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Abstract. In this work we analyse the CPI index as the official index to measure inflation in Albania,
Harmonized Indices of Consumer Prices (HICPs) asthe bases for comparative measurement of inflation
in European countries and other financial indicators that may affect CPI. This study is an attempt to
model CPI based on combination of multiple regression model with time series forecasting models. In
the first approach, time series models were used directly on the CPI time series index to obtain the
forecast. In the second approach, the time series models (SARIMA, ETS) were used to model and sim-
ulate forecast for each subcomponent with significant correlation to CPI and then use the multiple re-
gression model to obtain CPI forecast. The projection of this indicator is important for understanding
the country's economic and social development. This study helps researchers in the field of time series

modeling, economic analysis and investments.
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1. Introduction

It is now known that most of Albanias foreign
trade is developing with the Eurozone countries,
and most of the financial and credit grants ac-
corded to Albaniaby the EU arein the Euro. Like-
wise, foreign currency earnings from emigration,
as long as their shippers are mostly located in
countries that are aready part of the Eurozone
(mostly in Greece, Italy, Germany, etc.) are dom-
inated by Euro currency. Albania is one of the
Western Balkan countries aspiring to become part
of the European Union countries. Looking at Al-
bania's developments in the fields of economy,
justice, education, social policies and not only,
many opinion leaders see Albania's candidacy as
one of the top favourites to join the eurozone
countries. Albania expects the decision of the EU
Council of Ministers to open access negotiations
in the first six months of 2018.

The existence of inflation in Albania for the
first time was declared in 1990 when it was pub-
licly admitted that the Albanian economy had
long been eroded by hidden inflation accumulated
over the years. Officialy, inflation began to de-
cline since July 1992. In Albania, the consumer

price index (CPI) is used for inflation measure-
ment. Throughout the last decade, the basket of
goods — 215 total items divided into eight main
groups were based on the survey conducted by
INSTAT (Indtitute of Statistics in Albania) in
1993. The family budget survey in December
1999 — November 2000 created the possibility of
building a new basket, which, in addition to a
more realistic distribution of group weights, con-
tains more items, with a total of 262 pieces. The
period 1999-2000, recorded unusua inflation
rates for an economy like that of Albania. Alt-
hough during 1999 Albania was forced to with-
stand the exodus of Kosova's population, inflation
remained at low rates.

However, the last month of 2000 appears to
have given the first signal to the end of the defla-
tionary period in Albaniaasit recorded a monthly
rate of 4.6 percent. The ongoing period up to our
days has been characterized by positive percent-
ages, which, though within the boundary, again
have a growing trend. This trend became particu-
larly strong in July 2001, when annual inflation
surpassed the upper boundary limit by 5.6 percent.
Inflation at the end of 1996 was almost threetimes
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higher than a year before due to pyramid
schemes, and the premise for further growth
was more and more present. Then the economic
crisis that included the country in 1997-1999
shock the values of the inflation in Albania. Af-
ter 1999, inflation ratesin Albaniastarted to sta-
bilizein trend and seasonality patterns (see Fig-
urel).
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Figure 1. Consumer Price Index in Albania (from
January 1994 to December 2017) (source: authors)

The Consumer Price Index (CPI) isone of the
main economic indicators constructed to measure
the changes over time in the prices of consumer
goods and services acquired, used or paid for by
households. Consumer Price Index (CPl) is akey
variable for macroeconomic analysis of acountry.
Albanian has adopted the Harmonised Index of
Consumer Prices (HICP) in December 2015. It is
a consumer price index, which is compiled ac-
cording to a methodology that has been harmo-
nised across EU countries.

Thisstudy isan attempt to model the Albanian
CPI indice using multivariate methods combined
with time series forecasting models. In thefirst ap-
proach, time series models were used directly on
the CPI time seriesindex to obtain the forecast. In
the second approach the Seasonal Autoregressive
Integrated Moving Average time series models
proposed by Box and Jenkins (1970) and Exponen-
tial Smoothing Methods presented by Ord, Koeh-
ler, and Snyder (1997), Hyndman (2001), Hynd-
man, Koehler, Snyder, and Grose (2002) and
Hyndman, Koehler, Ord, and Snyder (2005).
Hyndman et a. (2002) were used to model and
simulate forecastsfor each subcomponent with sig-
nificant correlation with CPI and then used for the
multi regression model to obtain CPI forecasts. The
data were obtained from the Ingtitute of Statistics
in Albania, Bank of Albania and the time series
were anayzed in all their components (error, trend,
seasonality) through R software.
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2. Previous research and data analysis

Many authors have studied the dependency of
Consumer Price Index (CPI) from other economic
variables and time series models (Aka & Pieretti,
2008; Norbert, Wanjoya, & Waititu, 2016).

Multiple regression models are often used to
construct explanatory models for economic varia-
bles (Bowerman, O’ Conndll, & Koehler, 2005).
In her paper, Popescu (2017) has built a multi re-
gression model to explain total CPl from CPI of
food commodities, CPI for non-food goods and
CPI for services (case study: Romania). Falnita
and Sipos (2007) also propose a multi regression
model to explain CPI based on 7 independent var-
iables (exchange rate, interest rate, production
price etc.). Other authors work on inflation fore-
casting models are: Marcellino (2007), Takatoshi
and Kiyotaka (2006), Fat Codruta and Dezsi
(2011), MacDonad, Menkhoff, and Rebitzky
(2009), Gjika, Gjecka, and Zacag (2016), Jona-
than, D. Church (2016).

In their work Lufi and Singj (2015) studied
the relationship between inflation and the ex-
change rate and showed that thereis a dependency
between them. Accordingto aVVAR model and the
numerical tests it was shown that the CPI is ex-
plained by the exchange rate. Also, Zhang, Che,
Xu, and Xu (2013) have presented a forecast
model for CPI in Chinafor the period 1995-2008
and showed that ARMA model has a forecast ac-
curacy relatively high. Other authors who propose
time series model for CPI are Ngailo, Luvanda,
and Massawe (2014), Junior, Salomon and Pam-
plona (2014), Kharimah, Usman, Widiarti, and
Elfaki (2015), Kaluci and Gjika (2015).

Among themain indicatorsinfluencing infla-
tion measurement are gross domestic product, un-
employment rate, exchange rate, economic well-
being, monetary capability to travel abroad (here
we have considered the number of Albanian peo-
ple traveling abroad). The time series of changes
in CPI values, changesin GDP, exchangerate, un-
employment rate and the number of Albanian peo-
ple traveling abroad are reflected in the Figure 2
and Figure 3.

The time series of CPI change rate and GDP
change rate values after 2012 have asimilar trend
of values in quarter and similar periodic behavior
over theyears. Otherwise, it has occurred with the
unemployment rate which has anoticeable change
in the second half of 2015. The downward trend
of thisrate is quite rapid and almost linear.
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Figure 2. CPI change, GDP change, Unemployment
and exchange rate in Albania (quarterly from January
1994 to December 2017) (source: authors)
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Figure 3a. Time series of number of Albanian people
traveling abroad (quarterly from 2001 to 2016)
(source: authors)
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Figure 3b. Time series of Consumer Price Index
(quarterly from 2001 to 2016) (source: authors)

Calculating the correlation coefficient (Pear-
son coefficient) for the quarterly time series we
have a value of —0.062 between CPI change rate
and GDP change rate; avaue of —0.0045 between
CPI change rate and unemployment rate; a value
of —0.3427 between GDP change rate and unem-
ployment rate. The values show no significant
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correlation between these indices. It results that
the linear model of CPI change with explanation
variables GDP change and unemployment rate is
not appropriate for Albanian data, it has a vaue of
Multiple R-squared equal to 0.00461.

If welook at Figure 3athe number of Albani-
ans peoples traveling abroad (here are considered
air travel, seaand land routes) we notice agrowing
trend associated with seasonal and periodic behav-
ior. As we can notice on time series of Albanians
peoples traveling outside the country and CPI time
series for the period 2001-2016 we see a growth
trend in both time series and a similar seasonality.
The similar behavior of the two time series give us
signals that they can be correlated with each other.
Number of Albanian travelers outside the country
isaquarterly observed time seriesand the CPI time
series is monthly this makes difficult to obtain a
mathematical model of CPl explained by number
of Albanian travelers outside the country. In our
study, we have used as a CPI time series the time
series of the average vaue for the quarters of each
year.

3. Multiple linear regression and time series,
methodology

The common model to explaininflationisPhilip’'s
curve which states there is an inverse correlation
between the unemployment rate and inflation.
But in the case of Albanian data this model seems
to be unappropriated to explain inflation. The un-
employment rate as it can be seen from Figure 2
has alinear descending trend

The models we have choose for comparative
anaysisare: thelinear multi regression model and
Seasonal Autoregressive Moving Average model.
Thefirst model isalinear regression model which
isgivenin Eg. (1), but in our case, it has two ex-
planatory variables:

Y=8B+BX +..+B,X,+¢, (1)
where: the dependent variable is CPI and the in-
dependent variable is the number of Albanian
travelers abroad (by air, sea and land). The corre-
lation coefficient between the number of Albanian
people traveling abroad every quarter and the av-
erage value of CPI in every quarter has a signifi-
cant value of 0.79 (Pearson coefficient) which
means the two variables are positively correlated.
The correlation coefficient between CPI and ex-
change rate is 0.62. And the correlation coeffi-
cient between the two independent variables, the
number of Albanian people traveling abroad and
the exchange rateis 0.38.
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The linear regression model of CPI and Al-
banian people traveling abroad every quarter
(Model 1) isgivenin Eq. (2):

CPI =2.271e + 02+ 7.207¢ - 05-OUT,

quarterly (2)

quarterly

and, R?=0.6238.

AdjR2 = 0.61769 Intercept = 227.13 Siope = 7.207-05 P = 8.75¢-15

c1
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Figure 4. CPI versus number of Albanian people
traveling abroad, (quarterly from 2001 to 2016)
(source: authors)

Figure 4 isthe scatterplot of CPI and number
of Albanian peopletraveling abroad. It isseen that
there a correlation exists between these two vari-
ables (refer to the value of the correlation coeffi-
cient between these variables 0.79)

Thelinear model of CPI explained by the ex-
change rate (Model 2) isgivenin Eq. (3):

CPI =-97.49+2.86-EX

quarterly quarterly (©)

and, R? = 0.3852.

The third regression model is a multiple lin-
ear regression model with two independent varia-
bles: Exchange rate (EXquarterly) and number of
Albanian travelers abroad (OUTquarterly). The
model in this case (Model 3) is:

CPlyyarieny = 5.839+1.741- EX +

quarterly
5.914¢ - 05- OUT  prterty (4)

and, R2=0.7459. A t-test for model 3 show that
EXquarterty and OUTquarterly have statistical |y Slgnlfl-
cant predictive capability for CPI, with p-values
respectively: 1.10e-06 and 2.61e-13.

Figure 5 showsaclear view of the actual val-
ues versus the fitted values for the three models.
We can state from the graphical representation
that the most consistent model from the three
models is the two-variable explanatory model.

The QQ-plot for the two first models
(Model 1 and Model 2) show a non regular trend
of the quantiles compared to the third model. This
isasign of agood fit of Model 3 for the CPI data.
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The goodness of fit from Model 3 isaso seenin
the residua plot and ACF of the residuals.

CPI~ExchangeRate
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Figure 5. Actual values versus fitted values from each
model (source: authors)
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Figure 6. The QQ-plot for the three models
(source: authors)

Residuals of model CPI~Travelers+Exchange ACF of residuals

i
ACF
04 02 00 02 04 06

T T T T T
2005 2010 2015 4 8 12 16

Year Lag

Figure 7. Theresiduas plot and the ACF
of theresiduals for Model 3
(source: authors)

The residual plot and the ACF of the residu-
asfor Model 3 (explanatory variables: number of
travelers and exchange rate) show that the model
has captured the patterns in the data quite well,
although there is a small amount of autocorrela-
tion left in the residuals (seen in first part of the
residual plot and the significant spikesin the ACF
plot). This suggests that the model can be dlightly
improved, athough it is unlikely to make much
difference to the resulting forecasts.

The histogram of the residuals (see Figure 8)
for Model 3 show a normal distribution which
makes the forecast reliable.
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Histogram of residuals
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Figure 8. Histogram of the residuals for Model 3
(source: authors)

Concerning the multicollinearity we have
used the Variance Inflation Factor (VIF): VIF =
1/(1-R2). The calculations for Model 3 give us a
value VIF = 3.84. A vaue of VIFs lower than 4
shows no multicollinearity. The calculated values
of VIFs are quite satisfactory meaning that we
may consider the proposed models to forecast
CPI.

The next model taken under consideration for
CPI isatime series model (Seasona Autoregres-
sive Integrated Moving Average) which deals
with observations collected over equally spaced,
discrete time intervals and is given by Eq. (5):

D, (B*)¢(B)VIVIX, =+ 0, (B*)O(B)w,, (5)

where:

s =seasond lag,

¢ = coefficient for AR process,

@ = coefficient for seasonal AR process,

6 = coefficient for MA process,

© = coefficient for seasonal MA process.

B is the backward shift operator,vs°= (1 —
B%)P and V¥ = (1 — B)Y, w: is an uncorrelated ran-
dom variable with mean zero and constant vari-
ance (Box & Jenkins, 1970).

We have used the SARIMA model to fore-
cast the values for each of the time series. Con-
sumer Price Index, Albanian travelers outside the
country and Exchange rate. There are in total 64
observations for each time series, from year 2001
to 2016 (quarterly). We have also taken into con-
sideration the Exponential smoothing model pre-
sented by Hyndman and Khandakar (2008) and
calculations are made through forecast packagein
R software (Hyndman, 2008a, 2008b, 2008c,
2008d; Hyndman & Khandakar, 2008). We have
based our "best model selection" procedure on
Akaike Information criterion (AIC, AlCc), Bayes-
ian Information criterion (BIC).

Akaike Information Criterion is defined to
be:

AIC =-2log(Likelihood) + 2p, (6)

where p is the number of estimated parametersin
the model. Minimizing the AIC gives the best
model for prediction. It is recommended to con-
sider several models (on same data set) with AIC
values close to the minimum. (A differencein AIC
values of 2 or less is not regarded as substantial
and we may choose the simpler but non-optimal
model.).

It is recommended to consider several mod-
els(on same data set) with AIC values closeto the
minimum. Shumway and Stoffer (2011). (A dif-
ference in AIC values of 2 or lessis not regarded
as substantial and we may choose the simpler but
non-optimal model).

AIC corrected (for small sample bias) is de-
fined to be:

AIC, = Alc + 2 D(R*2) (7)
n-p

Schwartz’ Bayesian criterion is defined by:

BIC = AIC + p(log(n) —2) (8

Table 1 shows the values of the information
criteriafor the two time series models. The lowest
value of the information criteria indicates the
“best” predictive model.

Table 1. The accuracy of the models based on the
information criteria (source: authors)

Time
Model Series AlC AlCc BIC
CPI 268.8 269.6 | 277.2
Sarima | Traveler 1590.3 1590 1594
Exchange | 277.7 277.9 282
CPI 398.4 401.7 | 417.8
Expo-
. Traveler 1765 1768 1784
nential
Exchange | 374.7 3751 | 381.2

The SARIMA proposed models are:
Time series: Albanian Travelers
ARIMA(0,0,0)(0,1,0)[4] with drift

ARIMA(1,0,1)(0,1,0)[4] with drift
ARIMA(0,1,1)

The SARIMA models for the three time se-
ries have a lower value of AIC compared to the
ETS model for each time series. So, based on the
minimum value of information criteria (AIC) we
have choose to use the SARIMA forecasted
values of the two time series (exchange rate and

CPI

Exchange rate
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number of Albanian people travelling abroad) for
predicting through the multiple regression model
the values of CPI in 2017 and 2018.

4. Forecast of the Consumer Price Index

The next step of the study is to choose the model
which best describes the CPI and obtain the fore-
casted values of Consumer Price Index (CPI). We
have used the predictions of EXguartery and
OUT guarterly from the SARIMA model. The values
obtained from the SARIMA model for the two
time series are used asinput values to the multiple
regression model 3.

In Figure 9 are shown the forecasted values
and the confidence intervals from the SARIMA
model for the quarters of 2017 and 2018 for each
time series.

Forecasf

T T T T T T
2008 2010 2012 4 2016 2018

Quarter

ted values of Travelers, 2017-2018

Forecasted values of CPI, 2017-2018

J‘/

1000000 1500000 2000000
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Forecasted values of Exchange rate ALL~EURO, 2017-2018

T T T
2005 2010 2015
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Figure 9. SARIMA model forecast for CPI, number
of Albanian people traveling abroad and exchange
rate. (quarterly forecast for 2017—2018)
(source: authors)
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Figure 10. Real values and forecasted values of CPI
for the quarters of 2017-2018
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We have used the red vaues of CPI for the
quartersof 2017 to discuss about the accuracy of the
proposed models. In Figure 10 are shown graph-
ically thereal values of CPI for the quarters of 2017
and the forecasted va ues from the SARIMA model
onthe CPI time series, the forecasted values of CPI
from the multiple regression model where we have
used the forecasted values obtained from the
SARIMA modd for the two variables.

From Figure 10 it is noticed that time series
model (SARIMA) for CPI is more suitable for
predictions compared to multiple regression
model. The confidence intervals for predictions
are narrower in the SARIMA model compared to
multiple regression model although this one has
capture the seasonal behaviour of CPI.

5. Conclusions

Dueto the difference in structure and evolution of
a country economy there are no universal models
to explain inflation.

In this work was studied the dependence of
Consumer Price Index (CPl) in Albania from
other economic indicators such as exchange rate
and number of people traveling abroad. The study
found that the two variables: the exchange rate
and the number of Albanian people traveling
abroad are important for the CPI's performance,
they are positively related to CPl and together
they explain it at 75%. Time series models com-
bined with multiple regression were used to in-
crease the quality of the forecast. The forecasts of
the two main model s were compared with the real
observations for the 2017 quarters. Graphically,
the forecasts obtained from the SARIMA models
were satisfactory for a short-term prediction com-
pared to the multiple regression model forecast.

Therising trend of the number of peopletrav-
eling abroad and their seasonal behavior shows an
increase in the level of the country's well-being.
Thisis also seen in the growth of CPI. Consider-
ing this study in the econometric viewpoint we
can conclude that the Albanian economy is grow-
ing satisfactory, which is clearly expressed by the
ability of peopleto travel more abroad and the sta-
bility of the European currency (EURO) which
positively affects the economic situation in the
country, in the Balkan region and the premising
position in Europe as well.
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