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This study investigates the transmission channels of inflationary processes in Azerbaijan through VECM
model. The results in this study introduce that NEER effects on inflationary processes significantly in the
shortrun andlong run relationship. Additionally money aggregate (M2) impact an increase effects on inflation
in the short run relationship. Results of VECM estimation show that in the short-run and long run M2 effect
on inflation. So, macroeconomic indicator GDP mitigates the inflationary processes pressure in the short
run and long-run. So, in accordance with theory, error correction term is negative sign. It points out the
long-run relation of this model. The lagged values of the CPl influence the volatility of inflation over time with
significantinertia of about 0.45%. Inflation expectations about future price levels significantly influenced
the volatility of inflation. According to the theory, error correction term is negative sign. VECM model estimate
results show that the speed of adjustment of consumer price index to the long-run equilibrium direction is
about 0.18. The sign of error correction term is negative and this is significant. It means that if inflation
exceeds its long-run equilibrium by 1(one) percentage point, e.g. because of temporary shocks, 18percent
of this deviation is adjusted for every month, so that it takes about six months for inflation return to its long-
run steady state.

3710 nccnegoBaHve NOCBALLEHO U3YYEeHUIO KaHaJI0B rnepesayn MHQNSLUNOHHBbIX npoLeccoB B A3epbaiig-
xaHe yepe3 VECM mogenn. Pe3ynbTatbl 3TOro uccsenoBaHusi nokassiBaroT, 470 HOOK (HOMuHanbHbIi 3¢-
deKTUBHbLIN KypC) BO3AeNCTBYET Ha UHDISLMOHHBIE NMPOoLieCcCbl 3HaYUTESIbHO B KPATKOCPOYHOM U 40JIFrOCPOY-
Hovi nepcnekTtuse. Kpome toro, geHexHbivi arperat (M2) BnnsieT Ha yBennyeHune nH@sauMn B KPaTkocpo4-
How nepcnekTuBe. Pe3aynbTatsl oyeHku VECM nokasbiBaloT, 4TO B KPaTKOCPOYHOU U [0JIrOCPOYHO nepc-
nekTuse M2 oka3biBaeT BMsiHue Ha nHnsauunro. Takum o6pa3om, Makpo3IKOHOMUYeckuii nokasaresns BBI1
CHW)XaeT BINSIHNE NHDNSLMNOHHbIX IMPOLLeCCOB B KPaTKOCPOYHOW U [0JIr0OCPOYHOI nepcrnekTtuse. Takum o6-
pa3omM, BCOOTBETCTBUM C TeOpUeii, TepMUH UCTipaBJieHue oLLINBGOK IB/ISIeTCS OTpULaTesibHbIM 3HakoM. 3TO
yKa3biBaeT Ha [O0JIr0OCPOYHYI0 B3auMOCBSI3b 3TOM mogenu. OTctaBaune saHaqdeuvs UL BnusieT Ha Bonatusib-
HOCTb UHpNALNN C TeYeHUeM BPeMeHU CO 3HaYUTeIbHOV nHepumneri okosio 0,45%. NHnaunoHHbie oxvaa-
HUSI B OTHOLLEHUN 6yAYLLNX LLeHOBbIX YPOBHEN CyLLeCTBEeHHO MOBJINS/IN Ha BON1aTU/IbHOCTb MHGnauuu. Co-
rJ1acHo Teopun, CPOK A4J151 UCTNIPaBJIEHUSI OLUNOOK SIB/ISIeTCs1 OTpULaTesibHbIM 3HaKOM. Pe3yibTaTbl OLeHKN
VECM mopgenn noka3biBaloT, YTO CKOPOCTb KOPPEKTUPOBKN NHAEKCA NOTPeObUTelbCkux LeH B 40JIrOCPOoY-
HOJi nepcnekTuBe paBHOBECHOI0 COCTOSIHUSI NpumMepHo paBHa 0,18. 3Hak KoppeKLuny oLnboK B nepcrek-
TUBE OTPULIATEJIbHO, U 3TO UMEEeT 00JIbLLIOEe 3HaYeHne. ATO 03HaYaeT, YTO eC/IN UHGASLNS NPeBbILaeT [0J1-
rocpo4YHoro paBHoBecusi Ha 1 (0o4uH) NPOLEHTHbIV MYHKT, HanpuMep, N3-3a BPeMeHHbIX MoTpsiceHuii, 18
MPOLEeHTOB 3TOIr0 OTKJIOHEHUS KOPPEKTUPYeTCS AJIs1 KaKA0ro MecsiLa, Tak 470 OHa 3aHUMaeT OKOJIO LUeCTU
mMecsiyeB A1 UHGASUNN TPpU BO3BPaLLeHUN K CBOeMY [10JIF0CPOYHOMY PaBHOBECHOMY COCTOSIHUIO.
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Transmission effects of factors over inflationary the change happened in CPland NEEM. The response impulse
processes are determined in response-impulse functions. So, of CPI to the change in NEEM is observed the growing
response-impulse reaction of CPl is significantly higher to tendency up to six periods after change then it goes down.
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Introduction

Whole governments, private sectors and banking
sectors in the world make their decision for the short-
term and long-term position over the macro-
econometric modeling. This modeling enables them to
perceive the processes occurred in the real time. The
economy in the country is subjected various shocks
such as economic policy shocks and behavioral shocks
which influences the national economy and causes
systematical effects. So, it needs to understand the
economic processes that may influence mode of life
and economic growth. The main elements of economic
processes are inflationary processes. So, as a result
of adverse condition in inflationary process every one
can feel the negative effects of this one. In order to
prevent from these adverse circumstances it
necessities to model the inflationary processes and
investigate the matters in the short-run and long-run
relationship. Consequently, from here comes the
importance of building VECM model to study the
relationship between key macroeconomic variables and
forecast their behavior regarding economic policy
changes. VECM model enable us to get information
about the short-run and long-run adjustment to the
changes in the variables included to the model through
estimating the parameter measuring the short-run and
long-run term. As this model is dynamic and
forecasting model, it is useful to predict the changes
in future. Because, economic theory does not provide
sufficient information on the dynamic features of the
relationship between variables.

Determining the determinants of inflationary pro-
cesses those may cause in short-run and long run
period, the speed of adjustment inflation rate to the
long-run equilibrium, transmission channel effects of
the variables explaining impulse response functions are
attempted to investigate in this study. The study aimed
to provide of forecasting inflation by applying Vector
Error Correction Model (VECM) model and investigate
the dynamic property of the model using variance
decomposition and impulse response functions. An
inflation forecast is important in monetary policy. As
the main purpose of the Central Bank of Azerbaijan is
to maintain the price stability in the country,
inflationary processes investigation assumes a great
importance. VECM approachis assuming the existence
of co-integration vectors defining the long-run relation
among the variables and the deviation or gap from the
long-run relation influences the speed of inflation
adjustment.

1. Methodology and data

Cointegrating factors introduced by Granger are
commonly used in macroeconomic modeling through
the vector error correction model (VECM). The VECM
representation of a dynamic system is acquired as a
simple rearrangement of the vector autoregressive
(VAR) model advocated by Sims (Damodar N Gujarati,
2004). According to Christopher Sims in case of true
simultaneity among the set of variables, all these ones
should be treated on a equal conditions. That is to say

there shouldn't be any a priori differentiation between
endogenous and exogenous variables. If cointegration
was detected between series we know that there exists
long-term equilibrium relationship between the
variables, we implement VECM model in order to
evaluate short run properties of the cointegrated
series. In case of no cointegration VECM is not
reqiured. In that case we can directly employ the
Granger test to identify the causal links between
variables (Fadli Fizari Abu Hassan Asari,Nurul Syuhada
Baharuddin, Nurmadihah Jusoh, Zuraida Mohammad,
Norazidah Shamsudin and Kamaruzaman Jusoff, 2011).
So, VECM is a kind of VAR model used with
cointegration restrictions. In this condition it is
expedient to use the unrestricted VAR model.
Cointegration between c¢PI,, GDP, , M2, CPl,and NEEM,
imply that error correction terms may appear in a model
relating ACFl: to AGDP; AM2;, and ANEEM,. (Jeffreey M,
2000,). In VECM cointegration rank shows the number
of cointregrated vectors. In this case VAR model can
be specified as follows:
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where the u's are stochastic error terms called
impulses or innovations or shocks in the VAR.
(Damodar N Gujarati, 2004)

A VAR model is employed for stationary variables.
Whereas, whether there is non-stationary variables in
that case their differences are used to avoid from the
spurious regression. It is in fact that the most
economic variables are unit root. That is to say the
most of these ones are non-stationary times-series.
Therefore, it needs to develop the non-stationary times
series theorem. Engel and Granger show that linear
combination of non-stationary variable can be
stationary. It determines the long-run relationship
among the variables (F.Engle & C.W.J. Granger)

Determining the whether the variable are
cointegrating or not is the main task in building the
VECM model. As mentioned above VECM is a kind of
VAR model. In this type of models are determined with
restrictions of cointegrations. So, it can be called as
RVAR model.

In generally VECM model contains both long-run and
short-run relations among variables set in vector Y.
Based on above mentioned inflation in Azerbaijan can
be estimated by using the VECM which can be specified
as follows:

Axy = P(LIAX: + X,0 + &¢

Here, x:=(CPI M. GDF, NEEM;)is vector of vari-
ables. ¢(l) — coefficients matrix (matrices) for lag

j=1 Jj=1
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operators L. Whereas, 6 — co-integration vectors Table.1: Results of stationarity tests

capturing long-run information among the variables. Variables ADF Phillips-Peron Decision

The matrix § is error correction coefficients. (Fahad _h;‘:‘(fé’;:)“ -31;)302;16'{1 -g,;ggzgg I(1)

. 0 -3, -3,

Alturki, 2010). These parameters measure the speed -

of adjustment to the long-run equilibrium. In our study log(M2) -2,85777 | -6,633549 1(1)

it means that if inflation exceeds its |Ong—run Alog(M2)** -6,5325 -9,633966

equilibrium 1 percentage point because of temporary log(GDP) 349737 3 333486 K1)
. . . . =y - =3, 302 )

shock, error correction coefficient shows how of this —E

deviation is adjusted for every month and so that how Alog(GDP)** -7,06195 | -13,05603

long period it takes about inflation to return its long- log(NEEM) 335031 | -3,360108 I(1)

run equilibrium. Other words if the money aggregate slosNEEMY* | 460428 | 46132

level is 1(one) percent higher than the equilibrium level
in one month it will cause inflation by error correction
coefficient in the following month. While money growth
doesn't have the significant direct impact on a

Note. D represents the first difference operator and log is
logarithm. Critical values ADF test. 1%=3.5885.Philips-Peron
1%=3.58851. (**)-indicates that significant at 1%.

inflation its effect is transmitted through the error [ Table.2: Joh Hypothesized cointegrating relations(trace statistic)

correction mechanism. (Emilio Sacerdoti, October | No.of Trace 0,05 Critical

2001,Washington). Matrix & is the long-run coefficients. {—CEC) Eigen value | Statistic Value Prob.**

It is a vector of cointegrated parameters. In such models

the short and long-run parameters are estimated simu- |_None * 0528189 70,75642 47.85613 0,0001

Itaneously. (Abu N. M. Wahid, 2011) Atmost1* | 0401327 38.45584 29,79707 0,004
It should be stated that one of the VECM | , >4 | g215073 1639515 | 1549471 0,0365

properties and generally VAR model is the ability

to investigate the effects of shocks on Atmost 3 * 0,129653 5971112 3,841466 0,0145

endogenous variables and its transmission. Sims Trace test indicates 4 cointegrating eqn(s) at the 0.05 level.

suggests impulse response functions for

determining of unpredictable policy shocks on macro Table.3: Johansen Hypothesized cointegrating relations(Maximum
iabl W di hi dv IRF h h Eigen value)

variables. We used In this study IRF to show the No. of Eigen | Max-Eigen | 0,05 Critical | "0
reaction of one variable to change in other ones in CE(s) value Statistic Value i
stochastic form. So, in VAR model with setting all of None * 0,528189 | 32,30057 27,58434 0,0115
Yarlable in one S|d<=T of an equation and other §|de Atmost1* | 0401327 | 22,0606 2113162 0,036
include the stochastic elements. EC (error correction)

terms are the stochastic error terms, called impulses Atmost2* [ 0215273 [ 10.42404 14,2646 0.1855
or innovations or shocks in the language of VAR. Atmost3* | 0129653 | 5971112 3,841466 00145

(Damodar N Gujarati, 2004)
The data in this research CPI (Consumer Price
index), M2 (money aggregate), GDP (Gross Do-

Max-eigenvalue test indicates 2 cointegrating egn(s) at the 0.05 level.

mestic PrOdUCt)’ NEEM (Nommal Effe?“,ve Table.4.Vector Error Correction Model Estimates results.
Exchange Rate) are obtained from the statistics AlogCPI AlogGDP AlogM?2 AlogNEEM
bulletin of Central Bank of the Republic of EC(-1) -0,183139 3,397098 0,223302 0,331664
Azerbaijan. The statistic data covering the period [-3.69784] [232330] [0.91794] [2.62172]
from April, 2011 until October 2014 is used on |—2leCPICD) 045716 -3,295365 0,199148 0,188146
is. (Azerbaijan, 2011-2014) [2.99613] [-0.73152] [ 0.26572] [ 0.48273]
monthly basis. (Azerbaijan, - AlogCPI(-2) 0,179783 -6,399024 | -0.76351 -0,670142
2. Empirical analysis and results. [ 1.10411] [-1.33108] [-0.95462] [-1.61119]
2.1. Unit root tests AlogGDP(-1) -0,013359 -0,321906 0,002802 0,005802
Before modeling the CPI, it is useful to [-2.43617) [-1.98835] [ 0.10403] [0.41424)
determine the orders of integration for variables [—2eSPPC2) 0014053 0043467 0020089 0004878
; X 9 [-2.67569] [-0.29322] [ 0.77873] [ 0.49033]
included into VECM model. The most frequently AlogM2(-1) 0,02593 -2,401713 -0,423921 0,053393
used unit root test is based on the Augmented [ 2.36468] [-1.86224] [-1.97572] [ 0.47851]
Dickey-Fuller test. This parametric approach | AlogM(-2) 0032599 -3.804366 | -0.32911 -0.01539
. . . [ 2.72556] [-2.86804] [-1.49131] [ [-0.13410]
?rl.gmfally proposed by Plckey and Fuller. (chkgy, AlogNEEM(-1) [ -0,169538 8,154115 0,374638 -0,224345
PIStrIbU’Flon of the estimators Ior autoregressive [236277] | [3.84911] | [1.06297] | [-1.22402]
time series with a unit root”, 1979) (Dickey, [ algNEEM(2) | -0.101872 | 3298875 0,102855 -0,01359
"Likelihood ratio statistics for autoregressive [-1.41842] [ 1.55577] [ 0.29156] [-0.07408]
time series with a unit root", 1981). As shown in | _C -0,000111 0,142931 0,032646 0,000927
Table 1 we use augmented Dickey Fuller Test (ADF) Rommred [-2.07346] [3:21769] [4.41749] [024132]
and Ph|II|ps—Perron StatIStICS. to identify the Ad. Rsquared | 0481356 0.480139 0.011463 0147277
whether the variables are stationary or not. In [T Fatstic 5,228034 5,207472 1052825 1,786804
other words, it tests whether all variables are non- | _Akaike AIC -7,365147 -0,594764 -4,181843 -5,489551
stationary at their level and become stationary at [_SchwarzSC -6.951417 | -0.181033 | -3768112 | -5.07582
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Table 5: Diagnostic tests reflect itself the long run change trends. These
Tests F-statistics | Probability | relations are estimated on basis of standard
_ deviations and afterwards time series having
1 | Normality close relations are chosen. In econometrics while
Jarque-Bera statistic 0.342 0.842 the time series are changing with zero or close
5 Serial correlation 0.7788 0.468 to zero standard deviation an.d .synchro‘nously
] ] changeable are called as joint series or
Breusch-Godirey serial correlation LM test cointegrated series(Hasanli, March 2008).
Autoregressive conditional .. R .
3 | heteroscedasticity Trace statistics shows four cointegrating
equations. Whereas max-eigen value test
ARCH LM test 0.0615 0.8055 . .
shows that there are two cointegrating
4 | Heteroscedasticity equations in the analysis.
Breusch-Pagan-Godifrey 0.9811 0.4885 2.3. Estimation of Vector Error Correction

their first differences. It was found that all variables
of the study exhibit unit root process mostly at the
1% level of significance.

2.2. Johansen's Test for Cointegration

As we have more than two variables in the model,
there is a possibility of having more than one co-
integrating vector. By it means that the variables in the
model might form several equilibrium relationships. In
order to find out how many cointegrating relationships
exist among variables requires the use of Johansen's
methodology. Similar to Engle-Granger approach
Johansen's approach requires all variables in the system
are integrated in the same order 1 (Johansen, 1991). The
factors impacting the inflation in the long-run
econometric models participate with their own units.
Consequently in most cases it depends on the time. As a
rule these factors are non-stationary times series which

Model.

Having determined that the variables are non-
stationary at their levels but stationary after
differencing once and they are co-integrated, we can
build a Vector Error Correction Model (VECM).

The terms is derived from long-run equation
introduces us information about speed of adjustment
of inflation to its long-run equilibrium. It gives us the
proportion of disequilibrium errors accumulated in the
previous months those are corrected in the current
month. VECM model results show that the speed of
adjustment of consumer price index to the long-run
equilibrium direction is about 0.18. As shown in the
result the sign of error correction term is negative and
this result is significant. It means that if inflation
exceeds its long-run equilibrium by 1(one) percentage
point, e.g. because of temporary shocks, 18percent of
this deviation is adjusted for every month, so that it

Figure.1. Impulse Response of Inflation to Shocks: VECM Analysis
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takes about 6(six) months for inflation return to its
long-run steady state. Model shows that NEEM
influences CPI significantly. F-statistics shows that
model is significant.

From the standpoint of econometric theory there
are may be serial correlation due to ARCH effect.
Therefore in time series analyses, especially those
involving financial data it should be tested for ARCH
effect before accepting the Durbin-Watson statistics.
(Damodar N Gujarati, 2004).

Above mentioned diagnostic test shows that, there is
no ARCH effect in this model. In order to investigate
whether there is heteroscedasticity problem in the
estimated model or not, we apply to Breusch-Pagan-
Godfrey test and determine that there is no
heteroscedasticity. LM test indicates that VECM doesn't
subject to serial correlation. (see.Table5).

3.3. Impulse responsiveness in Vector Error
Correction Model.

Impulse response function (IRF) is a shock to a
VECM system. Impulse responses determine the
responsiveness of endogenous variable in the model
when a shock is done to error term (EC-1). Shock is
applied to each variable to see their effects in VECM
system. So, the impulse response function traces out
the response of the dependent variable in the VECM
system to shocks in the error term such as EC-1. The
IRF points out the impact of such shocks over several
months in the future.

We can see from above depicted impulse response
graphs that a shock put to error terms responded
differently by each variable. So, while response impulse
of CPlIto NEEM is increasing trend up to 6months, after
then the responsiveness goes down gradually
(see.Figure1and Table.6). Itis obvious that response
impulse function reaches its maximum responsiveness
level only in the sixth month after happening the shocks
(such as oil revenue shocks, innovation shocks etc.).
Responsiveness of CPlto previous period CPlvalue is
increasing up to 4th month after shock. But then it goes
down. Although it goes down the increasing trend is
observed in 10th period.

Conclusions

Results of Vector Error Correction Model in this
study reveal that NEEM influences on inflationary
processes significantly in the short run and long run
relationship. As well as VECM estimates show that
money supply (M2) impacts an increasing effect on
inflation in the short run and long run too. So,
macroeconomic indicator GDP mitigates the
inflationary processes pressure in the short run and
long-run. The lagged values of the CPI influence the
volatility of inflation over time with significant inertia
of about 0.45%. Current expectations about future
price levels significantly influenced the volatility of
inflation. According to the theory, error correction
term is negative sign. VECM model results show that
the speed of adjustment of consumer price index
towards the long-run equilibrium direction is about
0.18. The sign of error correction term is a negative

and this is significant. It means that if inflation exceeds
its long-run equilibrium by 1(one) percentage point,
e.g. because of temporary shocks, 18percent of this
deviation is adjusted for every month, so that it takes
about 4(four) months that the inflation will return to
its long-run steady state.

Transmissions of inflationary processes are
depicted in response-impulse functions. So, response-
impulse reaction of CPl is significantly higher to the
change in CPl and NEEM and it lasts several periods.
The response impulse of CPI to the change in NEEM
goes on the growing tendency up to six periods after
change then it goes down. Investigating the
responsiveness of CPl to the NEEM is very important
to be aware of responsiveness duration and make the
effective decisions in monetary policy.
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