fdentifiability of eu%h equation, 1t turns out thgt
the whole model is overidentified. This excludes
indirect least squares as a procedure for estimatiop,
The three stage least squares method (Intriligator,
1976, PP. 402-412) has been used to estimate the gtrp-
uctural equations, and the results are as follows

(numbers in parenthesgs are standard‘errors of estimf

ates)sz
Cy= -T3B Y, - .894 C, | + 32.623 N, + 51.020+U_.  (5)
(151} (.249) (13.631) (145.039)
I, = -301.438 Ry + .365 Y, +.980 It_|+.084(X-M)t-17.021 N
(189.874) (.491) (1.298) (.28)) (53.613)
+ 986.020 4+ U1t
(656.978) (6)
R =

X (7)
(.0006) (.0012) {«3335)
Ct 4 It + (X - M )t + G

(8)

AZt = EZt v ¥ cxt + U
Yhere
& C ] ?x_mf s 47
(o]
1 1 . .
L, = R 141" I'® X, = i
L S LR M » &nd U.= |y
\ . Y r
W g L b 0
-1 L I s




» €each of the

» While the matrix C

has dimensions 4 25, e elements of the matriceg AyB, ang

C are Constanteg, many of which Are assumed to be zero, The

zeroes 1ndicate, of course, that certain variableg do not

appear in g PMrticular equation. 1The eatimates of A,B, anqg

C are given below

B B 0 -.738
o 1 301.438 -. 385 oy
. 9 1 -.0016
{ =1 -l 0 1 ,J
r—.694 0 0 0 1
B ol ® . 980 0 0 (1)
0 0 0 0
0 0 0 Sl
[o 32.623 0 0 51.060
1 . 084 ~17.0621 0 0  986.020 (12)
" =,! 0 0 -.0023 0 2.490
{1 0 0 1 B



tf-..bjl]t A

‘irate the quostions of atability we neeg

——

i }0111 ul]]‘
R duees

s .,\rfi‘.
‘ =

m in "reduced form", 1l.e., by BOlVing
t'\

5 'Qt
wvrite the 8)

u..,i th

+ to the endogenous variables.” Given the linearit
ity

res)
 {he equations, and given also the fact that the lagg -
(‘.', 1 1 i
W A 1ea v » ’
. « DR 1 BX, + V

t t-\ t t (13
whe '

.
g %A U

hus, the system (13) describes each

De A B B . A-]C. and V

of the endogenoug vari.
year t linearly in terms of the same variableg lagged
one 3ua-(Lt_|), of the exogenous variable in the same yegp

:nd o the reduced form disturbunces (V ) which are lin-

cns of the structural dlsturbances (U ) 2

omdlnatlly The

D and E are of order 4x4 ang
Their numerical values,

reduced form coeffic1ent mutrices
x5, Tespectively.

Corresponding
r:h;:fm €stimated coefficients in (10)-(12) are given below;
1 -2.119 2.013 0 0.
.1b6b
b | & .115 0 0 } (14)
| =003 004 0 0
::2.532 2.7¢8 0 0
r e -
1 k(‘f ' S
| 64.671 1.424 .05, 639.527 |
s Tac iV -51-246
N b 506 -.271 157.853 (15)
| « LB
| 9 001 .004 3.766
| Zs%] [ 9 .
i 13.423 1.530 ¢.783 797.380
=




o

In extenso, the reduced form aystem 1sg

C, = -2.119 ¢ 4 2 -
t t-y * 2.013 JL"l 4 2.227(X-M)t+64_671 Nt
11.424 M _42.054 G i 163
1 ) t ¢ ¥1639.527 4 ¥ (16)
t a1 S g S 210 4B-MYy < 21246 N,
+ .506 Mt - 8 TH Qe W 157.853 + V
R, = ~,00 t - st
t = =003 Cp 4 .004 1, 4+ 005 (xadry,” "““i"éay_né..%,_
+.001 Mt + .004 Gy + 3.766 + Vo4 (18)
1t = -1.932 Ctﬁl + 2.728 It—l + 3.017(X-M)t +43.423 Nt
« 930 Mt + 2783 Gt + 797.380 + Vyt (19)
Lagging this reduced form (13) one period and substituting
buck in we have
2y = D UDZ, 5+ EX, |+ V. )+ BX  +V, (20)

-
-

Applying this procedure m times yields

i
. 1 T DT V,_. (21)
Dm+1 zt—m—r *;%EO D Ext-l + 135: t=L

To investigate the inherent dynamic properties of our

it is convenient to take m=t-1 in (21)7

model ,
' t-1
t-1 i
» - i,
zt s tho 5 :E:: 1D bxt-i + ;E . t-1 (22)
i=0

i=o0

This equation expresses the time path of the endogenous vari-
(initial conditions (2)
. o

ebles in terms of three components

the time path of the exogenous variabes (X for 1 = 0,...,

t-1). The iwnherent dynamic properties refer to the characte-



b-

Lice of e time padh undertaken by the endogenons

. following an initial djaplacement from equilibriyn

3
variabl

«ithout further exogenous changes or disturbances. ThErefor,
- ]

ot e Wi Ot Ze, .8 090 V. = 0 for all 1 & 0 in (22);

thies l1eaves

N t

4 well-known theorem ( Zurmuhl, 1958, P. 181) states
thal sny square matrix such as D, which has no multiple non-
cero chacacteristic roots, can be written as the sum of as
many matrices of rank one as the rank of this square matrix
emounts to, in such a way that each of these separate matr-
{ces of rank one 18 equal to the product of a non-zero char-
ecteristic root of that matrix and the corresponding charac-

seristic column and row.a Thus, if 11 is the ith‘ root of the

matrix D, Ry is the product of the corresponding characteri-

ctic column and rew, and N 1s the rank of D; we can write :

N
R Ay Ry (24)

i=1

Furthermore, if we ruise D to the tth power, the roots become
At
},1. ei,ile the characteristic vectors, and hence their product,

remsin anchanged. Thus:

N L
1
D* =
- A Ry (25)
1=1 1 '
Inscriing (29) into (23) gives:9
z < : '
N N Ry 2z, (26)



videh shows that the inherent dynamic properties of this
model of the Egyptian economy are intimately connected v

the characteristic roots of the matrix D. It 18 clear t}

that the atability condition.

Ny
Lim D « Lim 3=\ R, = 0 ) (27
ful oiod

tsoe t > co
requires that onch.nf the Al'ﬂ be less than one in absolu:
value. Now, if all 7\'3 are positive (and less than one)
tie time path of endogenous variable Zt 18 monotonically
Jdecreasing Lo zero and if some %i's are negative (and legs
thun one), we may have. an oscillating Zt but.eventually

approaching zero (Baumol, 1959, PP, 197-201).

For tlie D-matrix of our model as specified by (14), tI

churacteristic equation becomes :

= 2.4v09.7% 2.013 0 0
.188 .715-4 o 0 :
1 A D
=,.003 .004 -')\ 0
213932 2\ 728 s lo A

or equivalently

-2.119-')\ 2.013 = ) (29)
. 168 L7156 -\

This lust equation can be reduced to the following characte-

ristic polynomial :]O

£ Y= '}f 1 1.405 N - 1.693 = 0 (30)



" - I.oots l
g Ll foll1owlng two real
f-'m‘-al‘ Ihnt i

' s 842
\

_,\\ o «2.247

. see, the second root 18 greater than unity 4,
Ae we cau =t .

and thus model 18 unstable and shows ey.

absolute value,

plosive oscillations.

1. Stochastic yiypects of Stability Analysis :

The estimates of characteristic roots are sample
stutistics they are after all ultimately derived from the
ectimates of the structural parameters - and hence subject
to sanpling error. Following Theil and Boot (1962), the

esymptotic variance of the absolute value of ﬁi is given by:

SZ(N) =k} Wp Ky ' (31)

o

VWliere ki denotes the row vector of succegsive rows of the

matrix Hy of cofactors of D — }\11 divided by trace Hi,_the

sum of the dimgonal elements. Wp is the variance-covariance

metrix of the elements of D, a submatrix of W. Goldberger,
lupar, and Odeh (1961) showed that the variance-covariance
matrix W of derived reduced form coefficients in (14) end

(1%) is given by

¥.dqd (32)

1) with those columns deleted

C is

e submatrix of D-J'@)(F :

whilch correspond to
_ Z€ro or unit restricted structural par-
aliclers, where F - (D s

B
) and 1s the Kronecker product-

~
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Lhe vy S e COVRYInhee maty)y o6 the atruc turnl

cov i liclentas in (10)-(1), | IR IY mntricesn q, f‘. and v

D

t1 1% Given in the "I‘l”‘”"i)’.

To teat absolute value of ')l we construct the matrix

D - .1]1,, - 2.96% 2.013

{33)
. Bk ~.128
'he matrix of the cofactorn of this matrix is 3
- .12b6 -.188
Hl = (34)
- 2.013 -2.962

Noting that the sum of the diagonal elements of this

matrix is -3.090 we construct the following coelumn vector

[ .01

k. = _ (35)

“~

Hence, the estimated waymptotic vuriance of kﬁl|1s :
S‘Izal 2 419 ’ i . L3(>)
‘ ' . v te
This corresponds to a standurd error of .647. We compu

' 12
tiie following 95% confidence interval:

p ( -.426 £ || ¢ 2.110 ) = .95 (37)

’ ; not

lt;Vt:] M



he mgdulus of the sscond root Which 1g
To test the

Y | = ;.JJI.
\ o .
5 T IR 2.962 (e
[ 2.962 = iES
LI TR 128 | 09-)
[ .959 ]
- 061
K - .651
(40)
P .O41J

~ne variance of the absolute value of our second root ig

2
A
wnich corresponds to & standard error of 2.433, and the 95%

ccurfidence intervsl is:

P ( -2.521 « |12|e 7.016) = .95 (41)

A€=in, instability can not be ruled out. Hence, we can say
that it seems unlikely that the Egyptj_an economy 1is stable.

4. Dynamiec Hultiplier Analygig

Variables | YOO
-



The dmpact multipliers are elements of the matrix E
e rix E
?

a 3 el g f 3 s
an stated in (15), and measure the immediate effect of e

one unit change in an exogenous variable on an endogenous
A G - -t u

variable keeping all other variables constent:

M, G,
C, 1.424 2,054
3 . 506 “iL 271
R, .001 .004
N 1.930 2.783

A11 the multipliers have the expected sign excepti the one

frrom Mt on Rt“

The interim or delayed multipliers are elements of
DiE, and give the effect on the current value of an endogenous
variable of a one unit chénge in an exogenous variable after
a period of 1 years.13 Based on this equation we present the
estimated delay effects of an exagenous change of one million

Egyptian puunds in the money stock and goverment expenditures

for lags up to 5 years:l4

-

A. Delayed multipliers of change in M, =

: Year C, T, TR
0 1.424 .506 .001 1.930
I -2.000 .629 i:008~ =1:372
2 5.506 .074 313 5.579
3 «11.522 5.022 247 =10.434
4 26.608 3.506 =.330 - 25.219

5 -59.190 4.568 .932 -55.180



kS

e lny multipliers of change in G

t

Year c, I, R, 4
0 2.05¢ -.271 - 005 2.783
! 4,899 .192  -.008 .4 70¢
2 10,770  -.783 .016 9.986
3 -24.40) -.643 344 22,937
: 54,670 -2.042 . -.826 51.127
S -1¢2.993 1.651 1.811 -115.245
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.c 12,782 -5,486 -1474.747 21036:346

;] 2,663 4.470 21.503 ~1297.,50;

b . 004 . 000 -. 357 <942

b .014 200 -.232 7.392

bJ -.001 .001 - .052 -.805

4 - . 346 3033 ' 45.573 -416.927

bf &.404 -12.629 ~459.048 14052.927

c: -.000 .000 .000 -.015

Ry .000 -.000 -.000 .014

- . 000 -.015 -.117 31.468

by b, b,y b4 bS be
30052.15%¢
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3 -214.277  -,393 1.685
] 35.207 .032 _.208 .049
; -3117.396 -25,753 43.405 -3.975 2874.367
5 -B1640.923 174.826 102,100 ~44.254  -20870.137  431620.431
- il w0 =000 000 -.004 ~.159
, -.131 -.000 .00] -+ 000 .009 . 254
| 43,902 < -.076 279 ~ G55 3.300 223,371
S ——————— -
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Endogenous variables are variables whose values are

determined by the model, and differ from exogenous variables
whose values are determined outaide the model and cons-
idered a8 glven inputs to the nodel.

]

mt and Gy may be viewed as policy variables that can

be manipulated at will by the policy-makers.

3 Dynamic models are models whose predetermined varia-
bles include lagged endogenous variables. Dynamic models
do not only specify how predetermined variables at a point
in time generate the dependent variables at that point, but
also specify how the time path of the exogenous variables
generates the time path of the endogenous variables over a
span of time (Goldberger, 1564, P. 373).

4 There are two means of adjustment of the money market
to disequilibrium between supply and demand. The adjustment
could take'place through income. The obvious atternative is
the rate of interest which can act as the market clearing
mechanism like other "prices". In this case therefore it is
the rate of interest which is the dependent variable and not

the money stock (Mayes, 1981, P. 18Cj.

2 The implied elasticities of the demand for money with

income
respect to is .0016 = .7, and with respect to interest rate
[N

is - _1 . _ 435 (Mayes, 1981, P. 186).



quires that the matrix A 1n (9), whig), i
9
0

“ Thie re
f
order 4xd4, be nonaingular.
" The power series in (1) or (22), called a Neuman,
L
expanaion, converges if 1im D" = 0 or, equivalently, q¢
. t oo 311

charmcteristic roots of D have mocdulus less than unit,
’

Niksido, 1972). That 18, all characteristic roots of -

\ i - | » - st

\side the unit cirele in the complex plane, and thig

s stability condition for the model s we will ge,

lie 17
provides
soon (Glaister, 1972, ch.9).

- T™e characteristic roots of the matrix D are the

. 4

sclutions of the characteristic equation:

[p- ar1| =0

C, -
" In the .simplest one dimensional case, i.e., N = 1 we

nsuave
ét = A ZO

Tintner, bohm, end Rieder (1979, P. 67) used this relation

toc develop & new concept of equilibrium and stability by con-
centrating on the time t it takes until a disturbance is red-

uced 1o helf its original vealue.

nyn is pgiven by the following

1'0 _ { t['b) ln-l 4 ( N
tr.,D € _ e
‘ ) :\ (tr:jD) an 3 +  suw —(‘-1)n

(tj-n-_ll,'))’) 1 (,,])n 'D' L B



(z3)

“} - . e
ere t'k is defined to be the sum of the determinant f
8 0

(Q)nntrlcou of order kxk which can be formed by intersect:

any k rown of D.with the same k columns (Beyer, 1979, P, :
’ * .

il @
e Kronecker product of u matrix with a matrix 1;

olves nultiplying each element of the matrix on the left 1
the entire matrix on the right (Intriligator, 1978, P, 57¢

1¢
This i1s computed as follows :

la1| S 145967 S
4]
13 Th : 1
e total multipliers which are given by (I-D) "E
can not be computed because the convergence condition 1s n
met (Theil and Boot, 1962, P. 621). The total multipliers !
the 1imit, if they exist, of the corresponding intermediat:
"
run multipliers as t approaches infinity, which ere given |

the following matrix.
(I+D+D%+...4D%"1y E = (1-D)"! (1-D%) E

the l1imit of this expression exists as t approaches infiniH
4f and only if the limit of Dt exists, which is the case i:
the characteristic roots of D are all smaller than one in

absolute value. This last condition is necessary and suff
ijent for the time path o{ the endogenous variables to reacl
a steady state. Of course, ir the time path never reaches
a steady state in the first place, how can we speak of the

derivative of the steady state with respect to permanent

velues of the exogenous variables?
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