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ABSTRACT. Central Bank of Azerbaijan intends to move to
the Inflation Targeting regime in the medium term. The
new regime requires the development of new models and
methodologies. Though the Bank’s researchers have
already developed different advanced models, most of
them use the quantitative factor analysis of inflation. The
current paper investigates an alternative approach that
allows the estimation of inflation expectations by using
the survey data. This approach, which has never been
used before in Azerbaijan, helps to understand the
behavior of the households in detail and enables
converting qualitative data into quantitative data.
Assuming that households’ responses have normal and
uniform probability distributions, the inflation
expectations were estimated for the period of 2013Q32020Q1 in Azerbaijan.
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Introduction
It is accepted that inflation expectations are factors in an economy that have a significant
impact on headline inflation. The expectations also provide an unbiased predictor of future
inflation and can measure a forward-looking analysis of price change. Thus studying and
monitoring their behavior is always a vital part of policy implementation by central banks.
Some economists thought that Phillips ideas can always be appearing, and there is a
permanent relationship between inflation and unemployment. However, this idea is rarely
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accepted by empirical results. The main point is that monetary policymakers sometimes let high
inflation to reach the low unemployment rate, which means there is a choice between inflation
and unemployment, not a relationship.
In 1970, very high inflation rate was followed by very high unemployment rate at the
same time (stagflation) in many developed countries. After this event, researchers, especially
Friedman (1968), criticized the theories which are based on Phillips curve. Friedman (1968)
showed that Phillips curve only works for the short term. He noted that employers and
employees usually contract with considering the inflation expectations in the long term. In this
case, unemployment will rise again, but now with higher inflation. This shows that there is no
relationship between inflation and unemployment in the long term. So, the central banks should
not target the level of unemployment below the natural level. This once again shows the
importance of inflation expectations. Moreover, it is well known that Central Banks usually use
inflation targeting regime. In this context, the prediction of inflation expectations is very
important.
According to the law, the primary target of the Central Bank of Azerbaijan (CBA) is
price stability. For the decades, CBA chose a fixed exchange rate regime as the best option. The
national currency was pegged to the US dollar, which had helped to maintain price stability in
the economy. However, in 2015 the drop in oil prices contracted the oil revenues into the
economy, consequently reduced dollar supply in the FX market. The devaluation of the main
trade partners’ currencies increased the physiological tension in the market. In order to keep the
exchange rate of manat stable, the CBA spent a large part of its reserves. However, this step
was not enough, and to attain stability in FX market and stop the depletion of the reserves, the
CBA had to devalue the manat. Also, to maintain further stability in the FX market and curb
the inflation, Central Bank had to look for a new nominal anchor, monetary base 1. Targeting
the monetary base helped to stabilize the FX market and allowed CBA to achieve
macroeconomic stability for a couple of years.
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Figure 1. Inflation in Azerbaijan (percent, y.o.y.)
In medium-term, CBA intends to leave monetary targeting and move into a new regime,
Inflation Targeting. IT regime will allow the central bank to increase the transmission of
monetary policy and gradually move to a more flexible exchange rate. The current project is
1

Monetary Base is a summation of cash in the circulation and manat reserves of banks kept at Central Bank.
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one of the new approaches which would allow the CBA to use the survey data and estimate
inflation expectations. As the central banks take into account expected inflation to form its
target, this paper’s contribution may be vital. The estimation of the inflation expectations by
using survey data will help understand the behavior of the respondents, and allow converting a
qualitative analysis into a quantitative which has never been conducted at the CBA. Therefore,
the main question of this research is to estimate the inflation expectations based on the
households’ survey and measure the forecasting performance of these expectations in
Azerbaijan.
The research method consists of normality and uniform assumptions for the probability
distribution of the expectations, calculation of the indifference intervals and cumulative
probabilities. As the primary part of the research method, we also can note the calculation of
the mean absolute error (MAE), and the root mean square error (RMSE) for the measures of
accuracy of forecasts and the mean error (ME) for the measure of unbiasedness of expectations.
Regression analysis for unbiasedness is also one of the major cornerstones of the research
method. We found that the forecasting error, defined as the difference between inflation
expectation and current inflation under normality assumption, is less than the forecasting error
under the uniform assumption for all underlining periods. Finally, the inflation expectation was
calculated for all subgroups, and the results were compared.
The results of this study may be beneficial for policy implementation regarding the
nature of the inflation targeting. Consequently, research may fill the gap in the area of the
prediction of inflation expectations. It should be noted that the calculation of inflation
expectations on the base of the results of household surveys in Azerbaijan can be noted as the
novelty of this study. The structure of the paper is as the following. Section 1 is about the
literature review on the vital research works in this field. Database and survey design, which
consists of an explanation of the questions about price change expectation and kind of the
answers to this question, is discussed in Section 2. The methodology has been discussed in
Section 3. Here we tried to give the information about the assumptions on the probability
distribution of inflation expectations. In Section 4, empirical results on the calculating on
inflation expectations and forecasting performance or properties of inflation expectations were
summarized. At the end, there are conclusion and references sections.
1. Literature review
Theil (1952) prepared the probability estimation of the production index on base of
monthly survey of firms. There were three type answers of the question about the change of
production index in this survey. Firms reported that their production index will decrease or will
increase or will not change. Theil (1952) had considered the fraction of unit firms reporting a
decrease, an increase and "no change" and denote them by dt , st and ct respectively on base of
Anderson's procedure. He argued that, the production index of some firms will increase as small
number p. But in fact these firms have replied "no change" to the survey. Let us express this
statement with his words: “There exists an interval (-p, p), p being positive, such that, for any i
and t, the unit firm i reports "no change" in month t if and only if yit lies in this interval. The
interval (-p, p) will be called the indifference interval” (Theil, 1952, pp. 107). Where, yt is the
first difference of the (total) production index. He supposed that the frequency distribution of
production index is normal distribution with both constant variance and changing variance or
rectangular distribution with constant range.
In another research which has been introduced by Carlson and Parkin (1975) had been
estimated the inflation expectations. They showed that how an estimate of the expected inflation
rate may be obtained from the qualitative data generated by surveys. Their data base consists
of the results of monthly survey which was organized among approximately 1000 individuals
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in Great Britain. In this survey, respondents can choose one of three type answers to
questionnaires: prices will go up, go down or stay the same over the next six months.
Respondents can also provide answer “don’t know”. So, it means that there are four response
categories in Carlson and Parkin (1975) approach and proportions of the total response for these
categories have been computed as follows: 1) proportion of "go up" (At) = number of response
"go up" / total response; 2) proportion of "go down" (Bt) = number of response "go down" /
total response; 3) proportion of "stay the same" (Ct) = number of response "stay the same" /
total response; 4) proportion of "don't know" (Dt) = number of response "don't know" / total
response.
Arnold and Lemmen (2008) used the European Commission's Consumer Survey to
estimate whether inflation expectations have converged and whether inflation uncertainty has
diminished in Europe. They found that inflation expectations depend more on past national
inflation rates than on the ECB's mainstay for price stability based on the household survey.
Inflationary expectations do not faster converge than the actual rate of inflation. Regarding the
uncertainty of inflation, the data show a correlation with the size of the country after the
introduction of the euro. This suggests that inflation uncertainty may increase in countries with
less influence on ECB policies in the framework of EMU.
Ehrmann et al. (2015) analyzed consumer expectations for inflation using micro-level
data from a University of Michigan consumer survey. Their research shows that in addition to
socio-economic factors such as income, age, and gender; other characteristics of households,
such as financial status and attitudes toward purchases, are also important factors in determining
the accuracy of an inflation forecast. They show that respondents who are pessimistic about
current or future financial conditions and basic consumption; as well as those who expect future
incomes to decline, tend to have higher expectations than other households.
Arioli et al. (2017) update and broaden the preliminary assessment of consumer
perceptions and expectations regarding quantitative inflation in the Euro zone and the EU, using
anonymous micro data collected by the European Commission in the context of the Harmonised
EU Programme of Business and Consumer Surveys. They argued that results of quantitative
estimation of consumer inflation were higher than HICP (Adjusted Consumer Price Index)
inflation during the sampling period (2004-2015).
Using a unique "information experience" included in the online survey, Armona et al.
(2019) examined how consumer price expectations for housing respond to increases in home
prices and how they affect investment decisions. After studying the respondents' a priori views
on past and future changes in local housing prices, they compiled a unique information panel,
taking a random portion of them. They believe that this allows identification of these effects
and is a step towards the process of creating expectations. This study argues that a review of
long-term expectations shows that respondents do not expect an empirically significant return
on rising home prices.
Szyszko et al. (2020) studied whether consumer inflation expectations in the EU and
found that Member States were more forward-looking after the onset of the financial crisis
(October 2008–2016) and after the most turbulent times (2013–2016). They evaluated the
hybrid specification of expectations by studying the characteristics of expectations, in other
words, the errors and the macroeconomic efficiency of expectations. Researchers have shown
that the characteristics of expectations have changed in the context of low inflation and deflation
after the crisis, and concluded that the article contributed to the literature on the characteristics
of expectations in E.U.
Focusing on the post-1995 deflation period, Diamond et al. (2020) examined the link
between inflation and household expectations in Japan. Their primary outcome is an increase
in inflation expectations with age. Another result is that measured inflation also increases with
age, although it continues to show a positive correlation between age and inflation expectations.
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Their results show that the price level in the general basket remains stable until the age of 4044, and then begins to grow to the age of 65. Household inflation also varies by age group and
generally increases with age, peaking at 55-59 years of age.
In addition, Johannsen (2014), Kaplan and Schulhofer-Wohl (2017), Ueno and Namba
(2013), Drager (2015), Kokoszczynski et al. (2010), Łyziak (2009, 2010, 2013), Łyziak and
Mackiewicz (2014), Miah et al. (2016) etc. are interesting research works in this field.
Finally, we summarized the categories of responses, assumptions for the distribution of
the expectations and research area of some works which have been devoted estimation of
inflation expectations by using consumer survey data in Table 1. This information will be useful
for construction of our research strategy.
Table 1. Some research papers
Author(s)

Carlson and
Parkin (1975)
Batchelor and
Orr (1988)

Lyziak (2003)

Dias etc. (2010)

Forsells and
Kenny (2002)

Categories of responses
1. prices up
2. prices down
3. no change
4. don't know
1. prices will fall
2. prices stay the same
3. prices rise
1. rise faster than at present,
2. rise at the same rate,
3. rise more slowly,
4. stay at their present level,
5. go down
6. difficult to say
1. increase more rapidly
2. increase at the same rate
3. increase at a slower rate
4. stay about the same
5. fall
6. don't know
1. there will be a more rapid increase in
prices
2. prices will increase at the same rate
3. prices will increase at a slower rate
4. prices will stay about the same or
5. prices will fall slightly

Distribution of
the
expectations

Area

Normal

United Kingdom

Logistic

United Kingdom

Normal,
Uniform

Poland

Normal

Euro area

Normal

Euro area

2. Data and survey design
Our data base consists of the results of households’ quarterly survey which is realized
by Central Bank of Azerbaijan for period of 2013Q3-2020Q1. In total, 4252 households are
included in this survey and these individuals are divided into 6 groups; income, type of activity,
work regime (part or full time), education, age, and gender. 15 questions include in this survey
and the detailed results of the survey are confidential and cannot be reported in this paper. One
of these questions is about price change expectation. This is following:
Q6: How will consumer prices change over the next 12 months?
(1) rise faster than present,
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(2) rise at the same rate,
(3) rise more slowly,
(4) stay at the present level,
(5) go down,
Let a, b, c, d and e are fractions and defined as following:
𝑛go down
𝑎=
𝑁total response
𝑛stay at their present level
𝑏=
𝑁total response
𝑛rise more slowly
𝑐=
𝑁total response
𝑛rise at the same rate
𝑑=
𝑁total response
𝑛rise faster than at present
𝑒=
𝑁total response
Where,
n – the number of responses of each specific answer,
N - the number of total responses
So, we can introduce these fractions of respondents, excluding “don't knows”; those
who think prices will go down or stay at their present level, or rise more slowly or rise at the
same rate or rise faster than at present. It means that choosing any one of these responses by
respondents has the same probability. Therefore, we can construct the balance as following: a+
b+ c+ d+ e = 1
3. Methodological approach
After investigation of some research works, we defined three major cornerstones of the
estimation of inflation expectation based on consumer survey. These are probability distribution
of the expectations, the indifference intervals and cumulative probabilities.
3.1. Probability distribution of the expectations
Probability distribution of the expectations is the first cornerstone of this methodology.
Normal distribution of the expectations:
Suppose that πie is the percentage change in the ith respondent’s price index over the next
twelve months and ft(πie) is the subjective probability density function of πie for a respondent i
during quarter t. Carlson and Parkin (1975) used the normal distribution for this statement.
Contrary, Batchelor and Orr (1988) note that the expectations distribution has centrally
concentrate, but cannot say that it is strictly normal. They argued that individual subjective
probability density functions are unlikely to be the result of independent random sampling.
They accepted that f is logistic by following Fishe and Lahiri (1981).
So, if we assume that individual subjective probability density function comes from the
result of independent random sampling (Batchelor and Orr, 1988) and since the number of
individuals asked is large (Knöbl,1974), then we can accept normality assumption for our case.
The shape of this distribution has been given in Figure 2.
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a = percentage of response “prices go down”
b= percentage of response “prices stay at their present level”
c = percentage of response “prices rise more slowly”
d = percentage of response “prices rise at the same present rate”
e = percentage of the response “prices rise faster than at present”
𝜇 = mean of the expected rates of price changes (𝜋𝑡𝑒 )
𝜎 = standard deviation of the expected rate of price changes
𝜋𝑡 = current inflation rate in time t
𝛿, 𝜃 = any positive numbers
𝜋𝑡𝑒 = the expected rates of price changes

Figure 2. Normal distribution of the expected rate of price change
Uniform distribution of the expectations:
Uniform distribution is our second assumption about the probability distribution of the
expectations. We think that this distribution also can be successful to estimate inflation
expectation on the base of households’ survey. Lyziak (2003) had used this distribution function
to estimate inflation expectations in Poland. When uniform distribution is used to estimate
inflation expectation there is one advantage and one disadvantage of this distribution.
In fact, it seems more reasonable that, smaller part of respondents will answer “prices
go down” and “prices rise faster than at present”. Contrary, we can believe that bigger part of
respondents will answer “prices rise at the same present rate” and “prices rise more slowly”.
Such as distribution likes look the normal distribution. It is advantage of normality assumption
of the distribution of responses. But under uniform assumption, it is supposed that probability
of the falling of randomly selected response into any fraction (see Figure 3) is equal. It is
disadvantage of uniform assumption of the distribution of responses. On the other hand, under
normality assumption we suppose that the expected rate of price change can take very big (+∞)
and very small value (−∞). This can be introduced as the disadvantage of normality
assumption. Contrary, under uniform assumption we suppose that the expected rate of price
change is defined between two points (𝜇 − 𝜏 and 𝜇 + 𝜏). This can be introduced as the
advantage of uniform assumption.
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𝜎 = standard deviation of the expected rate of price changes
𝜋𝑡 = current inflation rate in time t
𝛿, 𝜃 = any positive numbers
𝜋𝑡𝑒 = the expected rates of price changes

Figure 3. Uniform distribution of the expected rate of price change
3.2. The indifference intervals
In this part we will define indifference intervals which play very important to compute
the inflation expectations on the base of households’ survey. So, we have 5 indifference
intervals (see Figure 2) and we can describe them as the following:
1) (-δ; δ). It is clear that, this interval is the symmetric around 0. So, if more than one
half of the probability density distribution ft(πie) for respondent i lies into this interval, then this
respondent chooses the answer “prices stay at their present level”. Here we need to interpret
parameter δ. Suppose that respondent 1 chooses answer (4) to question Q6 (see Section 1) for
the next 12 months. It means that the percentage change of this respondent’s commodity price
index must be equal to 0 during the next 12 months. But it is clear that the percentage change
of this price index will not be always equal to exactly 0. These changes will distribute with any
standard deviation φ1 around 0. Analogously, we can continue the same opinion for other
respondents. For example, for respondent 2 the percentage change of commodity price index
will distribute with standard deviation φ2 around 0. So, with the same pattern, for respondent n
the percentage change of commodity price index will distribute with standard deviation φn
around 0. Now we can accept δ as the average of φ1, φ2,…, φn. In this case, mean percentage
change of commodity price index will distribute with standard deviation δ around 0 across all
individuals.
2) (πt – θ; πt+ θ). We can see that this interval is the symmetric around πt. Where, πt is
the current inflation rate and θ is any positive number. If more than one half of the probability
density distribution ft(πie) for respondent i lies into this interval, then this respondent chooses
the answer “prices rise at the same rate as present”. Let’s interpret the parameter θ with the
same pattern in first interval. Suppose that respondent 1 chooses answer (2) to question Q6 (see
Section 1) for the next 12 months. It means that the percentage change of this respondent’s
commodity price index must be equal to πt during the next 12 months. But it is clear that the
change of this price index will not be always equal to exactly πt. These percentage changes will
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distribute with any standard deviation ξ1 around πt. Analogously, we can continue same opinion
for other respondents. For example, for respondent 2 the percentage change of commodity price
index will distribute with standard deviation ξ2 around πt. So, with the same pattern, for
respondent n the percentage change of commodity price index will distribute with standard
deviation ξn around πt. Now we can accept θ as the average of ξ1, ξ2,…, ξn. In this case, mean
percentage change of commodity price index will distribute with standard deviation θ around
πt across all individuals.
3) (𝜋0 + 𝜃; +∞). If more than one half of the probability density distribution ft(πie) for
respondent i lies into this interval, then this respondent chooses the answer “prices rise faster
than at present”.
4) ( 𝛿; 𝜋𝑡 − 𝜃). If more than one half of the probability density distribution ft(πie) for
respondent i lies into this interval, then this respondent chooses the answer “prices rise more
slowly”.
5) (−∞; −𝛿). If more than one half of the probability density distribution ft(πie) for
respondent i lies into this interval, then this respondent chooses the answer “prices go down”.
3.3. Cumulative probabilities and solutions
In Section 1, a, b, c, d and e have been introduced as the fractions. At the same time,
from Figure 2 and Figure 3, they are also corresponding probabilities for the individuals’
responds. For example a is equal to the probability that the random variable πte (expected rate
of price change) takes a value smaller than – δ. Analogously, b is equal to the probability that
the random variable πte takes a value between – δ and δ; c is equal to the probability that the
random variable πte takes a value between δ and πt – θ; d is equal to the probability that the
random variable πte takes a value between πt – θ and πt + θ and e is equal to the probability that
the random variable πte takes a value greater than πt + θ. These statements can be expressed by
statistical formulas as the following:
Under normality assumption:
𝑎 = Pr(𝜋 𝑒 < −𝛿) = 𝐹(𝜋 𝑒 < −𝛿)
(3.1)
𝑒
𝑒
𝑒
𝑏 = Pr(−𝛿 < 𝜋 < 𝛿) = 𝐹(𝜋 < 𝛿) − 𝐹(𝜋 < −𝛿)
(3.2)
𝑐 = Pr(𝛿 < 𝜋 𝑒 < 𝜋0 − 𝜃) = 𝐹(𝜋 𝑒 < 𝜋0 − 𝜃) − 𝐹(𝜋 𝑒 < 𝛿)
(3.3)
𝑒
𝑒
𝑒
𝑑 = Pr(𝜋0 − 𝜃 < 𝜋 < 𝜋0 + 𝜃) = 𝐹(𝜋 < 𝜋0 + 𝜃) − 𝐹(𝜋 < 𝜋0 − 𝜃)
(3.4)
𝑒 = Pr(𝜋 𝑒 > 𝜋0 + 𝜃) = 1 − 𝐹(𝜋 𝑒 < 𝜋0 + 𝜃)
(3.5)
(3.1)-(3.5) equation system gives us the following solutions:
−2𝜋
𝜎 = 𝑎′ +𝑏′ −(𝑐0′+𝑑′)
(3.6)
−𝜋 (𝑏′ −𝑎′ )

𝛿 = 𝑎′ +𝑏0′ −(𝑐 ′+𝑑′)
𝜋

(𝑎′ +𝑏′ )

𝜋

(𝑐 ′ −𝑑 ′ )

𝜇 = 𝑎′ +𝑏0 ′ −(𝑐 ′ +𝑑′)
𝜃 = 𝑎′ +𝑏0 ′ −(𝑐 ′ +𝑑′)

(3.7)
(3.8)
(3.9)

Where,
𝑎′ = 𝑁𝑧−1 (𝑎), 𝑏 ′ = 𝑁𝑧−1 (𝑎 + 𝑏), 𝑐 ′ = 𝑁𝑧−1 (𝑎 + 𝑏 + 𝑐), 𝑑 ′ = 𝑁𝑧−1 (𝑎 + 𝑏 + 𝑐 + 𝑑).
Note that 𝑁𝑧−1 is the inverse function of standard normal density function.
Under uniform assumption:
1
𝑎 = 2𝜏 (−𝛿 − 𝜇 + 𝜏)
(3.10)
1

1

𝑏 = 𝜏𝛿

𝑐 = 2𝜏 (𝜋0 − 𝜃 − 𝛿)
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1

1

𝑑 = 𝜏𝜃

(3.13)

𝑒 = 2𝜏 (𝜇 + 𝜏 − 𝜋0 − 𝜃)
(3.10) - (3.14) equation system gives us the following solutions:
𝜋 (1−2𝑎−𝑏)
𝜇 = 02𝑐+𝑏+𝑑
𝜋0

(3.14)
(3.15)

𝜏 = 2𝑐+𝑏+𝑑

(3.16)

𝛿 = 2𝑐+𝑏+𝑑

(3.17)

0
𝜃 = 2𝑐+𝑏+𝑑

(3.18)

𝜋0 𝑏

𝜋 𝑑

4. Empirical results
4.1. Current and expected inflations
Now we can begin to estimate inflation expectations under two assumptions about
distribution of the expectations which have been introduced in Section 2. So, we can get the
expectations both under normality assumption and uniform assumption by using solutions (3.6)
- (3.9) and (3.15) - (3.18). The results of computation for total sample (without groups) were
summarized in Table 2.
Table 2. The results of estimation expectations
𝝅𝒆
Time
2013Q3
2013Q4
2014Q1
2014Q2
2014Q3
2014Q4
2015Q1
2015Q2
2015Q3
2015Q4
2016Q1
2016Q2
2016Q3
2016Q4
2017Q1
2017Q2
2017Q3
2017Q4
2018Q1
2018Q2
2018Q3
2018Q4
2019Q1
2019Q2
2019Q3
2019Q4
2020Q1

𝝅𝒕
2.3
2.4
2.0
1.6
1.5
1.4
2.8
3.5
3.7
4.0
10.8
10.5
11.2
12.4
13.2
13.90
13.90
13.40
4.00
3.00
2.60
2.30
2.10
2.50
2.60
2.60
3.00

Normal distribution
𝜇
𝛿
𝜃
1.27
0.77 0.80
1.43
0.81 0.72
1.21
0.65 0.65
0.89
0.53 0.54
0.87
0.50 0.46
0.80
0.46 0.48
1.99
0.93 0.77
2.04
1.13 1.06
2.39
1.20 1.18
2.47
1.26 1.34
6.52
3.56 3.42
6.38
3.45 3.30
6.82
3.67 3.53
9.69
3.36 3.90
10.27
3.42 4.09
9.54
4.02 4.28
10.37
3.73 4.44
8.46
2.92 3.23
2.33
1.06 0.95
1.73
0.81 0.85
1.60
0.79 0.69
1.33
0.47 0.94
1.26
0.46 0.78
1.31
0.58 0.87
1.50
0.60 0.94
2.18
0.72 0.98
2.86
0.83 1.02

𝜎
0.96
0.96
0.81
0.66
0.65
0.60
1.22
1.51
1.60
1.80
4.62
4.50
4.83
5.61
5.94
5.73
6.05
5.52
1.69
1.28
1.12
1.01
0.88
1.03
1.03
1.73
2.42

Uniform distribution
𝜇
𝛿
𝜃
1.26 0.52 0.70
1.36 0.46 0.66
1.16 0.37 0.61
0.88 0.35 0.47
0.84 0.32 0.42
0.78 0.31 0.43
1.84 0.42 0.89
1.96 0.71 0.96
2.28 0.65 1.22
2.40 0.76 1.32
6.25 2.13 3.26
6.11 2.04 3.17
6.54 2.17 3.41
9.22 1.28 4.98
9.76 1.28 5.18
9.06 1.74 4.71
9.89 1.46 5.39
8.02 1.35 3.01
2.22 0.60 0.81
1.69 0.48 0.74
1.50 0.44 0.65
1.41 0.29 0.85
1.29 0.26 0.72
1.37 0.39 0.67
1.54 0.33 0.81
2.19 0.43 1.03
2.84 0.53 1.25

Note: ∆𝑡 = 𝜋𝑡𝑒 − 𝜋𝑡
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𝜏
1.84
1.85
1.57
1.26
1.20
1.13
2.30
2.77
3.00
3.29
8.63
8.39
8.98
10.72
11.29
11.00
11.58
9.75
2.95
2.27
2.01
1.85
1.63
1.88
1.96
2.91
3.86

Forecasting error
(∆𝒕 )
Normal
Uniform
-1.03
-1.04
-0.97
-1.04
-0.79
-0.84
-0.71
-0.72
-0.63
-0.66
-0.60
-0.62
-0.81
-0.96
-1.46
-1.54
-1.31
-1.42
-1.53
-1.60
-4.28
-4.55
-4.12
-4.39
-4.38
-4.66
-2.71
-3.18
-2.93
-3.44
-4.36
-4.84
-3.53
-4.01
-4.94
-5.38
-1.67
-1.78
-1.27
-1.31
-1.00
-1.10
-0.97
-0.89
-0.84
-0.81
-1.19
-1.13
-1.10
-1.06
-0.42
-0.41
-0.14
-0.16
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Now we will try to interpret the results in Table 2. Let’s begin from the results for normal
distribution in any time point (for example for 2013Q3). The current rate of inflation at that
time stood at 2.3%, while the mean of the expected rate of price change over the next 12 months
was estimated at 1.27% in 2013Q3. We know from Section 2 that δ and θ are parameters which
determine the indifference intervals. These parameters are equal to 0.77 and 0.80, respectively
for normal distribution. Which means the respondents reporting that, prices over the next 12
months would rise at the same rate believed that, in the corresponding month of the following
year annual inflation would fall within the interval (1.5%; 3.1%). While those respondents
reporting that, prices would stay at their present level believed that, price growth over the next
12 months would fall within the interval (− 0.77%; 0.77%). With the same pattern we can
interpret the results for uniform distribution in 2013Q3. So, the mean of the expected rate of
price change over the next 12 months was estimated at 1.26%. The parameters δ and θ are equal
to 0.52 and 0.70, respectively. Meaning that, the respondents reporting that prices over the next
12 months would rise at the same rate believed that, in the corresponding month of the following
year annual inflation would fall within the interval (1.6%; 3.0%). While those respondents
reporting that, prices would stay at their present level believed that price growth over the next
12 months would fall within the interval (− 0.52%; 0.52%). In Figure 4, the movement of both
- current inflation and expectations has been described.
We easily can see that, for all period expectations curves are above the current inflation
curve. Other hands from 2013Q3 till 2015Q1, expectation curves are close to the current
inflation curve (but they are not overlapping) while from 2015Q1 till 2017Q4 it departs from
the current inflation curve. Despite this, note that these curves demonstrate the same pattern for
all period. These two points (non-overlapping but the same pattern) encouraged us to analyze
the unbiasedness of inflation expectations.
In Figure 5, the estimation of aggregate household inflation expectations illustrates that
inflation will increase for all quarters of 2020. The tendency will continue even in 2021.
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Figure 4. Current inflation and expectations for income group
Note: data 1 = current inflation; data 2 = the mean of the expected rate of price change under
normality assumption; data 3 = the mean of the expected rate of price change under uniform
assumption
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Figure 5. Current inflation and aggregate expected inflation
4.2. Forecasting performance or properties of inflation expectations
Muth (1961) showed that the assumption of rationality provides accuracy of calculated
inflation expectations. In this context, Lloyd (1999) noted that inflation forecasting
performance can be characterized by two major properties: unbiasedness and efficient of
inflation expectations. He noted: “If inflation expectations are fully rational, they should exhibit
two fundamental characteristics. First, they should be unbiased-that is, agents should forecast
inflation correctly on average. Second, forecasts should be efficient-that is, agents should
employ all relevant information for which the marginal benefit of gathering and utilizing the
information exceeds the marginal cost” (Lloyd, 1999, p. 135). The mean absolute error (MAE)
and the root mean square error (RMSE) are the measures of accuracy of forecasts while the
mean error (ME) is a measure of unbiasedness of expectations. Lloyd (1999) noted that, it is
possible that the results of survey provide a zero mean error, meaning provide unbiasedness of
forecasting. But, we cannot say that these results also provide accuracy of inflation
expectations. Forsells and Kenny (2002), Mehra (2002) analyzed the rationality of consumers'
inflation expectations using these three measures, too. We also begin with these statistics to
investigate the forecasting performance. The results of calculations have been given in Table 3.
So, on the base of the results of Table 3 we found that, the inflation expectation which
has been calculated under normality assumption has better performance than other one. On the
other hand, we know that for best performance calculated ME must be equal to 0. However it
is different from zero for our sample. What about the population? Is the value of this statistics
equal to zero in population or not? To answer this question we can use t statistics2. We found
that, the value of t statistics is significant at 0.01 levels for both assumptions in total case. For
the groups, also the same results appeared. Therefore, we can reject null hypothesis. It means
that, ME is sufficiently different from zero in population at 99% level. Thus we defined that
expected inflation is biased for both - our sample and population. From Table 2, we can see that
individuals had underestimated inflation for all period. Therefore, calculated forecasting errors
are negative in both assumptions. On the base of this statement we used only ME and RMSE
2

𝑡𝑀𝐸 =

𝑀𝐸−0
𝜎𝑀𝐸

Where, 𝜎𝑀𝐸 =

𝑆
√𝑛

, S is a standard deviation of ∆𝑡 .
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in Table 3. Because, ME and MAE are equal each other in absolute value. It means that, these
two values (ME and MAE) have the same distance from zero.
Table 3. Measures of Inflation Forecasting Performance
Groups

Subgroups

I  300
300 ≤ I  700
Income
700 ≤ I  1200
1200 ≤ I
Entrepreneurs
Farmers
Official worker
Activity
Handicrafts
Worker
Other
Unemployment
Full time
Work
regime
Part time
Primary
Education Secondary
High
16-29
30-49
Age
50-64
65+
Male
Gender
Female
Total
Total
∑𝑛

∆

Till first devaluation
(2013Q3-2015Q4)
ME
RMSE
n.a
u.a
n.a
u.a
-0.92 -0.99 0.97 1.03
-1.00 -1.06 1.05 1.12
-0.96 -1.01 1.00 1.06
-1.05 -1.07 1.11 1.13
-0.89 -0.97 0.94 1.02
-1.10 -1.12 1.18 1.19
-1.02 -1.06 1.10 1.12
-1.05 -1.09 1.12 1.14
-0.95 -1.03 0.99 1.09
-0.98 -1.05 1.02 1.10
-1.03 -1.09 1.09 1.14
-1.03 -1.10 1.08 1.16
-0.90 -0.94 0.95 0.99
-0.95 -1.04 1.00 1.09
-0.98 -1.04 1.04 1.10
-0.92 -1.07 1.01 1.13
-0.96 -1.02 1.00 1.06
-0.97 -1.04 1.02 1.10
-0.87 -1.11 0.97 1.21
-0.97 -1.05 1.03 1.10
-1.00 -1.06 1.06 1.11
-0.90 -0.98 0.95 1.03
-0.98 -1.04 1.04 1.10

After first devaluation
(2016Q1-2020Q1)
ME
RMSE
n.a
u.a
n.a
u.a
-1.79 -2.04 2.23
2.51
-2.51 -2.68 3.02
3.26
-2.69 -2.78 3.25
3.40
-3.25 -3.15 4.15
4.03
-2.48 -2.60 3.01
3.18
-2.45 -2.81 3.09
3.49
-2.56 -2.76 3.10
3.37
-2.62 -2.77 3.17
3.36
-2.09 -2.30 2.58
2.85
-2.25 -2.50 2.73
3.04
-2.05 -2.28 2.52
2.80
-2.54 -2.71 3.09
3.33
-2.13 -2.32 2.54
2.79
-2.44 -2.71 2.93
3.25
-2.33 -2.51 2.80
3.04
-2.24 -2.44 2.63
2.91
-2.47 -2.62 3.00
3.23
-2.37 -2.57 2.86
3.12
-2.34 -2.53 2.84
3.09
-2.21 -2.45 2.65
2.97
-2.38 -2.56 2.88
3.12
-2.20 -2.43 2.64
2.95
-2.34 -2.53 2.83
3.09

∑𝑛 |∆ |

∑𝑛

∆2

For all period (2013Q32020Q1)
ME
RMSE
n.a
u.a
n.a
u.a
-1.47 -1.65 1.87
2.09
-1.95 -2.08 2.48
2.67
-2.05 -2.12 2.65
2.78
-2.44 -2.38 3.36
3.27
-1.89 -2.00 2.45
2.60
-1.95 -2.19 2.55
2.86
-1.99 -2.13 2.55
2.76
-2.04 -2.15 2.60
2.75
-1.67 -1.83 2.14
2.36
-1.78 -1.96 2.25
2.51
-1.67 -1.84 2.10
2.33
-1.98 -2.12 2.54
2.74
-1.67 -1.81 2.10
2.29
-1.89 -2.10 2.40
2.67
-1.83 -1.97 2.31
2.51
-1.75 -1.94 2.18
2.41
-1.91 -2.03 2.46
2.65
-1.85 -2.00 2.35
2.56
-1.80 -2.00 2.33
2.56
-1.75 -1.93 2.19
2.45
-1.87 -2.00 2.37
2.57
-1.72 -1.89 2.18
2.42
-1.84 -1.98 2.33
2.54

1/2

𝑡
𝑡
Note: ME = 𝑡=1
, 𝑀𝐴𝐸 = 𝑡=1𝑛 𝑡 , 𝑅𝑀𝑆𝐸 = [ 𝑡=1
] , n.a - normality assumption, u.a 𝑛
𝑛
uniform assumption
Where, n is the number of time periods. ∆𝑡 is the forcasting error in time t and is assigned as
the forecast inflation rate (𝜋𝑡𝑒 ) minus the actual inflation rate (𝜋𝑡 ), ∆𝑡 = 𝜋𝑡𝑒 − 𝜋𝑡 .

Continuing the analysis over the groups we will calculate average of ME and RMSE for
each group. So, we summarized the results of mentioned calculations in Table 4.
Table 4. Mean value of ME and RMSE
Groups (i)

Mean values
Under normality assumption
̅̅̅̅̅𝑖
̅̅̅̅̅̅̅̅𝑖
𝑀𝐸
𝑅𝑀𝑆𝐸
-1.98
2.59
-1.86
2.38
-1.83
2.32
-1.82
2.30
-1.83
2.33
-1.80
2.27
-1.84
2.33

Income
Activity
Work rejime
Education
Age
Gender
Total

Under uniform assumption
̅̅̅̅̅𝑖
̅̅̅̅̅̅̅̅𝑖
𝑀𝐸
𝑅𝑀𝑆𝐸
-2.06
2.70
-2.01
2.59
-1.96
2.52
-2.00
2.53
-1.99
2.56
-1.95
2.49
-1.98
2.54

∑ 𝑀𝐸
∑ 𝑅𝑀𝑆𝐸
Note: ̅̅̅̅̅
𝑀𝐸𝑖 = 𝑖𝑁 𝑖 , ̅̅̅̅̅̅̅̅
𝑅𝑀𝑆𝐸𝑖 = 𝑖 𝑁 𝑖
𝑖

𝑖

Where, Ni is a number of subgroups in each group, i indicates the groups.
Table 4 shows that, all groups and total have better performance based on both ̅̅̅̅̅
𝑀𝐸𝑖 and
̅̅̅̅̅̅̅̅
𝑅𝑀𝑆𝐸𝑖 under normality assumtion than uniform assumption. On the other hand, for both -
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normality assumption and uniform assumption Education group has the best performance based
on both statistic values.
Regression analysis for unbiasedness
The predicted inflation is below or above the current inflation because biased
expectations, on average. There is a widespread approach to test the bias. This approach is based
on the regresses the actual inflation rate (𝜋𝑡 ) on the (previously made) forecast of inflation (𝜋𝑡𝑒 ).
Mankiw etc. (2003), Lloyd (1999), Lyziak (2003), Dias et al. (2010) etc. have used this
approach in their research. On the base of these papers, we can write the mentioned equation as
the following:
𝜋𝑡 = 𝛽0 + 𝛽1 𝜋𝑡𝑒 + 𝜀𝑡
(4.1)
Where, 𝜋𝑡 is the actual (current) inflation rate, 𝜋𝑡𝑒 is the forecast of inflation (expected
inflation), 𝛽0 and 𝛽1 are corresponding coefficients, 𝜀𝑡 is the error term of the regression.
Unbiased expectations consider that rational individuals do not execute systematic and
continual errors on the forecasting inflation. So, when individuals don’t execute these errors,
then we can accept the joint null hypothesis that 𝛽0 = 0 and 𝛽1 = 1. But, acceptance of this
hypothesis can’t indicate those individuals’ forecasts is accurate or not. This phenomenon
relates the existence of serial correlation in the error term in equation (4.1). The results of the
estimation of (4.1) are in Table 5. We can see from Table 5, 𝛽1 is significant at 0.01 confidence
level in all equations while 𝛽0 is insignificant in some equations. The coefficient of
determination (R2) is very high for all equations. It looks like spurious result and may be related
with the non-stationary time series. The result of Chi-squared statistics indicates that the null
hypothesis (H0: (β0, β1) = (0,1)) of unbiasedness is rejected at conventional significance levels.
It means that, forecast of inflation expectation had been biased for period of 2013Q3-2020Q1.
Table 5. The results of regression analysis for unbiasedness
𝜋𝑡 = 𝛽0 + 𝛽1 𝜋𝑡𝑒 + 𝜀𝑡

𝜋𝑡𝑒
Groups
Income

Activity

Work regime
Education

Age

Gender
Total

Subgroups
I  300
300 ≤ I  700
700 ≤ I  1200
1200 ≤ I
Entrepreneurs
Farmers
Official worker
Handicrafts
Worker
Other
Unemployment
Full time
Part time
Primary
Secondary
High
16-29
30-49
50-64
65+
Male
Female
Total

𝛽0
0.65 (0.14)
0.40 (0.48)
0.25 (0.58)
-0.36 (0.12)
0.34 (0.41)
0.86 (0.07)
0.33 (0.34)
0.69 (0.04)
0.47 (0.11)
0.55 (0.09)
0.80 (0.10)
0.37 (0.57)
0.52 (0.14)
0.50 (0.20)
0.50 (0.20)
0.56 (0.00)
0.44 (0.52)
0.45 (0.13)
0.39 (0.03)
0.51 (0.08)
0.47 (0.28)
0.39 (0.16)
0.46 (0.28)

𝛽1
1.20 (0.00)
1.43 (0.00)
1.52 (0.00)
1.91 (0.00)
1.43 (0.00)
1.31 (0.00)
1.47 (0.00)
1.39 (0.00)
1.31 (0.00)
1.33 (0.00)
1.23 (0.00)
1.45 (0.00)
1.30 (0.00)
1.38 (0.00)
1.36 (0.00)
1.32 (0.00)
1.41 (0.00)
1.38 (0.00)
1.38 (0.00)
1.33 (0.00)
1.38 (0.00)
1.35 (0.00)
1.37 (0.00)
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𝑅2
0.96
0.98
0.98
0.96
0.97
0.91
0.98
0.94
0.96
0.96
0.96
0.98
0.97
0.97
0.97
0.98
0.96
0.97
0.96
0.97
0.97
0.98
0.97

𝜒2
13.7 (0.00)
121.0 (0.00)
554.6 (0.00)
109.1 (0.00)
60.6 (0.00)
11.3 (0.003)
114.5 (0.00)
42.6 (0.00)
23.0 (0.00)
29.4 (0.00)
80.5 (0.00)
68.7 (0.00)
44.3 (0.00)
109.7 (0.00)
40.6 (0.00)
50.9 (0.00)
407.7 (0.00)
59.1 (0.00)
94.3 (0.00)
42.4 (0.00)
39.6 (0.00)
77.4 (0.00)
42.5 (0.00)
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Notes: Figures in parentheses are p values. n is number of observations. Chi-squared statistics
pertain to null hypothesis H0: (β0, β1) = (0,1). Equations are estimated by OLS using covariance
matrix corrections suggested by Newey and West (1987).
5. Conclusion
The household survey data was used for the estimation of inflation expectations in
Azerbaijan. Normal and uniform distributions had been chosen for the calculation of inflation
expectations from 2013Q3 through 2020Q1. According to the results, the forecasting error
under the normality assumption was less than the forecasting error under the uniform
assumption. Also, the regression analysis for unbiasedness illustrated a statistically significant
relationship between the current actual inflation rates. However, the chi-square statistics
indicated that the null hypothesis of unbiasedness was rejected at conventional significance
levels.
Assumed the expectations might be rational, additional studies for the efficiency of the
expectations were required. The efficiency was not investigated in this paper due to the lack of
the required time series.
Overall, the estimation of aggregate household inflation expectations showed that
inflation would increase for all quarters of 2020, and the tendency would continue even in 2021.
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