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Andreja Pufnik ¢ Davor Kunovac

Short-Term Forecasting of Inflation in Croatia with
Seasonal ARIMA Processes

Summary

Inflation forecasting is an essential component of the Monetary Policy Projection, and there are
constant efforts to improve it at the Croatian National Bank. One step is to improve the model of
short-term forecasting of the consumer price index with seasonal ARIMA processes, where,
along with direct forecasting of the total consumer price index, the attempt is made to forecast
changes in the index’s components in order to obtain a more detailed insight into the sources of
future inflationary or deflationary pressures and to determine whether a forecast of develop-
ments in the total consumer price index obtained by aggregating forecasted values of the index’s
components is more precise than a direct forecast.

JEL: E17, E31, C22
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1 Introduction

In line with the development and scope of the literature on the importance and
macro-economic value of price stability, the monetary authorities of a large num-
ber of countries have decided that price stability, that is, a low and stable inflation
rate, is the main contribution that monetary policy can give to economic growth.
The Croatian National Bank Act that came into force in April 2001 has the
achievement and maintenance of price stability as its main aim. Like other central
banks, the Croatian National Bank uses various monetary policy instruments to
achieve this aim. However, the effect of applying particular instruments can be felt
only after a certain period of time. Therefore, the monetary authorities are at-
tempting to develop and improve models that provide them with a relatively pre-
cise and reliable forecast of the inflation rate so that they can react in time and
neutralise inflationary or deflationary pressures that could appear in the future.

A major problem that researchers who model inflation are faced with in
Croatia is the insufficient length of the series of price indices, structural breaks
and changes in the method of calculating price indices. The generators and char-
acteristics of inflation in the period of high inflation were different from those in
the period after the stabilisation programme. In addition, the transition period
saw significant changes in economic policy and economic structure, such as for-
eign trade liberalisation, significant changes in the tax system, the liberalisation of
certain regulated prices and the entry of large chain stores, which had a significant
effect on inflation. In the first war years after Croatia declared its independence in
1991, inflation was high: the monthly inflation rate in the first nine months of
1993 averaged almost 28%. The major factors causing inflation in Croatia were
the budget deficit, exchange rate depreciation and inert expectations (Anusi¢ et
al. 1995). The inflation rate fell sharply after the introduction of the stabilisation
programme in October 1993: it fell to only 1.4% in November 1993 and then fol-
lowed a year of deflation. From 1995 onwards, the annual inflation rate stabilised
at low one-digit levels. The anti-inflation programme was based on exchange rate
policy (and other instruments of monetary policy) and wage policy and was
strongly supported by a fiscal policy aimed at reducing the fiscal deficit.

The main anchor of domestic inflationary expectations is the policy of main-
taining a stable nominal exchange rate of the kuna against the euro, which is one
of the basic prerequisites for achieving domestic price stability. Croatia has re-
corded a low and relatively stable inflation rate for thirteen years in a row. The
first year in which figures that measure the annual inflation rate of consumer
prices according to an internationally comparable indicator (the consumer price
index) were available, was 1999,! when the inflation rate of 3.9% was recorded at
the end of the year. According to the Croatian Bureau of Statistics, the annual in-
flation rate fell to only 1.8% in December 2002 and 1.7% in December 2003,

1 The base consumer price index (the base being the 2001 average) has been calculated by the Croatian Bureau
of Statistics since January 1998.
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followed by a small increase to 2.7% in 2004. It rose to 3.6% in December 2005,
but this is still within the area of low inflation. The 2005 increase in inflation was
largely due to supply side pressures in both the domestic market (food products)
and world market (a significant rise in the prices of oil and oil derivatives) and was
also greatly influenced by increases in certain administratively regulated prices
(electricity, rent and health services).

Figure 1 Retail Price Index and Consumer Price Index, year-on-year rate of change, end of period
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In February 2004, the Croatian Bureau of Statistics started publishing the
consumer price index (CPI), publishing changes in this index in Croatia in Janu-
ary 2004 and a time series of CPIs from January 2001 to December 2003. A retro-
grade time series from January 1998 to December 2000 was published a year
later.? It should be noted that several estimates were used when calculating the
retrograde series of CPIs since the prices of some goods in the existing basket for
the CPI had not been recorded and so were estimated according to changes in the
prices of similar products. The CPI is a comparable measure of inflation at the in-
ternational level, and the Croatian Bureau of Statistics largely followed the
Eurostat method for producing a harmonised CPI.3

At the beginning of 2005.

3 The domestic consumer price index differs from the harmonised in a few minor segments. The method for
calculating the consumer price index in Croatia does not include Eurostat guidelines whereby the index must
include spending by foreigners (e.g. tourists) on domestic territory, if significant, and spending by institu-

tional households (e.g. retirement homes).
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In order to obtain a longer series of price indices as a measure of inflation, it
was customary to use the retail price index. However, there was a significant
change in method in December 1997. Up until that time, the Croatian Bureau of
Statistics calculated the index according to a method inherited from the previous
state and its economic system. The differences between the CPI and the retail
price index are due mainly to different methods concerning, among others, the
calculation of the weights of various groups of products, the choice of formulas,
corrections for quality changes and the treatment of seasonal products.

The overall basket of products for calculating the CPI is divided into 12 basic
product groups in accordance with the international Classification of Individual
Consumption by Purpose* (COICOP), so the aggregate CPI is divided into 12 ba-
sic sub-indices. Figures on their changes are available from January 1998, while
figures on changes in the sub-indices at a lower level of disaggregation are avail-
able only from January 2004. At present, the Croatian Bureau of Statistics does
not publish the CPI disaggregated in the way used in price analysis and modelling
by the European Central Bank and the countries in the eurozone (unprocessed
food, processed food, non-energy goods, energy and services). This way is more
appropriate for modelling because the product groups are more homogenous,
while, in our classification into 12 groups, very different products and services are
placed in the same group; for example, the Transport group includes oil deriva-
tives, whose price changes greatly depend on changes in the price of crude oil in
the world market, vehicles, whose price changes greatly depend on the exchange
rate and market competition, and, for example, sea transport services, whose
price is administratively regulated and has a significant seasonal component.

Inflation forecasting is an essential component of the Monetary Policy Projec-
tion, and there are constant efforts to improve it at the Croatian National Bank.
One step is to improve the model of short-term forecasting of the CPI with sea-
sonal ARIMA processes, where, along with direct forecasting of the total CPI, the
attempt is made to forecast changes in the components of the CPI in order to ob-
tain a more detailed insight into the sources of future inflationary or deflationary
pressures and to determine whether a forecast of developments in the total con-
sumer price index obtained by forecasting aggregated values of the index’s com-
ponents is more reliable than a direct forecast.

The next section presents basic facts about the seasonal ARIMA models we
used in CPI forecasts. Then we comment on the procedure for selecting appropri-
ate models. Finally, we compare direct forecasts of the overall index with aggre-
gated forecasts of the components and with forecasts obtained from a naive model
where we assume a random walk CPI structure.

4 The aggregate consumer price index is divided into the following 12 basic sub-indices: 01 food and
non-alcoholic beverages, 02 alcoholic drinks and tobacco, 03 clothing and footwear, 04 housing, water, en-
ergy, gas and other fuels, 05 household equipment, 06 health, 07 transport, 08 communication, 09 recreation
and culture, 10 education, 11 catering services and 12 miscellaneous goods and services.
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2 Short-Term Forecasting of the Consumer Price Index with
Seasonal ARIMA Processes

This section describes the role of the ARIMA method in CPI forecasting in
Croatia over a time horizon of 12 months.

There are two standard types of models for describing past changes in the CPI
and possibly forecasting future changes — the structural model and the purely sta-
tistical model. Both models have their advantages and disadvantages. Structural
models are based on economic theory; however, the complex link between eco-
nomic variables is typically difficult to describe formally, for example, with a cum-
bersome system of equations. Many statistical models, on the other hand, espe-
cially the univariate ARIMA models used here, by their nature offer very little eco-
nomic logic, but we forecast future values of the variables which these models imi-
tate exclusively from the past behaviour of the series. Thus, a certain analysis is
possible despite a lack of additional information, so that such simple models, de-
spite their black box reputation, typically provide relatively good results in their
primary task — forecasting.

An intrinsic problem when applying ARIMA class models, and all stochastic
models, to a macroeconomic series is that they are, by their nature, short, with
frequent changes in structure, and contain changeable and sometimes unclear
seasonality. This is particularly true when applied to Croatian series, so, when de-
veloping CPI forecast models, we pay particular attention not only to the model’s
good in-sample characteristics (the goodness of fit) but also to its out-of-sample
characteristics (quality of forecast) and to the number of parameters that appear

Figure 2 Consumer Price Index (2001=100)
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in the model, which we reduce to the smallest possible number.> We made a pre-
liminary selection of models with satisfactory inter-relation between in-sample er-
rors and number of parameters by minimising Akaike’s Information Criteria. The
highest ranked models then underwent further testing, such as evaluating their
forecasting characteristics and the stability and significance of their parameters.
Many central banks pay special attention to the question of disaggregation when
developing models for indices of price movements (Meyler et al. 1998, Fritzer et
al. 2002). The CPI is a linear combination of the indices of 12 product groups
(sub-indices) that enter the calculation of the level of consumer prices:

12
CPI, = > w,CPI,, w, >0, >w, =1, (1)

i=1 i=1

where CPI,, is the level of the ith CPI component at time ¢t and w;=1,...,12 of the
corresponding weights. This index construction naturally raises the question of
whether there is any point in separately forecasting the individual sub-indices that
constitute the CPI and then to aggregate these forecasts as in (1). It is not clear a
priori whether this approach would provide an improvement on an ARIMA fore-
cast based on the total CPI. Like Fritzer et al. (2002) and Hubrich (2003), we at-
tempt to answer the question: should we forecast the aggregate or aggregate the
forecasts? Treating each component as a separate model certainly brings addi-
tional information about the total index, but it is often difficult to model certain
components because of an unclear autocorrelational structure and changeable
seasonality.

2.1 SARIMA - Seasonal ARIMA Processes

The time series is {y,}tez SARIMA (p,d,q) (P,D,Q)[S] process if it satisfies the
following difference equation®:

p(B)D(BS)1-B)*(1—-B*)"y, = 6(B)O(B®)e, )

where B is the standard backward shift operator,” ® and © the seasonal moving
average (MA) and autoregressive (AR) polynomials of order P and Q in variable
BS:

5  Alarge number of parameters often results in very good in-sample characteristics, in that the model describes
well the dynamics of the data in the sample, but it does not guarantee the ability of the model to forecast suc-
cessfully, which is our primary aim.

6  Adetailed description of the (S)ARIMA model, the conditions of stationarity, invertibility etc. can be found in
e.g. Brockwell & Davis (1991, 2002); here we define only the basic model and point out certain facts.

7 By, =y,,,B%, =B(By,) =By,_, =y, , and analogically further. In particular, BSy, =y, , is the seasonal
shift.
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®(B%)=1-®,B° -~ ®,B*~.. ~d ,B" (3)
©(B*)=1+0,B° +©,B* +..+0 ,BY, (4)

¢ and 0 the standard moving average (MA) and autoregressive (AR) polynomials
of order p and g in variable B:

¢(B)=1-¢ ,B—¢,B*—..—~¢ ,B” (5)
0(B) =1+6,B+6,B*+..+0 _B*, (6)

d and D are orders of integration and {e,}tez normal (Gaussian) white noise.®
For example, the SARIMA (1,0,1)(0,1,1) [4] model is a multiplicative model
of the form:

(1-¢,B)1-B*)y, =(1+6,B)(1+0,B")e,. (7)
Using the properties of operator B, it follows that:
V=PVt Y~ yste 0 +0,  +0,0¢ .. (8)

Similarly, every SARIMA model has a standard ARIMA representation. Type (2)
models are suitable for modelling time series that include seasonality,® both
changeable and deterministic, which is otherwise normally modelled by introduc-
ing seasonal dummy variables, trigonometric functions and the like. A frequent
dilemma that we meet in practice is how best to model seasonality in series. For
example, Kaiser and Maravall note that it is difficult to differentiate in practice the
following two models for quarterly data:

(a) yt=lu+ﬂ1Dt1+ﬁ2Dt2+ﬁ3Dt3+ﬁ4Dt4+8t
(b) (1-B*)y, =(1-099B*)¢,,

where D,,,...,D,, are seasonal dummy variables. This means that the SARIMA
(0,0,0)(0,1,1) specification in (b) can mean that seasonality series y, is determin-
istic. We see that deterministic seasonality can be interpreted as an extremely sta-
ble stochastic seasonality, so it is enough in most cases to use SARIMA models
when modelling a series with marked seasonality. However, the reverse generally
does not hold true, that is, model (b) does not imply a necessarily deterministic

8  White noise is a series of uncorrelated random variables with zero expectation and equal variance.
9 S = 12 for monthly data; S = 4 for quarterly data.
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seasonality in y,. A seasonal MA root close to —1 can suggest overdifferencing. By
detecting the presence or absence of determinisitic seasonality through regressing
series y, on the seasonal dummy variables D,,...,D,, we find which of the above
two cases really is the cause of the seasonal parameter in model (b).

2.2 Models for Forecasting the Consumer Price Index

In this section, we shall try to answer the question raised in the introduction:
whether it is better to forecast individual CPI components and then to aggregate
these forecasts in a total index according to (1) or whether to directly model the
total CPI.

Eight of the twelve CPI components are suitable for modelling using statistical
models,!® while the remaining four product groups'! are greatly under the influ-
ence of central or local administration and there is little likelihood that they have a
correlation structure suitable for modelling with SARIMA processes (Figure 3).
Accordingly, we investigated two models.

MODEL 1 We evaluated eight SARIMA models, one for each CPI sub-index
whose prices are not administratively regulated (or are only partially regulated)
and, as such, can be used in likelihood models. We aggregated the individual fore-
casts and compared the result with the values of a modified CPI (CPImod) where
we excluded the remaining four components. This implementation allows the in-
clusion of the remaining components in the model in two ways. First, it can be as-
sumed that these components remain unchanged during the period to which the
forecast applies, which is not completely unreal when applied to a short time hori-
zon; second, an estimate of their change can be directly included in the model.

MODEL 2 We aggregated the eight forecasts as in MODEL 1 but also mod-
elled the remaining components for the following reasons. A linear combination
of the four remaining sub-indices CPladmin, constructed with the help of the
corresponding weights from the CPI definition, seems to show a certain regularity
of change despite the fact that certain components do not have this characteristic
(Figures 3 and 4). We therefore find that an ordinary linear regression model
(with AR(1) error) satisfactorily explains the CPladmin aggregate. Forecasts ob-
tained from this simple model were then added to the aggregate of the eight (pre-
dominantly) non-administrative components. The aggregated forecasts were
then compared with the actual total CPI.

In addition, both forecast models were compared with a model where we as-
sume a random walk structure of the total CPI. For example, in MODEL 2 we
have:

CPI,=CPI_ +¢,

10 Transport, recreation and culture, household equipment, miscellaneous goods and services, food and
non-alcoholic beverages, clothing and footwear, catering services, and water, energy, gas and other fuels.
11 Education, health, communication and alcoholic drinks and tobacco.
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where & is white noise. In the random walk model, all forecasts of the index that
are performed at time ¢ are equal to the values of the index at time ¢ (CPI,),'2 analo-
gous with MODEL 1.

Special attention was paid to estimating the parameters of the
SARIMA (p,d,q) (P,D,Q) model. The estimation was performed on a log series of
base price index (2001=100). In order to achieve stationarity, all the series were

Figure 3 Changes in the Four CPI Sub-Indices Whose Values Are Greatly Under the Influence of
Central or Local Administration (2001=100)

150 150
125 125
100 100 +
x x
[} (5}
el kel
= =
75 75
50 T T T T T T T 50 T T T T T T T
O O = o m < 1 O o O O = o ™ T o v
o o © o o © o o o o o © o o o o o o
& o o © © © o o o 5 o o & © © o© o o
— — N N N o N N N — — N N N N N N N
Alcoholic drinks and tobacco Education
150 150
125 125
100 100
> >
(<5} (<5}
o ©
= =
75 75
50 T T T T T T T 50 T T T T T T T
8] [e2] o — N o < fe} O o [e2) o — [sN) (90} < 1] O
o o © o o ©o o o o o o © o ©o O o o o
(e} (¢ o o o o o o o (e} [¢)] o o o o o o o
— — N N N N N N N — — N N N N N N N
Communication Health

12 For h stepin advance:CPl., =E[CPI, |11 = E[CPI, + ¢, +..+e,,[1,]=CP], , where I, is the information
available at time ¢. Details about the best linear predictor can be found in e.g. Brockwell & Davis (1991,

2002).
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Figure 4 Linear Combination of the Four Administrative Components of the CPI (Education, Com-
munication, Alcoholic Drinks and Tobacco, Health) (2001=100)
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differenced with both a regular 1 — B operator and a seasonal 1 — B'2 operator, so
d = 1and D = 1. Here there is the danger of overdifferencing, since the seasonal
operator 1 —B'2 = (1 —B)(1 + B +... +B'!) as a factor already contains 1 — B;
however, many studies (Gustavsson, Nordstrom, 2001) empirically show that
this does not harm the forecast to a significant extent.

There still remained the task of estimating the remaining parameters p, q, P
and Q for each SARIMA model. Like F. Fritzer et al. (2002), we tried to automate
this part to a certain extent. We ranked a series of different models for each series
according to Akaike’s Information Criteria (AIC). SARIMA (p,1,q) (P,1,Q) was
defined for p,q €40,...,4}and P,Q €{0,}, then the corresponding AIC was cal-
culated, and finally all the AIC statistics were sorted from the lowest to the highest
for each series.!> The degree of data and model closeness for the observed data
and given model can be measured by, for example, a log likelihood function. On
the other hand, we wanted to reduce the number of parameters of the model to the
minimum, and the model with a small amount of AIC statistics has the two desired
qualities — well-explained data with a reasonable number of parameters.!* To
make the final selection, several models with the lowest AIC statistics underwent
further testing to investigate the autocorrelational structure of the residuals, the
stability and significance of the parameters and out-of-sample characteristics.

13 This is 5*5*2*2=100 models for each series. A total of 1200 SARIMA specifications were taken into consid-
eration for the 8 non-administrative series, the CPI series, CPImod and the GOODS and SERVICES series.
14 The expression for AIC: AIC = —2— 42—, where k is the number of unknown parameters, N the number

of observations and [ the log likelihood function.
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Table 1 Specifications of the SARIMA Model

Series

Model

CPltotal
CPlgoods
CPlservices
CPInon-admin
CPladmin
Household equipment
Miscellaneous goods and services
Transport
Recreation
Housing
Catering
Food and non-alcoholic beverages

Clothing and footwear

SARIMA(1,1,1)(0,1,1)
SARIMA(1,1,0)(1,1,1)
SARIMA(1,1,0)(1,1,1)
SARIMA(1,1,1)(1,1,1)
lin. trend
SARIMA(0,1,0)(0,1,0)
SARIMA(O,1,0)(1,1,1)
SARIMA(O,1,0)(0,1,1)
SARIMA(1,1,1)(1,1,1)
SARIMA(0,1,0)(1,1,1)
SARIMA(O,1,3)(1,1,1)
SARIMA(0,1,3)(1,1,1)

SARIMA(O,1,3)(1,1,1)

2.3 Evaluation of the Quality of the Consumer Price Index Forecasts Provided by
the Models

We analysed data from January 1998 to March 2006, amounting to 99 monthly
observations for each series. This number is relatively small for reliable statistical
analysis, and when we take into account the extreme right segment of samples left
for evaluating the out-of-sample characteristics of the models, the segment for
analysis has a length of only 72 observations. However, we expect better results in
applying the models when a sample with a length of more than 100 observations is
available for estimating the parameters.

We estimated the parameters on data from January 1998 to December 2003,
while the period from January 2004 to March 2006 was used for forecasting and
for comparing the obtained forecasts with the actual values of overall CPI and
CPImod. The procedure for each of the 12 series (CPI, CPImod, 8
non-administrative components and the GOODS and SERVICES series) was as
follows. First, we forecast the values for the period from January 2004 to Decem-
ber 2004 (12-month forecast) and put the first in the series 1 step ahead, the sec-
ond 2 steps ahead and so on to twelve. Then we added the data for January 2004
to the model, re-estimated the model and forecast the values from February 2004
to January 2005 and put the forecasts in the last place in the series 1 step ahead, 2
steps ahead ctc. In this way, each of the forecast series received 12 series obtained
as forecasts from 1 month ahead to 12 months ahead, which we then compared

]_O Andreja Pufnik * Davor Kunovac



with the actuals. A series of a length of 16 observations was generated for each
time horizon. We tested the quality of the obtained forecasts against two standard
measures: Mean Absolute Error (MAE) and Root Mean Squared Error (RMSE),
which were defined as follows. If x,,...,x, are actuals and %, ,..., X, , are forecast val-
ues of random variable x, then:

n

1
MAE=—3

i=1

A

X. — X

1 1

| < N
RMSE=\/n;(xi—xi) :

Table 2 shows the forecast statistics. The results of the RMSE analysis are
similar in both models. Direct ARIMA forecasts of the total CPI and CPImod give
better results than the aggregate forecasts for the time horizon up to 4 months.
For longer horizons, from 5 to 12 months, the aggregate forecast somewhat
better describes the changes in the index, while, as expected, the random walk
models permanently show the weakest results. Disaggregation of the CPI only for
GOODS and SERVICES did not improve the forecasts.

Concerning the MAE analysis, direct ARIMA forecasts of the total index give
better results on a short horizon (now 1 to 2 months ahead) in both models, while
it appears that disaggregation improves the results on a longer horizon. Again, the
random walk models and aggregate forecasts of the GOODS and SERVICES se-
ries show the weakest results.

Short-Term Forecasting of Inflation in Croatia with Seasonal ARIMA Processes 11



Table 2 RMSE and MAE Statistics of MODEL 1 and MODEL 2

RMSE MODEL1 MODEL2

Horizon CPImod Aggregate8 Rwalk CPI GS Aggregatel?2 Rwalk
1 0.45 0.61 0.56 0.52 0.79 0.64 0.59
2 0.68 0.79 1.03 0.74 0.97 0.82 1.08
8 0.83 0.9 1.45 0.86 1.09 0.92 1.52
4 0.91 0.92 1.79 0.85 1.12 0.93 1.89
5 1.06 0.94 2.06 0.98 1.24 0.94 2.19
6 1.12 0.92 2.26 0.99 1.29 0.89 2.44
7 1.12 0.9 2.37 0.92 1.29 0.86 2.59
8 1.06 0.82 2.43 0.85 1.26 0.78 2.71
9 1.03 0.74 2.48 0.78 1.23 0.68 2.84
10 1.01 0.7 2.61 0.68 1.18 0.59 3.02
11 1.05 0.75 2.81 0.66 1.18 0.57 3.26
12 1.18 0.89 3.06 0.77 1.26 0.65 3.57

MAE MODEL1 MODEL2

Horizon CPImod Aggregate8 Rwalk CPI GS Aggregatel2 Rwalk
1 0.35 0.47 0.46 0.41 0.69 0.5 0.48
2 0.52 0.53 0.9 0.54 0.8 0.55 0.94
3 0.74 0.65 1.29 0.73 0.91 0.62 1.36
4 0.83 0.72 1.57 0.7 0.98 0.69 1.67
5 0.89 0.79 1.76 0.84 1.06 0.8 1.93
6 0.9 0.77 1.9 0.83 1.09 0.76 2.13
7 0.91 0.77 2.02 0.79 1.06 0.75 2.31
8 0.9 0.66 2.18 0.74 1.09 0.61 2.52
9 0.9 0.59 2.35 0.63 1.07 0.55 2.74
10 0.89 0.57 2.54 0.56 1.06 0.5 2.98
11 0.89 0.63 2.74 0.57 1.04 0.5 3.22
12 0.97 0.75 2.98 0.67 1.1 0.56 8.58

Note: MODEL 1 shows the characteristics of ARIMA forecasts of the CPI modified for administrative prices (CPImod), aggregate
ARIMA forecasts of the 8 non-administrative components (aggregate8) and random walk models (Rwalk). MODEL 2 evaluates
ARIMA forecasts of the CPI, aggregates of the GOODS and SERVICES groups (GS), and aggregates of forecasts of the 8
non-administrative components increased by aggregate forecasts of the 4 administrative components (aggregate12).
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Figure 5 RMSE and MAE for MODEL 1 and MODEL 2
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Note: CPl and CPImod refer to ARIMA forecasts of the total index (CPI) and the index modified for administrative prices (CPImod).
Aggregate8 refers to the aggregate of the 8 non-administrative components, and aggregate12 refers to the aggregate forecasts in
MODEL 2. Aggregate G&S refers to the CPI with only goods and services disaggregated.
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3 Conclusion

This paper describes a method of forecasting the consumer price index by using
univariate seasonal ARIMA models, forecasting future values of the variables
from the past behaviour of the series, and attempts to examine whether separate
modelling and aggregating of the sub-indices improves the final forecast of the to-
tal index. In the beginning of the paper, we considered the main problems associ-
ated with the characteristics of the CPI series in Croatia (length of the series,
changes in the methodology, structural breaks) to be taken into account when
analysing the results. In addition, while the four indices are unsuitable for model-
ling with SARIMA processes as their prices are mostly administratively regulated,
we established that their linear combination could be modelled. Accordingly, we
set up two models, one in which administratively regulated prices were not mod-
elled, and the other in which their linear combination was modelled. We com-
pared the aggregated forecasts with total CPI performances and a model with an
assumed random walk structure of the total index. Our analysis suggests that,
given a somewhat longer time horizon (three to twelve months) in both models,
the most precise forecasts of CPI developments are obtained by first forecasting
the index’s components and then aggregating them in the total index. However,
we should not jump to conclusions, as the repeatedly mentioned problem of the
length of the series most probably affected the result of our decisions in this analy-
sis several times, and especially in two cases. We measured the closeness of a
model with a log likelihood function, while we performed the final evaluation of
the quality of the forecasts on a small group of errors, which we averaged (RMSE,
MAE). Evaluations of closeness to the true model and of quality of forecast be-
come more reliable if we increase the elements of the sample, and we expect a true
evaluation of the forecasting abilities of the model in the near future.
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Appendix

Graphs Presenting Forecasts of CPl and Inflation

Figure 6 Forecast and Actual CPI for Three Horizons?
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Figure 7 Forecast and Actual CPImod for Three Horizons?
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Figure 8 Forecast and Actual CPImod Inflation for Two Horizons?
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Figure 9 Forecast and Actual CPI Inflation for Two Horizons?
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The graphs show that the forecasts for 2004 are of significantly better quality
than those for later periods. This is because the identification of the models, i.e.
the choice of numbers p, d, q, P, D, Q in the SARIMA specifications, was per-
formed on the period up to January 2004. After that only re-estimation was per-
formed. This means that the parameters for the selected SARIMA (p,d,q) (P,D,Q)
specification were estimated again by adding new data into the sample while the
SARIMA model remained the same. This result is in line with the standard recom-
mendation that these models should be re-identified at yearly intervals.
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