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Un aspect tehnic important, in procesul de
modelare a politicii monetare orientate spre sta-
bilitatea preturilor, este cuprins de tehnicile eco-
nometrice utilizate pentru estimarea variabilelor
neobservabile. Acest ansamblu de estimari, spo-
resc capacitatea de evaluare a conditiilor mone-
tare, a presiunilor inflationiste sectoriale, in spe-
cial a presiunilor inflationiste din partea activita-
tii economice. Metodele econometrice aplicate, in
literatura de specialitate, sunt considerate drept
metode alternative de estimare, cu rezultat ope-
rativ, in vederea fundamentarii estimarilor varia-
bilelor neobservabile. In conditiile actuale, cand
varietatea si accesul la date este omniprezent,
factorul complementar este mdiestria aplicarii
metodelor econometrice ce sporeste substantial
abilitatea de a extrage din ele valoare adaugatda.

Cuvinte-cheie: presiune inflationistd, sta-
bilitazea preturilor, model econometric, filtrul
kalman, deviatie PIB, filtrul hodrick-prescott.

JEL: C13, C26, C36, C51.

Introducere

Tendinta de crestere a economiei, pe ter-
men lung, este masuratd prin cresterea produsului
intern brut real. Aceste cresteri nu sunt constante,
de-a lungul ciclului economic exista perioade de
expansiune, in care cresterea economica inregis-
treaza niveluri ridicate, urmate de perioade de
stagnare, in care cresterea economica este lentd
sau chiar survin scaderi ale PIB. Aceste fluctuatii
reprezintd ciclul economic, durata si marimea
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delling process of the monetary policy oriented
towards price stability includes econometric
technics used for estimating the unobservable
variables. These estimations increase the capacity
of assessing the monetary conditions, the secto-
rial inflationary pressures, namely the inflatio-
nary pressures from the economic activity. The
applied the econometric methods are considered
in specialised literature as alternative estimating
methods with operative result in order to provide
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Introduction

The trend of long-term economic growth is
measured by real gross domestic product growth.
These increases are not constant. Over the busi-
ness cycle there are periods of expansion, when
economic growth remains high, followed by
periods of stagnation in which economic growth
is slow or even GDP decreases occur. These fluc-
tuations are the economic cycle, duration and size
of which varies both from country to country and
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caruia variaza, atat de la o tara la alta, cat si de la
o perioada la alta, in aceeasi tara, ceea ce creeaza
probleme in masurarea lor.

Fluctuatiile PIB constituie rezultatul unor
socuri asupra cererii agregate sau asupra ofertei
agregate. Socurile asupra cererii influenteaza tota-
lul veniturilor destinate consumului, aceste tipuri
de socuri pot fi generate, spre exemplu, de masuri
de politica fiscala (modificari de impozite, taxe),
de schimbarea conditiilor care influenteaza eco-
nomisirea si indatorarea (modificari ale ratelor
dobéanzilor) sau de fluctuatiile balantei comerciale
(exporturi si importuri). Socurile asupra ofertei de
bunuri si servicii sunt provocate, de reguld, de
productivitatea muncii, salarii, dar si de cheltuie-
lile pentru materiile prime, pe care le suportd
producitorii [9].

Concurenta producatorilor pe piata muncii,
scaderea productivitatii muncii pe fundalul cres-
terii volumului de munca determina cresterea cos-
turilor pe productie. Aceasta situatie creeazd pre-
siuni inflationiste. Producatorii pot decide, din
anumite motive, amanarea cresterii preturilor pe
care le practici. In misura in care aceasta se
intampld, PIB creste fard ca presiunile inflatio-
niste create s se materializeze. Odatad ce mentine-
rea neschimbatd a preturilor amenintd sa dimi-
nueze semnificativ profiturile, producatorii vor
creste preturile. In acest fel, presiunile acumulate
anterior conduc, dupa un timp, la cresterea pretu-
rilor. In situatia in care celelalte conditii din eco-
nomie ramdn nemodificate, cresterea preturilor
are drept rezultat reducerea puterii de cumparare
a consumatorilor si, in consecintd, diminuarea
cererii de bunuri si servicii. Cum vanzarile nu pot
depdsi cumpararile, procesul se incheie prin ajus-
tarea volumului de productie, a cantitatii de munca
angajate in productie, la un nivel de echilibru, la
care nu exista presiuni inflationiste [8].

Acest nivel al PIB, la care stocul de capital si
cantitatea de munca efectiv angajata in productie se
afld intr-un raport, care nu genereaza presiuni infla-
tioniste, este denumit PIB potential. Intrucat PIB-ul
potential creste in timp datoritd progresului tehnic si
acumularii de capital fizic si uman, seria cronolo-
gicd a valorilor sale este numita si trendul PIB.
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from one period to another in the same country,
which creates problems in their measurement.

GDP fluctuations are the result of shocks
on aggregate demand or on aggregate supply. The
demand shocks affect the total consumption inco-
me, these types of shocks can be generated for
example, by fiscal policy measures (changes in
taxes, fees), by changing conditions that affect
saving and borrowing (interest rate changes) and
balance of trade fluctuations (exports and im-
ports). The shocks on the supply of goods and
services are usually caused by labour producti-
vity, wages, and the costs of raw materials incur-
red by producers [9].

The competition between the labour market
producers, the decrease of labour productivity in
the context of growing workload determines the
production costs to rise. This situation creates
inflationary pressures. The manufacturers may
decide, for some reason, to delay the price increa-
ses. To the extent that this happens, GDP grows
without the materialization of the created inflatio-
nary pressures. Once the maintenance of unchan-
ged prices threatens to significantly reduce the
profits, the producers will raise prices. In this
way, the previously accumulated pressures lead,
after a while, to higher prices. If other conditions
in the economy remain unchanged, the increases
of prices result in the reduction of consumers’
purchasing power and consequently lower demand
for goods and services. As the sales cannot exceed
the purchases, the process ends by adjusting the
production volume, the amount of labour employed
in production, to an equilibrium level at which
there are no inflationary pressures [8].

This level of GDP, at which the capital
stock and actual workload engaged in manufac-
turing, is at a level that does not generate inflatio-
nary pressures, is called potential GDP. Since
potential GDP increases over time due to techno-
logical progress and the accumulation of physical
and human capital, its chronological values series
is called GDP trend.

Short-term real GDP can be greater than
potential GDP, implying temporary accumulation
of inflationary pressures. Since these pressures
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Pe termen scurt, PIB-ul real poate fi mai
mare decét PIB-ul potential, ceea ce implica acu-
mularea temporari de presiuni inflationiste. Intru-
cat aceste presiuni devin cu atat mai mari cu cat
productia creste fara ca preturile sa se modifice,
abaterea productiei de la PIB-ul potential, denu-
mitd deviatia PIB, este utilizatd drept masura sin-
teticd a intensitatii presiunilor asupra preturilor
acumulate in economie.

Estimarea deviatiei PIB este o sarcina difi-
cila, deoarece PIB-ul potential este o variabila
neobservabild. Astfel, cunoscand nivelul efectiv
al PIB-ului real, nu se poate determina direct ce
proportie din acesta reprezintd PIB-ul potential si,
respectiv, deviatia PIB.

Metode aplicate

Cadrul setului de instrumente econome-
trice, care pot fi folosite in vederea estimarilor
stocastice, cuprinde metode univariate si multi-
variate (figura 1).

are even higher as production increases without
changes in prices, the deviation of output from
potential GDP, called output gap, is used as a
synthetic measure of the intensity of pressures on
prices gained in the economy.

Estimating the output gap is a difficult task
because potential GDP is an unobservable
variable. Thus, knowing the actual level of real
GDRP, it is not possible to directly determine what
proportion of this is the potential GDP, and
respectively, which is the output gap.

Applied methods

The framework of the set of econometric
tools, which can be used for stochastic esti-
mations, includes univariate and multivariate
methods (figure 1).

Metode statistice
de estimari stocastice/
Statistical methods
of stochastic estimations

/\

Metode univariate/
Univariate methods

Filtrul

Metode multivariate/
Multivariate methods

Hodrick-Prescott/
Hodrick-Prescott filter

Filtrul Band-Pass/
Band-Pass filter

Filtrul Kalman/
Kalman filter

Figura 1. Metode statistice de estimari stocastice/
Figure 1. Statistical methods of stochastic estimations
Sursa: elaborata de autor n baza surselor [1]-[4]/
Source: elaborated by the author based on sources [1]-[4]

Filtrul Hodrick-Prescott (HP, introdus de
Hodrick si Prescott, 1997) este o metoda univariata
de masurare a tendintei, fiind cea mai des utilizata
in studiile economice aplicate [4]. Filtrul HP
descompune seria de timp analizatd (y;) ntr-un
trend stocastic (p1;) si o componenta ciclica, astfel:
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Hodrick-Prescott filter (HP, by Hodrick and
Prescott, 1997) is a univariate method of measu-
ring the trend, being the most often used in
applied economic studies. The HP filter decom-
poses the analysed time series (y;) into a sto-
chastic trend (u;) and a cyclic component, thus:
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Yt = We + €,

Trendul (p,) este determinat astfel, incat sa
minimizeze patratul abaterii seriei de la tendinta
(volatilitatea deviatiei) si, in acelasi timp, minimi-
zeaza variatia ritmului de crestere a tendintei.

{Ht}?:ol = Min{ZLl(yt - Ht)z + lZf;zl[(um —He) — (Mg — Ht—1)]2},

Compromisul dintre cele doua obiective, in
general contradictorii, este calibrat printr-un
multiplicator, A, care seteaza ponderile relative
ale acestora. O valoare a parametrului A
subunitard, conduce la minimizarea diferentei
dintre (y;) si (4s), in timp ce, atunci cand A tinde
la infinit, trendul devine o linie dreaptd. Pentru
datele trimestriale, recomandata a
parametrului A este 1600 [5].

Filtrul band-pass (BP, introdus de Christiano
si Fitzgerald, 1995), descompune seriile de timp 1n
componente cu fluctuatii periodice, fiecare dintre
componente  corespunzand unei anumite
periodicitati. De exemplu, fluctuatiile care se repeta
la o perioadd de patru trimestre corespund
componentei sezoniere, iar cele cu perioade de 6-32
de trimestre se considera ca sunt fluctuatii ce tin de

valoarea

ciclul economic. Tendintele sunt obtinute eliminand
din seria brutd, supusa filtrarii, componentele cu
periodicitati mai mici de 32 de perioade.

Filtrul Kalman (KF, — introdus de Rudolph
E. Kalman, 1960), ¢ devenit popular dupa publi-
carea lucrarii ,,A New Approach to Linear Filtering
and Prediction Problems™, in care este descrisd
solutia recursiva pentru problemele filtrarii liniare a
datelor-discrete. Filtrul Kalman este o metoda de
filtrare multivariata, care are ca scop producerea
valorilor masurate in timp, in baza zgomotului
(variatii aleatorii), sau alte erori sau inexactitati, care
tind sa coincida cu valorile reale efective. Filtrul
Kalman reprezintd un set de ecuatii matematice,
care, in baza unui calcul recursiv, estimeaza stirile
in cadrul unui proces, intr-un mod prin care este
minimizatid media patratica a erorilor (MSE, din Ib.
engl. Mean Squared Error) [10].

Ecuatiile Filtrului Kalman se despart in
doud tipuri: ecuatii de stare sau de tranzitie si
ecuatii de masura sau de observatie. Ecuatiile de
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1)
The trend (p,) is determined so as to mini-
mize the square deviation of the series from the
trend (deviation volatility) and at the same time
minimize the variation of the growth of trend.

)

The compromise between these two objec-
tives, in general contradictory, is calibrated by
a multiplier, A, which sets their relative weights.
A subunit value of the parameter A, leads to
minimizing the difference between (y;) and (u;),
while when parameter A goes to infinity, the
trend becomes a straight line. For quarterly data,
the recommended value of the parameter A is
1600 [5].

Band-pass filter (BP, by Christiano and
Fitzgerald, 1995) decomposes the time series into
periodically fluctuating components, each of the
components corresponding to a certain perio-
dicity. For example, fluctuations that are repeated
over a four-quarter period correspond to the
seasonal component and those with periods of 6-
32 quarters are considered to be fluctuations rela-
ted to the economic cycle. Trends are obtained by
removing components with periodicities of less
than 32 periods from the filtered raw series.

Kalman filter (KF, — introduced by Rudolph
E. Kalman, 1960) has become popular since
the publication of the paper entitled “A New
Approach to Linear Filtering and Prediction Pro-
blems”, which describes the recursive solution for
linear discrete data filtering. The Kalman filter is
a multivariate filtering method that aims to
produce time-based values based on noise (alia-
sing variations) or other errors or inaccuracies
that tend to coincide with real effective values.
The Kalman filter is a set of mathematical equa-
tions that based on a recursive computation, esti-
mates states within a process, in a way to mini-
mize the Mean Squared Error (MSE) [10].

The equations of the Kalman filter split
into two types: state or transition equations, and
measurement or observation equations. State or
transition equations over time are responsible for
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stare sau de tranzitie in timp sunt responsabile
pentru proiectia in viitor a starii curente si a erorii
de covariatie estimata pentru a obtine estimarile a
priori pentru pasul urmator [11]. Ecuatiile de
masura sau de observatie sunt responsabile pentru
raspuns — de exemplu, pentru incorporarea unei
noi masurari in estimarea a priori pentru a obtine
0 estimare a posteriori imbunatatita. Ecuatiile de
stare sau de tranzitie sunt considerate ca predictii,
in timp ce ecuatiile de masurd sau de observatie
sunt considerate corectoare [7]. Prin urmare,
algoritmului de estimare, in forma lui generala,
poate fi definit ca un algoritm predictor-corector
in rezolvarea problemelor numerice, dupa cum se

aratd 1n figura 2.

the future projection of the current state and
estimated covariance error to obtain a priori
estimates for the next step [11]. Measurement or
observation equations are responsible for the
response — for example, to incorporate a new
measurement in the a priori estimate to obtain an
improved posterior improvement. The state or
transition equations are considered as predictions,
while measurement or observation equations are
considered corrective [7]. Therefore, the general
form of the estimation algorithm can be defined
as a prediction-correction algorithm in solving
numerical problems as shown in figure 2.

—

Ecuatii de stare (,,predictie”)/
State equation (,,prediction”)

Ecuatii de masurare (,,corectoare”)/
Measurement equation (,,correction”)

\

Figura 2. Schema procesului iterativ al filtrului Kalman/
Figure 2. Schematic diagram of the Kalman filter iterative process
Sursa: elaborata de autor in baza sursei [6]/

Source: elaborated by the author based on source [6]

Explicarea matematica. Modelele cu com-
ponente neobservabile pot fi reprezentate sub forma
spatiului starilor (I. engl. state space). Acest mod
de reprezentare presupune cid dinamica unui
vector y, de variabile observabile cu dimensiunea
(n x 1) poate fi descrisd cu ajutorul unui vector
h; de variabile neobservabile cu dimensiunea
(r X 1). Reprezentarea in spatiul starilor este de
forma urmatorului sistem de ecuatii:

yt = A,xt + H,ht + Wt’
heyr = Fhe + vigq,

Unde X;, are k variabile exogene.

Dimensiunile matricelor sunt:

Mathematical explanation. Models with
unobservable components can be represented as
state space form. This representation mode assu-
mes that the dynamics of a vector y, of variables
observable with the size (n x 1) can be described
by means of a vector h; of variables unobservable
with the size (r x 1). Representation in the state
space form, is the form of the following system
of equations:

®)
(4)

Where X;, has k exogenous variables.
The matrix dimensions are:

F(rxr)
A'=((nxk)
H'(nxr)

Revista / Journal ,,ECONOMICA™ nr.2 (108) 2019
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Ecuatia (3) este ecuatie de masurd sau de
observatie si a doua ecuatie este ecuatie de stare
sau de tranzitie.

Vectorii wg si v, sunt considerati incertitu-
dini (zgomot alb) si:

E(wsw',) =Rpentrut =7sau0
Tn caz contrar,
E(v,v';) = Q pentru t = 7 sau 0
n caz contrar.

Dimensiunile matricelor R si Q sunt (n X n)
si respectiv (r X r).

Aditional E (vsw';) = 0, pentru orice t si 7.

Este important de mentionat cd x, este
matricea variabilelor exogene, ceea ce presupune
cd nu existd informatii pentru h;,g Sau wg,g
pentrus = 0,1,2, ...

Sistemul dat este recursiv si necesita date
initiale:

E(v:h',) = 0 pentru oricare t

E(w¢h',) = 0 pentru oricare t.

Ecuatia de stare sau ecuatia de tranzitie (4)
presupune ca vectorul de stare h; poate fi rescris
sub forma unei functii liniare a sumei tuturor
erorilor anterioare:

Equation (3) is a measurement equation or
observed and the second equation is state or
transition equation.

Vectors w; and v, are considered uncer-
tainty (white noise) and:

E(ww'y)=R for t=1 or O
in contrary case,
E(vsv';))=Q for t=1 or O
in contrary case.

Dimensions of matrixes R and Q are (n X n)
and respectively (r X r).

In addition E(v,w';) = 0, fotany t and .

It is important to note that x; is the matrix
of exogenous variables, which assumes that
there is no information for h;., or w;,, for
s=0,1,.2,..

This system is recursive and requires initial
data:

E(v:h',) =0foranyt

E(w:h',) = 0 for any t.

The state equation or transition equation
(4) assumes that the state vector h; can be
rewritten as a linear function of the sum of all
previous errors:

ht = Ut + th—l + szt—l + A + Ft_sz + Ft_lhl, pentI’U/ fOI’ t > 2

Din ecuatiile anterioare:
E(v:h';) = 0, pentru fiecaret <t — 1
E(w:h';) = 0, pentru fiecaret =1, ...,T
E(Wty’r) =Ew;(A'x; + Hh, +w,)") =0,
pentru fiecaret <t — 1
E(v.y';) = 0, pentru fiecare 7 < t — 1.

Derivari ale Filtrului Kalman. Pornind de
la sistemul de ecuatii descris anterior ((3) si (4)):

From previous equations:
E(w,h';)=0,foranyt<t—1
E(w:h';) =0,foranyt=1,..., T
E(Wty’r) =EWw(A'x; + H'h; + w,)") =0,
foranyr<t—1
E(vy';) =0,foranyr <t —1.

Kalman filter deviations. Starting from the
equation system described previously ((3) and (4)):

Vit = Alxt + H’ht + We,

hiy1 = Fhy +veyq,

E(ww's) = R pentrut = 7 sau 0

n caz contrar,

E(v,v';) = Q pentru t = 7 sau 0

n caz contrar.
Matricea variabilelor

Ve Xt

observabile fiind
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Eww';)=R for t=1 or 0
in contrary case,
E(vyv';))=Q for t=1 or O
in contrary case.
The matrix of the observable variables
being y;, x;.
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Tn acest caz, pot fi distinse doua probleme:
1. Calcularea F,Q, A, H siR.
2. Calcularea h;.
Sa presupunem ca cunoastem prima pro-
blema, in acest caz:

In this case two problems can be distin-
guished:
1. Calculationof F,Q,A, H and R.
2. Calculation of h;.
Let’s suppose we know the first problem,
in this case:

h: = E(ht/yt—l),

t-1

Unde Y,_; reprezinta informatia pana la
perioada t.

E(y:/Y;_1) — forma liniara a h; pentru
Yi_q. A

In aceste conditii MSE cu dimensiunea
(r X r) este calculata dupa formula:

Pt/t—l =E ((ht - ht/t—l)(ht - ht/t—l)’)a

Calcularea h;. Asa cum a fost mentionat E
anterior, sistemul dat este recursiv si necesita date |
initiale. In aceste conditii putem scrie: |

h0/0 =

Cu media patratica a erorilor MSE: E

Poso = E ((ho -

In conditiile in care valorile proprii (Ib.
engl. eigenvalues) ale vectorului F sunt situate Th
interiorul cercului unitar, valoarea asteptatd a h,
poate fi calculata incluzand asteptarile in ecuatia

de stare sau de tranzitie (4).

Where Y;_; represents the information up
to the period t.

E(y:/Y¢_1) is the linear form of h, for
Y_.

In this conditions MSE with dimensions
(r x r) is calculated by the formula:

(®)

Calculation of h;. As mentioned above, the
given system is recursive and requires initial data.

Under these circumstances, we can write:

E(ho),

With the mean square of errors MSE:

hoso)(ho = hoso)'), ()

Since the eigenvalues of the vector F are
located inside the unitary circle, the expected
value of h; can be calculated by including the
expectations in the state or transition equation (4).

E(ht) = FE(ht—1);

2 ., e A . !
In conditiile in care h; este stationar |

As h; is stationary

(I = F)E(h) =0,
E(ho) = 0, pentru/ for hy o = 0.

Varianta neconditionata a h;, poate fi cal-
culatd din ecuatia de stare sau de tranzitie, prin
inmultirea acesteia cu h'y,; si extragerea astepta-

rilor neconditionate.

The unconditional variance of h; can be
computed from the state or transition equation by
multiplying it with h'.,; and extracting uncondi-
tional expectations.

E(his1h'e41) = E((th + vpy1) (Fhe + 17t+1)') =

= E((th + V) (R F + 17't+1)) = FE(heh' )F" + E(WpsqV't41),

Numim E(h.h'y) = 3
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Ecuatia de mai sus poate fi rescrisd sub
forma:

The above equation can be rewritten as:

Y=FYF +Q,

.o . .. !
Solutiile acestei ecuatii sunt: |

vec(Y) = (I,2 — (F X F))_lvec(Q),
vec(Py)0) = (I,2 — (F % F))_lvec(Q),

Pana la acest moment, a fost dedusa starea
pentru prima observatie si incertitudinea aferenta
acesteia.

In continuare, urmeazi si fie desfisurat
modul in care informatia este introdusa in cadrul
modelului pentru perioada t — 1.

Se cunoaste:

Y;_4 (si care include toate x;)

The solutions of this equation are:

(8)
9)

So far, the condition for the first observa-
tion and the uncertainty associated with it has
been deducted.

Next, we will describe the way information
is introduced as part of the model for period t — 1.

Is known:

Y:_1 (and which includes all x;)

he

E (Z_E’Yt‘l) =E (E) = Ht/t—la

Si se doreste a fi prognozat y;
In acest sens, este rescrisa ecuatia de stare (4).

And is wanted to be forecasted y;
In this sense, the state equation (4) is rewritten.

ht

yt/t—l =F (x:;:_l) = Alxt + HIE (xth_1) = A,xt + Hlflt/t_l, (10)

cu erorile de prognozi with forecast errors:
yt _9L =A,xt +H,ht +Wt _A,xt _H,AL = H, (ht _EL) +Wt’

t—-1 t—1 t—1

MSE:
(o9 (es) ) =
< Ve yE_l Ve yE_l
=E ((H’(ht = heje—1) + we) (H'(he = heje-) + Wt)’) = H'PtLH +R, (11)
-1

De unde sunt obtinute datele cu privire la y;
Dupa care pot fi actualizate deducerile

referitor la h,

~

hese

Actualizarea se face in felul urmator:

he =h

VI

t
(t-1)

Where do you get the data about y;
After that, deductions can be updated

regarding h ;

£ ()

The update is as follows:

+

- -1
+ [E ((ht - ht/(t—l))(yt - yt/(t—l))l) E (()’t - yt/(t—l))(yt - yt/(t—l)),) ] (Yt - )A’t/(t—1))' (12)

In cazul a doua variabile normal distribuite E
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In the case of two normally distributed variables
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Zq M1 -le])
[22] N( .Uz] 19221 2320)° (13)
Z,/z1 ISN(m, )
Unde/ Where,
m = pp + 051071 (21 — 1), (14)

¥ =0y, — 21071 045,

a 1
In acest caz, se opereaza cu un model |

. . A ~ |
bivariat, care poate fi reprezentat in urmatoarea |
1

forma: i

J’t/xth—1] ~N
he/xYe-q

hesie-1)

Covarianta fiind calculata din relatia:

A'xy + H'ﬁ;
=)

In this case it is operated with a bivariate
model, which can be represented in the following
form:

H'P;jy_1H+R H'P;y_
’[ t/t—1 t/t 1] ' (15)
Pt/t—lH Pt/t—l

Covariance being calculated from the

relationship:

~ ~ ’<ht—rlt >
E (ht - ht ) (yt - 9[’ )’ = E (h't - ht ) H E_l + Wt ! =
i1 1 !

=E ((ht - Et/t—l)(ht

Cu distributie, normald a erorilor, filtrul
este considerat optimal. Tn caz contrar, in baza
predictiei conditionate, filtrul va minimiza media
patratica a erorilor

Et/t = Et/(t—l) + Pejt—1yH(H'Pj¢—1)H + R (y, — At — H’Ht/t—l)a

si/ and,

1 -1 12
Pist = Peje-1) = Peje-yH(H'Peje—yH + R) "H'Pyye-1),

care va completa filtrarea.

Estimarea parametrilor prin metoda vero-
similitatii maxime (Ib. engl. maximum likelihood).
Din cauza naturii unimodale a functiei de proba-
bilitate in fiecare etapa de lucru a filtrului, acesta
este foarte vulnerabil la asocierea datelor. Prin
urmare, vectorul de stare, odatd deplasat spre un
indiciu fals, acesta va deveni criteriul de selectie
pentru masurarile viitoare, insemnand mai multe
date gresite incluse in estimare, pana la devierea
totala de la tinta.

Singura masura obiectiva a utilitatii masu-
rarii variabilei este verosimilitatea ei, dandu-se
starea unui obiect urmarit. Aceastd verosimilitate

Revista / Journal ,,ECONOMICA™ nr.2 (108) 2019

- Et/t—l)’H) = Pyye-nH,

(16)

With normal error distribution, the filter is
considered optimal. Otherwise, based on condi-
tional prediction, the filter will minimize the
quadratic mean of errors

17

(18),

which will complete the filtering.

Estimation of parameters using the maxi-
mum likelihood. Because of the unimodal nature
of the probability function at each filter stage, it is
very vulnerable to data association. Therefore,
the status vector once moves to a false index,
it will become the selection criterion for future
measurements, meaning more mistaken data
included in the estimate, up to the total deviation
from the target.

The only objective measure of utility of
measuring the variable is its veracity, giving the
status of a tracked object. This veracity is given
by the Gaussian probability function, centered on

SR
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este datd de Functia de probabilitate gaussiand,
centrata in predictia masurarii variabilei y, Tn
baza informatiei Y;_1.

Yt ~ IV
Yiq

Aceasta presupune cd functia de probabi-

litate a Yy—t, care se doreste maximizata este:
t—-1

fy =@n7

Xe,Yt-1,

—exp {—%(J’t —A'x; + H'EL) * (H'Pyye-
t—-1

pentru/fort =1, ..., T.

Prin urmare, trebuie maximizata forma
logaritmica a functiei de probabilitate

(A’Xt + H,flt/(t—l)'H,Pt/(t—l)H + R),

the prediction of the measurement of the variable
v, based on the information Y;_;.

(19)

This assumes that the probability function

ofyy—fwhich is maximized is:

t-1
1

IP ¢ 2
EH+R| —

H

nH + R)_l(yt — A%t + H'h, /(t_l))}, (20)

Therefore, the logarithmic form of the
probability function must be maximized

Tn 1 P
L= —710g(2n) —52 log |H —1H + R| -
t=1

- %Z{:l (yt - A,xt + H’ﬁL) * (H’Pt/(t—l)H + R)_l (yt - A,xt + HIEL) y (21)
t—-1 t—-1

Verosimilitatea pentru prima observatie
este:

Verisimilitude for the first observation is:

n
L, = —=log(2m) — = log |H’P1H +R| -
2 2 0

~ 1 — Ay + H'0)  (H'PjoH +R) ™ (7 — Ay + H'0),

. . !
si pentru a doua observatie: |

L = — Mog(2m) — 1
2 = ZOg(ﬂ) 209

1 ’ AN !
—E(yz —Ax,+H h2/1)
cu/ with

P,y = F(Pyjo — P1joH(H'PyjoH + R)_lHlpl/o)F’ + Q,
hZ/l =Fh1/0+FP1/0H(H,

aceasta fiind o etapa iterativa pana la perioada T.

Rezultate si discutii

Tehnicile statistice si econometrice prezen-
tate sunt aplicate in vederea estimarii presiunilor
inflationiste, si anume a presiunilor din partea
activitatii economice.

Asadar, din figura alaturata (figura 3),
poate fi observat un consens general cu privire la
cele trei tehnici econometrice aplicate. Chiar daca
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(22)

and for the second observation:

H’P3H+R| —~
1

« (H'Py H+R) " (v, — Ay + H'hyp), (23)

(24)

PijoH +R) ™ (y; — A'x; — H'Fl1/01 (25)

this being an iterative stage until the period T.

Discussions and results

The statistical and econometric techniques
presented are applied to estimate inflationary
pressures, namely economic pressures.

Hence, a general consensus on the three
applied econometric technigues can be observed
from figure 3. Even though the Kalman Filter
involves a much more complex technique, in
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Filtrul Kalman presupune o tehnicd mult mai
complexd, in vederea estimarii variabilelor neob-
servabile, rezultatul surprinde diferente minore,
comparativ cu filtrele univariate aplicate.

O deviatie PIB (figura 4) pozitivd este
determinata de un nivel al PIB-ului real mai mare
decat cel potential si indica presiuni inflationiste.
Simetric, o deviatie PIB negativa indica presiuni
deflationiste, in sensul scaderii preturilor. Pe ter-
men lung, presiunile acumulate se elibereaza, pre-
turile devin flexibile, iar deviatia PIB tinde totdea-
una catre zero, aducand PIB-ul la nivelul potential.

" o o e n " 1

Figura 3. Tehnici de estimare
a tendintei PIB, min.lei/
Figure 3. Techniques for estimating
the GDP trend, min. lei
Sursa: Elaborata de autor/

Presiunile inflationiste sunt determinate de
un nivel al PIB-ului real peste cel potential, iar
PIB-ul real este egal cu cantitatea de bunuri si
servicii solicitatd de cumpdratori, o deviatie a
PIB-ului pozitiva este denumita si exces de cerere.
Excesul de cerere poate fi redus sau eliminat prin
politici macroeconomice — monetare, fiscale, de
venituri. Politica monetara poate actiona asupra
excesului de cerere printr-o varietate de instru-
mente, o masurd clasica fiind determinati de
majorarea ratei dobanzilor. Aceasta urmareste sa
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order to estimate the unobservable variables, the
result captures minor differences compared to the
applied univariate filters.

A positive output gap (figure 4) is deter-
mined by the level of real GDP greater than the
potential GDP and indicates inflationary pressu-
res. Symmetrically, a negative output gap indica-
tes deflationary pressures, in terms of downward
prices. In long-term, the accumulated pressures
are released, prices become flexible and the out-
put gap always tends to zero, bringing the GDP to
a potential level.

Pl Deviatie pozitiva/
] Positive

il Kaman

output gap

] §-k &
2- | T i /
; \ bt
i R [r 1 f ;
Bl S | {4 NI { 1
™ An ! poI i
fman, HARATAN P ! ! !

5 Deviatie
negativa/

o Negative output
gap

A L 1 1 L
102 1 [ 08 i 112 i 18 i}

Figura 4. Evolutia deviatiei PIB, %/
Figure 4. Evolution of output gap, %
Sursa: Elaborata de autor/
Source: Elaborated by the author

The inflationary pressures are determined
by the level of real GDP over the potential GDP,
and real GDP is equal to the amount of goods and
services required by customers, a positive output
gap is also called excess demand. The excess
demand can be reduced or eliminated by macro-
economic policies — monetary, fiscal and income.
The monetary policy can act on excess demand
through a variety of instruments; a classical
measure is determined by the increase of interest
rates. It aims to create incentives to increase

SN
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creeze stimulente pentru cresterea economisirii,
astfel incat, pe de o parte, diminuand veniturile
destinate consumului in perioada curentd si pe de
alta parte, cresterea ratelor dobanzilor duce la
cresterea costului indatordrii, diminudnd consu-
mul finantat prin credite. Tncetinirea ritmului de
consum, in perioada curentd, duce la diminuarea
presiunilor cererii asupra productiei, avand ca
efect reducerea deviatiei PIB.

Concluzii

In cadrul acestei lucrari s-a determinat o
masura de consens a deviatiei PIB de la echilibru,
folosind trei metode de estimare, cu o atentie
deosebita acordata Filtrului Kalman.

Filtrul Kalman este considerat o metoda
complexd, ce estimeazd un proces folosind o
formd a controlului feedback: filtrul estimeaza
starea procesului la momente de timp si apoi
obtine feedback sub forma de masuratori.

Ecuatiile de actualizare a timpului pot fi, de
asemenea, considerate ecuatii predictor, in timp
ce ecuatiile de actualizare a masuratorii pot fi
ecuatii corector. Intr-adevar, algoritmul de esti-
mare final seamana cu un algoritm predictor-
corector pentru rezolvarea problemelor numerice.
Aplicatiile filtrelor Kalman acopera multe dome-
nii, dar folosirea lui drept instrument este aproape
in exclusivitate pentru doud cauze: estimarea si
analiza performantelor estimatoarelor.

Totodatd, in urma rezultatelor obtinute,
putem constata obtinerea diferentelor minore,
comparativ cu filtrele univariate aplicate. Con-
sensul 1n baza celor trei metode, remarca ima-
ginea generald privind ciclul economic 1In
Republica Moldova.

Prin urmare, putem considera deviatia PIB
un indicator de avertizare timpurie pentru deci-
dentii si agentii economici. Pe masura ce deviatia
creste, tras un semnal pentru decidenti si expan-
siunea economica este necesar sa fie atenuata prin
restrictivitatea indusa de politici.

In egald masura, comportamentul agentiilor
trebuie educat, in sensul ca expansiunea econo-
mica trebuie privitd ca un privilegiu de a econo-
misi mai mult si nu de a supraevalua pozitia
viitoare a venitului.
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savings so that, on one hand, the reduction of the
income designated for consumption in the current
period and, on the other hand, the increase of the
interest rates leads to the raise of the borrowing
cost, thus reducing the consumption financed by
credits. The slowdown in consumption in the
current period decreases the demand pressures on
production, thus reducing the output gap.

Conclusions

In this paper, a measure of consensus on
the deviation of GDP from equilibrium was
determined using three estimation methods, with
particular attention to the Kalman Filter.

The Kalman Filter is considered a complex
method that estimates a process using a form of
feedback control: the filter estimates the state of
the process at times and then obtains feedback in
the form of measurements.

Time updating equations can also be consi-
dered prediction equations, while measurement
equations the correction equations. Indeed, the
final estimation algorithm resembles a prediction-
correction algorithm to solve numerical problems.
Kalman Filter applications cover many areas, but
its use as an instrument is almost exclusively for
two reasons: estimating and analysing the perfor-
mance of the estimators.

At the same time, as a result of the obtai-
ned results, we can conclude obtaining minor
differences compared to applied univariate filters.
Consensus based on the three methods, remarks
the general picture of the economic cycle in the
Republic of Moldova.

Therefore, we can consider the GDP devia-
tion as an early warning indicator for decision-
makers and economic agents. As the deviation
increases, a signal for decision-makers must be
drawn and economic expansion must be mitigated
by policy-induced restrictiveness.

Equally, the behaviour of agencies needs to
be educated, in the sense that economic expansion
must be seen as a privilege to save more and not
to overstate the future income position.
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