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abstract
 
This paper aims to present the developments in the inflation 
forecasting process for the period 2007-2010 and their integration 
into the monetary policy decision-making at the Bank of Albania 
(BoA). The history of forecasting at the BoA is still recent compared 
to earlier experiences in this field, but relatively “mature” compared 
to the forecasting work at the other institutions and agencies in the 
country and in the region. Besides our experience in developing 
forecasts, the reliable and timely statistical information remains a 
crucial factor in the projection process. In particular, the inflation 
forecast during 2007-2010 has been developed based on a richer 
portfolio of models, compared to the previous one (end 2006). From 
the performance analysis of inflation forecasting, we conclude that this 
period has been highly charged with uncertainties generated by global 
conjunctures and factors mainly out of control of the monetary policy. 
Forecasting performance analysis concludes that the best properties 
of an accurate forecast are on the 4-6 quarters time horizon, based 
on the averaging forecasts approach. Models present mixed results 
in terms of accuracy of forecasting in different time forecast horizons. 
The sectoral inflation model and the average one represent a higher 
accuracy compared to the other ones. Meanwhile, core/non-core 
inflation model results as a better predictor for capturing the correct 
direction (FD) of inflation for three quarters time horizon. In term of 
the RMSE and FD, all models have predicted more accurately than 
the Benchmark one (ARIMA). The combination of all forecasts in a 
simple mean for the period 2007-2010 was the baseline forecast 
for calculating the probability of the balance of risks at the end of a 
four quarters horizon. Testing results on the forecast errors for the 
average inflation forecast indicate that, overall, the inflation forecast 
process during 2007-2010 was optimal over four quarters horizon.

Key words: forecasting performance, inflation forecast uncertainties, 
properties of forecasts.

JEL - Classification: E37, C52, C53. 
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list of abbreviations

abbreviations meaning

Headline Headline inflation model
c_nc core/ non-core inflation model
4_c four categories inflation model
tr_ntrn traded/net non-traded inflation model

average average of results of 1-4 forecasting models
actual actual inflation/Published

fe forecast error measured as a difference 
between (actual – forecast)

me mean of forecasting error
rmse root mean of square error
fD forecast direction (correct)
Q Quarter
h Horizon
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introDuction 

the performance analysis of inflation forecasting is an important 
step for judging on the accuracy and optimality of boa’s inflation 
forecasts. the forecasting experience in other central banks 
(ecb, sveriges riksbank, norges bank) shows that the starting 
point regarding performance analyses of the inflation forecast is 
the evaluation of the short-term forecast obtained from different 
models. Highlighting problems in short-term forecasts will be 
helpful for the medium-term forecasts in order to provide better 
characterization of uncertainty, supporting the decision making 
process of the central bank monetary policy. 

in the first section of the paper, we highlight the role of the 
main components of inflation projection for the decision making 
process, especially in an uncertain forecasting time. We describe 
the gradual integration of three components during 2007-2010: 
(i) statistical information; (ii) forecasting models; and (iii) experts’ 
judgments. the second section is a quick overview of the quarterly 
forecasting models in use and the problems encountered in the 
inflation forecast for 2007-2010. in sections 3 and 4, we carry out 
a comparative performance analysis based on statistical indicators 
and specific tests. the paper concludes in section 5 highlighting 
the room for improvement in the inflation forecast. the main 
reference of our study was the practice of analyzing the forecasting 
performance followed by other central banks, focusing on that of 
the sveriges riksbank as a transparent and contemporary example. 
the studies conducted by economists of the riksbank in this relevant 
field (andersson, m. K et. al., 2007, 2008) were highly useful in 
completing our study. 
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1. inflation Projections anD 
monetary Policy Decision-maKing 
Process 

statistical information from the real and financial sectors of the 
economy, timely and reliable, takes particular importance in the 
macroeconomic analysis and monetary policy decision-making 
process at central banks. in highly uncertain times related to 
the internal and external economic and financial developments, 
current and future ones, the forecasting and decision-making 
process becomes even more difficult. mark twain’s famous remark 
“…history does not repeat itself, but it often rhymes…”1 remains 
always actual. the forecasts are generated from models built on a 
sufficiently large and long historical data base in order to project 
the future of the main indicators. although the historical dimension 
is essential and useful for predicting the future through the models, 
lessons of economic developments history are showing that no past 
experiences occurs again in exactly the same way. the social and 
economic conditions inevitably change and evolve in ways that 
cannot be captured precisely by any econometrical model. for this 
reason, in periods of high economic uncertainties, the forecasts 
need to be “adjusted” with one of the most important components 
of economic projection – the judgment. under these conditions, 
the accuracy of knowledge of the future in the economy along the 
reaction horizon of the monetary policy transmission mechanism 
becomes an increasing function of the three fundamental pillars: 
statistical information; forecasting models; experts’ judgments.

the objective of the monetary policy to maintain price stability is 
achieved through an optimal decision making process. it consists 
in projecting future economic conditions under a potential stance 
of the monetary policy. the aim of the projection process is to 
assist policy makers for selecting the most beneficial option of the 
monetary policy to achieve its primary objective. for this reason, 
the projections are realized in short- and medium-term horizon, 

1  cited by sandra Pianalto - President and ceo, federal reserve of clevenland - 
“forecasting in uncertain times”, in “economic club of Pittsburg”, Pennsylvania, 18 
may 2010. 
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for the next 4 to 8 quarters. in each forecasting round, information 
from the three above- mentioned key components are included, 
depending on the statistics updating degree, the ability of models 
“to imitate” one or several economic processes and the experts’ 
intuition for making economic judgments.

the database - is the main input for the projection process. the 
science and art of forecasting aims to develop techniques that take 
into account extensive and updated databases, increasing the role 
of the models and their results in the economic decision. in this 
respect, each forecasting model for inflation or other indicators 
at the bank of albania is intended to contribute to creating the 
macroeconomic outlook. but, as long as models cannot capture 
every event and assumptions cannot be fully precise, the forecasting 
results derived from the models could not and should not be 
considered as “all-powerful”. under the conditions of increasing 
information asymmetries and uncertainties for the future, the third 
pillar – experts’ judgments – is nowadays considered to be of 
particular importance. 

one of the crucial issues of the projection process is the 
combination of the information obtained from history, as captured 
by forecasting models, with that regarding the current and 
expected developments, through the economic judgment. ignoring 
or overestimating one or another aspect, might lead to wrong 
projections. lessons from the recent financial crisis showed that 
predictions, mainly those for inflation, even for countries under 
the inflation targeting regime with consolidated and advanced 
forecasting models and techniques, resulted significantly deviated 
from the actual development of this indicator. 

turning to the boa, the inflation forecast process is assessed as 
set up on the three pillars of the projection framework: updated 
statistical information; forecasting models; and experts’ judgments. 
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2. forecasting inflation over 2007 - 2010

inflation forecast, as a regular process at the boa, began in the 
first quarter of 20052. During the period of april 2005 - september 
2006, the models were assessed regarding their predictive ability 
and forecasting accuracy over next 12 months or four quarters. as 
a result of this testing process, the models reflected several changes 
and improvements, already discussed at the end of 2006 as a 
consolidated portfolio model for inflation forecasting. they were 
considered as important input in the monetary policy decision-
making at the bank of albania and, at the same time, as the result 
of a work in progress3. the comparison of the published inflation 
rates   with those resulting from the forecast models in the course of 
two years and the respective sensitivity analysis, threw light on a 
more critical assessment of the existing inflation forecasting models 
in use by the end of 20064.

based on the previous forecasting experience and the comments 
of albers and allen (2006)5, the inflation forecast was revised. 
the essential innovations of this process would consist of: the 
conception and evaluation of new models for core and non-core 
inflation components, which were fully implemented after 20076. 
the permanent exclusion method for measuring the core inflation 
rate was assessed as the most promising and transparent one to be 
incorporated in one of the forecasting headline inflation models. 
besides modelling core inflation, the forecast models of the non-
core components, detailed according to the most representative 
categories were also evaluated; the new proxy economically 
appropriate for imported inflation, which improved the simple 
2  Çeliku, e., shtylla, D., Hashorva, g., Hoxholli, r., (2005): “inflation forecasting 
at the central bank of albania”, background material prepared for the open forum 
“Preconditions for inflation targeting in albania”, tirana, 1-2 December 2005. 
3  Çeliku, e., shtylla, D., Hashorva, g., Hoxholli, r., Kota, v.,: “the Portofolio of the 
econometric inflation forecasting models at the bank of albania”, round table – 
inflation targeting 2, bank of albania, tirana, 7-8 December 2006. 
4  Hashorva, g., Kota, v., Peeters, m., and Çeliku, e., (2006): “evaluation of the 
shadow run Headline inflation forecasts for april 2006-september 2006”, Presented 
at the round table – “inflation targeting 2”, bank of albania, tirana, 7-8 December 
2006. internal Discussion Paper. 
5  Discussions on inflation forecasting Process at the bank of albania, presented at the 
round table – “inflation targeting 2”, bank of albania, tirana, 7-8 December 2006. 
6  Çeliku, e., Hoxholli, r., (2008): “new core inflation measures: their usage in 
forecasts & analysis”, Working Paper (1(02), 2008), bank of albania. 
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Philips curve inflation forecast equation, was compiled; linear 
models for short-term forecasts of the main explanatory variables 
were developed, independently. their results would help to build the 
baseline scenario assumptions. forecast models (for the exchange 
rate, foreign, oil and seasonal food prices), which have served as 
satellite models around the main inflation forecast ones, provided 
them with the respective assumptions for the forecasting horizon. 

in 2008, a new model was added to the existing portfolio of 
models - the three-sectoral forecasting model. the forecasting 
inflation model of tradable, net nontradable and regulated prices 
was developed in order to enrich the analysis and forecast with 
assessments for the potential inflationary pressures in the future 
from external and domestic sectors of the economy7. 

as of the end of 2010, the bank of albania has four forecasting 
inflation models for each of the frequency (monthly/quarterly). this 
study will focus on the assessment of the forecasting performance 
of the four quarterly forecasting models.

as stated above, the inflation forecast is envisaged as a continuous 
assessment process. it is based on the forecasts performed   by the 
following models: headline inflation; four inflation’s categories; 
core and non-core inflation’s components; traded and net non-
traded inflation’s sectors of the cPi basket.

the inflation forecast results from a simple mean of the forecasting 
results according to the above-mentioned models. this process 
is supplied continuously by the economic analysis conclusions. 
therefore, the methodologies for computing the proxy variables 
with a significant explanatory power to the inflationary process in 
the albanian economy are compiled and improved. meanwhile, the 
results of the historical and satellite models of the explanatory variables 
are an indispensable input for the respective baseline assumptions. 

the following table presents the main features of inflation 
forecasting models, applied by 2010 Q4, which have supported 
monetary policy decision-making at the boa. 
7  for more details, see appendix 1. summary of the internal memos, Çeliku, e., 
(2007, 2009): “a sectoral forecasting inflation model for a small and open economy”, 
monetary Policy Department, bank of albania.
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the above models are also used to forecast inflation with risk’s 
scenarios. Designing risk assumptions for variables whose high 
volatility implies sensitive developments for the future inflation has 
been part of the forecasting framework. among these variables 
are: exchange rate; developments in monetary aggregates mostly 
influenced by the credit performance, fiscal expenditures, foreign 
prices, etc.

analysis and inflation forecast are addressed as a coordinated 
processes supporting monetary policy making framework at the 
bank of albania. the high persistence of the inflationary process in 
albania (Kota, v. 2009) indicates that its past and current values play 
a significant role in the future and expected inflation developments. 
the coefficient of the persistent and inertia component and the 
other economic variables presented in table 1 are included in the 
forecasting inflation models. 

the progress made in this process is primarily influenced by the 
increasing demand for forecasting as a crucial step of the monetary 
policy decision-making process. contemporary forecasting 
techniques, reflecting on the problems and issues arising during 
the analysis, structuring the forecasting work giving more focused 
actions have supported the forecasting inflation process and its 
main determinants at the boa.

Box 1: Highlights of the inflation forecasting framework 2007-
2010

The most important developments during the four-year period of 
inflation forecasting are as following:
-  Forecasting core and non-core inflation, based on a new 

approach of their measurement; 
- Enriching the models’ portfolio, including the three-sectoral 

forecasting model; 
- Compiling a new series for imported inflation incorporating it 

as an important explanatory variable in the models; 
- Extending the forecast horizon from four to eight quarters;
- Updating the quarterly forecasts through new monthly 
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information when actual developments of variables result 
different from those previously assumed. Economic and 
technical arguments for changing the baseline assumptions 
scenario have accompanied the updating of forecasts inflation 
section; 

-  Making baseline assumptions for the explanatory variables 
transparent according to a standardized format and including 
it on a regular basis in the projections chapter of the Monetary 
Policy Reports; 

-  Performing risk scenarios for inflation over the forecasting 
time horizon. The main risk scenarios have consisted in the 
performance of the exchange rate, budget deficit, monetary 
aggregates as well as the other factors assumed to have a 
high potential risk to inflation. It is aimed to design consistent 
risk scenarios; 

-  Analyzing the performance of forecasts conducted   four 
quarters / 12 months before and examining the deviations 
diagnostic results;

-  Decomposing the deviation according to the main factors for 
2009-2010;

-  Involving the Fan-Chart as a transparent, contemporary 
and simple presentation for the risks surrounding the central 
baseline forecast for the four quarters ahead.

- Estimating a reference model (Benchmark) in an ARIMA 
structure, for assessing the forecasting performance for 
comparison purposes among the different models.
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3. Deviations in one-year forecast 
Horizon 

the pursuit of the probability distribution of the “deviations” or 
“forecast’s errors”8 series is the gateway to study the out-of-sample 
forecasting performance. the deviations may be small or large, 
biased in one direction or randomly distributed, serially correlated 
or not. a condition should be intact in the sufficiently long deviation 
series; its probability distribution must respect a normal Distribution 
~ n (0; 1)9. for the period 2006m3-2010m12, the deviation series 
by monthly and quarterly frequencies calculated as a difference 
between published annual inflation rate and the forecasted one 12 
months and four quarters before, consist of 60 and 20 observations, 
respectively. as long as the forecasting horizon over one to two 
years plays an important role in decision making, it should be first 
of all reliable. forecasting errors investigation aims to detect their 
causes according to the main sources. the latter ones may consist 
of: wrong assumptions, unexpected shocks, missing information 
at the time of forecast; different models, frequencies and time 
horizons of the forecasts.

a careful assessment of the causes of deviations makes the 
forecasting process more transparent and accountable in the 
eyes of the policymakers. on one hand, it contributes to the 
improvement of the models and the forecast process. on the other 
hand, it encourages scientific debate on modelling, reinforces 
the requirements for reliable statistical information in real time. 
they both help in designing more consistent baseline assumption 
scenarios from the technical staff and monetary policy decision 
makers.

since autumn 2007, projections worldwide have experienced a 
high degree of uncertainty. by early 2009, the world economy faced 
the phenomenon of sharp Aginflation10 and high price volatility of 

8  calculated as a difference between the published annual inflation rate (actual) and 
the forecasted one.
9  n(0,1) - standard normal Distribution, with the expectation 0 and standard 
Deviation 1. 
10  the inflation caused by the increase of the world prices of agricultural production.
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other commodities (oil and fuels, gas, energy, etc). this uncertainty 
was reflected in significant deviations from inflation projections 
conducted   months, quarters and years earlier. among the most 
important central banks in the world under the inflation targeting 
regime, only the central bank of brazil was able to be successful11. 
in addition, the world financial crisis, increased uncertainties in 
macroeconomic projections. structural dynamic models of general 
equilibrium (Dsge) were seriously shocked. reformatting them in 
terms of new equilibriums for the main macroeconomic indicators 
was considered by the economists as a primary process. the 
downward trajectory of inflation in 2009 triggered the debate on 
the disinflation risk, which actually did not turn out as such. this 

11  national bank of serbia, box: “(non) achievements of inflation targets across the 
world”, inflation report, august 2008, pg. 15-18.

Chart 1 Annual inflation rate: forecasts one year earlier 
vs. actual inflation rate, monthly and quarterly*

*Presented at the Boa’s Monetary Policy Report (4rth quarter 2010).
Source: Authors' estimates
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tendency was caused by the high base effect of the previous year. 
the above-listed developments did not remain out of the inflationary 
process in albania. supply shocks, originating from the domestic 
and external economy, led to considerable deviations from the 
previous forecasts. Despite these developments, the distribution of 
the deviations series resulted ~ n (0, 1), supporting the presence 
of non-systematic errors in forecasting inflation.

Box 2: Profile of inflationary pressures during 2007 - 2010

During 2007-2010, the annual inflation rate in average terms 
resulted at 3%, in line with the Bank of Albania’s objective. This 
inflation supported the economic growth rates by 5.3% in average 
real terms under the 5.7 % policy interest rate for ALL. The year-
on-year exchange rate of the domestic currency against the euro 
for the period under review resulted in a slight depreciation, 
2.8%, mainly due to exchange rate developments during 2009-
2010. The performance of the above-mentioned indicators has 
contributed to maintaining a relative macroeconomic stability. 
Nevertheless, difficulties generated by external demand shocks 
as a result of the recent financial crisis have been present in the 
Albanian economy, increasing economic uncertainties.

Chart 2 BoA policy interest rate, annual changes of the CPI 
and exchange rate (in %)

Source: INSTAT and BoA
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In this framework, the primary objective of the monetary policy 
to maintain price stability in the medium term, 3%, has been 
achieved. The forward-looking monetary policy decision-making 
has played an important role supporting the future developments 
on the consumer prices, markets and aggregate demand in 
the economy. Inflation expectations of the public and those of 
the main market agents have been anchored close to the Bank 
of Albania’s objective. Regular inflation forecasts have also 
supported the monetary policy decision-making. Their role over 
time in assessing inflationary pressures for different forecasting 
horizons has increased. Furthermore, as the aim of the monetary 
policy is to move towards the inflation targeting regime, the interest 
and reliance on them has been and remains still high. The period 
2007-2010 recorded several shocks for the world economic 
equilibriums associated by high volatility of the consumer and 
commodity prices. Their pass-through in the Albanian CPI was 
reflected in increased inflationary pressures mainly from external 
supply side, from the autumn of 2007 to the end of 2008. In the 
same period, the domestic currency was appreciated, easing 
significantly inflationary pressures. But, by the end of 2008, the 
exchange rate demonstrated a depreciating behaviour. Its impact 
on inflation over the first nine months of 2009 was offset by the 
profound inflation base effect1. Consequently, the base effect can 
be considered neither as a “shock” to inflation nor as a disinflation 
process. The latter, was reflected in a strongly declining trend and 
low historical values   of the annual headline and core inflation 
rates during the above-stated period, supporting the weakening 
of inflationary pressures in the economy. In the absence of this 
statistical factor, the inflationary pressures would have been 
higher, due to the depreciation of the domestic currency against 
the euro. The last quarter of 2009 and the year 2010 were marked 
by a significant increase of inflationary pressures as a result of the 
combination of accumulated aforementioned factors effects and 
the continuing depreciation trend of the lek against the euro. In 
the same period, some tariffs for the regulated prices of different 
goods and services rose. These effects, in combination with the 
lower base of comparison of 2009, shifted the inflation trend 
upward, with a similar profile to that of the second half of 2008. 
On the other side, inflationary pressures in this period were eased 
1  bank of albania, monetary Policy report, 2010 Q1, box 1: “base effect and 
its impact on inflation rate”. 
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by the relative weakened aggregate demand, expressed in the 
presence of the negative output gap. 
Inflation rate volatility has been smoothed over time, due to: (i) 
the monetary policy decisions for BoA’s policy rates; (ii) the impact 
generated from the implementation of the correcting measures 
under new domestic and external economic balances in the 
macroeconomic development programmes of the country. Under 
the conditions of an appropriate efficiency of the monetary policy 
transmission mechanism, inflation was kept in under control, in 
line with the BoA’s medium term objective, 3%2.

2  there is a negative correlation between the boa’s policy rate (with a time lag 
no higher than 18 months) and headline and core inflation rates. the linear 
correlation coefficients between core inflation and policy interest rate ranges from 
(-0.4) to (-0.7); and between the headline inflation and the policy interest rate the 
correlation is weaker ranging in a lower band (-0.21 ) to (-0.4 ). 

Chart 3 BoA policy rate with time lags and headline (on the top) 
& core inflation (below) 

Source: INSTAT, BoA and Authors' estimates
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3.1 forecast’s Deviations versus assumPtions

the deviation’s decomposition analysis during the forecasting 
period 2009-2010, indicates that the main factors of the deviations 
were as follows:

- for the year 2009, long depreciation period of the lek, mainly
 against the euro;
- for the year 2010, repetitive shocks from regulated prices. 

the baseline scenarios conducted during 2008 for the exchange 
rate variable have captured its performance based on the history, 
failing to signal in advance the depreciation of the domestic 
currency. the depreciating behaviour became more obvious in 
December 2008 reaching the peak during the second half of 

Chart 4 Deviation’s decomposition according the main factors 
(2009 and 2010)* 

*Bank of Albania, Monetary Policy Reports, 3rd quarter 2010, Box 1: 
“Projections and the role of their components in the decision-making process”.

Source: Authors' estimates
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2009. to carry out a careful assessment of the exchange rate 
situation and its implication for the inflation rate, the risk scenario 
results were a helpful support for the policy makers at the boa. 
based on these scenarios, quarterly inflation projections during 
2009 were verified by the official inflation data for horizons lower 
than four quarters. in average terms for 2009, approximately 54% 
of the deviation is caused by the exchange rate shocks.

inflation forecasts for 2010 conducted during 2009, “suffered” 
the lack of information at the time of the forecasts for the increases 
from time to time of the regulated prices (electricity, water and some 
important medical and hospital services). it is estimated that about 
70% of the total deviation, in average terms, resulted from the lack of 
information for the time and the size of the regulated prices increases. 

3.2 forecast’s Deviations versus 
freQuencies’ moDels 

Due to higher frequency, monthly models produce more 
forecasts than the quarterly ones. their usefulness consists in terms 
of updating forecasts between two quarters with the most recent 
monthly information. at the same time, they enable the extension 
of the deviation time series in order to examine its distribution 
function parameters. because monthly and quarterly models are 
different in time structure aspects, including time-lag variables, in 
some cases in their forms as well, the deviations in the monthly 
models are less smooth than in the quarterly ones. notwithstanding 
this consideration, the series of deviations in both cases has 
maintained the normal distribution properties. in quarterly models, 
the deviation series reached the minimum length for normal 
distribution assessment (20 observations).

the results from quarterly models represent an important tool 
for the monetary policy decision-making. in the contemporary 
philosophy of forecasting, these results are used as raw material in 
projections by structural models12. 

12  During november ‘10 - october ‘11, first tests were realized to perform projections 
and simulations through the gap model, by “supplying” the latter with the results of 
quarterly inflation forecasting models and the short-term gDP ones.
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4. Performance analysis of inflation 
forecasts 

forecasting performance analysis will be realized by the 
presentations of charts, specific statistical indicators and empirical 
test results for the forecast errors series (appendix 2). the mission 
of this analysis consists in assessing the performance of short to 
medium term inflation forecasts by each quarterly model over time. 
as a consequence, it will aim to characterize more accurately the 
probability of the confidence for the inflation forecast. 

to fulfil this mission, the study will focus on specialised statistical 
indicators and econometric practices, widely encountered in the 
evaluation experience framework13. the series of forecast errors14 
will be examined in three comparative dimensions: (i) across 
inflation forecasting models, (ii) across model results and those of 
the benchmark model, (iii) across the forecasting horizons. 

analyses based on the respective indicators according to the 
time dimension are realized by focusing on the forecasting horizon 
from 1 to 4 quarters ahead. Despite this fact, the analyses try to 
extend to a longer term (up to 6 quarters), aiming to include the 
potential horizon of monetary policy reaction15. the evaluation of 
forecasting performance in the medium term is still in a preliminary 
stage, because of the short forecasting history beyond four quarters 
(since 2008 Q3). forecasts in this horizon are addressed to present 
a rough picture to the policymakers on the inflationary pressures 
trends; meanwhile the final decision is focused on the forecasted 
value four quarters ahead. as a result of the statistical elaboration of 
quarterly forecast errors, a fan chart is realized, in order to illustrate 
the balance of risks for the inflation after one year (appendix 3).

13  andersson, m.K. et. al., (2007); andersson, m.K., (2000); andersson, m. K. & 
m. lof (2007); stock, j. & m. Watson (2008); mukherjee, D. and D. Kemme (2008); 
sveriges riksbank (2009 and 2010); bjonland, H. c. et. al. (2010); lars e.o. svensson 
(2009); stock, j. H., m. W. Watson (2002, 2007); timmermann, a. (2005). 
14  measured as a difference between published inflation (instat) and the forecasted 
one in different time horizons (h=1,....,8).
15  this horizon is considered to be 18 months / 6 quarters, “monetary Policy Document 
2009-2011”, bank of albania june 2010.



-24-

given that the forecast errors series is positively/negatively 
different from zero for one/more quarters ahead, despite the 
condition that it must converge to zero on average terms for a long 
time series, there are some basic principles that should be checked 
for measuring the performance of forecasting models concluding 
to the identification of the best or more accurate model:

- firstly, the forecasting accuracy in terms of the average 
size of the deviation/error. the main statistical indicators 
in conducting this analysis are: mean error (me); mean of 
the absolute error (mae); root of the mean squared error 
(rmse); normalized root mean of squared error (nrmse); 
and coefficient of variance of the root of the mean squared 
error (cvrmse). the lower the values of the above indicators, 
the more accurate the forecasts and, as a consequence, the 
more reliable the model is16; 

- secondly, it is necessary to establish a comparative indicator. 
usually the rmse of each model / combination of some or 
all models should be compared to that resulting from the 
benchmark model (in general an arima structure model). as 
a result of comparison a relative rmse indicator (rrmse) is 
calculated. the value of this ratio should be smaller than 1 
unit, indicating that the models perform with smaller forecast 
errors than those resulting from an arima one. if the opposite 
happens, predicting by the benchmark model would be 
recommended.

- thirdly, it is also necessary examining the consistency of the 
forecasts direction. analysing whether the forecasted values 
are in the correct direction (or not) of the annual inflation 
fluctuations (increase/decrease/ unchanged, compared to the 
previous quarter/year). the indicator used in this assessment 
is the direction of the forecast (Df);

- fourthly, through the tests suggested by nordhaus (1987), 
mincer & zarnowitz (1969) and andersson. m.K. et. al. (2007), 
the efficiency of forecasting and the optimality of forecasts for 
different horizons are assessed.

16  in this respect the combination of some/all forecasts from the different models is 
not excluded. 
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Box 3: Indicators of the comparative assessment of the forecasting 
performance

If T - number of forecast periods, t- moment at which prediction 
is conducted, A - the actual value of inflation, F - the estimated 
value of inflation, the indicators for the performance assessment 
would be:

1. ME- Mean Error examines the presence and direction of the 
forecast errors. Its positive/negative values indicate that, in 
average terms, it is forecasted below/above the published value, 
signalling under/overestimation during the forecasting process. 
The calculation formula is as follows:

2. MAE- Mean Absolute Error measures the size of forecast errors, 
neglecting their sign (direction). This indicator assumes that the 
value of a forecast error varies in proportion to the size of the 
MAE. This means that a 2% error is 2 times worse than a 1% error. 
MAE’s formula is as follows:

3. RMSE – Root Means Square Error is one of the most 
encountered indicators in literature and practice for assessing the 
forecast quality in terms of comparability among different models 
and forecasting horizons. RMSE is used to measure the average 
size of the forecast error. In terms of comparability, a lower value 
indicates a better accuracy of the prediction. It is computed by 
the following formula: 

4. NRMSE – Normalized Root Means Square Error is another 
form of expressing the magnitude of the error. It shows the value 
of the RMSE per unit of amplitude of the actual series inflation 
variance. It should be as small as possible, showing less relative 
fluctuations of the residuals. It may be expressed in % and is useful 
for comparability purposes (different models / different forecast 
horizons). It is measured by the following formula:
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Amax and A min are respectively the maximum and minimum values   
of the actual inflation series (for the forecasting horizon).

5. CVRMSE - Coefficient of Variation of the Root Mean Square 
Error. It is very similar to the previous indicator, but it examines 
the volatility of RMSE (error), compared to the average actual 
inflation according the forecasting horizon. It is measured by the 
following formula:

 

6. DF – Direction of Forecast. Besides measuring the accuracy 
of forecasting (the measure), it may be useful to analyse if the 
forecast is or not in the right direction for different forecast 
horizons, or how much the forecasted values have captured 
correctly the increases / decreases / no changes of inflation. This 
ratio may be important especially for the short-term forecasts of 
some indicators. According to Andersons, M.K. et. al, 2007, by 
DF can be judged whether the GDP in the coming quarters will 
increase / decrease, taking preliminary signals on the expansion 
/ contraction or the turning point of the business cycle (economic 
activity) or if the exchange rate may be appreciated/ depreciated 
in the near future compared to the current level. The same 
information from the DF may be used to analyse inflation if there 
will be an increasing/weakening of inflationary pressures in the 
short term. This indicator is expressed in percentage according 
to the formula:

where I is a function or an indicator that rises by 1 unit when 
the hypothesis (increase / decrease / same) is verified and 0 if 
otherwise, i.e. if it is forecasted that in the quarter (t +1) inflation 
will rise and according to official sources the increase is verified, 
I = 1, otherwise, I = 0. And if in moment (t +1) is forecasted to 
decline and this event is verified officially then   I = 1, otherwise I 
= 0. The higher the value of I at the end of the hypothesis control, 
the more the model is able to correctly forecast direction of the 
future inflation. 
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the performance analysis in the forecasting process, in general, 
depends significantly on the length/number of observations of the 
deviations/errors series. for a given period of analysis, its length 
reduces with the extent of the forecast horizon. if the series of errors 
has 20 observations   on the one-quarter horizon, on the four-quarter 
horizon it would have only 17 ones. the average forecast error 
may increase considerably for high forecast horizons. it is important 
to take into consideration that this phenomenon can be caused 
partially or substantially by reducing the sample size. statistical 
inference, other statistics and tests used in the whole assessment 
of the forecast performance are highly “vulnerable” by the length 
of the sample size. andersson m.K. et. al. (2007), evaluating the 
performance of forecasts from different agencies and institutions, 
including sweden’s central bank, emphasizes that, in some cases, 
the forecasting accuracy seems to improve significantly over long-
time horizons. still, the interpretation of these facts should be done 
with extreme caution from the statistical point of view, because 
of the reduction of the sample size. it is difficult and risky for the 
whole process to draw conclusions from small samples, because 
coincidentally the rmse or me may result lower.

 

7. RRMSE – Relative Root Means Square Error is measured as 
the ratio of RMSE of each model (Mi) to the RMSE resulting from 
the benchmark model.

if rrmse(i) <1, then model (mi) forecasts better than the 
benchmark one. 

if rrmse(i) > 1, then the benchmark model forecasts better 
than (mi) model. 

if rrmse(i)=1, then the benchmark model predicts as well 
as (mi). if the result verifies the latter two cases, it is better to 
predict by the benchmark model, usually arima models.

8. rDf – relative Direction forecast is an indicator built on 
the same logic as rrmse, but with its opposite interpretation, 
since Df should be as high as possible. if rDf(i)>1, mi model 
forecasts the direction better than the benchmark one.



-28-

taking into consideration the above conclusion and, based on 
the gained experience on the inflation forecast at the boa, we will 
try to analyse the performance of the annual inflation rate extending 
the forecast horizons from four quarters (Hashorva, g. et. al., 
2006) to six quarters. the forecasting process up to eight-quarter 
horizon has started in 2008 Q3. as a result, only 3 observations 
of the deviations series at the end of 2010 Q4, for the next eight 
quarters, are insufficient for the further analysis. in this respect, the 
values   of performance indicators, even for the five- and six-quarter 
horizon, should be considered with extreme caution. on one 
hand, the length of the deviation series is still short, representing 
a relevant statistical factor. on the other hand, the models are 
not evaluated based on long-term equilibrium relations. both 
aspects represent inherent statistical factors for vulnerability of 
the performance indicators up to four-quarter horizons. this issue 
is quite controversial in the periods of high uncertainty for future 
economic events hampering the setup of the assumptions for the 
explanatory variables. the debate raised about such models and 
even the structural ones consists in their limitations to reflect the 
structural changes in the developing economies in general and in 
the albanian economy in particular.

4.1. comParative analysis of forecast 
accuracy among moDels 

the me, rmse and fD indicators are treated specifically in this 
section, presented in the group-charts 5, 6 and 717. the results 
indicate that, for more than four quarters forecast horizons, the 
deviation in average terms is increasing. also, for all models it is 
positive, implying lower prediction of annual inflation rate than the 
actual one under the period in review. for 1 - 4 quarters forecasting 
horizons no systematic errors have been identified. the model with 
the lowest me/mea is the one that combines the forecast results of 
four separate models by a simple mean. combined forecast indicates 
that the size of the forecast error is smaller than in the other models, 
even than the arima one, for 1- 6 quarters forecast horizons. 

17  the results of other indicators are presented in the appendix 2. they can be 
interpreted based on the information provided in box 2. for this section see charts 1, 
2, 3 and tables 1 and 2.
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Source: Authors' estimates
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Chart 5 ME for 1-6 quarters horizons: forecast models vs. the 
benchmark one 
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Chart 6 RMSE for 1-6 quarters horizon: forecast models vs. the 
benchmark one 
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Chart 7 FD for 1-6 quarters horizon: forecast 
models vs. the benchmark one 
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rmse results suggest that the model with the most accurate 
forecasts for 1-4 quarters horizons is the tr_ntr one. the 4_g 
model, presents a high rmse for the four-quarter horizon, almost 
equal to that of the arima. nevertheless, the rmse sizes support 
the average forecasts or the combined one. for all models, the 
rmse increases with the extension of the forecasting horizon (1-4 
quarters). this phenomenon is explained by the lack of information 
mainly regarding the foreign and regulated prices and other factors 
at the forecasting time. in relative terms, forecasting with individual 
models is more accurate than forecasting with arima.

in terms of the fD, the most correct direction is found in a relatively 
higher degree from tr_ntrn and c_nc models. over the period 
in analysis, both models forecast in the right direction, up to three 
quarters horizon, approximately on 70% of cases. other models, 
including the average one, predict the forecast direction correctly 
at a range of 60%-65% of cases over the horizon of 1-2 quarters. 
the latter one is considered as a more appropriate horizon for 
interpreting the information given by the fD’s indicator (andersson, 
m. K., 2007).

all models in use represent a higher fD size than that of the arima 
though comparable to it. this derives from the autoregressive nature 
of inflation, captured by all models. meanwhile, as the arima 
model is particularly concerned with this feature, other models 
include also additional information from other economic variables. 
fD results suggest that, in our case, the additional information has 
contributed to the improvement of this indicator.

4.2. ProPerties of tHe average forecast

Practice and literature suggest that there is not a model and 
consequently a prediction that may be considered as “absolutely 
the best”. Different models try revealing inflation developments in 
different forms and aspects. they signal the main trends of inflation 
indicating the relevance of factors affecting it and those that are 
expected to generate inflationary pressures in the future. combining 
the results of certain projections in an average one, remains one 
of the most highly suggested methods, in order to avoid the over 
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/ underestimation of one or another forecasting model. When 
the forecasting experience is recent, applying a simple average is 
suggested. Different central banks and other institutions with a rich 
experience in the forecasting process, in most cases, apply average 
forecasts in the weighted version (bjonland, H.c. et. al., 2010, 
timmermann, a., 2005). models with a small size of rmse were 
given a higher weight in calculating the average forecast, because 
they supply a high accuracy over time horizons. the weighting size 
is determined based on the inverse of the variance of the forecast 
errors for each model.

as it was concluded from the comparative analysis of the 
inflation forecasting performance according to different models, 
the approach that averages all the forecast results, in our case, 
represents a more appropriate forecast, compared to individual 
models along the forecasting horizon. based on this series, the 
fan-chart was designed in mid-2009. in the following, we analyze 
the optimality and efficiency of the forecasts according the above 
approach. to address these hypotheses, the approach employed 
is the forecasting performance analysis by andersson. m.K. et. al. 
(2007), bank of england and Deutsche bundesbank (2009)18, will 
be applied in the current section. the framework established by 
nordhaus (1987), mincer & zarnowitz (1969), is used to test the 
optimality and efficiency of the inflation forecast in average terms. 

18  background materials on the Deutsche bundesbank’s Workshop “modelling and 
forecasting at the central banks”, march 2010. 

Box 4: Properties of the optimal forecasts.

When a forecast series is optimal? In order to investigate 
this question the series of forecast errors should have several 
properties and testing the presence of optimality it needs long 
time series of the forecast errors.
 
The forecast errors series, FE (h), where (h) is the forecast horizon 
must be unbiased, which means that an optimal forecast in (t + 
h) horizon would be equal to the published value of inflation, in 
average terms. If the above condition is not fulfilled, the verification  
of other properties is not necessary to be done. 
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a. is the average forecast unbiased? in order to examine the 
fulfilment of this essential property, a regression between the forecast 
errors series and a constant term for 1, 2, 3 and 4 quarters horizon 
was developed19. then the result of the “t-test” for the constant term 
is analysed. if the null hypothesis, H0: “ const = 0”, is rejected, 
then the forecast errors will not be zero on average, therefore, 
they are systematic and the prediction was biased over time. the 
results (appendix 2, table 3) show that the H0 is not rejected with a 
convincing probability for all horizons. Hence, the average inflation 
forecast has been unbiased, with no systematic errors during the 
period in analysis. the fulfilment of this requirement is promising 
that in the long-term, inflation forecasts will converge to the actual 
inflation rates according the different forecasting horizons. 

b. Does the average forecast generate forecast errors series that 
respect an ma (q) process, where q <h, therefore ma of order 
(q>= h) should have been insignificant? the test results (appendix 
2, table 4) indicate that this condition is verified for h = 1 and 2, 
and partially for h = 3 and 4. reducing the sample size may be 
one of the essential reasons that cause this “anomaly”. thus, the 
results support the optimality of the average forecast in the short 
term; meanwhile, for longer horizons it is not completely true.

19  the regression for longer time horizons cannot give reliable results, because of the 
shortening of the forecast errors series.

Optimal forecasts generate forecast errors FE (h), whose series 
should respect a MA process of an order lower than (h), then a 
MA (q) process, where q <h. For h = 1, the forecast error series 
follows a white noise process.

Optimal forecasts in (t + h) horizon generate an error series with 
non-increasing variance over the horizon (h), which converges 
to an unconditional variance process, therefore the errors are 
homoscedastic. 

The forecast error series, FE (h) should be unpredictable using 
the information available at the forecast moment. 
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c. is the forecast suffering from the heteroscedasticity? answering 
negatively to this question, the third condition for forecast optimality 
is satisfied. therefore, the variance of errors does not increase in 
time. forecasts made   with individual models satisfy the condition of 
the homoscedasticity. nonetheless, does the error of the average 
forecast suffer from heteroscedasticity? is the error series of the 
average forecast a linear combination of the forecast errors 
derived from each model? in order to answer these questions, 
a simple regression model has been estimated. forecast error 
series are examined about the presence of the trend component at 
h=1,2,3,4, given that const. = 0 in average terms (from a). results 
of regression at h=1,2,3,4 significantly reject the presence of trend 
component (@ trend) and the increase of errors in time (appendix 
2, table 5) as well as the presence of the heteroscedasticity based 
on the arcH test results (appendix 2, table 6). this means that, 
although the deviations regarding the horizons during the given 
period rise, it is statistically rejected that this phenomenon is caused 
from the increased variance of errors in time. 

d. are the forecasting errors unpredictable? this property is 
difficult to be verified mainly due to the limitation from the short-
time series. nevertheless, for h=1,2 an attempt is made in order to 
investigate the following relationship:

fet(h),t = a0 +a1*info(h),t + ut  (1),

where fet(h) forecast error at the time (t) for horizon (h); info.
(h),t, the information until (t) time (third month of the current 
quarter), related to the inflation and other monthly variables; ut – 
residuals/error term. this is a condition that forecasters take into 
consideration during the updating forecasts based on the most 
recent/new information. it is used to test whether the indicators 
published in a preliminary version (i.e. gDP), influence or not the 
forecast of errors. errors must be independent of this fact, hence, 
unpredictable according to a functional relationship. they might 
be reduced, but not dependent on the amount of information until 
the forecast time. given that there is no preliminary publication 
of inflation in albania, we transformed this exercise assuming two 
monthly inflation figures within a quarter as preliminary figures for 
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the quarterly inflation rate. this and new information coming in 
up to the moment of the quarterly forecast are incorporated to 
perform a new forecast round (update). according to the “t - test” 
in regression (1), the coefficients a0 and a1, must result insignificant. 
the results of the above regression are mixed. they are not 
convincing to conclude that the errors are completely unpredictable 
in updating inflation forecasts. the forecasting inflation process in 
albania, based on the nature and amount of information collected 
in between the forecasting rounds, is not an appropriate case to 
perform this testing procedure.
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5. conclusions 

the forecast performance analysis of the forecasting models 
at the bank of albania is considered as an integral part of the 
forecasting process in order to support an appropriate decision-
making process of the monetary policy. forecasting of one-year-
ahead inflation, during 2007-2010, was not be able to capture 
the global shocks mainly from: (i) world price conjunctures (2007-
2008); (ii) exchange rate (2009); and (iii) administered prices 
(2010). the lack of timely information, mainly for regulated prices, 
is identified as an essential factor in increasing the size of forecast 
errors during 2010. 

meanwhile, the risk scenarios for the exchange rate and foreign 
prices have contributed to the decision-making process with more 
accurate information for the inflation forecasts at shorter time 
horizons (less than four quarters). updating inflation forecasts, 
based on the short-term models and the increased role of expert 
judgment was very supportive for the policy makers especially 
during uncertain time periods. 

forecasting based on different models is considered useful, 
because it captures different developments in the consumer price 
trends. all models perform better than the benchmark one, in terms 
of both accuracy - the smaller errors – and capturing the correct 
inflation direction particularly for the short-run horizon. 

combining and averaging the results of forecasts from each 
model has produced an optimal prediction with an acceptable 
statistical accuracy for building the risks balance of inflation up to 
four quarters horizon. 

information efficiency remains a hypothesis to be verified, as long 
as test results do not provide convincing answers in this regard. 

a more accurate forecast for the exchange rate would help to 
increase the accuracy of inflation forecasting. the analysis of the 
average forecast performance shows that the results of inflation 
forecasting models should be considered in a horizon of no 
longer than six quarters, with particular emphasis on the horizon 
of four quarters from the time - forecast. the updating process of 
the forecasts turns out to be dependent on the monthly values of 
inflation and exchange rate developments within a quarter.
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aPPenDiX 1

a sectoral moDel for a small anD oPen 
economy

tHeoretical frameWorK

in a small and open economy, like the albanian economy, 
inflation pressures are ‘produced’ by foreign and domestic 
developments, or through tradable and non-tradable sectors of 
the cPi basket, respectively. the first sector of the prices of goods 
is more exposed to developments in international markets facing 
directly the competition. this means that prices in this sector are 
mainly determined by the global conjuncture or the economic 
conjunctures in albania’s main trading partners. While the non-
tradable sector prices are mainly determined by domestic factors/
demand. therefore, inflationary process, for a small and open 
economy, can be modelled as a two-sectoral model.

sectoral moDel anD variables

the dependent variables - price index for tradable and non-
tradable (excluding regulated prices) - were tested for: stationarity 
(aDf - test); causality (granger causality) in the relationship with 
other potential explanatory variables. the sur method is applied in 
the Weighted least squares (Wls) method and is used to model the 
simultaneous changes affecting price changes in both sectors of the 
cPi basket. the volatility of prices in one sector can be influenced 
by those that have occurred or are occurring in the other one. to 
correct the detected heteroscedasticity of errors, the least squares 
method is applied in its weighted version (Wls). other variables 
participating in this model are: neer, food Prices index in greece, 
regulated Prices index, lagged variables of tr and ntrn inflations, 
the yield of the treasury bills for 12 months, and House Price index 
(HPi) as a proxy for asset prices. the lagged tr inflation is also one 
of the variables that explain a part of the movements in the ntrn 
prices, trying to capture the pass-through from cost changes due to 
the pressures from commodity prices to those of services – mostly 
represented by ntrn sector of the cPi basket. 
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variables in the model are included with reasonable lags. they 
are annual changes at quarterly frequencies (dlog (variable), 0, 
4). signs of variables are in line with the economic theory, while 
providing a reliable statistical significance (almost 95%). the 
adjusted determination coefficients, respectively for both equations 
in the model, result 0.73 and 0.83, suggesting a satisfactory fit of 
the   estimated values with actual ones.

the deviation series presented in this chart are considered as 
moderate, although the out of sample forecasts coincide with a 
period of high economic uncertainty (2008-2009).

Chart 1 Actual Values, Forecasts and Deviations - Sectoral Model

Source: E. Çeliku, Forecasting Unit, Monetary Policy Department, Bank of Albania
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aPPenDiX 2

aDDitional results: cHarts anD tables

Source: Authors’estimates

Chart 1 Annual Actual and Forecast Inflation, quarterly, 
over 2006 Q2-2010 Q4 

5

4.5

4

3.5

3

2.5

2

1.5

5

4.5

4

3.5

3

2.5

2

1.5

5

4.5
4

3.5

3

2.5

2

1.5

1
0

4.5

4

3.5

3

2.5

2

1.5

5

4.5

4

3.5

3

2.5

2

1.5

2006 Q
3

2006 Q
4

2007 Q
1

2007 Q
2

2007 Q
3

2007 Q
4

2008 Q
1

2008 Q
2

2008 Q
3

2008 Q
4

2009 Q
1

2009 Q
2

2009 Q
3

2009 Q
4

2010 Q
1

2010 Q
2

2010 Q
3

2010 Q
4

2006 Q
3

2006 Q
4

2007 Q
1

2007 Q
2

2007 Q
3

2007 Q
4

2008 Q
1

2008 Q
2

2008 Q
3

2008 Q
4

2009 Q
1

2009 Q
2

2009 Q
3

2009 Q
4

2010 Q
1

2010 Q
2

2010 Q
3

2010 Q
4

Headline

2006 Q2 2006 Q3 2006 Q4 2007 Q1 2007 Q2 2007 Q3 2007 Q4

2008 Q1 2008 Q2 2008 Q3 2008 Q4 2009 Q1 2009 Q2 2009 Q3

2009 Q4 2010 Q1 2010 Q2 2010 Q3 Actual

4_ C

C_NC

1.5

2

2.5

3

3.5

4

4.5
TR_NTRN

Average ARIMA

2006 Q2 2006 Q3 2006 Q4 2007 Q1 2007 Q2 2007 Q3 2007 Q4

2008 Q1 2008 Q2 2008 Q3 2008 Q4 2009 Q1 2009 Q2 2009 Q3

2009 Q4 2010 Q1 2010 Q2 2010 Q3 Actual

2006 Q
3

2006 Q
4

2007 Q
1

2007 Q
2

2007 Q
3

2007 Q
4

2008 Q
1

2008 Q
2

2008 Q
3

2008 Q
4

2009 Q
1

2009 Q
2

2009 Q
3

2009 Q
4

2010 Q
1

2010 Q
2

2010 Q
3

2010 Q
4

2006 Q
3

2006 Q
4

2007 Q
1

2007 Q
2

2007 Q
3

2007 Q
4

2008 Q
1

2008 Q
2

2008 Q
3

2008 Q
4

2009 Q
1

2009 Q
2

2009 Q
3

2009 Q
4

2010 Q
1

2010 Q
2

2010 Q
3

2010 Q
4

2006 Q2 2006 Q3 2006 Q4 2007 Q1 2007 Q2 2007 Q3 2007 Q4

2008 Q1 2008 Q2 2008 Q3 2008 Q4 2009 Q1 2009 Q2 2009 Q3

2009 Q4 2010 Q1 2010 Q2 2010 Q3 Actual

2006 Q2 2006 Q3 2006 Q4 2007 Q1 2007 Q2 2007 Q3 2007 Q4

2008 Q1 2008 Q2 2008 Q3 2008 Q4 2009 Q1 2009 Q2 2009 Q3

2009 Q4 2010 Q1 2010 Q2 2010 Q3 Actual

2006 Q
3

2006 Q
4

2007 Q
1

2007 Q
2

2007 Q
3

2007 Q
4

2008 Q
1

2008 Q
2

2008 Q
3

2008 Q
4

2009 Q
1

2009 Q
2

2009 Q
3

2009 Q
4

2010 Q
1

2010 Q
2

2010 Q
3

2010 Q
4

2006 Q
3

2006 Q
4

2007 Q
1

2007 Q
2

2007 Q
3

2007 Q
4

2008 Q
1

2008 Q
2

2008 Q
3

2008 Q
4

2009 Q
1

2009 Q
2

2009 Q
3

2009 Q
4

2010 Q
1

2010 Q
2

2010 Q
3

2010 Q
4

2006 Q2 2006 Q3 2006 Q4 2007 Q1 2007 Q2 2007 Q3 2007 Q4

2008 Q1 2008 Q2 2008 Q3 2008 Q4 2009 Q1 2009 Q2 2009 Q3

2009 Q4 2010 Q1 2010 Q2 2010 Q3 Actual

2006 Q2 2006 Q3 2006 Q4 2007 Q1 2007 Q2 2007 Q3 2007 Q4

2008 Q1 2008 Q2 2008 Q3 2008 Q4 2009 Q1 2009 Q2 2009 Q3

2009 Q4 2010 Q1 2010 Q2 2010 Q3 Actual



-44-

Table 1 Other indicators for evaluating forecast accuracy according 
to different models and forecast horizons  
indicators Horizons (h)
mae 1 Q 2 Q 3 Q 4 Q 5 Q 6 Q
Headline 0.50 0.64 0.83 0.92 0.70 0.56
4_c 0.31 0.49 0.70 1.02 1.00 0.80
c_nc 0.41 0.69 0.84 1.16 1.23 1.06
tr_ntrn 0.30 0.48 0.52 0.62 0.75 0.76
average 0.33 0.47 0.63 0.86 0.91 0.78
arima 0.86 0.99 0.93 1.03 0.86 0.92
rmsen 1 Q 2 Q 3 Q 4 Q 5 Q 6 Q
Headline 0.24 0.35 0.52 0.54 0.97 0.68
4_c 0.20 0.25 0.45 0.53 0.70 0.46
c_nc 0.21 0.30 0.42 0.56 0.93 0.83
tr_ntrn 0.20 0.41 0.38 0.41 0.57 0.59
average 0.22 0.27 0.48 0.50 0.81 0.60
arima 0.24 0.29 0.54 0.61 1.44 1.78
cvrmse 1 Q 2 Q 3 Q 4 Q 5 Q 6 Q
Headline 0.21 0.24 0.31 0.34 0.30 0.24
4_c 0.13 0.19 0.27 0.38 0.39 0.33
c_nc 0.18 0.25 0.33 0.45 0.60 0.49
tr_ntrn 0.15 0.23 0.27 0.30 0.32 0.34
average 0.14 0.19 0.26 0.32 0.38 0.33
arima 0.34 0.38 0.39 0.45 0.40 0.39

source: authors’ calculations.

Table 2 RRMSE: RMSE of each model relative to the ARIMA one  

r rmse
Horizon (h)
1 Q 2Q 3Q 4 Q 5 Q 6 Q

Headline 0.63 0.69 0.91 0.93 0.85 0.69
4_c 0.43 0.57 0.87 0.99 1.09 0.92
c_nc 0.54 0.70 0.82 0.80 0.97 0.90
tr_ntrn 0.44 0.62 0.68 0.65 0.83 0.96
average 0.42 0.55 0.73 0.79 0.98 0.90

source: authors’ calculations.

Table 3 Test for constant term*
Horizon (h) n. obs. constant (c) t-statistic Prob.  
1 20 -0.08 -0.77 0.45
2 19 -0.14 -0.95 0.36
3 18 -0.03 -0.16 0.88
4 17 0.05 0.18 0.86

note:*H0: c=0. unbiased
source: authors’ calculations.
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Table 4 Test for MA(q) process for FE*  
Horizon (h) ma(q) t-statistic Prob.  

1
verified  
White noise process

ma(1) -2.02 0.07
ma(2) -1.33 0.21
ma(3) -0.73 0.48
ma(4) -1.87 0.09

2
verified  

ma(1) -2.81 0.05
ma(2) -0.24 0.45
ma(3) -1.02 0.33
ma(4) -1.38 0.19

3
verified
 

ma(1) 7.37 0.00
ma(2) -4.67 0.00
ma(3) 0.26 0.80
ma(4) -0.48 0.36

4
verified

ma(1) 4.10 0.00
ma(2) -2.06 0.06
ma(3) -2.74 0.02
ma(4) -0.67 0.48

note:* ma (q<h), must be significant; ma (q>=h), no significant.
source: authors’ calculations.

Table 5 Regress Results for the Trend of FE(h): FE(h) dependent 
variable
Horizon (h) variable coefficient std. error t-statistic Prob.  
1 @trenD -0.005 0.009 -0.552 0.589
2 @trenD -0.006 0.013 -0.486 0.633
3 @trenD 0.003 0.016 0.183 0.858
4 @trenD 0.011 0.020 0.532 0.603

source: authors’ calculations.

Table 6 ARCH test for heteroscedasticity
Horizon (h) variable coefficient std. error t-statistic Prob.  
1 resiD^2(-1) -0.196 0.266 -0.736 0.474
2 resiD^2(-1) -0.124 0.266 -0.469 0.647
3 resiD^2(-1) -0.097 0.276 -0.350 0.732
4 resiD^2(-1) 0.108 0.288 0.374 0.715

source: authors’ calculations.
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aPPenDiX 3 

fan-cHart 

although efforts to reduce the forecast errors in the future 
through improvements in modelling, forecast errors will always 
remain, originating in several sources of uncertainty. there are 
limitations to the ability of any forecast model. one source of 
uncertainty pertains to the assumptions framework versus the actual 
developments of exogenous variables. another one is related to the 
errors of the econometric models in use. the average forecast, 
used by the boa, actually tries to eliminate, considerably, errors 
generated by uncertainties that would exist if it relied only on a 
single model. the greatest concern of point estimates relates to 
the drawback that these predictions focus on one forecast value 
without assessing the degree of uncertainty surrounding it. fan 
chart is a simple way to introduce the assessment of forecast error, 
otherwise known as “risk assessment” in the forecast inflation. the 
gradually spreading fan, during the forecast period, depicts the 
increase of uncertainties around the central projection. it highlights 
the fact that the degree of uncertainty or forecast error grows over 
time. a lighter shade is given to the highest and lowest percentiles 
reflecting the amount of confidence in these forecasting values. 
there are four degrees of shading confidence: 25%; 50%; 75%; 

Grafik 1. Fan Chart presented in 2010 Q3 from the 
Monetary Policy Department, BoA  

Source: G. Hashorva, Forecasting Unit, Monetary Policy Department,
Bank of Albania
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and 90%. inflation forecast value falling in the ranges of the darkest 
shade has a 25% probability to occur. further up, the values found 
in the area with lighter tonalities have a 90% probability to occur. 

the fan-chart presentation below shows that risks are in downside, 
supporting the non-increasing risks for inflationary pressures at the 
end of the forecast horizon (after four quarters).
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