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1. INTRODUCTION

In the analysis of dyhamic propertiegs of econometric models
emphasis has been put so far mainly on the deterministic
part of the model, whereas the influence of the stochastic
disturbance process has been rather neglected. There is
ample evidence, however, in the literature [1, 4, 8, 10, 11]
that the neglecting of the stochastic process, which

- generates the errors of the equations, may considerably

distort the solution of the model. Although the error terms,
for instance, may be uncorrelated in the structural form of
the model, the final form may reveal nearly periodical
cycles generated by the stochastic components of the systen.
Tt is this finding that causes some authors to point to

the importance of the economic implications for the theory
of the business cycle [12].

In general there are two ways of studying the effects of
the disturbance process of an economebtric model. Firstly

there is the possibility of simulating the error process

and of repeatedly-solving the system by adding the

disturbance term which has been generated by suitable
methods. Then the resulting different time paths of the
model solution can be further analysed. Secondly there: is
the analytical approach using the theory of linear
transformations of stationary processes {3,.13]. Following
similar investigations by E.P.Howrey [lO, 11] this technigue
is applied in this pépen to the econometric:model Austria 1
[5] ‘which has proved to be stable [6, 14] and is assumed

to have a stationary disturbance process. In comparison to
the simulation approach the analytical technigue greatly




reduces the sampling variability but it still has to be
assumed that the estimated valqes of the coefficients

are "true",.

2. THE FINAL IFORM OF AN ECONOHMETRIC LODEL

The standard linear econometric model

BoyJU + Blyt—l + ees + Bnyt—n +

Z + 400 = N (—
T Fo2y T p%s-m 4y (1)
is a system of stochastic difference ecuations where we
denote by

(yt) the sequence of (r.l)-vectors of endogenous
variables,

(Zt) the sequence of (s.l)-vectors of (nonstochastic)
exogenous variables, and

(ut) a r-dimensional wide-sense stationary

disturbance process characterized by

Bu, = 6] (2&%

In addition often is supported that

& for s=0 y (50)
K (s) = Bu_ _u! = 2b
u : s 0 otherwise. ,

Bi,
coefficient matrices, resgpectively. We assume the sequence

i=l,...,n, and Pj’ j=l,+¢..,m, are (r.r) and (r.s)
of the exogenous variables to be bounded.

Provided BO is nonsingular we get the reduced form of an

econometric model by premultiplying the structural form (1)




where n& = =B

y‘t = nlyt~l + 08 o +nny_t +

+ B P 0%4 *oeee + By Fﬁ femm F Ve (3)

=1 ; o :
5 Bi ,’1:1,.,.,n, and vy = B ~u

‘With the two-sided z-transform we determine the steady state

solutlon of (l) For this purpose we define the lag operator
L by thi Xt_1 On a proper set of r-dimensional stochastic
processes with boanded (noncentral) second moments. This

set apparently includes also the nonstochastic seguences of
- exogenous varlables. Then the structural form can be
owritten as ‘

(BO,+ LBy + veo + L Bn)yt = (—Fb - dee = vam)zﬁ +oug
' | (4)

: If the determlnant of the polynomial matrix

(B + Blz + ... + Bz 0y, with z being a complex variable;

'hqs only r00ts Wlth moduli greater than one ~i.e. “the stahlllty

condition is fulfilled. - then (B + LB1 et + iPe B )'*'1

’ex1sts and has the following representatlon

(By + ... + B 2% = Z’o c 1® . (5)
| | | &y Vet B

- The'convergenCé of the sum in (5) guarantees the convergence

of the random Variables‘in guadratic mean, The coefficient

xmaﬁrices,C are determined by the inverse: of the matrix

polynomiel (B + Biz + ... + B zn) . With analogous
aseumntlons ‘wWe can get a representatlon for
(I = UM - oo = LT, )7

- With (5) we can write the eolutlon cf (1) in what is called
the flnal form cf the model* ' '




Vi = (B + ... + i B ) —1

0 .
o (-I, ee = L Fm)zt +

o+ (BO ¥ ... + IPB

We realize that this solution is composed of two additive
components. The first term shows the effect of the exogenous
variables and represents the: expected value of the enaogonOMO
variables. The second term - let us denote it by Wy =
comprises the influence of the error variables on the

endogenous variables. Because of the stability assumption

of the model (W ) is a stationary process with mean zero

and is derived fronm (ut) by linear transformatlon with the

transfer matrix

B(A) = (Eb +_B1e_lh + . + Bne—lnk)—l . _ (7)
As the spectrum representation of 0y is
: r |
og = [Pz, 0 - (8)

<
(w,) suffices the formula (cf. [13], chapter 1 and 8)
% | |
mw

o= S Bnaz, 0 . (9)

w
-7
Thus the spectrum matrix Ty of (Wt) is determined by the
spectrum matrix fu of the disturbance process (ut)
(ef. [13], p. 37)
—iAn -1, -iAny~1lx
£,A) = (B, + ... + Be ) TE (A (B 4+ .es + B )
(10)
where = denotes the conjugate transpose operation, If,(gb)
is valid then (Wt) is a multidimensional autoregressive

process.




hus the transfermatrix B(A) characterizes the propertie
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T e
of the stochastic part of the endogenous variables. This
becomes eépecially clear in the case of r=1. The transfer
function in the polar form |

B(A) = B[O (11)

shows in the amplitude the increase or decrease in the

_cycles of the corresponding frequency bands of (ut) and

in the phase the temporal shift of the cyclical components
(see (9)). There exists an analogous representation for the
case r>1 (cf. [9], p.60):

!,-_\
N
St

B(\) = DAARA) . | | (

E D()X) is an isometric: matrix and A(Q) is a hermitisn

nonnegative matrix. A single element bij(A) of the matrix
B()) shows the influence of the j-th component of (ut) on
the i-th component of (Wt){_

Yet it is also revealing to look at the spectrum matrix fw
itself: On its main-diagonal we Tind the auto spectra of
the endogenous varisbles. They charactefize the univariate
structure of the stochastic process and from them we can
take which cycles are generated by the error terms. The
cross spectra are contained in the off-diagonal elements
and specify the nmutual correlation of the endogenous

variables.

lMention should also be made that econometriciaons usually

determine the time path of the endogenous variables from

the reduced form by iterative substitution of the already
known and realized past values of endogenous variables,

This isthe customary procedure in forecasting. This




n s that we are king for % L .
mean at we are looking he solution (y +T)T ~0,1,...

of (1) for given initial values yt 11 eees Vi, But as

these initial values already contain the effects of the
vast reallzatlono of the error process the effect of

future d1 turbances will not become too large for small T

as 1t would be in the case of the steady state solution.
This can easily be seen if we compare the disturbance
process of the steady state solution (4)
m .
w = . u _ » (13)
T+7T t+T-s  ? : VR
* s=0
where we assume convergence in guadratic mean, with the

initial value solution

T .
* - { . : :
Topr = oyrg) Cellpres - ' (14)
m ~ ‘ : v w £ » A
Thus ]}jiquJLFT v, o and var(wt 2 & var(wt+1).

Puorthermore it can be shown that forecasts based only on
the deterministic part in the case of initial values are
optimal in the sense of least squares in contrast to

forecasts made with the final form (6),

In implementing the computations we can proceed in two

ways. Either one can start from the spectra for-(ut)

estimated Tor a finite number of freguency points and
carry out the inversion of the matrix (B +oee. BneﬁlnA)
at those freguencies or one postulates the validity of
assumption (2b) Then there follows Tfor the spectrum

mastrix of the residuals

5 I (15)

P"))
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wnich shows that only X has to beestimated. Although

A

T, 1is defined continuously on the intervall [-77,77]

- the inversion of the transfer matrix will be implemented

only for a finite number of frequencies. The latter
approach has been used for the calculations underlying

this paper.

3. EMPIRICAL RESULTS O THE MODEL AUSTRIA 1

The above developed concept is now applied to the econometric
model Austria 1. As this model is completely linear no
modifications are necessary. A list of the equations and
variables of this model is contained in Appendix 3 and 4,
respectlvely. The model is based on yearly observations

with lags up to two periods. The stability of the applied

ordinary least squares version of the model is proved both

by computation of the characteristic roots {6] (which are

the inverses of the solutions of the equabion

dét(Bo ¥ e + ann) # 0) listed in Table 1 and the dynanmic
multipliers of the model [14].

Real Part Imaginary Part  Modulus Period
.026
- 333
. 200 +.237 .311 7.22
. 500 +.377 667 1046
~.382 +.258 461 2.47

" Table 1 - Characteristic Roots:of the Econometric
‘ llodel Austria 1




of all endogenous variables of the system. The cross gpectrs

To reduce the omount of core storage reguired the oris:

second order difference eguation system was converted +o

a Tirst-order system. Appendix L contains the auto specira
vetween real gross nabtional product and all endogenous
variables are shown in Appendix 2. Although the numerical
regults serve mainly déscriptive purposes and can nardly

be used to make judgements about the validity of the
gpeclifications of the model we yet observe in almost all
endogenous variables cycles generated by the digturbance
procegs. This phenomenon can be given an economic interypretation

in view of the business cycle theory.

This paper dealt with an analyticael method for calculatin

(N

e
the stochastic properties of the econometric model idustria 1.
" e

Using ctral theory of stationary processes
essentially the transiformation of the disturbance nrocess
by the econometric model was shown. In the time domain
these transformations are determined by the coefficients
of the model whereas for the frequency domain anslyvsis
used in this approach the transfer matrix B(A) has been
calculated. The effect of this transformation can =lso0 be
studied by looking at the spectrum matrix of the transformed
process. The discussions in this paper were restricted_to
the probability theoretical aspect of the problem whereas
the statistical view wag .. not - ‘taken into conslderation.
Although the employed econometric model with 29 equations

and lags up to two periods is only of medium size it is




probably the largest model upon which this analysis has

been applled so far. The reason for thls are numerical

 d1fi1ou1t1es which arlse because of ‘the large amount of
storage capacity this procedure requires. Even w1th very

,flarwe eomputer systems the use: of peripherical stora
,devmces for models of thls size becomes necessary. '
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APPENDIX 1

AUTO SPECTRA OF THE
ENDOGENOUS VARIABLES
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16 2.50
17 2.35
18 222
19 2e11
20 2.00

SERIES 8 LBPN

T(1)

999.99
40.00
20.00
13.33
10.00

8.00
6.67
5671
5.00
444
4.00
3.64
3.33
3.08
2486
2467
2.50
2435
2.22
2.11
2.00

L{n

0.0

0.02
0.05
0.07

0.10°

0.13
0.15
0.17
0.20
0.22
0.25
0.27
0.20
0.32
0.35
0.38
0.40
0.42
0.45
0.47
0.50

L(1)

0.0

0.02
0.05
0.07
0,10
0.13
0.15
0.17
0.20
0.22
0.25
Q.27
0.20
0.32
0.35
0.28
0.40
0.42
0.45
047
0.50

POWER

0.3769E
0.4261E
0.5792E
0.8144F
0.9891E
0.9666F
0.8450E
0.7403E
0.6790E
Q.6592C
0.6833F
0.7T631E
0.9207E
0<1186F
0.41583¢
0.2109E
0.2698E
0.3239E
0.3634F
0.3857F
0.3927F

POWER

0.1097F
0.1167E
0.13268E
0.1614E
0.1642E
0.1343E
0.9785€
0.7137F
0.5449E
0.4370€
0.3650F
0.3149F
0.2786E
0.2512€
0.2292E
0.2104F
0.19322€
0.1777E
0.1654E
0.1576F
0.1549€

- 16 -

1.19
1.35
1.83
2457
3.12
3.05
2.67
234
2.14
2.08
2.16
2.41
2.91
3. 74
5.00
666
8452
10.22

11.47

12.18
12.40

8.18
8.70
10.21
12.04
12.25
10.02
7.30
5032
4. 07
3.26
2.72
2.35
2.08
1.87
1.71
1.57
144
1.33
1.23
1.18
l.16

SUM 2

l1.19
2¢54
4e36
6.93
10.06
13.11
15.78
18.11
20426
22434
24.50
26491
29.81
33.56
38.55
45421
53.73
63.95
7543
B87.60
100.00

SUM %

8.18
16.89
27.10
39.14
51.39
61.41
68. 71
T4.04
78.10
8l.36
84,09
86.44
88.51
30.39
92.10
93.67
95.11
96.43
97.67
98. 84

100.00
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AUTO SPECTRA

NL PN

PTAX

L{I)

0.0
0.02
0.05

0.07

0«10
0.13
0.15
0.17
0.20
0.22
0.25
0.27
0.30
0.32
0.35
0.38
0.40
0. 42
0.45
Q.47
0.50

tin

0.0
0. 02
0.05
0.07
0.10
0.13
0.15
0.17
0.20
0.22
0.25
0.27
0.30

- 0.32

SERIES 9
1 T(I)
0 999%9.99
1 40.00
2 20.00
©3 13.33
4 10.00
5. 8.00
6 6.67
T 5.71
8 5.00
9 bebh
10 . 4.00
11 3.64
12 3.33
13 3.08
14 2.86
15 2.67
16 2450
17 2.35
18 2422
19 2.11
20 2.00
SERIES 10
1 T
0 999.99
1 40,00
2 20.00
3 13.33
4 10.00
5 8.00
6 6467
7 571
8 5.00
Q 4o b4
10 4,00
11 3.64
12 3.33
13 3.08
14 2.86
15 2467
16 2.50 °
17 2.35
18 2.22
19 2.11
20

2.00

0.35
0.38
0.40
0.42
045
0.47
0.50

POWER

0.1258E
0.1318€
0.1500E
0.1759E
0.1886F
0.1726E
0.1450E
0.1219€
0.1061E
0. 9650F
0.9213E
0.9255E
0.9754F
0.1067E
0.1188E
0.1312E
0.1402E
0.1434E
0.1417E
0.1385E
0.1370E

POWER

0.2023E
0.2138E
0.2478E
0.2922E
0.3052¢
0.2626E
0.2025E
0.1538E
0.1189E
0.9399E
0.7587E

0.6274E -

0.5343E
0.4704E
0.4278E
0.3986E
0.3757E
0.3552E
0.3374E
0.3251E

. 0.3207E

4.57
4.79
5.45
6.39
6.85
6.27
5.27
4.43
3.85
2,50
3.35
3.36
3.54
3.87
4.31
4.76
5.09
5.21
5.15
5.03
4.97

7.82
8,27
958
11.30
11.380
10.16
7.83
5. 95
4460
3.63
2.93
243
2.07

1.82

1.65
1.54
1.45
1.37
1.30
1‘ 26
1.24

- 17 -

SUM 2

4.57
9.35
14.80
21.19
28404
34,30
39.57
444,00
47.85
$1.35
54.70
58.06
61.60
65.48
69.79
74455
79.64
84,85
90. 00
95.03
100.00

SUM %

7.82
16.09
25.67
36497
48.77
58. 92
66.75
72.70
77.30
80.93
83.87
86,29
88.36
90.18
51.83
93.37
94.83
96.20
97.50
98.76

100.00
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AUTO SPECTR

SERIES 11
I T(1)
0 999.99
1 40.00
2 20.00
3 13.33
4 10.00
5 8.00
6 667
7 5.71
8 5.00
9 4atiy
10 4.00
11 3.64
12 3.33
13 3.08
14 2.86
15 2.67
16 2450
17 2.35
18 2.22
19 2.11
20 2.00

SERIES 12
I (D)
0 999.99
1 40.00
2 20.00
3 13.33
4  10.00
5 8.00
6 6.67
7 5.71
8 5.00
9 s
10 4,00
11 3,64
12 3.33
13 3.08
14 2486
15 2.67
16 2450
17 2.35
18 2.22
19 2.11
20 2.00

A

PIBX

L(1)

0.0

C.02
0.05
0.07

0.10°

0.13
0.15
0.17
0.20
0.22
0.25
0.27
0.30
0.32
0.35
0.38
0.40
V.42
0.45
0.47
0.50

PV 2X

LiI)

0.0

0.02
0.05%
0.07
0.10
0.13
0.15

0.17.

0.20
0.22
0.25
0.27
0.30
0.32
0«35
0.38
0. 40
C.42
0.45
0.47
0.50

POWER

0.3139E 01
0.3086E 01
0.2936E 01
0.2713E 01
0.2439E 01
0.2148F 01
0.1883F 01
0.1656E 01
0.1467E 01
0.131CE 01
0.1181F 01
0.1075E 01
0.9874E 00
0.9147E 00
0.8540F 0O
0.8032E 00
0.7614E 00
0.7287E 00
0.7055E 00
0.6919E 00
0.6874E 00

POWER

0.1688E 00
0.1740F 00
0.1878E 00
0.2004F 00
0.1906E 00
0.1572E 00
0.1253F Q0
0.1051E 00
0.9342E-01
0.8648E-01
0.8205E-01
0.7899E-01
0.7675€-01
0.7503E-01
0.7362E-01
0.7236E-01
0.7116E-01
0.7T003F-01
0.6910FE-01
0.6850E-01
0.6829E-01

9.76
9.59
9.13
8.43
7.58
6.68
5. 85
5.15
4e56
4.07
3.67
3.34
3.07
284
2.66
2.50
2.37
2.27
2.19
2.15
2.14

Te36
7.58
8.18
8.73
8.30
6.85
S5e46
4.58
4,07
3.77
3.57
344
3434
3.27
3.21
3.15
3.10
3«05
3.01
2.98
2.98

SuM %

9. 76
19.35
28.48
36.91
44,49
51417
57.03
62.17
66.73
70.81
T4.48
77.82
80.89
83.73
86.39
88.89
91.25
93.52
95.71
97. 86

.100.00

SUM %

1236
14,94
23.12
31.85
40.16
47.01
52.47
57.05
61.12
64489
68.46
71.90
75.25
78.52
81.72
84.88
87.98
91.03
G4 .04
97.02

100.00
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AUTO SPECTRA

SERIES 13
I T(1)
0 999.99
1 40.00
2 20.00
3 13.33
4 10.00
5 8.00
5 6.67
7 5.71
8 5.00
9 botts
10 4400
11 3.64
12 3.33
13 3.08
14 2.86
15 2.67
16 2.50
17 2.35
18 2.22
19 2.11
20 2.00

SERIES 14
I T(I)
0 999.99
1 40.00
2 20.00
3 13.33
4 10.00
5 8400
6 6.67
7 5.71
8 5.00
9 [T
10 4.00
11 3.64
12 3.33
13 3,08
14 2.86
15 2.67
16 2,50
17 2.35
18 2.22
19 2.11
20 2.00

PYMX

L{1)

0.0
0.02
0.05
0.07
0. 10
0.13
0.15
0.17
0'20
0.22
0.25
0.27
0.30

0.32

0435
0.38
0.40
- 042
" 0645
047
0.50

YMBN

L(e1)

0.0

0.02
0.05
0.07
0.10
C.13
0.15
0.17
0.20
0.22
0.25
0.27
0.30
0.32
0.35
0.38
0.40
0.42
0.45
Qa&7
0.50

POWER

0.3089€
0+3434E
0.4537F

. 0.6281E

0.7522E
0.7064E
0.5715E
0.4504E
0.3667E
0.3132E
0.2796E
0.2583E
0.2443E
0.2342F
0.2256E
0.2168E
0.2074E
0.1979E
0.1900¢
0.1849E
0.1832E

POWER

0.5814E
0.5986E
0.6431E
0.6757E
0.6155F
0.4625E
0.3171E
0.,2196E
0. 1590E
0.1214E
0,9859E
0. 8605E
0.8121E
0.8221E
0.8704E
0.9305€E
0.9720F
0.,9762E
0.9499E
0.918B4E
0.9050E

4422
4469
6,20
8.58
10.28
966

T 7.81

6.16
5.01
4.28
3.82
3.53

3.34

3.20
3.08
2.96
2.83

2.71

2+60
2.53
250

10.78
11.10
11.92
12.53
11.41
8.57
5.88
4.07
2495
2425
1.83
1.60
1.51
1.52
l.61
1.73
1.80
1.81
1.76
1.70
1.68

- 19 -

SUM %

4422
8.92
15.12
23.70
33.98
43.64
51.45
57.60
62.62
66490
70.72
T4425
77459
80.79
83.87
86.83
89.67
92.37
94,97
97.50
100.00

SUM %

10.78
21.87
33.80
46032
57.73
66431
72.19
T76.26
79.21
8l.46
83.28
84.88
86.38
87.91
89.52
91.25
93.05
94. 86
9662
98.32
100.00
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- 20 -~

AUTO SPECTRA

SERIES 15 YMBR

1 T(I) L{n POWER 2 SUM % E-1 £ 0 E 1 - E 2 £ 2
|=mmmmem | e R Ty RPN |
0’ 999.99 0.0 0.3719€ 01 9.96 9.96 | * t
1 404,00 0.02 0.3766E 01 10.08 20.04 | * 1
2 20.00 0.05 0.3848F 01 10.30 30.35 | * {
3 13.33 0.07 0.3737E.01 10.01 40.36 | * !
4 10.00 0.10. 0.3148€ 01 8443 48.78 ] * 1
] 8.00 0.13 0.2315E 01 6.20 54.98 | * $
6 6467 - 0.15 0.1711F 01 . 4.58 59.57 | * }
7 571 0.17 0.1379€ 01 3.69 63.26 | * |
8 5.00 0.20 0.1200E 01 3.21 66447 | * |
9 4o 44 0.22 0.1101F 01 2.95 69.42 ] * f
10 4.00 0.25 0.1052F 01 . 2.82 72.24 { * l
11 3,64 0.27 0.1041F 01 2.79 75.03 | * |
12 3.33 0.30 0.1061E 01 2484 77.87 | * |
13 3.08 0.32 0.1102E 01 2.95 80.82 ] * !
14 2.86 0.35 0.1145E 01 3.07 83,89 ! * |
15 2.67 0.38 0.1164E 01 3.12 87.01 ] * |
16 2.50 0.40 0.1124F Q1 3.04 90.04 | * §
17 2.35 0.42  0.,1053F 01 2.82 92.86 [ * !
18 2.22 - 0.45 0.9522F 00 2.55 95. 41 ! % |
19 2.11 7 0.47 0.8717E 00 2433 T 97.75 | * |
20 2.00 0.50  0.8416E 00 2.25 100.00 | * :

|

SERIES 16 UMSN

1 T(I) L(n POWER % sSum g - E-1 E o0 T E 1 E'Z E'3
|mmm——— e it T | —= s il Rl B L LT
0 999.99 0.0 0.5159E 01 7.02 7.02 | * !
1 40400 0.02 0.5360F 01} 7.30 14.32 | * !
2 20.00 0.05 0.5914E 01 8.05 22.37 | x f
3 13,33 0.07 0.6474F 01 8.81 31.18 | * {
4 10.00 0.10 0,6195E 01 8443 39.61 | * |
5 8.00 0.13 0.4893FE 01 6.66 46,28 i * ]
6 6.67 0.15 0.3519F 01 4.79 51.07 | * |
7 5.71 0.17 0.2555€ 01 3.48 54,54 1 * {
8 5.00 0.20 0.1949F 01 2.65 57.20 | * {
) 4oty 0.22 0.1582E 01 2.15 59,35 | * {
10 4.00 0.25 0.1385F Q1 1.89 61.23 | * ! l
11 3.64 0.27 0.1328E 01 1.81 63.04 | * |
12 3.33 030 0.1411F 01 1.92 64 .96 | * |
13 3.08 0.32 0.1644E 01 2.24 67.20 | ® |
14 2.86 0.35 0,2038F 01 2.77 69.98 | # |
15 2.67 0.38 0.2571E 01 3.50 T73.48 | * |
16 2.50 0.40 0.3163E 01 4431 77.78 ! * |
17 2.35 0.42 0.3689€ 01 5.02 82.80 { * ]
18 2.22 0.45 0.4058F 01 5.52 88.33 | * |
19 2.11 0.47 0.4258F 01 5480 94,12 : * :

20 2.00 0.50 0.4318F 01 5.88 100.00




AUTO SPECTRA

SERIES 17
I THI)
0 999.99
1 40,00
-2 20.00
3 13.33
4 10.00
5 8.00
6 667
T 5.71
8 5.00
9 4abth
10 400
11 3.64
12 3.33
13 3.08
14 2.86
15 2.67
16 2.50
17 2.35
18 2.22
19 2411
20 2.00

SERIES 18
I T(I)
0 999.9%
1 40.00
2 20.00
3 13.33
4 10.00
5 8.00
6 6.67
7 5.71
8 5.00
9 4obd
10 4,00
11 3.64
12 3.33
13 3.08
14 2.86
i5. 26T
16 2.50
17 2.35
18 2.22
19 2.11
20 2.00

UMSR

LiD)

0.0

0.02
0.05
0.07

0.10

0.13
C.15
0.17
0.20
0.22
0.25
0.27
0.30
0.32
0.35
0.38
0.40
0.42
0.45
Q.47
0.50

1APN

L(T)

0.0
0.02
0.05
0. 07
0.10
0,13
0.15
0.17
0.20
0.22
0.25
0.27
0.30
0.32
0. 35
0.38
0.40
0.42
0.45
0447
0.50

POWER

0.3663E
0.3754E
0.3982E
0.4119€
0.3745E
0.2924E
0.2199E
0.1745E
0. 1484E
0.1345€E
0.1295E
0.1332¢€
0.1466E
0.1718E
0.2099E
0.2589E
0.3117F
0.3575F
0.3888¢E
0.4054E
0.4103F

POWER

0.7511E
0.7865E
0.8896E
0.1018E
0.1032E
0.8627¢E
0. 6410E
0.4610E

-0.3289E

0.2321E

0.1614F

0.1122E
0.8286E
0.730S5E
0.8248E
0.1082E
0.1424E
0.1743E
0.1962E
0.2072€
0.2104E

- 21

6.29
6445
6.84
7.08
644
5.02
3.78
"3.00
2455
2031
2.23
2.29
2452
2.95
3. 61
4o 45
5.36
6.14
6.68 "
6.97
T.05

38

8.78 .
9.19
10,40
11.90
12.07
10,09
T.49
5.39
3.85
2.71
1.89
1.31
Q.97
0.85
0.96
l1.27
1.67
2.04
2.29
2042
2. 46

SUM 2

629
12.74
19.59
26.67
33.1¢0
38.13
41490
44490
4745
49.76
51.99
54.28
56.80
59.75
63.35
67,80
73.16
79.30
85.98
52495
100.00

SUM %

8.78
17.98
28.38
40427
52434
62443
69.92
75.3)
79.16
81.87
83.76
85.07
86. 04
86.89
8T7T.86
89.12
90.79
92.82
95.12
97.54

1¢0.00
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| AUTO SPECTRA

SERIES 19
1 TLI)
0 999.99
1 40.00
2 20.00
3 13.33
4 10.00
5 8.00
6 66T
7 5.71
8 5.00
9 4oty
10 4.00
11 3.64
12 3.33
13 3.08
14 2.86
15 2.67
16 2450
17 2435
18 2422
19 2.11
20 2.00

SERIES 20 LDTN

1

WD AN LW O

10

12
13

14,

15
16

18
19
20

TI)

999.99
40.00
20.00
13.33
10.00

8.00
6'67
sQ 71
5.00
444
4,00
3@64
3.33
3.08
2.86
2.67
2‘50
2.35
2,22
2,11
2,00

L1

0.0
0.02
0.05

0.07

0.10
0.13
0.15
0.17
0.20
0.22
0.25
0.27
0.30
C.32
0.35
0.38
Q.40
0.42
0. 45
0.47
0.50

L{I)

0.0

0.02
0.05
0.07
0.10
0.13
0.15
0.17
0.20
0.22
0.25
0.27
0.30
o‘ 32
Q.35
0.38
o. 40
0.42
Q.45
0.47
0.50

POWER

0.4913E
0.5062E
0.5495E
0.6121F
0.664TE
0.6810F
0.6766F
0.6716E
0.6713E
0.67T55E
0.6832E
0.6939E
0.7074F
0.7236E
0.7418E

0.7593E

C.TT24E
0.7782E
0. 7774F
C.7T742E
0.7726E

POWER

0.1745E
0.1872E
0.2241FE
0.2689E
0.2735E
0.2176F
0.1502E
0.1018E
0.7186E
0.8384E
0.4205E
0.3456E
0.2949E
0.2590E
0.2315E

- 0.2080F

0.1859E
0.1651E
0.1477E
0.1363E

0.1324E

3242
3.52
3.82
4426
4462
4,73
470
4,67
4467
4.70
4. 75
4e82
4092
5.03
5.16
5.28
5.37
541
5.40
5.38

5.37

8,83
9.48
11.34
13.61
13.84
11.01
T.60
5.15
3. 64
2.71

2213

1.75
1.49
1.31
1.17
1.05
094
0.84
0.75
0. 69
0.67

- 27 -

SUM %

3.42
694
10.76
15.01
19.63
24437
29.07
33.74
38.41
43.10
47.85
52.68
5759
62.63
67.78
73.06
78443
83.84
89,25
94.63
100.00

SuM %

8.83
18.31
29.65
43426
57410
68,11
75. 71
80.87
84.50
87.21
89.34
91,09
92.58
93 .89
95«06
96.12
97. 06
97.89
9B .64
99,33

100.00

E-1 E O E 1 £ 2 £
et B ] IE
| *
| %

i *

H %

i *

| *

| #*

! * 7
4 *®

| *

[ *

| %

| #*

| *

{ #

| *

| %*

| *

| %

| *

| *

s e R atate |~ ] B

E-1 E O E 1l £ 2 E
R et B e EE R
} %

] *
| Ok
| *
f *
| *
| *

} *

| *

i *

{ *

| *

{ *

! *

i %

i *

| %

|- =

[

| %

P o*

l N

e W s o S ettt i et s ‘S e gy VA i S o S > - Y

T T —— — - WS Samp T —— T a—— T —— ——— a— —

w

w




TN
! i

AUTO SPECTR

A

~ SERIES 21 NLON

I T(1)
0 999.99
1 40.00
2 20.00
3 13.33
4 10.00
5 800
6  6.67
7 5.71
8 5.00
9 444

10 4.00
11, 3.64
12 3.33
13 3.08
14 2.86
15 2.67
16 2.50
17 2.35
18 2.22
19 2.11
20 2.00
SERIES 22
1 T
0 999.99
1 40.00
2 20,00
3 13.33
4 10.00
5 8.00
6 6.67
7 5.71
8 5.00
9 4ol
10 4400
11 3.64
12 3.33
13 3.08
14 2.86
15,  2.67
16 2.50
17 2.35
18 2.22
19 2.11
20 2.00

L{1)

0.0
0.02
0.05
0. 07

0410 -

0.13
0.15
0.17
0.20
0.22
0.25
0.27
0.30
0.32
0.35
0.38
040
0.42

" 0.45

BET

D47
0.50

POWER

0.2354F 02
0.2466F 02
0.2808E 02
0.3292E.02
0.3530F 02
0.3230E 02
0.2714E 02
0.2281E 02
0.1986E 02
0. 1806E 02
D.1724E 02
0.1732E 02
0.1825E 02
0.1997E 02
0.2223E 02
0.2455E 02
0.2624E 02
0.2684E 02
0.2652F 02
0.2592E 02
0.2564E 02

POWER

0.7071E 00
0.7452E 00
0.8541E 00
0.9791E 00
0.9675E 00
0.7652FE 00
0.5329E 00
0.3653E 00
0.2579E 00
0.1891E 00
0+ 1435€ 00
0.1120E 0C
0.8953E-01
0.7311E-01
0.6138E-01

0. 5400E-01

0.5092E-01
0.5145E-01
0.5387E-01
0.5619E-01
0.5711E-01

4457
4,79
5.45
6439
6485
6427
5.27
443
3.85
3.50
3.35
3.36
3. 54
3.87
4431
4.76
5.09
5.21
5.15
5.03
4. 97

9.87
10.40
11.92
13.66
13.50
10.68

Tet4

5.10

3.60

2+ 6%

2. 00

1.56

1.25

1.02

0.86

0.75

C.7T1

0.72

0.75

0.78

0.80

- 23 -

SUM %

4,57
9.35
14480
21.19
28.04
34.30
39,57
44,00
47.85
51435
54.70
58.06
61460
65448
69.79
74.55
T79.64%
84 .85
90.00
95,03
100.00

SUM %

9.87
20.27
32.18
45.85
59.35
70.02
TT.46
82.56
86.16
88.79
90, 80
92.36
93.61
9%4e63
95.49
06.+24
96. 95
97.67
9B« 42
99.20

100.00
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AUTO SPECTRA

SERIES 23 LLPN

C 1 T(I)
0 999.99
1 40.00
2 20.00
3 13.33
4 10.00
5 8.00
6 6.67
7 5.71
8 5.00
9 444

10 4,00
11 3.64
12 3433
13 3.08
14 2.86
15 2.67
16 2450
i7 2435
18 2.22
19 2.11
20 2.00

SERIES 24 LYF

1 TL1)
0 999.99
1 40.00
2. 20.00
3 13.33
4 10.00
5 8.00
6 6.67

-7 5.71
8 5.00
9 4obh

10 4.00

11 3.64

12 3.33

13 3.08

14 2.86

15 2.67

16 2.50

17 2635

18 2.22

19 2.11

20 2.00

LinD

0.0
0.02
0.05
0. 07
0.10
0.13
0.15
0.17
0.20

0.22

0.25
0.27
0,30
0.32
0.35
0.38
0.40

. 0042 .
- Qo5 -

047
0.50

L

0.0

0.02
0.05
0.07
0.10
0.13
0.15
0.17
0.20
0.22
0.25
0.27
0.30
0.32
0.35
0.38
0.40
042
0.45
0a47
0.50

POWER

0.2853E
0.3062E
0.3664E
0.4397E

" 0.4473E

0.3559E
0.,2456E
0,1665E

0.1175€
Ve B8T56E

0.6876E
0.5652E
0.4823E
0.4235E
0.3786E
0.3402E
0.3040E
0.2699E
0.2416E
0.2230E

0.2165E

POWER

0.1103E
0.1146E

- 0.1294E

0.1599E
0.2027€
0.2358E
0.2492F
0.2507F
0.2477E
0.2438E
0.2415E
0.2420F
0.2457E
0.2513E
0.2556E
0.2533F
0. 2402E
0.21732€
0.1915E
0.1720E
0.1648E

8.83
9.48
11.34
13.61
13.84

11.01

7. 60
5.15
3,64
2.7
2.13
1.75
1449
1.31
1.17
1.05
Q.94
0.84

0.75 -

0.69
0.67

2.50
2.59
2.93
3.62
4459
5434
5.64
5.67
5. 60
5.52
5.47
5.48
5.56
5.69
5.78
5.73
5.44
4.92
4.33
3.89
3.73

- 24 -

SUM %

B.83
18.31
29.65
43.26
57.10
68.11
75.71
80.87
84.50
87.21
89.34
91.09
92.58
93.89
95.06
96412
97.06
97.89
98,64
99.33

100.00

SUM %

2.50

5.09

8.02
11.63
16.22
21.56
27.19
32.87
38.47
43499
49,45
54493
60,49
66.18
71.96
T77.69
83.13
88. 05
92.38
96,27
100.00
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- 25 -

AUTO SPECTRA

SSERIES 25 PIv¥X

1 T(1) LI POWER 3 SUM 2 €-1 €0 E 1l . E 2 E 3,
| === | m= e ———— e ke == i

0 999.99 0.0  0.3089E 00 6.59 6.59 l * ]

1 40.00 0.02 -0.3413E 00 7.29 13.88 | * |

2 20.00 0.05  0.4426FE 00 9,45 23.33 ] * 3|

3 13.33 0.07 0.5938E 00 12.68 36401 | #* {
4 10.00 - 0410 0.6804E 00 14453 50,54 | * |
5 8.00 0,13 0.6030F 00 12.87 63.41 | * |
6 6.67  0.15  0.4537E 00 T 9.69 73.10 i * |

B { 5.71 0.17 0.3274F 00 6.99 80. 09 ] * |

8 5.00 0020~ 042400E 00 5.12 85.21 ] * |
9 4ebh 0.22 0.1811F 00 . 3.87 89.08 o), ¥ |
10 4,00 0425 0.1398E 00 2.98 92.06 | % .
11 3.64 0.27 0.1089FE 00- 2.33 94439 I * |
12 3.33 0430  048439E-01 1.80 96.19 | I
13 3.08 0.32 0.6392E-01 1.36 97.55 | 1
14 2486 0.35  0e4649E-01 0.99 98.55 | |
15 2467 0.38 0.3176E-01 =~ 0.68 99.22 | |
16 2450 0.40 0.1980E-01" 0:42 99,65 | |
17 .. 235 . 0442 0.1079E-01 0.23 99,88 | N
18 2.22 - 0a45 0.4650E-02 0.10° 99.98 | !
19 2.11 0.47 0.1138E-02 0.02 100.00 ] i
20 2,00 0,50 0.1145E-12 0,00 - 100.00 ‘ :

e B fmmmmmme e

_SERIES 26 PUMX

i

1 T L POWER S 1 suM % E-1 | 3N Y E 1 B2 E 3

| mmm————— | === | =i
0 '999.99 0.0 0.1660E 00 4,22 4422 | - % |
1 - 40.00 0.02 0.1845E 00 4,69 C 8492 b oo% |
2 20.00 0.05 0.2437E 00 6420 15412 | * 1
3. 13.33 0.07 0.3375E 00 8.58 23.70 { * |
4 10,00 0.10 0.4042E 00 10,28 33.98 } * |
5 8.00 0.13 0.3796E 00 9.66 43,64 { * t
6 6.67 0.15 0.32070E 00 7.81 51445 f * |
7 5.71  0.17 0.2420E 00 6.16 57,60 i # l
8 5.00 0.20 0.13970E 00 5.01 62.62 | o= : o }
.9 4o 44 0.22 0.1683E 00 4,28 66490 | % _ i
10 4.00 0.25 ~0.1502F 00 3. 82 70.72 | * : |
11 3.64 0.27 0.1388E 00 3.53 74425 - | * |
12 3,33 0.30 0.1312E 00 . . 3.34 7759 | o* 1
13 3.08 0.32 - 0.1258E 00 3.20 80.79 1 |
14 2.86 0.35° 0.1212E 00 3.08 83.87 [ % 1
15 2,67 0.38 ~0.1165E. 00 2.96 86.83 1% |
16 2.50 040  0.1114E 00 2.83 89.67 1% 1
7 235 0.42 0.1064E Q0 L 2.T1 92,37 | % |
18 0 Z.22 0.45 0.1021E 00 2.60 - 94.97 1* |
19 2.11 0.47 0.9934E-01 2.53 97.50 | 1
20 2.00 .0.50  0.9841E-01 250" 100400 %

P | e ———— ___l [




AUTO SPECTRA

SERIES 27
1 T(1)
0 999.99
1 . 40.00
2 20.00
3 13.33
4 10.00
5 8.00
6 6467
7 5.71
8 5.00
9 4ol
10 4,00
11 3.64
12 3.33
13 3.08
14 2.86
15 2.67
16 2450
17 2.35
18 2.22
19 2.11
20 2.00

SERIES 28
I T(I)
0 999.99
1 40.00
2 20.00
3 13.33
4 10.00
5 8.00
6 6.67
7 5.71
8 5.00
9 bobh
10 4.00
11 3. 64
12 3.33
13 3,08
14 2.86
15 2.67
16 2:50
17 235
18 2.22
19 2.11
20 2.00

YBFR

tin)

0.0
0.02
0.05

0.07.

0.10
0.13
0.15
0.17
0.20
0.22
0.25
0.27

0.30.

0.32
0.35
0.38
040
O.42
0.45
0. 47
0.50

YFBR

Lo

0.0
0.02
0,05
0.07
0.10
0.13
0.15
0.17
0.20
0.22
0.25
0.27
0.30
0.32
0.35
0.38
040
0. 42
0.45
04T

0.50

PDWER

0.2256E
0.2239E
0.2158E
0.1942¢E
0.1605E
0.1349E
0.1255E
0.1235E
0.1230E
0.1230E
0.1242E
0.1275E
0.1330E
0.1397E
0.1453E
0.1462E

" 0.1393E

0.1250E
0.1082E
0.9522E
0.9044E

POWER

0.4640E
0.4699¢
0.4801E
0.4663E
0.3927E
0.2888E
0.2135E
0.1720E
0.1497E
0.1374E
0.1313E
0.1299E
0.1324E
0.1375E
0. 1429E
0.1452E
0.1415E
0.1314E
0.1188E
0.1088E
0.1050E

T.46
T.40
Te.l4
6.42
5.31

4,46

4415
4.08
4407
4.07
4.11
4,22
4+ 40
4,62
4481
4484
4.61
4.13
3.58
3.15
2.99

9.96
10.08
10.30
10.01

B8e43

6.20

4.58

3.69

3.21

2.95

2.82

2.79

2. 84

2.95
©3.07

3.12

" 3.04

2.82
2455
2.33
2025

- 26 =

SUM %4

Ta46
14.87
22.00
28443
33.73
38.19
42.34
46443
50449
54456
58467
62.89
67.28
71.90
76.71
81.54
86.15
90.28
93. 86
97.01

100.00

SuM %

9.96
20.04
30.35
40436
48,78
54,98
59.57
63.26
66447
69.42
72,24
75403
77.87
80.82
83.89
87.01
90.04
92.86
95, 41
97.75
100400
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 APPENDIX 2

 CROSS SPECTRA BETWEEN
‘REAL GROSS NATIONAL PRODUGT AND

 ENDOGENOUS VARTABLES
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_ APPENDIX 3

' LIST OF EQUATIONS
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1. Behavioral Equations

3. LBFN
G, NLPN
10, PLAX

11. PIBX

1. AIO =
2. BEé'g
3. CIN =
4., TIAPR =
5. IBPR =
6. ILDN =

it

i

.170 -.332 BEP +.534 BBS +.016 FRQ

472 +.725 BEP_; +.171 AUMSN ~.160 LBPN
| +.147 WBPN_

1+
1
400 +.576 LDPN +.118 NIDN ~1.706 DLA +
. +.623 PV2X ~.160 RLA

~+185 +.660 NLDN +.358 NLDN_; +.437 NIDN_, -

~5.869 ALO +.135 ITON ; ~1.318 PIAX_

2.140 -10.271 DIB +.277 NLFN_, +.608 TTON_, -

~.734 PIBX_,

/159 +.415 UMSN -.220 UMSN_, -.399 PYuX +

+.352 PYMX_; -.822 LV2

+ 0681 PII‘V’.{X -

1.627 +1.919 UMSN -1.178 UMSN_
| ~.735 PIYX

1

.013 +.359 LTAX +.235 LTAX | -1.686 ATO +
1 | ' +.536 LBPN_,

.779 +1.532 AYBFR -1.136 LYP_, +.707 UMSN +
+.283 EXIN , +.115

=+390 +.069 SDDN +.100 IAPN +.071 IAPN , +
| | | | ~ +.153 LBEN

1 +,096 4SDDN

~.729 +1.211 LTAX -.844 LTAX_
' +.124 IBEN +.387 PIBX_

1

N

1




- 15 -

12, PV2K = .089 +.278 LBEN +.175 PINX ; +.126 FRQ +

+.218 SIIN_; +1.459 DLA

I

553 +.171 UMSN +.616 LBEN +.327 PTIX_; -.537 LEPN_,
v SR +.360 STDN_; +.027 SDIN

2. Definition Equations

15. IAPN

16, IBPN
18, LLPN

20. NLDN

14. BET = .797 BEP +.203 BEO

110'0 IAPR+ 190 PIAX ,' '

i

i

1.0 IBPR + 1.0 PIBX.

i

17. LDIN = .782 LLPN +.228 LLON ~1.000 SDBN

1l

1.0 BEP + 1.0 LBPN

19. LYF = 1.0 LBPN - 1.0 YBFR

]

1.368 NLPN -,368 SDUN

21, PIYX

= ~.500 PYMX +1.000 PIMX -.500 PYIiA_y
22. PUMK = .733 PYMX +.267 PIMX
= .463 CTPN +.090 IAPN +,069 IBEN +1.000 ILDN +

23. UMSN
| - +.108 CTON. +.196 EXIN +.044 ITON

+




24,

25 aA'v

26,

27.

28.

29.

UMSR

YBFR

YFBR

YIIBN

YMBR

NBPN

Il
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-1.0 PUMX +1.0 UMSN

-1,0 BET +1.0 YFBR

1,117 YMBR -.117 SISR
~.278 TMIN + 1.278 UMSN
~1.0 PYMX + 1.0 YMBN

1.0 NLPN - 1.0 BEP




TN

P
VN
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 APPENDIX 4

LIST OF VARIABLES

The forth digit of the label has the following meaning:

N +the variable is expressed in current values
R the variable is expressed in constant values
X  the varibale is expressed in index form

If not indicated otherwise all variables are expressed in
relative first differences with the eXception of ALO and
FRQ which are transformed into first differences bf‘the
level values. i : | '




TS

- ALO

BBS
BEO

BEP.

BET

~CTO

CTP

DIB
DLA

EXT
'RQ
IAP
IBP

ILD
IMI
170

LBP
LDT
L1LO
LLP
LLT
LTA
Lva

- 48 ~

rate of unemployment

‘potential labor force ,
~employees in the public sector

employees in the private sector
employees, total

public consumption

private consumption

dummy variable for investment in constructlon
dummy variable for agricultural sector

total exports

‘weather variable
- private investment in equipment

privéte investment in construction
inventory changes / total output

total imports

public investment

labor income per employee in the private: sector
disposable labor income

gross wage bill in the public sector
gross wage bill in the private sector
£ross wage bill, total '

index of minimum wages

inventory changes / total output ($-1)

-cf. equation 19

cf. equation 29

disposable non-labor income
gross non-labor income
deflator of IAP

deflator of IBP

deflator of IMIL

cf.keqaation 21




PUM
V2

PYII
RLA
SDB
SDD
SDU

SID
SIS

UHS

YBF
YFB

YMB
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“geflator of UMS

consumer price index

deflator of XMB

rendite of securities

cf. equation 17

incidence of direct taxes
direct taxes of entrepreneurs

incidence of indirect taxes

kindirect taxes minus subsidies

total oatpat'
cf. equation 25
gross national product at factor costs

‘gross national product at market prices




