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- SELECTED PROBLEMS
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Summary

The paper consists of two parts devoted to theeceffect dynamic models. In each part of the deit@stic
properties of the dynamic version of the model@mesented. Thus, each of the considered dynamielsicdn
be presented in the form of an equivalent for & #witching trend. Switches in this trend were exuys
variables of the dynamic model expressed in teritiseorespective functions. This approach allowed:

« first, clearly define short-term and long-uncatesl (Part 1) and corrected (Part Il) interactidfeas of
exogenous variables on the endogenous variablelymamic model,

* second, to simulate the behavior of the endogeratiable model for complex dynamic changes oberous
variables and present graphs switching trend wsthaundary levels,

« third, check the equivalence considered causahatyc model of the trend defined correctness ofthigching
and impact effects of exogenous variables on tdegenous variable.

For each version of the model a dynamic randomceffémpact on the formation of endogenous variable
described by the trend of switching was assumeadlldived to check the properties of estimates afsah
dynamical model based on data generated by the ingierms of stochastic switching.

Generally, the first part of the paper is devotedhe dynamic models in which the exogenous vaemhre no
time delays, which corresponds roughly to a certaimcept of partial adjustment model (PAM). Theosecpart
of the paper focuses on dynamic models in whicth eddhe exogenous variables, accompanied by the sa
variable with one-period time delay. Thus, thisreeponds to the concept of error correction modstiv).

In both parts of the paper the problem of deterstimiseasonality quarterly trends generated uswitelsing
was considered. Recursive set of equations wasulatad so that on the basis of structural pararmedér
variables occurring in the zero-ones-in the dynamigdel can clearly determine the effects of sedsona
variations indicative of the level of endogenousialde switching trend, which is the level deterednby
exogenous factors model in a given period.

In conclusion, the second part of the paper preset results of the procedure specifications atithates of
cause-effect dynamic model describing the evolutibthe level of wages in Poland. The model wabsreded
on the basis of statistical data for the periodnftbquarter of 1996 to the 4th quarter of 2013.

Keywords: dynamic cause-effect model, switching trend functierror correction model
(ECM), seasonality; dynamic wage model

JEL: C2, C5,J3



PART |

SIMULATION ANALYSIS ON THE BASIS OF CAUSE — EFFECT DYNAMIC MODELS TYPE
ADL(1,0,i)
1.1 CAUSE - EFFECT DYNAMIC MODELS TYPE ADL(1,0,i)
1.1.1. INTRODUCTION
The introducing form of the model:

1) Y(Yi1, X &) Vi =fo+aly .+ Bix +&, (t=(0)123..), (O<a<l).
where:

Vi - endogenous variable,
& - error term,
Xt - non-random exogenous variable (assumption).

The model of the ADL(1,0) type, purified from the éfect of the error term:
2) Y(Yi-1, %) 0 Vi =Bo+aliy + fix, (t=(0)123,..), (0<a<l)

The differentia form of the cause-effect dynamic mdel and the gross effect of the increase in endogears
variable:

©) AY(By;-1.8%) Ay, =a Dy +Bibx;, (t= (0)123...)
where:
Ay =Y =Yoo BYi1 = Vi1 = Yicos DX =X =%
1.1.2. SHORT-TERM EFFECTS

Inertial effect in the dynamic model &=const — Ax;=0)

iner . ~iner _ = - Aytiner
4) Efpy @ AQyy =aldy,, = a=—
Ay,

Pure short-term effect of exogenous effects on englenous variable — the net effect:

(5) Ef: Ay =4y, —a by, = BibX,,
where net increase of the endogenous variablaj") is the difference between the increase in grossggit
and increase inertial.

1.1.3. LONG-TERM MULTIPLIER EFFECTS ( LTME)
The net impact of the multiplier effects of the varable x from period t in following periods t+i:
fort+1: Ayl =a@y =a 0BAX, (DX, =0),
(6.1)  fort+2: Ay}, =a @y, =a’[BAX, (AXy, =0),
for t+3: AY\; =a @Dy, =a°® BAX, (BXuz=0),....

Long term (net) multiplier effect resulting from the increase in the variablex by Ax; in the periodt:
(the sum of an infinite decreasing geometric progiss)

(6.2) LTME,: Ay =lim YAy =(l+a+a’+a° +..)[Bilx, =_1'61¢,Axt ,

i »00i'=g

where B./(1-a)] is along-term multiplier (LTM).
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1.2 SWITCHING TREND FUNCTION OF CAUSE — EFFECT DYMA MIC MODEL TYPE ADL(1,0,1)
The form of the switching trend function of the dyramic model (2)
X +a' O, !

B

B

3 s - B . B
7 t, %) : =——+—"—-X
(7) Yt X))o Y 1-g 1-g 1-g
where:
a) The initial value of the switching trend in timet:
4 i
21(1_0 ) (X,

7.a = +
( ) Yot = Yo il 7S
b) The limit value of the switching trend in timet=h:

where for time=1 value ofy during initializationt=0 is y.
(X = X¢»p =cOnNst)

ﬂ.}. ﬂl Xi=hs
a 1-a
c¢) The limit effect of influence of the exogenousaviable on the endogenous variable in timé=h

(7.b)  Yizh = t”mw Ve (t, %) = 1-
Ax,, (DX, =Xy = Xh-1, t=h) [poréownaj: (6.2)]

P

| ~e
Yh 1-g

(7.c) Ef,:
Taking into account (6.2) and (7.c), note that:
ﬁl AXt
a

B -

1 —
- 1-

MODEL TYPE ADL(1,0,1)

LTME, =

Ax, = Ef|
1.3 GRAPHIC APPROACH OF THE TREND SWITCHING

(7.d)
Ef,: Aj,S

Ay> = 0 AJy + B1 AX;
Ay, = a Ay,
Ay = p1 AX,
JE = Potprx)l(1-a)
AP° = (Bul1-a)-AX;

Short term gross effect:
Short term inertial effedf,;""
Short term net effedf, (Ap,"):
Limit value of the switching trend:

Limit multiplier effect Ef,'(A7):

»
»

t

tV

1
periodt=h causd by continues incre of theendogenous variab

T
0 4
Figure 1.A. Switching trend functiogi(t,x;) and short term and long term effects of changes of

/l} AX2:X2'X1
Xich g " rrrrrvviinen
| |
3
the endogenous varialjeas a result of the increase of the exogenoushlang (Ax,>0) in

! The proposed solution is presented in [Ossow$l7P
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; Short term net effedEf,, (Ap,"): Ajy" = By AXp,
t

Limit value of the switching trend:  #° = (Bo+fx)/(1-a)
Yo

Limit multiplier effectEf,'(A5®): ApE = (B 1-a)-Axy,

0 h
Figurel.B. Switching trend functioffi(t,x)) and short term and long term effects of changes of
endogenous variabjg as a result of increasing of the exogenous variab{Ax,>0) in periodt=h

caused by the continues decreasing of the endogefoiable.

i 4 Short term net effedf,,S(Ap,"): AF" = B AX,
Limit value of the switching trend: 7° = (Bo+f1x)/(1-a)
5 Limit multiplier effect Ef,(A5): APE = (Ba/1-0)- AX,
1

} Ef,S A" Ef,): AjiS

\\ﬁl(tvxt)

»
»

0 h t
Figure 1.C. Trend switching functiorf(t,x;) and short term and long term effects of changes of
the endogenous variableas a result of increasing of the exogenous vaap{Ax,>0) in period
t=h caused by the increase of the endogenous varialtleedbeginning and decrease later.

A
N Short term net effef,(Ap,"): A" = By AXy,
Limit value of the switching trend:  #° = (Bo+fx)/(1-a)
Limit multiplier effectEf,'(A5®): ApE = (B/1-a)-Axy,

thl: Aj;he)

Figure 1.D. Switching trend functiorf(t,x;) and short term and long term effects of changes of
endogenous variablg as a results increasing of exogenous variahléAx,>0) in periodt=h
caused by the decrease of the endogenous varialhe deginning and increasing later.



1.4 SIMULATION MODEL ASSUMPTIONS FOR TYPE ADL(1,0,1 ) AND SIMULATION RESULTS

Assumed values of parameters:

Bo S

It means that

1-@ 1-075

=20, B _ 10 =40
1-a 1-075

The limit values of the switching trend in the perod t:

ge=-Lo v Py =20+40m
1-a 1-a

Assumed values ok, for given periods:

fromt=1 tot=6:

fromt=7tot=12:

fromt=13tot= 16:
fromt=17tot= 25:
fromt= 26to t= 32:
fromt= 33to t= 36:
fromt= 37to t= 40:

The switching trend of the depended variable:

Ve (t, X )
where:
1) (@-075"Y):
2) (1-075"")x,:

3) i‘,(l— a™) I, :
t=1

By i‘,(l—afl't)mxt :

Xy = 10.
Xt = 14
Xt =16
X, = 17,18,19,20,21,22,23,24,25 (trend)
X = 23,22,24,26,25,28,29 (irregular changes)
x; = 30
Xt =20
Symbols for the software system MICROFIT:
ﬁt(t!xt) =YX
Estimates in the MICROFIT software;

The trend of switching:
YX = 20-20*0.75"t+40*x-40*x*0.75"t+y0x*0.75"
POM = 1-0.75"(1-t)
POMDX = pom*dx

CSUMPOMDX = csum(pomdx)

4) Yo=Yt YOX = 50+40*csumpomdx
1_ at=1
Graph 1 Switching trend (YX) and its limit levels (YXE)
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Table 1 The simulation results of the switching trad for ADL(1,0,1) model

® | X | X Ax J=p(Xut) AJi Aﬁtiner: o Ay N 7 Ay

Period T | X |[X(-D) DX YX DYX INER1 DYXN | YXE | DYXE
2001Q1 1 10 10 0 1425 0 0 0| 420 0
2001Q2 2 10 10 0 211,875 69,375 0 0| 420 0
2001Q3 3 10 10 0| 263,9062 52,0313 52,0312 0| 420 0
2001Q4 4 10 10 0| 302,9297 39,0234 39,0234 0| 420 0
2002Q1 5 10 10 0| 332,1973 29,2676 29,2676 0| 420 0
2002Q2 6 10 10 0| 354,1479 21,9507 21,9507 0| 420 0
2002Q3 7 14 10 4 410,611 56,463 16,463 40| 580 160
2002Q4 g 14 14 0| 452,9582 42,3473 42,3473 0| 580 0
2003Q1 9 14 14 0| 484,7187] 31,7604 31,7604 0| 580 0
2003Q2 19 14 14 0 508,539 23,8203 23,8203 0| 580 0
2003Q3 11 14 14 0| 526,40420 17,8653 17,8653 0| 580 0
2003Q4 12 14 14 0| 539,8032 13,3989 13,3989 0| 580 0
2004Q1 13 16 14 2| 569,8524 30,0492 10,0492 20| 660 80
2004Q2 14 16 16 0| 592,3893 22,5369 22,5369 0| 660
2004Q3 15 16 16 0 609,292 16,9027 16,9027 0| 660 0
2004Q4 14 16 16 0 621,969 12,677 12,677 0| 660 0
2005Q1 17 17 16 1| 641,4767 19,5078 9,5078 10{ 700 40
2005Q2 18 18 17 1| 666,1075 24,6308 14,6308 10| 740 40
2005Q3 19 19 18 1| 694,5807 28,4731 18,4731 10| 780 40
2005Q4 20 20 19 1| 725,9355 31,3548 21,3548 10{ 820 40
2006Q1 21 21 20 1| 759,451 33,5161 23,5161 10| 860 40
2006Q2 22 22 21 1| 794,5887 35,1371 25,1371 10{ 900 40
2006Q3 23 23 22 1| 830,9415 36,3528 26,3528 10| 940 40
2006Q4 24 24 23 1| 868,2062 37,2646 27,2646 10| 980 40
2007Q1 28 25 24 1| 906,1546 37,9485 27,9485 10| 1020 40
2007Q2 26 23 25 -2 914,616 8,4613 28,4613 -20| 940 -80
2007Q3 271 22 23 -1 910,962 -3,654 6,346 -10| 900 -40
2007Q4 28 24 22 2| 928,2215 17,2595 -2,7405 20| 980 80
2008Q1 29 26 24 2| 961,1661 32,9446 12,9446 20| 1060 80
2008Q2 30 25 26 -1| 975,874 14,7085 24,7085 -10| 1020 -40
2008Q3 31 28 25 3 1016,9] 41,0314 11,0314 30| 1140 120
2008Q4 32 29 28 1 1057,7| 40,7735 30,7735 10| 1180 40
2009Q1 33 30 29 1 1098,3| 40,5801 30,5801 10| 1220 40
2009Q2 34 30 30 0 1128,7| 30,4351 30,4351 0| 1220 0
2009Q3 35 30 30 0 1151,5] 22,8263 22,8263 0| 1220 0
2009Q4 36 30 30 0 1168,6/| 17,1197 17,1197 0| 1220 0
2010Q1 37 20 30 -10 1081,5| -87,1602 12,8398 -100| 820 -400
2010Q2 38 20 20 0 1016,1] -65,3701] -65,3701 0| 820 0
2010Q3 39 20 20 0| 967,0828 -49,0276) -49,0276 0| 820 0
2010Q4 40 20 20 0| 930,3121] -36,7707| -36,7707 0| 820 0

F=r(Xet) - the trend of the switching function,

AV= Jr Pea - the short term increase in gross variable

AF"'= 0 Afiq -the short term inertial effect,

AJ"=Aj-0. Aj.1 - the short term increase in net variablgs, (where: a=0,75), equivalently:Aﬁtk: P AX

(where: g,=10)
F=lim (x,t) - the limit of the switching trend in condition when x;=const and t—w
N -increase of the limit switching trend caused bytte change ok, in time t, equivalently Long term

multiplier effect (LTME,), which is the expected increase in the level ofi@ogenous variable due to
the increase in the variablex;.



1.5 RESULTS OF ESTIMATION OF THE DYNAMIC MODEL TYP ADL(1,0)
BASED ON SWITCHING TREND SIMULATED
(validation of simulation)
The form of the simulated model::

(8.a) V=B t+ally_,+pB

Ordinary Least Squares Estimation

Dependent variable is YX

39 observations used for estimation from 2001Q2 to 2010Q4

Regressor Coefficient Standard Error T-Ratio[Prob]
X0 5.0000 0. 00 *NONE*
YX(-1) .75000 0. 00 *NONE*

X 10.0000 0. 00 *NONE*
R-Squared 1.0000 R-Bar-Squar ed 1.0000
S.E. of Regression .0000 F-stat. F( 2, 36) *NONE*

Results of estimated simulation model:
(8.b) ')7t =5+ 0,75|f},7t_1+10D(t

1.6 RESULTS OF A DYNAMIC MODEL ESTIMATES BASED ON T REND SIMULATED
SWITCHING IN THE CASE OF STOCHASTIC CHANGES OF ENDO GENOUS VARIABLE

The form of the switching stochastic trend (7):
9) Yt X U) s Y = V(LX) + Uy,
whereu, is the normally distributed generated error term..
Characteristic of the distribution of error terms u.

(where:u, = U)
Sample period :2001Q1 to 2010Q4

Variable(s) : U

Maximum . 4.9794

Minimum . -4.3530

Mean . -.12534

Std. Deviation : 2.3659

Skewness : .0068260

Kurtosis-3 : -.55216

Coef of Variation: 18.8758

Variable U Sample from 2001Q1 to 2010Q4
Order Autocorrelation Standard Box-Pier ce Ljung-Box
Coefficient Error  Statisti c  Statistic

1 .35954 15811  5.1707] .023] 5.5685[.018]
2 -.089111 17738  5.4884] .064] 5.9196[.052]
3  -.042156 .17850  5.5595] .135] 6.0003[.112]
4 -.16714 17874  6.6769[ .154] 7.3039[.121]
5 -.19483 18261  8.1952] .146] 9.1259[.104]
6 .11540 18773  8.7279[ .189] 9.7839[.134]
7 .14582 18950  9.5784] .214] 10.8664[.145]
8 -.17060 19228  10.7425] .217] 12.3943[.134]
9 -.23951 19603  13.0371] .161] 15.5031[.078]
10 -.0070926 .20322  13.0391] .221] 15.5059[.115]
11 -.041921 20322  13.1094[ .286] 15.6078[.156]
12 -.081504 20344  13.3752[ .342] 16.0063[.191]
13  -.060013 20425 13.5192[ 409] 16.2304[.237]




Estimation of the dynamic model [see (1)]:

(10.2) Y( Vi1, X¢ &) :

where in the MICROFIT program repoyt=Y XU, x=X

Ve =Botaly +Bix +&, [& = (U, Vi, Veers Vo)

Ordinary Least Squares Estimation

Dependent variable is YXU
39 observations used for estimation from 2001Q2 to

Regressor Coefficient Standard
X0 4.6526 1.35
YXU(-1) 75122 .00320

X 9.9680 .148
R-Squared .99992 R-Bar-Squar

S.E. of Regression 2.4621 F-stat.

Mean of Dependent Variable 742.8488 S.D. of Dep
Residual Sum of Squares  218.2371 Equation Lo
Akaike Info. Criterion  -91.9180 Schwarz Bay
DW-statistic 2.2250 Durbin's h-

Diagnostic Tests

*  Test Statistics * LM Version *

* A:Serial Correlation*CHSQ( 4)= 8.6313[.071]*F
* B:Functional Form *CHSQ( 1)= .021838[.883]*F
* C:Normality *CHSQ( 2)= 1.5274[.466]*

* D:Heteroscedasticity*CHSQ( 1)= 1.0297[.310]*F

Model estimated by the OLS method:

(10.b) y, = 4653+ 07510y,_, + 996K, [comp.: (8.b)
(344)  (2341) (67,0)

Estimated limit function:

10.c ‘Q=L°A+L1Ax = 1869+ 4003x
(10.c) W 1-4 1-a ¢ 8 t

2010Q4
Error T-Ratio[Prob]
14 3.4429[.001]
95 234.0590[.000]
74 67.0187[.000]
ed .99992

F( 2, 36) 236118.6[.000]
endent Variable 274.4845
g-likelihood -88.9180
esian Criterion -94.4133
statistic  -.70258[.482]

F Version *

( 4, 32)= 2.2737[.083]*
( 1, 35)= .019609[.889]*
Not applicable *

( 1, 37)= 1.0034[.323]*

1.7 THE DETERMINISTIC SEASONALITY IN THE DYNAMIC MO DEL TYPE ADL(1,0,1)?

The deterministic switching trend with quarterly seasonality:

(11)

where:
Vi =X =X [ E4

_ |[1in j'th quarter

! _{O in other quarters

et X Vg): & = Vet ) te Dy +e, I, +es s, [6,=—(e; + €, +63)]

We can say that, in evenj'th quarter endogenous variablesy; deviates from the switching trendj(t,x;) by

g units.

Purified from the error terms model type ARDL(1,0) with quarterly seasonality:

(12) (Vi1 X¢ V) -

Vi = Po+ A + BiX + ViV VoV HYaVis, [Va =M+ Y2+ 3]

2 The proposed solution is presented in [Ossow&i871and [Ossowski, 2007].



Equations for identification of parameterse on the basis of parameterg;:

e=ale+y

= +
(13.1) e=ale+y,

e=ale, +y,

e =ale+y,
where:

(13.2) e =(a’h+a’OL+als+y,)/(1-a)
1.8 ASSUMPTIONS OF THE SIMULATED MODEL IN THE CASE OF THE DETERMINICSTIC
SEASONALITY

Assumed values of parameters of seasonal effects:
e, =-30, e, =20, e;=-20, ¢ =30

Assumed notation of the software system MICROFIT:
Y = Vi (t, X)) =300, + 200, — 2003, : SYX = yx-30*v1+20*v2-20*v3

Results of estimation of the dynamic model based dhe simulated switching trend, with the determinisic
trend
(validation of simulation)

The form of the simulated model [see: (12)]
(14.8) s =By +a DBy + BiX + YViy + Vo + VaVias

Ordinary Least Squares Estimation

Dependent variable is SYX

39 observations used for estimation from 2001Q2 to 2010Q4

Regressor Coefficient Standard Error T-Ratio[Prob]
X0 5.0000 0. 00 *NONE*
SYX(-1) .75000 0. 00 *NONE*

X 10.0000 0. 00 *NONE*

V1 -52.5000 0. 00 *NONE*

V2 42.5000 0. 00 *NONE*

V3 -35.0000 0. 00 *NONE*
R-Squared 1.0000 R-Bar-Squar ed 1.0000
S.E. of Regression .0000 F-stat. F( 5, 33) *NONE*

Estimated model:
(14.b) 5?& =5+ 0,750y,_, + 10k, — 5250V, + 4250V, — 350V,
It means that:

V1 =-525 y,=425, y;=-35 = y,=45

Identification of parameters g on the basis of parameterg;:

a=@h+a’l,+al;+y,)/l-a%) =
= (-075% (525 + 075° 25— 0;750B5+ 45)/(1- 075%) =,
= 205078/0,6836= 300

10



so from (13.1) we get:
e =ale, +y, =0750B0-525=-
e, =ale +y, =-075[B0+425=20
e; =ale, + ), = 075[20-35=-20
e, =ale+y, =-075[P0+45=30

Graph 2 Switching trend (YX), function of the trend with seasonality
(SYX) and limit levels of the trend (YXE)
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1.9 RESULTS OF ESTIMATION OF THE DYNAMIC MODEL BASE D ON SIMULATED SWICHING
TREND WITH THE DETERMINISTIC SEASONALITY IN THE CAS E OF STOCHASTIC CHANGES
OF THE ENDOGENOUS VARIABLE

The form of the stochastic switching trend withssewlity (7):
(15)  SY(Vie1, % Vi &) 0 S = Bo+aBByioy + BiX + ViV + ¥V + VaVis + & [6 = T (U, Uiy Yioen)]
whereu, is the normally distributed generated error teree(partl.6 and modell0.3).
Estimated dynamic model (15):

where in the MICROFIT program repor§=SYXU, x=X, v;=V;

Ordinary Least Squares Estimation

Dependent variable is SYXU

39 observations used for estimation from 2001Q2 to 2010Q4

Regressor Coefficient Standard Error T-Ratio[Prob]
X0 4.5990 1.38 18 3.3283[.002]
SYXU(-1) 75101 .00327 38 229.4010[.000]
X 9.9793 151 93 65.6822[.000]
V1 -51.8470 724 07 -71.6050[.000]
V2 42.8744 .695 64 61.6328[.000]
V3 -35.4741 .691 37 -51.3097[.000]
R-Squared .99993 R-Bar-Squar ed .99992

S.E. of Regression 2.5079 F-stat. F( 5, 33) 91580.4[.000]

Mean of Dependent Variable 743.6180 S.D. of Dep
Residual Sum of Squares  207.5489 Equation Lo
Akaike Info. Criterion  -93.9388 Schwarz Bay
DW-statistic 2.2451 Durbin's h-

*  Test Statistics * LM Version *

* A:Serial Correlation*CHSQ( 4)= 9.1011[.059]*F

* B:Functional Form *CHSQ( 1)= .17473[.676]*F
* C:Normality *CHSQ( 2)= 1.4841[.476]*

* D:Heteroscedasticity*CHSQ( 1)= 2.0352[.154]*F

11

endent Variable 275.3045
g-likelihood -87.9388
esian Criterion -98.9295
statistic  -.76547[.444]

F Version *

(4, 29)= 2.2069[.093]*
(1, 32)= .14402[.707]*
Not applicable *

( 1, 37)= 2.0372[.162]*




Estimated model:

(16.a) sy, = 4,6+ 0751By,_, + 998 X, — 5185v,, + 4287V,, — 3547V,
(333) (2294) (6568) 716) (6163) (5131)

It means that:
J=-5185 j,=4287 j3=-3547 = y,=4445
Identification of the estimated parametersg on the basis of the estimated parameters:
&=@Th+a’ D +als+y,)1-a) =

= (075 [5185+ 075 4287 — 075[B547+ 4445)/(1- 075%) =,
=200877/0,6836= 2939  [e, =30]

and from (13.1) we have:

8 =ad, +j, = 0752939~ 5185=-2981 [e, = -30]
8, =@ +J, =-075[2981+ 4287= 2051 [e, =20]

8, =@ B, + j, = 07502051 - 3547=-2008 [e, = —20]
8, =@ B, +y, =-07502008+ 4445= 2939  [e, =30]

Estimated limit function:

16.b ‘6=L‘1+ 'B{x = 1847+ 4008x
(16.b) v 1-4 1-ga 8 t

1.10 CAUSAL DYNAMIC MODEL ADL(1,0,2) TYPE
(the case of two exogenous variables)

The introducing form of the model
(17) Y(Vi-1s %20, &) 0 Vi =Boralyq +BiXx +Boz +&, (t=(0)123,..), (O<a<l).
Purified from the error terms model (17):

(18)  V(Vi-1, %) Vi =Bo+aly +Bixi +Boz, (t=(0123,..), (0<a<l)

The differential form of the cause-effect dynamic madel (18)
- the gross effect of the increase in endogenousriadle:

(19) A‘y(A‘yt—l ’ Axt ’Azt) : Ayt =a myt—l + ﬁlAXt + ﬁZAZt ’ (t = (0)111213!" )

Pure short-term effect of the impact of exogenousariables on the endogenous variable
- the net effect:

(20) Ef: Ay =Ay, —a Dy, = Bidx, + B0z,

where net effect of the endogenous variablag,") is the difference between the increase in grossgfit and
increase inertial growth.

12



1.11 SWICHING TREND FUNCTION OF THE CAUSAL DYNAMIC MODEL ADL(1,0,2) TYPE
(the case of two exogenous variables)

The form of the switching trend function of the cosidered dynamic model

= S Bo B B> t Bo t B at ,32 t
21 t,%,2): = + X; + - ——-a ——X +a
@) ytx,z): W 1ea 1-g T 1g2 -a 1-g t~ a2 Dor
where:
a) The initial value of the switching trend in timet:
n n
@1a) Fo =To+-El F(1-a")Dx +L T -0y,
l1-ai=z1 l1-aia
where for period=1 value ofy in initial periodt=0 is y.
b) Limit of the switching trend in time t=h:
(21.b) Yo, =lim Yy, (t,xt,zt)=1‘8—00'+1‘B—1a'xt= ‘82 o Ashs (Xesh»Zish =cCOnstdlah = 123..)
t - o0 - -

c¢) Limit impact of the partial effects of exogenouwariables
on the endogenous variable in timé=h:

(21.c.1) Eff(x): AyE(x)=

(AXh = Xh - Xh-l’ AZh = 0 t = h)

(21.c.2) Ef\(2): AYE(2) = 1€2aAzh, Az, =27,-7,_;, DX, =0 t=h)

d) Cumulative effect of the long-term effects of edégenous variables
on the endogenous variable in timé=h:

21.d) Ef, . Ay =P + £ :
(21.d) h(%2): Ay, 1_anh 1_aAZh

13



PART Il

SIMULATION ANALYSIS ON THE BASIS OF THE CAUSAL DYNA MIC MODEL
TYPE ADL(1,1,1-2)

2.1 CAUSAL ADL(1,1,1) MODEL — ERROR CORRECTION MODEL (ECM)
2.1.1. INTRODUCTION
The expected (desired) level of endogenous variable
(22)  Yo(x): ¥f =by+byx

Effect of exogenous variable on the expected lewvaflendogenous variable in period:
(long-term effec}

(23)  EfS: AV =bax

Error Correction Model (ECM) — generalized versionof the Partial Adjustment Model (PAM)*:

S v _- ~e _ e Se = -

(24) Yt = Vi1 =AY = Yim) + @ (Vi —Yi-1): 0<A,a<1), (a'=1-a).
Ay, : shortterm grossincrease changeinthe pastperiod's
of y in peridt desiredvalues disequilibrium

It follows that the increase Qy;) in the variable j in period t is the result of changes in the level of
the target for the periodt one hand, and changes in the level of imbalance tihhe period {-1) on the other.

Introducing (22) into (24) we get:
(25) Ay = A(by +byx; —by =byx¢_1) +a' (g +by X3 = Y1)
which gives, after transformation:
(26) Ay, =a'by—a'l;-y +Ab, X +a' by Tk,
or:
27) Ay, =(1-a)by +(a 1) Oy +Aby [AX; +(1-a)by Tk,
because:
a=1l-a - -a=a-1
It means that:
(28) Vi =(@-a)by+aly_, +Ab Ik + (1-a-A)b, k,_,
Which can be written as the ADL(1,1,1) type model:
29 Y(Vie1: X Xe-1) T Vi =Bo+ AWy + BTk + B Dk
where:
30.1) a=1-a
(30.2) B, =a'l
(30.3) B =AM
(30.4) B, =(a-A)D,

% See: [Maddala, 2001, pp. 405-409, 564-569].
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2.1.2. SHORT TERM EFFECTS IN THE CASE OF THE ECM MODEL
(see Figure 2 and Table2)

a) Short term gross increase of the endogenous vable in timet:
(31.2) Ay, =ady,, + B I, + B, DX,
b) Pure inertial effect in time t:
(3lb) Efy™: AR™ =a @y,
¢) Short term net increase 45") of the endogenous variable in timé:
(3l.c) A =AY —A}™ = B DX + B, DXy,
d) Short term direct (uncorrected) effect of influexce Ax on Ay in time t (Aj™):
(31.d) Ef™: Ay™ =B
e) Correction in the interaction of Ax on Ay in time t (cr, = A7):
(3le) cn: AV =AY -4y = B X

We can notice that the net increaseAgt\) given in 81.9 because of:
AAX, = Ax, —Ax,_; => OAx; =Ax,_; + AAX,, can be written as:

(3L.0) Ay = B UAX 4 +AAX,) + B, DXy = (B, + Bo) Xy + By (DAX :
g) Neutralizing factor of the direct effect
(3L.g) nutr: Ay =B A, = B X, — B DX,y
h) Short term (net) corrected effect of the interation of Ax from time (t-1) to Ay in time t (Aj°):
(BLh) Ef: AV =AY Ay = (B +B) DXy,
So consequently we can say that:

If a variable x in a given period will increase by one unit thentte adjusted net gain of variabley
in the next period will be (;+85) units. The increase is the sum of gross and netcrease in inertial effect.
2.1.3. LONG TERM CORRECTED MULTIPLIER EFFECTS ( LTCME)

The starting assumption: Z =X, = Az =Ax_,#0

The net impact multiplier effects of growth of thevariable z from period t to following periods t+i:

From(31.h)we can say that:

dat+l: Ay, =a@y =a OB +pB)0z, (Bz,, =0),
(3LA) diat+2: Ay, =a@yl, =a’dB, +B,)0z, (Az,,=0),
dlat+3: AY; =a@myp, =a® 0B, +B,)8z,, (82,5 =0),....

Long term corrected multiplier net effect resulting from the increase of the variablez by Az in time t:
(sum of infinitely decreasing geometric progression

(31.B) LTCME,: Ay =lim YAy =(1+a+a’+a’+..)AB +B,)Az = ﬂi +52 Az
I-%iz0 -

15



Using the starting assumption, based on (31.B)ameconclude that:

(31.C) LTCME, : AW=@AXH = A‘y}‘é@mt (for limit values).
-a -a

in long term
where [(f1+f.)/(1-a)] is a long-term corrected multiplier (LTCM).

2.2 IDENTIFICATION OF THE LIMIT PARAMETRS OF THE EN DOGENOUS VARIABLE AND
THE IMBALANCE PARAMETERS BASED ON THE ADL(1.1.1)

Note that the transforming expression (29) as ¥edto

Ve =Bo+aWyoq + B K = By Dk g + By B_g + B DKy _q
We can write them in the following form:
(32) Vi = Bo+a Wy + By X, + (B + Bo) Ky
Transforming (32) as follows:

Vi = Vo1 = Bo+ @ Doy = Veoq + Br X +(B1 + Bo) Tk
Finally we have:
(33) Ay, =By +(a -1y + By X +(B1 + B,) Tk

After further transformations of the above expressiives:

B BB

CON] =<1—a)[[1_a -

t-l) - yt—l] + By DX,

Where, according to (30.3) and (30.4), we have:
(35) BB =Al +alb -A =a'l

Assuming that we know the parameters in the madz#l &nd thus (33), on the basis of (30.1) - (3ant) (35),
we find that:

(36.1) a'=l-a

(36.2) by= 1“_;°a

(36.3) by =ﬂi+f2

__B
36.4) A= l-a
( ) B+ 5 )

Using the above equations the model (34) we watbows:
37) Ay, = 1-a)[(by +byXi—1) = Vi-1] + By X,

Using (22) we can write the following form [whichcidentally can be derived directly from (22) and
24):

(38) Ay = (1-a) QY — Vi) + B X
Note that the first term of expressiderfn in brackets) in the forms (34), (37) and (38) of the affected

model - according to (24)determines the level of imbalance in the previousegiod (t-1). Thus, the impact
of the increase in the variablex in period t (#;AX;) to increase the variabley (45) in period t imbalance is
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corrected level of the previous period. This meanthat the expression g;Ax;), we can determine the level
of factor corrected by imbalances in the previous griod (seeTable 3)
On the other hand, recognizing the equivalencg 84 (38) it is clear that:

(38.1) AAYE =B.AX, = AYF =%Axt, (BYf = ¥ = Yi-1)

Now introducing the above expressions defined 6143 the parametarfinally get:

= +
(38.2) Ay® =%Axt,

Based on the above, we can say that:

if the variable x in period t will increase by one unit, then in the same perigdhe increase in limit
values of the explanatory variabley® will be [(81+8.)/(1-a)] units, which is equivalent to an increase of
(B/2) units. It follows that each equivalent expressi@ff,/2)Axs, {[(B1+62)/(1-2)]Ax} may be called thiong-
term corrected multiplier effect (LTCMEy,).

Note, that from (30.3), we have:

(39) B 0B +B, = B,00 = A0a

In above situation the error correction model (24)can be reduced to the partial adjustment
model, taking the following form:

(40) Vi = Yier =@ (Vf - Vi), (@'=1-a)

In terms of cause-effect model ADL(1,1,1) writes (29) is reduced to the ADL(1,0,1) model of the
form:

(41) Ve =Botaly+pi Tk, (@a=1-a)
This model corresponds exactly to the model (2)arpd in part | of this paper.
2.3 SWICHING TREND FUNCTION OF THE CAUSAL DYNAMIC M ODEL TYPE ADL(1,1,1):

Using the switching trend model for the two varegh(21), and recognizing that the variablis equal
to the lagged variablg (that is:z=x.;) model for the case of the trend of switching aegoessive model (29)
we write as follows:

ﬁo ﬁl 182 t ﬁo t ﬁl t ﬁz
+ X, + X1 —a -a s +a'
1-a 1-g ' 1-g ' 1-a 1-g " -1 Wor

(42) Yt X Xemq) - Ve =

where:
a) Initial value of the trend switching in timet:

43) Yo =Vo+ 1"31 T-a D+ 1"32 3 0-a") By

Where for period=1 value ofy in initial periodt=0 is y.

b) Limit value of the trend switching in time t=h:

B + PP Bi+B

Xezny  (Xisp = X;=p, = CONSL)
-a 1-a t=h t>h t=h

(44) Yich = |'m Ve (t, X5 X 1)—
because x;,-, = x, =const = lim X5, = lim X,_; = X,
) ts 00

¢) Limit effect of the influence of the exogenousariable on the endogenous variable in timé=h:

(45)  Ef.: Ayf ='Bi;52Axt = b, [\x, , according to (23).
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2.4 GRAPHIC APPROACH TO THE FUNCTION OF SWITCHING T REND MODEL TYPE
ADL(1,1,1) - ERROR CORRECTION MECHANISM

A
.Vt}

~ €

{}2 _____________ /.Vt(t KXoXe1)

Yah !’
AG meJ S / }Correctlon Cr3=foAX,
. 3 P
E: il a Ele: Aﬁze

Hypothetical (unobserved) poirt;,
Observed points : ©

__________________________________

Short term gross effechys = a Ay, + f1 AXz + B2 AX,

Short term inertial effecEf """ Aj"™ = a Ay,

Direct effect (uncorrectedjf,™ : AF™ = B AX,

Limit value of the switching trengdi,® = [Bo+(81+82)X]/(1-a)
Limit multiplier effectEf, (A7S): AR.° = [(B1+B2)/1-a]- AX,

Short term corrected effectys’=(f:1+f,)-AX»

] ] 1 »
T T T >
0 1 h=2 3 4 5 t
xtA
,/ Xl>h
AXp=p=Xo-X1
\.‘f/ Xt<h
| | 1 1 1 »
T T 1 T T t >
0] 1 h=2 3 4 5
Xt-:l‘ r
7
- AX31=Xa"X1
l 1 1 l l 1 »
1 1 1 1 T T t »
0 1 h=2 3 4

Figure 2. Switching trend functiogi(t,x,x.;) and short term and long term effects of changes of
the endogenous variabfeas a result of increase of the exogenous variabl4x,>0) in period
t=h — short term effect decomposition in the case oftier correction mechanism.
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2.5. SIMULATION MODEL ASSUMPTIONS FOR TYPE ADL(1,1, 1) AND SIMULATION RESULTS:

Assumed values of parameters:
a=0,75
Po=5
ﬂl =10
p2=-6
Jo=50
Which means that:

— ﬁo - 5 _ _ﬂ1+ﬂ2_ 4 _ ﬁ __
%=1 1o 2 =N T1oos e AT ﬂ1+ﬂ2m )=, 25= 0625

The limit values of the switching trend in timet:

je=bo yPitBey _o0r16mx,

l-a 1-a
The additional values of the trend of switching:
181 = 10 =40 IBZ = -6 P
l-a 1-075 l1-a 1-075

Assumed values of the variable, for periods:

fromt=1 tot=6: x;= 10.

fromt=7tot=12: X =14

fromt=13tot= 16: X, =16

fromt= 17to t= 25: Xy =17,18,19,20,21,22,23,24,25 (trend)

fromt= 26to t= 32: X = 23,22,24,26,25,28,29 (irregular changes)

fromt= 33to t= 36: X; =30

fromt= 37tot= 40: X; = 20

Assumed notation of the software system MICROFIT:

The switching trend of the dependent variable: it XeXe1) = YXZ
where: X; = X
Xt-1 = Z

The calculations in MICROFIT :

The trend of switching:

Ve (t, X;, Xo—1) - YXZ =20-20*0.75M+40%x-40%x*0.75M-24*2+24*7*0.75" t+y0xz*0.75"

where:

1) @-075"": POM = 1-0.75"(1-t)

2) (1-075"Y)x,: POMDX = pom*dx

3) (1-075"Y)x,_,: POMDZ = pom*dz
n

4) Y@A-a"")IDx,: CSUMPOMDX = csum(pomdx)
t=1
n

5) Y@d-a "), : CSUMPOMDZ = csum(pomdz)
t=1

6) Yo =Yo+ 1'31 Z(l a'™h) I +1ﬁ2 Z(l a )M,

YOXZ = 50+40*csumpomdx-24*csumpomdz
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Table 2. The simulation results of the short-term #ects based on the switching trend
in the case of a dynamic model of the type of ADL(1,1)

t] X | X | AXe | Axea | AAx | FEi(eXent) Aji AR™ | AF" | nutr, AFS AP | AFE
Period | T | X | X(-1) | DX | DX(-1) | bpx YXZ DYXZ INER2 | DYxzN | NUTR | DYXZK | pyxznk | CR
2001Q1) 1] 10 10 0 0 0 82,5 32,5]| - 0 0 0 0 0
2001Q2| 2| 10 10| © 0 0 106,875 24,375| 24,375 0 0 0 0 0
2001Q3| 3| 10 10| © 0 0 125,156 18,2813| 18,2813 0 0 0 0 0
2001Q4) 4] 10 10 0 0 0 138,867 13,7109 13,7109 0 0 0 0 0
2002Q1) 5| 10 10 0 0 0 149,15 10,2832 10,2832 0 0 0 0 0
2002Q2) 6] 10 10 0 0 0 156,863 7,7124| 17,7124 0 0 0 0 0
2002Q3) 7| 14 10 4 0 4 202,647 45,7843 5,7843 40 40 0 40 0
2002Q4) 8| 14 14 0 4 -4 212,985 10,3382 34,3382 -24 -40 16 0| -24
2003Q1) 9| 14 14 0 0 0 220,739 7,7537| 77,7537 0 0 0
2003Q2) 10| 14 14 0 0 0 226,554 5,8153| 5,8153 0 0 0
2003Q3| 11| 14 14| 0 0 0 230,916 4,3614| 4,3614 0 0 0
2003Q4| 12| 14 14| 0 0 0 234,187 3,2711| 3,2711 0 0 0
2004Q1| 13| 16 14| 2 0 2 256,64| 22,4533 2,4533 20 20 0 200 O
2004Q2| 14| 16 16 0 2 -2 261,48 4,84 16,84 -12 -20 8 0| -12
2004Q3| 15| 16 16 0 0 0 265,11 3,63 3,63 0 0 0 0
2004Q4| 16| 16 16| 0 0 0 267,833 2,7225| 2,7225 0 0 0
2005Q1| 17| 17 16 1 0 1 279,874 12,0419 2,0419 10 10 0 10
2005Q2| 18| 18 17 1 1 0 292,906 13,0314 9,0314 4 0 4 10 -6
2005Q3) 19| 19 18 1 1 0 306,679 13,7736| 9,7736 4 0 4 10 -6
2005Q4| 20| 20 19 1 1 0 321,01 14,3302 10,3302 4 0 4 10 -6
2006Q1] 21| 21 20 1 1 0 335,757| 14,7476| 10,7476 4 0 4 10| -6
2006Q2| 22| 22 21 1 1 0 350,818/ 15,0607| 11,0607, 4 0 4 10| -6
2006Q3| 23| 23 22 1 1 0 366,113| 15,2955 11,2955 4 0 4 10 -6
2006Q4| 24| 24 23 1 1 0 381,585 15,4717 11,4717 4 0 4 10 -6
2007Q1) 25| 25 24 1 1 0 397,189 15,6037 11,6037 4 0 4 10 -6
2007Q2| 26| 23 25| -2 1| -3 382,892 -14,297| 11,7028 -26 -30 4 20| -6
2007Q3| 27| 22 23| -1 -2 1 374,169 -8,7229| -10,723 2 10 -8 -10| 12
2007Q4| 28| 24 22 -1 393,627 19,4578 -6,5422 26 30 -4 20 6
2008Q1| 29| 26 24 2 416,22 22,5934 14,5934 8 0 20| -12
2008Q2| 30| 25 26| -1 2| -3 411,165 -5,055| 16,945 -22 -30 -10| -12
2008Q3| 31| 28 25| 3 -1 4 443,374 32,2088 -3,7912 36 40 -4 30| 6
2008Q4| 32| 29 28 1 3| -2 459,53| 16,1566 24,1566 -8 -20 12 10| -18
2009Q1| 33| 30 29 1 1 0 475,648| 16,1174] 12,1174 4 0 4 10 -6
2009Q2| 34| 30 30 0 1 -1 481,736 6,0881| 12,0881 -6 -10 4 0 -6
2009Q3| 35| 30 300 0 0 0 486,302 45661 4,5661 0 0 0 0
2009Q4| 36| 30 30 0 0 0 489,726 3,4245| 3,4245 0 0 0 0
2010Q1| 37| 20 30| -10 0| -10 392,295 -97,432| 2,5684| -100| -100 0 -100
2010Q2| 38| 20 20 0 -10| 10 379,221 -13,074| -73,074 60 100 -40 0| 60
2010Q3) 39| 20 20 0 0 0 369,416 -9,8053| -9,8053 0 0 0 0
2010Q4| 40| 20 20| © 0 0 362,062 -7,354| -7,354 0 0 0 0
FP (X Xe1,) - the trend of switching function,
A= Je- Fra - the short term increase in gross variablg,,

Aj"=Aj-0. Aj.1 - the short term increase in net variablgy, (where: a=0,75)
AJP=(B1+B,) Ax.1 - the short term corrected effect of influence ofhie variable Ax from period (t-1) onAy in period t,
where: =10, #,=-6

AF™'=a Aj, - inertial effect (Efy"") (where: a=0,75)
nutr= 1 AAX; - direct effect of neutralizing factor in the impad of the variable x to the variable y,
A=, Ax, - direct short term effect of the influence ofAx from period t to Ay in period t

cre Aj"=1 Ax..1 - correction in the interaction of Ax from period (t-1) to Ay in period t.
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Table 3 Simulation results demonstrate the long-ten imbalance correction effect on the
increase in the explanatory variable in the shortérm for the ADL(1,1,1) model

nr Aj™=

® A Aji 7 L\ Jh Vot | @ (Fad) BiAX LTCME;
Period T YXZ DYXZ YXZE |DYXZE DYEY DYEY(-1) | ADYEY(-1) |DYXZNK LTCME
2001Q1 1 82,5 32,5 180 0 97,5 0 0
2001Q2| 2| 106,875 24,375 180 0 73,125 97,5 24,375 0 0
2001Q3| 3| 125,1563 18,2813 180 0| 54,8438 73,125 18,2813 0 0
2001Q4] 4| 138,8672 13,7109 180 0| 41,1328 54,8438 13,7109 0 0
2002Q1] 5| 149,1504 10,2832 180 0| 30,8496 41,1328 10,2832 0 0
2002Q2| 6| 156,8628 7,7124 180 0| 23,1372 30,8496 7,7124 0 0
2002Q3| 7| 202,6471 45,7843 244 64| 41,3529 23,1372 5,7843 40 64
2002Q4] 8| 212,9853 10,3382 244 0| 31,0147 41,3529 10,3382 0 0
2003Q1] 9| 220,739  7,7537 244 0 23,261 31,0147 7,7537 0 0
2003Q2| 10| 226,5542 5,8153 244 0| 17,4458 23,261 5,8153 0 0
2003Q3| 11| 230,9157 4,3614 244 0| 13,0843 17,4458 4,3614 0 0
2003Q4| 12| 234,1868 3,2711 244 0 9,8132| 13,0843 3,2711 0 0
2004Q1| 13| 256,6401 22,4533 276 32| 19,3599 19,8132 2,4533 20 32
2004Q2| 14| 261,4801 4,84 276 0| 14,5199 19,3599 4,84 0 0
2004Q3| 15 265,11 3,63 276 0 10,89| 14,5199 3,63 0 0
2004Q4| 16| 267,832 2,7225 276 0 8,1675 10,89 2,7225 0 0
2005Q1| 17| 279,8744 12,0419 292 16| 12,1256/ 8,1675 2,0419 10 16
2005Q2| 18| 292,9058 13,0314 308 16| 15,0942 12,1256 3,0314 10 16
2005Q3| 19| 306,6793 13,7736 324 16| 17,3207 15,0942 3,7736 10 16
2005Q4| 20| 321,009 14,3302 340 16| 18,9905 17,3207 4,3302 10 16
2006Q1| 21| 335,7571 14,7476 356 16| 20,2429 18,9905 4,7476 10 16
2006Q2 22| 350,8179 15,0607 372 16| 21,1821 20,2429 5,0607 10 16
2006Q3| 23| 366,1134 15,2955 388 16| 21,8866 21,1821 5,2955 10 16
2006Q4| 24| 381,585 15,4717 404 16 22,415 21,8866 5,4717 10 16
2007Q1| 25| 397,1888 15,6037 420 16| 22,81120 22,415 5,6037 10 16
2007Q2| 26| 382,8916 -14,2972 388 -32 5,1084| 22,8112 5,7028 -20 -32
2007Q3| 27| 374,1687 -8,7229 372 -16| -2,1687| 5,1084 1,2771 -10 -16
2007Q4| 28| 393,626 19,4578 404 32| 10,3735 -2,1687 -0,54217 20 32
2008Q1| 29| 416,2199 22,5934 436 32| 19,7801 10,3735 2,5934 20 32
2008Q2| 30| 411,1649 -5,055 420 -16 8,8351] 19,7801 4,945 -10 -16
2008Q3| 31| 443,3737 32,2088 468 48| 24,6263 8,8351 2,2088 30 48
2008Q4| 32| 459,5303 16,1566 484 16| 24,4697 24,6263 6,1566 10 16
2009Q1| 33| 475,6477 16,1174 500 16| 24,3523 24,4697 6,1174 10 16
2009Q2| 34| 481,7358 6,0881 500 0| 18,2642 24,3523 6,0881 0 0
2009Q3| 35| 486,3018 4,5661 500 0| 13,6982 18,2642 4,5661 0 0
2009Q4| 36| 489,7264  3,4245 500 0| 10,2736 13,6982 3,4245 0 0
2010Q1| 37| 392,2948 -97,4316 340 -160| -52,2948 10,2736 2,5684 -100 -160
2010Q2| 38| 379,2211 -13,0737 340 0| -39,2211 -52,2948 -13,0737 0 0
2010Q3| 39| 369,4158 -9,8053 340 0| -29,4158 -39,2211 -9,8053 0 0
2010Q4| 40| 362,0619 -7,354 340 0| -22,0619 -29,4158 -7,354 0 0
FP (X Xe1,) - the switching trend function,
AP= J- Fra - the short term increase in gross variablg,,,
7¢ - equilibrium level in the period t,
Ay - increase of the level of endogenous variable due the increase of the variable;

in period t,- equivalently: Aj® = LTCME, = (8/A)AX; , where A= 0.625 £,=10

A - the level of imbalance in period
&' (7%1Per) - the effect of the impact level of imbalance dhe period (-1) to increase the variablgi in period t,
LTCME; - the long term corrected multiplier effect: Ap,° = lcry,® = (81/4)AX, , gdziei= 0.625 £,=10
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Figure 3. Simulation of the switching trend functigift,x;,x..;) and short term and long term
effects of changes of the endogenous varigitds a result of increase of the exogenous variable
X; in period fromt=6 to t=8 and short term effect decomposition in the casehef error
correction mechanism based on the information gedLinthe Table2 and 3.

Graph 3. Switching trend (YXZ) and its limit levels (YXZE) in case of the
error correction mechanism

600
500 | m
400 ///////';\\/ N~
300 WM
200 ////_._.(
——YXZ
100 +,
—e— YXZE
0 — —
T T
& E (P P E P PP E P PEE T EDEFE
S S S S S S S S S S S S S S S S S

22



Graph 4. Levels of unequilibrium (DYEY) in the period of analysis
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2.6 RESULTS OF ESTIMATION OF THE DYNAMIC MODEL TYPE ADL(1,1,1) BASED ON
SIMULATED DETERMINISTIC SWITCHING TREND FROM THE TA BLE 2
(validation of simulatior

a) The case of the model@ta from the Table?):

(46.a) Y, =By +ay,+ B Ok — B Ky

Ordinary Least Squares Estimation

Dependent variable is YXZ

39 observations used for estimation from 2001Q2 to 2010Q4

Regressor Coefficient Standard Error T-Ratio[Prob]
X0 5.0000 0. 00 *NONE*
YXZ(-1) .75000 0. 00 *NONE*

X 10.0000 0. 00 *NONE*
X(-1) -6.0000 0. 00 *NONE*

Estimated model:
(46.2) Y, =5+ 075y, ; +100k, —6K,_,

b) The case of the modeldata from the Table):

(46.0) Ay, = By +ay,_1 + i DX~ BTy, (B=p1+p)

Ordinary Least Squares Estimation

Dependent variable is DYXZ

39 observations used for estimation from 2001Q2 to 2010Q4

Regressor Coefficient Standard Error T-Ratio[Prob]
X0 5.0000 0. 00 *NONE*
YXZ(-1) -.25000 0. 00 *NONE*

DX 10.0000 0. 00 *NONE*
X(-1) 4.0000 0. 00 *NONE*

Estimated model:

(46.0") Ay, =5- 025y,_, + 100X, + 40K, _,
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2.7 RESULTS OF ESTIMATION OF THE DYNAMIC MODEL TYPE ADL(1,1,1)
BASED ON SIMULATED SWITCHING TREND
IN THE CASE OF THE STOCHASTIC CHANGES OF THE ENDOGE NOUS VARIABLE

Form of the switching stochastic trend (7):

(47) Y X, Xeo, Up) - Ve = Y(E X, Xeog) + Uy,
whereu, is the normally distributed error termsefe: section 1.5.

Estimation of the dynamic model of the form [see:49)]
(48) V(Y1) X Xic1.6) 0 Ve = Bot @y + BiX + BoXig + &, [& = (U, Ui, Vi Yio1: ¥ )l
where in the MICROFIT program repoyt=Y XZU, x=X, x=X(-1)

Results of estimation:

Ordinary Least Squares Estimation

Dependent variable is YXZU

39 observations used for estimation from 2001Q2 to 2010Q4

Regressor Coefficient Standard Error T-Ratio[Prob]
X0 4.4000 1.40 05 3.1417[.003]
YXZU(-1) 74639 .0166 06 44.9476[.000]
X 9.8261 .207 62 47.3283[.000]
X(-1) -5.7395 .338 30 -16.9657[.000]
R-Squared .99953 R-Bar-Squar ed .99948
S.E. of Regression 2.4653 F-stat. F( 3, 35) 24564.0[.000]
Mean of Dependent Variable 317.9449 S.D. of Dep endent Variable 108.5894
Residual Sum of Squares 212.7160 Equation Lo g-likelihood -88.4183
Akaike Info. Criterion ~ -92.4183 Schwarz Bay esian Criterion -95.7455
DW-statistic 2.2110 Durbin's h- statistic  -.66253[.508]
*  Test Statistics * LM Version * F Version *

* A:Serial Correlation*CHSQ( 4)= 8.8650[.065]*F ( 4, 31)= 2.2799[.083]*
* B:Functional Form *CHSQ( 1)= .57984[.446]*F ( 1, 34)= .51313[.479]*
* C:Normality *CHSQ( 2)= 1.5477[.461]* Not applicable *
* D:Heteroscedasticity*CHSQ( 1)= .37197[.542]*F ( 1, 37)= .35630[.554]*

Estimated model using the OLS:

(49.2) Y, = 44+ 074, + 98260k, — 574 [K,_; .
(314) (4495) 1431) ~1697)

which gives:
(49.b) b, = Po__ 44 _1755¢ bp=20 b,

_Bo+B, _ 9826-574
1-a 0254

1-@ 0254

= 1611>b, =16

Estimation of the dynamic model of the form [see:(3)]:
(50) Ve = Bo+aly—y + B DX + BTy + &
where: ' = (f1+2)
where in the MICROFIT program repoyt=YXZU, V.1=YXZU(-1), Ax=DX, X¢.1=X(-1)
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Estimation results:

Ordinary Least Squares Estimation

Dependent variable is YXZU
39 observations used for estimation from 2001Q2 to

Regressor Coefficient Standard
X0 4.4000 1.40
YXZU(-1) 74639 .0166

DX 9.8261 .207

X(-1) 4.0866 .298
R-Squared .99953 R-Bar-Squar
S.E. of Regression 2.4653 F-stat.

Mean of Dependent Variable 317.9449 S.D. of Dep
Residual Sum of Squares 212.7160 Equation Lo
Akaike Info. Criterion ~ -92.4183 Schwarz Bay
DW-statistic 2.2110 Durbin's h-

*  Test Statistics * LM Version *

* A:Serial Correlation*CHSQ( 4)= 8.8650[.065]*F

* B:Functional Form *CHSQ( 1)= .57984[.446]*F
* C:Normality *CHSQ( 2)= 1.5477[.461]*

* D:Heteroscedasticity*CHSQ( 1)= .37197[.542]*F

2010Q4
Error T-Ratio[Prob]
05 3.1417[.003]
06 44.9476[.000]
62 47.3283[.000]
34 13.6977[.000]
ed .99948

F( 3, 35) 24564.0[.000]
endent Variable 108.5894
g-likelihood -88.4183
esian Criterion -95.7455
statistic  -.66253[.508]

F Version *

( 4, 31)= 2.2799[.083]*
( 1, 34)= .51313[.479]*
Not applicable *

( 1, 37)= .35630[.554]*

Estimation of the dynamic model of the form [see:(3)]:

(51) Ay =fy +a' L1 + B DX + By +&,

where: a'=1-a, f = (f,+p2)

and in the MICROFIT program repop=YXZU, Ay,=DYXZU, Ax=DX, X;.1=X(-1)

Ordinary Least Squares Estimation

Dependent variable is DYXZU
39 observations used for estimation from 2001Q2 to

Regressor Coefficient Standard
X0 4.4000 1.40
YXZU(-1) -.25361 .0166

DX 9.8261 .207

X(-1) 4.0866 .298
R-Squared .98706 R-Bar-Squar
S.E. of Regression 2.4653 F-stat.

Mean of Dependent Variable 7.0921 S.D. of Dep
Residual Sum of Squares  212.7160 Equation Lo
Akaike Info. Criterion  -92.4183 Schwarz Bay
DW-statistic 2.2110

*  Test Statistics * LM Version *

* A:Serial Correlation*CHSQ( 4)= 8.8650[.065]*F

* B:Functional Form *CHSQ( 1)= 1.5539[.213]*F
* C:Normality *CHSQ( 2)= 1.5477[.461]*

* D:Heteroscedasticity*CHSQ( 1)= .20035[.654]*F

2010Q4

Error T-Ratio[Prob]
05 3.1417[.003]
06 -15.2723[.000]
62 47.3283[.000]
34 13.6977[.000]
ed .98595

F( 3, 35) 889.8744[.000]
endent Variable 20.7983
g-likelihood -88.4183

esian Criterion -95.7455

F Version *

( 4, 31)= 2.2799[.083]*
( 1, 34)= 1.4109[.243]*
Not applicable *

( 1, 37)= .19106[.665]*




The case of estimated model type ADL(1,1,1) based the simulated information in the Table 1.
An example of an incorrect application of the ECMqredure

Estimation of the dynamic model of the form [see:(3)]:
(52) Ay =B+ a D+ B IDX + BT + &, gdzie: a'=l-a, f = (B +B2)
and in the MICROFIT program repos=Y XU, Ay;=DYXU, Ax=DX, X1=X(-1)

Ordinary Least Squares Estimation

Dependent variable is DYXU

39 observations used for estimation from 2001Q2 to 2010Q4

Regressor Coefficient Standard Error T-Ratio[Prob]
X0 4.3467 1.38 59 3.1363[.003]
YXU(-1) -.25152 .00422 80 -59.4898[.000]
DX 9.8251 .206 67 47.5388[.000]
X(-1) 10.0883 191 53 52.6718[.000]
R-Squared .99425 R-Bar-Squar ed .99376

S.E. of Regression 2.4624 F-stat.

Mean of Dependent Variable 20.1241 S.D. of Dep
Residual Sum of Squares 212.2171 Equation Lo
Akaike Info. Criterion ~ -92.3725 Schwarz Bay
DW-statistic 2.2241

F( 3, 35) 2018.2[.000]
endent Variable 31.1715
g-likelihood -88.3725
esian Criterion -95.6997

*  Test Statistics * LM Version * F Version *

* A:Serial Correlation*CHSQ( 4)= 8.8594[.065]*F

* B:Functional Form *CHSQ( 1)= .55054[.458]*F
* C:Normality *CHSQ( 2)= 1.5610[.458]*

* D:Heteroscedasticity*CHSQ( 1)= .20236[.653]*F

( 4, 31)= 2.2780[.083]*
(1, 34)= .48683[.490]*
Not applicable *

( 1, 37)= .19298[.663]*

Conclusion:

because the parameters occurring at variable Ax; and the x;.; to be regarded as statistically
insignificantly different from one another , so asto condition (39) occurring at a variable parameterx; .
in the model (29) should be regarded as statistidginot significantly differing form zero. Error cor rection
model is no longer valid. This should be confirmeth the estimation of the model version (29).

Estimation of the dynamic model of the form [see:q9)]
(53) (Vi1 Xt Xi-1.8) 0 Ve = Bo+aDyq + BiX + BoXiq + &,

where in the MICROFIT program repoyt=Y XU, X=X, X.1=X(-1)

Ordinary Least Squares Estimation

Dependent variable is YXU

39 observations used for estimation from 2001Q2 to 2010Q4

Regressor Coefficient Standard Error T-Ratio[Prob]
X0 4.3467 1.38 59 3.1363[.003]
YXU(-1) 74848 .00422 80 177.0291[.000]
X 9.8251 .206 67 47.5388[.000]
X(-1) .26319 .264 14 .99642[.326]
R-Squared .99993 R-Bar-Squar ed .99992

S.E. of Regression 2.4624 F-stat.

Mean of Dependent Variable 742.8488 S.D. of Dep
Residual Sum of Squares 212.2171 Equation Lo
Akaike Info. Criterion  -92.3725 Schwarz Bay
DW-statistic 2.2241 Durbin's h-

*  Test Statistics * LM Version *

* A:Serial Correlation*CHSQ( 4)= 8.8594[.065]*F

* B:Functional Form *CHSQ( 1)= .31206[.576]*F
* C:Normality *CHSQ( 2)= 1.5610[.458]*

* D:Heteroscedasticity*CHSQ( 1)= .14329[.705]*F
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F( 3, 35) 157381.5[.000]
endent Variable 274.4845
g-likelihood -88.3725
esian Criterion -95.6997
statistic  -.69997[.484]

F Version *

( 4, 31)= 2.2780[.083]*
(1, 34)= .27425[.604]*
Not applicable *
(1, 37)= .13645[.714]*




2.8 SEASONALITY IN THE DYNAMIC MODELS TYPE ADL(1,1, 1+3)

The deterministic trend of switching with quarterly seasonality:

(54) Ve (6 X, Xeeta V) oy = Ve (6 X, X )+ € Dy +8, Iy, +e3 Vs, [€4 = (&) +€, +€3)]
where:
Vi = Xg~ X | E4
lin j'th quartile
{O in other quartiles

Xy =

We can say:
in everyj-th quartile of the endogenous varialsig deviates from its trend of switchinit,x;) by &
units.

Purified from the error term influence the model type ARDL(1,1) with quarterly seasonality:

(Vo1 Xe Xe-1, V) : Fy = Bo + @ Dyq + BiX + BoXyq +

(55)
T YVt YoV T YaVa, Wa=-(yi+y2+ys)l

Equations that identify parametersg on the basis of parametery;: [see:(13.1) i (13.2)]

2.9 SIMULATION MODEL ASSUMPTIONS IN THE CASE OF
DETERMINISTIC SEASONALITY FOR THE MODEL TYPE ARDL(1 ,1):

Assumed values of parameters for determining the asonal effects:

e =-30, =20 e=-20 ¢ =30

Assumed notation of the software system MICROFIT:

;= Vi (t, X, X¢1) = 300y + 20, — 205, SYXZ = yxz-30*v1+20*v2-20*3

Graph 5. Switching trend (YXZ), function of the trend with seasonality
(SYXZ) and limit levels of trend (YXZE) in case of the error correction
mechanism
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Estimation results of the dynamic model based onmiulated trend of switching
deterministic trend in the conditions generated ECMmechanism

A. The deterministic dynamic model
(validation of simulatior)

Results of estimation of the model (55):
Ordinary Least Squares Estimation

Dependent variable is SYXZ

39 observations used for estimation from 2001Q2 to 2010Q4

Regressor Coefficient Standard Error T-Ratio[Prob]
X0 5.0000 0. 00 *NONE*
SYXZ(-1) .75000 0. 00 *NONE*

X 10.0000 0. 00 *NONE*
X(-1) -6.0000 0. 00 *NONE*

V1 -52.5000 0. 00 *NONE*

V2 42.5000 0. 00 *NONE*

V3 -35.0000 0. 00 *NONE*
R-Squared 1.0000 R-Bar-Squar ed 1.0000
S.E. of Regression .0000 F-stat. F( 6, 32) *NONE*

Estimated model:

(56) S/t = 5+ 0775§t-1 +10Xt - 6Xt-l - 52,5th + 42'5Vt2 - 35Vt3

It means that:
y1=-525 y,=425, y;=-35 = ), =45

Identification of the parameters g on the basis of parameterg; correspond to the identification presented
in the case of equations (14.a) i (14.b)

Estimation results of the dynamic model based onrsiulated trend of switching
deterministic trend in the conditions generated ECMmechanism

B. Stochastic form of the dynamic model
(57) SY(Vi1s X, Xi-1: Vi1 E) 0 SYy = Bo +@ DBy + B1X¢ + BoXiog + ¥1Viy + VoVio +V3Viz +&
whereu, is the normally distributed generated error t¢see:1.6).

Estimation of the dynamic model in from (57):
where in the form of a software system MICROFIi=SYXZU, x=X, X.1=X(-1), V4=V;

Ordinary Least Squares Estimation

Dependent variable is SYXZU

39 observations used for estimation from 2001Q2 to 2010Q4

Regressor Coefficient Standard Error T-Ratio[Prob]
X0 4.4243 144 11 3.0701[.004]
SYXZU(-1) .74806 .0171 21 43.6935[.000]

X 9.8716 217 46 45.3946[.000]
X(-1) -5.8128 .354 63 -16.3914[.000]
V1 -51.8317 .866 92 -59.7886[.000]
V2 42.7390 .890 85 47.9754[.000]
V3 -35.3289 .812 40 -43.4872[.000]
R-Squared .99956 R-Bar-Squar ed .99948

S.E. of Regression 2.5287 F-stat. F( 6, 32) 12226.1[.000]
Mean of Dependent Variable 318.7142 S.D. of Dep endent Variable 111.1262
Residual Sum of Squares  204.6151 Equation Lo g-likelihood -87.6612
Akaike Info. Criterion  -94.6612 Schwarz Bay esian Criterion -100.4837
DW-statistic 2.2301 Durbin's h- statistic  -.72254[.470]
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*  Test Statistics * LM Version * F Version *

* A:Serial Correlation*CHSQ( 4)= 9.5719[.048]*F ( 4, 28)= 2.2768[.086]*
* B:Functional Form *CHSQ( 1)= 1.3221[.250]*F ( 1, 31)= 1.0878[.305]*
* C:Normality *CHSQ( 2)= 1.4797[.477]* Not applicable *

* D:Heteroscedasticity*CHSQ( 1)= 1.8857[.170]*F (1, 37)= 1.8799[.179]*

The form of estimated model:

(58)  §, = 442+ 07483y, + 9872X, — 5813 X,_, — 5183 v, + 4274V,, - 3533 V,5

(307) (1367) (4539) ~1639) ~5979) (47975) (4349)
that gives:
2 Bo 442 ~ _ Byt pB _ 9872- 5813
58.a =———=——=1754<b, =20 = — = =1611>b, =16
( ) l-a 0252 A<Dy b, 1-a 0252 611>ty
And

y1=-5183 y,=4274 y,=-3533 = y,=4442
Identification of parameters estimatesg on the basis of parameterg;:

G=@h+a’r+ads+y,)1-a") =
= 0748 5183+ 0748 [W274- 074813533+ 4442)/(1- 0748") =,
=/686955= 2943  [e, =30]

so from (13.1) we get:

& =al®, +y, = 0748[2943- 5183=-2982 [e, =-30)]

&, =a® +y, =-0748[R982+ 4274= 2043 [e, =20]

&; = al®, +y, = 0748[R043- 3533=-2004  [e; =-20]

&, =a®; +y, =—-0748[2004+ 4442= 2943  [e, =30]

Estimation of the dynamic model with deterministicseasonality [see:(32)]:
(59) SY; = Bo + Ay, + B DX + BTy + Y1V VoV +Y3+V5 +E
where: ' = (f1+2)
and in the form of a software system MICROFi=SYXZU, sy;1.=SYXZU(-1), Ax=DX, X.1=X(-1)
Results of estimation:

Ordinary Least Squares Estimation

Dependent variable is SYXZU

39 observations used for estimation from 2001Q2 to 2010Q4

Regressor Coefficient Standard Error T-Ratio[Prob]
X0 4.4243 1.44 11 3.0701[.004]
SYXZU(-1) .74806 .0171 21 43.6935[.000]
DX 9.8716 217 46 45.3946[.000]
X(-1) 4.0587 .307 48 13.2002[.000]
V1 -51.8317 .866 92 -59.7886[.000]
V2 42.7390 .890 85 47.9754[.000]
V3 -35.3289 .812 40 -43.4872[.000]
R-Squared .99956 R-Bar-Squar ed .99948

S.E. of Regression 2.5287 F-stat. F( 6, 32) 12226.1[.000]
Mean of Dependent Variable 318.7142 S.D. of Dep endent Variable 111.1262
Residual Sum of Squares 204.6151 Equation Lo g-likelihood -87.6612
Akaike Info. Criterion  -94.6612 Schwarz Bay esian Criterion -100.4837
DW-statistic 2.2301 Durbin's h- statistic  -.72254[.470]
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Estimation of the dynamic model with deterministicseasonality [see:(33)]:
(60)  Asy, = By +a'BY;-1 + By DX + BTy +V1Vig +VoVip + Y3+ Vg + &
where: a'=1-a, ' = (f. +82)
and in the MICROFIT program reposly=SYXZU, Asy=DSYXZU, Ax=DX, X¢.1=X(-1)

Results of estimation:

Ordinary Least Squares Estimation

Dependent variable is DSYXZU

39 observations used for estimation from 2001Q2 to 2010Q4

Regressor Coefficient Standard Error T-Ratio[Prob]
X0 4.4243 1.44 11 3.0701[.004]
SYXZU(-1) -.25194 .0171 21 -14.7156[.000]
DX 9.8716 217 46 45.3946[.000]
X(-1) 4.0587 .307 48 13.2002[.000]
V1 -51.8317 .866 92 -59.7886[.000]
V2 42.7390 .890 85 47.9754[.000]
V3 -35.3289 .812 40 -43.4872[.000]
R-Squared .99821 R-Bar-Squar ed .99788

S.E. of Regression 2.5287 F-stat. F( 6, 32) 2975.1[.000]
Mean of Dependent Variable 8.6305 S.D. of Dep endent Variable 54.8555
Residual Sum of Squares 204.6151 Equation Lo g-likelihood -87.6612
Akaike Info. Criterion  -94.6612 Schwarz Bay esian Criterion -100.4837
DW-statistic 2.2301

Conclusion:

In any version that are equivalent models (57), (3%nd (60), the assessment of the parameters defigithe seasonal
effects are exactly equal and evaluation of direainal parameters are exactly equal to the transfornme functions of
the output parameters of the model (57).

2.9 CASUAL DYNAMIC MODEL TYPE ADL(1,1,2):
(the case of two exogenous variables)

The expected (desired) level of endogenous variable

(61) Y(x): Yf =by+bx + bz

Effect of exogenous variables on the expected lewd#lendogenous variable in period t:
(conditional long-term effects

(62.1) Ef(X): AV =bAx, Az =0
(62.2) Ef(2): AYG: =bdz, Ax, =0

Error correction model for the two exogenous variales:

S S — Se Se =e =e e S .
(63) Yt = Vi1 = ALY (X) = Yol + Al Y (2) = Yl + @ (Vg —Yi-1),  Where:
Ay, : shortterm grossincrease conditiona change pastperids
of y in periodt inthedesiredvalues desequililium

a) conditional target level of the varialfién timet caused by the increasexof

(64.2) Yr(X)=hy+byx +by(z =2_,), (Az =0)

b) conditional target level of the varialjlén timet caused by the increasenf

(64.b)  Y£(2)=hy +by(X, = X4) + bz, (Ax, =0)
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Introducing (64.a) and (64.b) into the model, withctions (61) to (63) we have:

Ay, = A, by +byx, + byz,_y) = (by +by x4 + 1z, )] +
(65) + A, by + by Xy + Bz ) = (by +by %y + Bz 1))+,
+a' (b +b Xy + Bz = Vi)

which after conversion, we write the following:

(66) Ay, =a'by =@’y + Ay I +a'by Tk g + A0, DNz +a'b, Ty,

or:

(67) Vi =a'by+(@1-a )y +Ab X +a'b kg + b, Dz +a'b, 4

Converting (67) we get:

(68) Y =a'by+(@1-a)D_y+Aby Ok +(@'=Ab kg + A, Oy +(a'=Ay)b, 4

That can be written as ARDL(1,1,2) type mode:

(69) Y(Veots Xes Xem15 %0 Zm1) - Yo = Bo + @ Wyoq + Bro Ky + By Bog + oo B + By Ty,
where:

(70.1) a=1-a = a=1l-a

(102 fr=ay = b=-EL

-a
(70.3)  Buo=Ab
(70.4) B =(a'=A) Iy
(70.5) By =4[,
(70.6) Bn =(a'-4;) b,
Model (69) can be converted to a form which is egl@nt to the original model (66)]:
(1) Vi = Bo+aTog + Bro DX +(Bxo + Bua) By + Bro B2 +(B2g + ) iy

Note that [what is clear both from the comparisbmodel parameters (66) and (71) as well as froensiystem
of equations (70.1) - (70.6)]:

(712.0) Bo+ Ba=arty, = b=Potba
(7122) B+ Bn=a'b, = b2='321%521

To identify other parameters confront error coiimtimodel (70.3) with (72.1) and (70.5) with (72.Zhe result
is:

— ﬁxO
73.1 Al=——"F—(1-
( ) ! ,on +ﬁx1 ( a)

ﬂZO
73.2 A =——(@1-
( ) 2 ﬁzO + ﬁzl ( a)

31



From above:

(74.1) BwOBxw*Ba = Bxw00 = AOd
(74.2) By UOBp+PBn = B, 00 = A0
the model (69) takes a form:

(75) Vi =Lo+aW_y + Byo Tk + B

On the other hand, in the case where

(76) B, #0 O B,00 > A #za 0O A, 00

the dynamic model (69) takes the form of a mixquetgf ECM-PAM:

(77) Vi =Bo+a iy + Bro Tk + By ki + Bro

For the purpose of the proper specification, thalfform of the model should has the following form
(78) Vi =Bo+ @01 + Bys Kios + By 14s Ki—aas) + Brs Eics + Bravs Hi_14s) T &

The algorithm for the identification of the proceedngs of the final form of the model
under the ECM procedure

At the starting point, we recognise that in botbess=0. After estimation, we examine the significané¢dhe
parameters. In the case of insignificance of theéalte parameter with less delay, delaying the @secmust
continue until such a level at which:
 parameters of the variables at a lower and lodgkay will be significantly different from zero,
 parameter of the variable with lower latency vl statistically different from zero, and the paeger of the
variable with a longer delay will be considered tobe statistically insignificant.
In the first case we have to deal with the typeE®EM model, and the second type of model PAM.
For more variables exogenous model may be a mppsldf ECM-PAM.

2.10. CAUSAL DYNAMIC MODEL OF THE LEVEL OF WAGE *

2.10.1. Estimation of the wage model with constamfasticity of factors

INWN,; =8, +aInWN,_; + Bpo In Pl + Bp, IN Pl _; + Brg INIAP, + B, INIAP,_; +

(80) o
+BuiUR 1 + BuoUR L + YV HY Vo +VaVis + & (Vg = X4 =Xy [#4)
where:
t=1=1995Q1, WN — nominal wage in Polan&| — consumer price index,
iAP — real wage productivity index (iAR1,00),UR — unemployment rate (fraction, end of period).,
Estimated model in the form of a software system MCROFIT:
(81) LWN = B, X0+ a L WN (-1) + B LPI + B, LPI (=1) + B, LIAP + B, LIAP (-1) +

+Bu1UR(=D) + By UR(=2) + 1V 1+ y,V 2+ 3V 3+€,

In the first step, it is considered that due toftie that the unemployment rate is measured deatnd
of the year, so the initial version of the modédetminto account the state at the end of last UR &nd coupled
with her unemployment delayed by two periods of (-[5.

* The section presents the results of estimatesusezeffect model, the estimated performance aszlisied in the book
[Ossowski, 2013]. In the book a quarterly data fri®®5Q1 to 2010Q4 were used. It was found thasthieilizing period of
wage model was the interval between 1996Q1 and Q@10he models estimations made here for the ugddageiod
covering the time period from 1996Q1 to 2013Q4.
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step Al

Computer printouts from MICROFIT of the estimated model (80)

Estimates of future versions of a model for the péod from Q1 1997 to Q4 2010

Ordinary Least Squares Estimation

Dependent variable is LWN

72 observations used for estimation from 1996Q1 to

2013Q4

Regressor Coefficient Standard Error T-Ratio[Prob]
X0 4.0394 .664 36 6.0801[.000]
LWN(-1) 41783 .0983 60 4.2480[.000]
LPI -.12894 212 80 -.60592[.547]
LPI(-1) .67905 .188 04 3.6111[.001]
LIAP 41398 .190 29 2.1755[.033]
LIAP(-1) -.042283 173 58 -.24359[.808]
UR(-1) .22790 .352 06 .64732[.520]
UR(-2) -.80406 .366 49 -2.1940[.032]
V1 .034854 .0232 61 1.4984[.139]
V2 -.025005 .00922 53 -2.7104[.009]
V3 -.023032 .00973 88 -2.3649[.021]
R-Squared .99890 R-Bar-Squar ed .99872

S.E. of Regression

.012313 F-stat.

Mean of Dependent Variable 7.7507 S.D. of Dep
Residual Sum of Squares

Akaike Info. Criterion
DW-statistic

.0092478 Equation Lo
209.3978 Schwarz Bay

1.9752 Durbin's h-

In the next step must change model consisting of:

F(10, 61) 5548.6[.000]
endent Variable  .34439
g-likelihood 220.3978
esian Criterion 196.8761
statistic ~ .19095[.849]

- removal of LPI, leaving LPI (-1), and the additiof LPI (-2)

- leaving the LAPL LAPL and the removal of (-1)

- removal of the UR (-1), leaving UR (-2) and thiel#ion of UR (-3)

step A 2

Ordinary Least Squares Estimation

Dependent variable is LWN

72 observations used for estimation from 1996Q1 to

2013Q4

Regressor Coefficient Standard Error T-Ratio[Prob]
X0 3.9938 .700 27 5.7032[.000]
LWN(-1) 42128 102 02 4.1294[.000]
LPI(-1) 77948 191 56 4.0691[.000]
LPI(-2) -.20287 .186 04 -1.0905[.280]
LIAP .35239 .0765 57 4.6030[.000]
UR(-2) -.29971 .310 60 -.96494[.338]
UR(-3) -.24894 .337 64 -.73731[.464]
V1 .029151 .00842 52 3.4599[.001]
V2 -.023981 .00355 92 -6.7377[.000]
V3 -.024536 .00582 56 -4.2117[.000]
R-Squared .99893 R-Bar-Squar ed .99877

S.E. of Regression

.012079 F-stat.

Mean of Dependent Variable 7.7507 S.D. of Dep
Residual Sum of Squares

Akaike Info. Criterion
DW-statistic

.0090464 Equation Lo
211.1903 Schwarz Bay

2.0079 Durbin's h-

F( 9, 62) 6405.8[.000]
endent Variable .34439
g-likelihood 221.1903
esian Criterion 199.8070
statistic  -.067203[.946]

In the next step must change model consisting of:
- leaving the LPI (-1) and the removal of LPI (-2)
- leaving UR (-3) and the introduction of UR (-4)
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step A3

Ordinary Least Squares Estimation

Dependent variable is LWN

72 observations used for estimation from 1996Q1 to 20130Q4

Regressor Coefficient Standard Error T-Ratio[Prob]
X0 4.0148 .585 30 6.8594[.000]
LWN(-1) 41991 .0861 16 4.8761[.000]
LPI(-1) 57164 .0955 07 5.9853[.000]
LIAP .34996 .0574 03 6.0966[.000]
UR(-2) -.56998 .0803 85 -7.0906[.000]
V1 .029118 .00645 91 4.5081[.000]
V2 -.022239 .00333 52 -6.6679[.000]
V3 -.021888 .00416 96 -5.2493[.000]
R-Squared .99889 R-Bar-Squar ed .99877
S.E. of Regression .012102 F-stat. F( 7, 64) 8205.5[.000]
Mean of Dependent Variable 7.7507 S.D. of Dep endent Variable  .34439
Residual Sum of Squares .0093726 Equation Lo g-likelihood 219.9152
Akaike Info. Criterion ~ 211.9152 Schwarz Bay esian Criterion 202.8085
DW-statistic 2.0330 Durbin's h- statistic  -.20522[.837]

*  Test Statistics * LM Version * F Version *

* A:Serial Correlation*CHSQ( 4)= 9.5081[.050]*F ( 4, 60)= 2.2823[.071]*
* B:Functional Form *CHSQ( 1)=.3551E-3[.985]*F ( 1, 63)=.3107E-3[.986]*
* C:Normality *CHSQ( 2)= 68.9080[.000]* Not applicable *

* D:Heteroscedasticity*CHSQ( 1)= .57441[.449]*F ( 1, 70)= .56294[.456]*

Above estimated model can be initially recognipedy partially satisfactory. Estimation results ttas
doubt on the two main reasons. Firstly, due to dgmusition residues of the model indicating the Hhigpsis that
the normal distribution of error terms to be regectSecondly, because of the problems of interoetaOn the
basis of the current model we can say that of asmein real wages in terms of constancy of proditgti
determines the increase in the unemployment ratenyployment rate would not have a material impacthe
impact of performance on the real wage

2.10.2.Estimation of the model with variable elasticity ofwages due to the productivity

Output model of the form (80) can be corrected byiation of the parameter for labor productivitAlRl) in
finding that the wage level of flexibility in terntg performance is a function of the unemploymaeité ¥,

(82) INWN, =B, +alnWN,_; + B In Pl,_; + B, INIAP; + B;(UR,_, ONiAP,) + vy + VoVio + VaVis + &

Note that on the basis of the model (82), shoritand long-term wage elasticity in terms of prodist, we
define as follows:

(83.1) EVI§/N(APL/UR) =B, +BUR_, >0 (B,>0,B;<0)

(83.2) E\?VN(APL/UR) =1€_2a+1€_30,URt-2 >0 (B,>0,B;<0)

With this solution, we recognize that the increas&vages resulting from the increased efficiencgasrected
the situation on the labor market. The higher thenoployment rate, the lower the wage flexibilitytérms of
performance and, conversely, the lower the unenmpémy rate, the greater the increase in wages irggditom

an increase in productivity. This also means that relative change in the level of wages dependshen
unemployment rate, and not only from the increadéis rate.

® Conditions related to the correctness of the tiariaof the parameters in the case of multiplicatimodels
presented in the book [Ossowski, 2013, pp. 291-295]
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Estimated model in the form of a software system MCROFIT:

(84)  LWN =B, IX0+aLWN (=1) + B LPI (-1) + B,LIAP + B,LIAPUR2+ yV 1+ y NV 2+ yV/ 3+ €,
where: LAPLUR2 = LAPL* UR(-2)

Computer printouts from MICROFIT of the estimated model (84)

Ordinary Least Squares Estimation

Dependent variable is LWN

72 observations used for estimation from 1996Q1 to 20130Q4

Regressor Coefficient Standard Error T-Ratio[Prob]
X0 45811 .626 67 7.3102[.000]
LWN(-1) 32217 .0938 14 3.4341[.001]
LPI(-1) .70828 107 32 6.5999[.000]
LIAP 57206 .0783 55 7.3008[.000]
LIAPUR2 -.014617 .00196 56 -7.4365[.000]
V1 .032191 .00652 89 4.9306[.000]
V2 -.020576 .00336 27 -6.1187[.000]
V3 -.023832 .00420 00 -5.6742[.000]
R-Squared .99893 R-Bar-Squar ed .99882
S.E. of Regression .011844 F-stat. F( 7, 64) 8566.8[.000]
Mean of Dependent Variable 7.7507 S.D. of Dep endent Variable  .34439
Residual Sum of Squares .0089778 Equation Lo g-likelihood 221.4646
Akaike Info. Criterion ~ 213.4646 Schwarz Bay esian Criterion 204.3579
DW-statistic 2.0624 Durbin's h- statistic  -.43739[.662]

*  Test Statistics * LM Version * F Version *

* A:Serial Correlation*CHSQ( 4)= 9.5069[.050]*F ( 4, 60)= 2.2819[.071]*
* B:Functional Form *CHSQ( 1)= 3.9672[.046]*F ( 1, 63)= 3.6738[.060]*
* C:Normality *CHSQ( 2)= 5.6559[.059]* Not applicable *

* D:Heteroscedasticity*CHSQ( 1)= .0039855[.950]*F ( 1, 70)=.0038750[.951]*

Above the estimated model can be considered satisfa both in terms of economic and statisticaltéNvorthy
- shown below - short-term and long-term estimatage elasticity with respect to the productivitgcteasing
with the increase in the unemployment rate.

Unemployment rate (%) UR% 0 5 75| 10| 12,5 15 20 25

Short term wage elasticity wi EkWN(ApL,UR) 0,572(0,499|0,463|0,426|0,390(0,353|0,280|0,207
respect to the productivity
Long term wage elasticity wit EdWN(ApL,UR) 0,844(0,734|0,679|0,624|0,569(0,514|0,404|0,294
respect to the productivity

The above results are slightly different from theuits presented in the book [Ossowski, 2013, $p-260], in
which the above model was estimated for the pdrima Q1 1996 to Q4 2010. In that model, statistical
considerations decided that it was appropriateydmt& of the periodical with the unemployment fdi.

2.10.3. Incorrect specification of the model usinthe procedure of ECM

Consider the model of the form of the original:

INWN; =8, +alnWN,_; + B, InPl,_; +B,,InPl,_, +

(85.a)
+ B, In APL; + B5(UR_; 0N APL, )+ y1Vy + YoVip + YaVig + &

Above model, according to the ECM procedure, candmerted to the following equivalent form:

AINWN, =B, +(1-a) INWN,_; + B,AINPl,_; + B, InPl_, +

(85.b)
+ B, In APL; + B3(UR_; OIn APL, )+ y1Vy + YoVip + Y3V + &

where:

(85.0)  Bi1 =P+ P
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Consider now the results of estimates of both thesiclered versions that are equivalent form of gzhe
model. First, let us look at the model estimaté&skB

Results of the OLS estimation of the model (85.b):

Dependent variable is DLWN
60 observations used for estimation from 1996Q1 to

Regressor Coefficient Standard
X0 4.3802 .699
LWN(-1) -.64936 104
DLPI(-1) .79142 .220
LPI(-2) .70453 A17
LAPL .53698 .0899
LAPLUR1 -.014917 .00251
V1 .029671 .00763

V2 -.018734 .00430

V3 -.029177 .00507
R-Squared .89942 R-Bar-Squar
S.E. of Regression .012276 F-stat.

Mean of Dependent Variable .019997 S.D. of Dep
Residual Sum of Squares .0076863 Equation Lo
Akaike Info. Criterion ~ 174.7434 Schwarz Bay
DW-statistic 2.0906

*  Test Statistics * LM Version *

* A:Serial Correlation*CHSQ( 4)= 7.5660[.109]*F
* B:Functional Form *CHSQ( 1)=.0012400[.972]*F
* C:Normality *CHSQ( 2)= 5.9191[.052]*

* D:Heteroscedasticity*CHSQ( 1)= .081593[.775]*F

2010Q4
Error T-Ratio[Prob]
95 6.2579[.000]
18 -6.2334[.000]
09 3.5958[.001]
51 5.9954[.000]
06 5.9727[.000]
69 -5.9267[.000]
83 3.8845[.000]
74 -4.3493[.000]
42 -5.7500[.000]
ed .88365

F( 8, 51) 57.0099[.000]
endent Variable .035990
g-likelihood 183.7434
esian Criterion 165.3188

F Version *

( 4, 47)= 1.6955[.167]*
( 1, 50)=.0010333[.974]*
Not applicable *

( 1, 58)= .078981[.780]*

Let us to compare results of estimation of the rh{@kb) with results of the model (85.a).

Results of the OLS estimation of the model (85.a):

Ordinary Least Squares Estimation

Dependent variable is LWN
60 observations used for estimation from 1996Q1 to

Regressor Coefficient Standard
X0 4.3802 .699
LWN(-1) .35064 104
LPI(-1) .79142 .220
LPI(-2) -.086890 221
LAPL .53698 .0899
LAPLUR1 -.014917 .00251
V1 .029671 .00763

V2 -.018734 .00430

V3 -.029177 .00507
R-Squared .99865 R-Bar-Squar
S.E. of Regression .012276 F-stat.

Mean of Dependent Variable 7.6641 S.D. of Dep
Residual Sum of Squares .0076863 Equation Lo
Akaike Info. Criterion ~ 174.7434 Schwarz Bay
DW-statistic 2.0906 Durbin's h-

*  Test Statistics * LM Version *

* A:Serial Correlation*CHSQ( 4)= 7.5660[.109]*F
* B:Functional Form *CHSQ( 1)= .039124[.843]*F
* C:Normality *CHSQ( 2)= 5.9191[.052]*

* D:Heteroscedasticity*CHSQ( 1)= .60848[.435]*F

2010Q4

Error T-Ratio[Prob]
95 6.2579[.000]
18 3.3658[.001]
09 3.5958[.001]
19 -.39283[.696]
06 5.9727[.000]
69 -5.9267[.000]
83 3.8845[.000]
74 -4.3493[.000]
42 -5.7500[.000]
ed .99844

F( 8, 51) 4727.0[.000]
endent Variable .31101
g-likelihood 183.7434
esian Criterion 165.3188
statistic  -.59429[.552]

F Version *

( 4, 47)= 1.6955[.167]*
( 1, 50)= .032625[.857]*
Not applicable *
(1, 58)= .59422[.444]*

Note that estimating a model of the forrr*1 (85.b) imecessary to verify the null hypothesisHy) in
which it is assumed that the parameterg;; and g 1; are equal to the alternative H,) declaring that these

parameters are parameters that differ from each othr, that is:

36



Ho: Bu=pBu (gdziee B =B +pB)
Hi: Bu# :3;1

In practice, there is no need to verify the abovéypothesis. Just to the estimation of the model
form (85.a) - being the equivalent form of the mode (85.b) - subject to verification
the null hypothesis Hy), assuming zero valugs,, for declaring the alternative hypothesis differs fom the
zero value of the same parameter, that is:

Ho: B=0

In the case that we do not have evidence to rejettte null hypothesis, we have strong grounds to
conclude that the parametergfy; and/;’*n are equal. This is understandable, since iyfll = B11+f12. In this
case, the error correction model is no longer validWhen we reject the null hypothesis in favor of th
alternative hypothesis, we can conclude that in thiorm of the model (85.b) there is a condition, acrding
to which: #'11 # f11+B12, the same reasoning based on it is correct.

At the end, note that comparing the estimate modelé35.a) and (85.b), we see that practically
speaking they do not differ from each other. Howewe the estimates of the form (85.a) explicitly indiate
the need to remove from the set of explanatory vaables variable LPI(-2), thereby recognising the
incorrectness of the model (85.b). As a result, shlnl be considered as a valid form of the estimatechodel
(82).
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