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Abstract
The majority of academic research on central bank communication has analysed a central bank’s audience as a single
group. Analyses, especially empirical research, have focused almost exclusively on a central bank’s interaction with the
financial markets, facilitated by the availability of high-quality, high-frequency asset price data. In practice, a central
bank’s audience is heterogeneous, and recognising this is advantageous for both modelling purposes and effective central
bank communication. Many central banks use a range of communication tools to reach their various audiences, but
little formal analysis has been conducted to guide policy design and communication strategies. Gathering and processing
information are costly for the general public, so they make rational decisions that limit the time and resources they
allocate to these tasks. As a result, aggregate inflation expectations of the public as a whole can be described as ‘sticky’
in that the spread of information about inflation expectations through the economy is not instantaneous. A body of
literature has emerged over the past decade, led by Mankiw and Reis (2001), who developed the Sticky Information
Phillips Curve (SIPC), and Carroll (2002, 2003), who proposed microfoundations for the SIPC. This paper follows
Carroll (2002, 2003) in adopting epidemiological models to provide insight into how the general public in South
Africa forms its inflation expectations. This enables an estimation of the speed at which the South African general
public updates its inflation expectations (information stickiness). Agent-based models, which explain the complex
aggregate inflation expectations of the general public from the agent level upwards, are then used to verify these estimates
of information stickiness and explore the microfoundations of aggregate inflation expectations.
JEL Classification: D82, D83, E31, E52, E58
Keywords: South Africa, sticky information, inflation expectations, inattentive general public

1.

INTRODUCTION

Central banks recognise that they are engaged in a strategic interaction with the citizens of their
countries (their audiences) and that the inflation expectations of these citizens represent a channel
through which monetary policy can achieve its policy objective of low and stable inflation.
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Therefore, communication is widely recognised as crucial to the implementation of monetary policy,
as it is used to build credibility, manage citizens’ inflation expectations and improve coordination
between the actions of the central bank and the citizens, which is mutually beneficial.
In analyses of South African monetary policy, the audience of the South African Reserve Bank
(SARB) has almost always been treated as a single group, and empirical research has focused solely
on the interaction of the SARB with the financial markets. Analysts do periodically acknowledge that
the SARB’s audience comprises a heterogeneous group of people, and the SARB has designed a
range of communication tools in recognition of these differences. However, there has been little
formal or comprehensive analysis of the characteristics of these different groups. This lack of
attention devoted to understanding the non-financial market segments of the SARB’s audience need
not suggest that researchers believe these groups behave very similarly to the financial markets, or
that the impact of these groups’ behaviour is negligible and not worth studying. Instead, it reflects
challenges such as the lack of relevant, high-frequency asset prices available to capture and model
the views of the general public.
In practice, a central bank’s audience comprises heterogeneous groups, and both the policy and
communication of the central bank should be designed with this in mind. Although it is impractical
to attempt to incorporate the full range of heterogeneity within a single economic model, it does
seem beneficial to identify broad characteristics that are likely to affect the way the central bank’s
communication is received and interpreted, and to tailor communication to broad groups of the
central bank’s audience divided along these lines. Blinder and Wyplosz (2004) divide the central
bank’s audience into the broad public and its political representatives on one side, and the financial
markets on the other. Cukierman (2005) argues that the general public will rationally choose to be
inattentive to short-term fluctuations in the inflation rate if the central bank has credibility, as the
cost to them of searching for and processing information about monetary policy outweighs the
potential benefits.
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This paper studies the process by which the inattentive general public form their inflation
expectations in South Africa. Firstly, a better understanding of the process by which the inattentive
general public, who are responsible for the majority of the price setting behaviour in South Africa,
form their expectations will improve the SARB’s ability to communicate effectively with them and
to influence their inflation expectations. Successful communication is essential both to enhance the
effectiveness of monetary policy and to build public support for the institutional framework within
which monetary policy is implemented.
Secondly, an improved understanding of the microfoundations of aggregate inflation expectations
will enable better-quality modelling of the South African Phillips curve and advance policy analyses.
For monetary policymakers, the benefits of improved modelling of the Phillips curve and insight
into the microeconomic foundations of its dynamics are unquestionable. These would improve their
ability to explain the time-varying effects of monetary policy on inflation and output, and thereby
assist the implementation of monetary policy. The “inexorable and mysterious trade-off between
inflation and unemployment” (Mankiw, 2001: 45) is fundamental to our understanding of monetary
policy. It is impossible to explain the business cycle without it, and there is broad consensus that
there is a trade-off between inflation and unemployment in the short run, but not in the long run, so
any reasonable model of the economy should strive to capture these features.

2.

THE INATTENTIVE GENERAL PUBLIC

Blinder, Ehrmann, Fratzscher, De Haan and Jansen (2008) review the literature on the contribution
of central bank communication to the successful implementation of monetary policy and suggest
some areas where further research is required. In the closing paragraph, they identify the need to
research the role of the general public as a separate audience with whom a central bank is
communicating.
“Finally, virtually all the research to date has focused on central bank communication with
the financial markets. It may be time to pay some attention to communication with the
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general public. Admittedly, studying communication with the general public will pose new
challenges to researchers – not least because the financial market prices will be less relevant.
But the issues are at least as important. In the end, it is the general public that gives the
central bank its legitimacy, and hence their independence.”
(Blinder et al., 2008: 47)

Blinder et al. (2008) stress the importance of studying the communication of the central bank with
the general public, despite the difficulty of doing so. The inflation expectations of this group have a
substantial effect on the ability of monetary policymakers to achieve low and stable inflation.
Literature from the field of behavioural economics is used in this section to improve our
understanding of the incentives facing the inattentive general public and their behaviour under these
conditions. Next, we begin to explore the implications for modelling inflation expectations.

2.1. RATIONAL INATTENTION
Proponents of behavioural economics have long contested the use of the standard utility maximising
agent model adopted by mainstream economics. They argue that the amount and quality of
information that rational economic man is assumed to possess, and the clear and stable set of
preferences used to describe his utility are unrealistic. In addition, they question the ability of
rational economic man to evaluate the range of options available to him and calculate which will
enable him to optimise his utility, given his preferences and budget constraint (Simon, 1955, 1956).
In essence, behavioural economists criticise mainstream economists for ignoring the limits to
economic man’s knowledge and computational ability.
Proponents of the standard model respond by arguing that the assumption of rationality does not
suggest that people are fully able to perform optimisation calculations for every decision they make.
People do not know the future with certainty. Rather, they propose that people’s expectations and
behaviour will be guided by their best guesses, based on all the information they have available to
them. They will also avoid systematic errors, which are predictable and costly (Klamer, 1984). Rational
5

expectations can be viewed as an analytical condition that excludes these systematic errors, rather
than an assumption that economic man has perfect knowledge and computational ability. However,
the debate surrounding the validity of rational expectations and its implications has not been settled
yet.
The reality is that monetary economists require a pragmatic approach to making policy
recommendations while the theoretical debate continues. Monetary policy makers need to make
important policy decisions now, despite the lack of consensus. Whatever one’s ideological view, it is
difficult to deny that sensible monetary policy must account for the formation of expectations,1 and
it is, by definition, not possible to model ‘irrational expectations’. Rational expectations models do
not fully explain the complexity of individual decisions, but the assumption does provide a way to
incorporate expectations into the model when decisions are made in a dynamic setting. A
compromise such as using the standard rational models, modified or extended to account for the
limitations of human ability that behavioural economics has highlighted, seems like a reasonable way
to address the pressing questions asked by applied macroeconomic research.
It is argued here that an examination of Simon’s concept of bounded rationality shows that this
compromise does not require a substantial concession on the part of the behavioural economists.
Among the critics of the standard view, Herbert Simon takes a prominent place. He did not try to
replace ‘rational’ economic man with an ‘irrational’ economic man. His aim was instead to redefine
economic man as an agent that is still essentially rational, but who is limited in some way, such as
having limited information or computational ability (Simon, 1955, 1956).
Behavioural economists have offered numerous examples of deviations from the standard model,
which Della Vigna (2007) divides into three broad groups: non-standard preferences, non-standard

There is broad consensus that monetary policy affects the economy with long and variable lags, so monetary policy
must be forward-looking.

1
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beliefs, and non-standard decision-making. The concept of rational inattention falls into the third
group – non-standard decision-making. Rationally inattentive agents recognise that gathering and
processing information is costly, so they make rational decisions to limit the amount of time and
money they allocate to the task (Della Vigna, 2007; Birchler and Bϋtler, 2007).
Monetary models are continually being extended to improve their explanation of monetary policy’s
impact on the economy. These extensions have especially tried to grapple with uncertainty and
learning. A great deal of research is going into explaining deviations from instantaneous market
clearing and the assumption of perfect rationality. The Keynesian explanation for temporary
deviations from market clearing, used extensively to estimate New Keynesian Phillips Curves
(NKPCs), is that prices are sticky as it is costly to adjust them (Calvo, 1983). Other leading
explanations include Lucas’s (1972) signal extraction problem and the learning literature (Sargent,
1993; Evans and Honkapohja, 2001; and others).
In this paper, the behavioural economics concept of rational inattention is used to modify the
standard models, with the objective of modelling the actual data more accurately. The aim of
adopting a different model is to improve our description of the process by which inflation
expectations are formed, in order to overcome some of the troubling weaknesses of current
macroeconomics models, which will be explored further on.
At this point, it is important to distinguish the connotations of the term ‘rational inattention’ as used
by the behavioural economists from that used in the monetary literature. In the behavioural
economics literature, rational inattention refers to a deviation from the standard rational
expectations model, and it acknowledges that due to the costs involved in accessing and processing
information, it is rational for economic agents to limit the time and resources devoted to the task.
In the monetary literature, two new forms of incomplete information have been developed to
introduce rigidity into the monetary models. Christopher Sims (2005, 2007) has adopted ideas from
7

engineering communications theory to model his suggestion that people have limited capacity to
process and transmit information. In his models, economic agents have partial information (they
receive noisy information), and he calls this ‘rational inattention’. Although Sims’ rational inattention
is intuitively appealing, the technical challenge of incorporating it into macroeconomic and financial
models is substantial. Sims himself describes its progress as ‘modest’ (Sims, 2010: 38), although he
remains positive about its future potential.
In contrast, Reis (2004) adopted the term ‘inattentiveness’ to describe his modelling of economic
agents who have delayed information because they have many competing needs that they devote their
time and resources to, and who optimally choose to update their information only sporadically. This
form of incomplete information was used by Mankiw and Reis (2001a, 2001b, 2006, 2007) in their
‘sticky information Phillips curve’ (SIPC) models, which were developed as an alternative to sticky
price models. Far more progress has been made in incorporating ‘inattentiveness’ into
macroeconomic models than Sims’s ‘rational inattention’. Mankiw and Reis (2006) had already
offered a DSGE model in 2006, in which information about prices, wages and consumption are all
sticky (pervasive stickiness) rather than only price information. Following the earlier argument that
policy decisions cannot wait for perfect theory or models, and given the applied nature of this study,
Mankiw and Reis’s ‘inattentiveness’ will be adopted in this paper. The aim is to provide
microfoundations for the estimation of the South African SIPC.
Mankiw and Reis (2001a, 2001b) claim that sticky information is more consistent than rational
expectations with mainstream views about the actual dynamics of the macroeconomic variables
inflation and unemployment. The idea of inattentiveness also has intuitive appeal in the South
African context. Ehlers and Steinbauch (2010) investigated the expectation formation processes of
different economic groups in South Africa. They found that the groups neither employed fully
rational nor fully adaptive behaviour. Rather, the different groups appeared to adopt different
combinations of rational and adaptive behaviour, which Ehlers and Steinbauch (2010: abstract)
describe as ‘non-homogenous learning’. This paper focuses on using inattentiveness as an alternative
8

explanation for the non-homogenous formation of inflation expectations by different groups in the
South African economy, in an attempt to address the concerns raised by Mankiw (as discussed in
section 3).

3.

MODELLING THE INFLATION
INATTENTIVE GENERAL PUBLIC

EXPECATIONS

OF

THE

Mankiw (2001: 52) laments that the NKPC “cannot come even close to explaining the dynamic
effects of monetary policy on inflation and output”. He identifies three empirical findings that he
believes highlight its failure. The NKPC predicts that when monetary policy is fully credible, a
disinflation can cause an economic boom, which is at odds with experience; and it does not generate
the inflation persistence that we observe in reality. But Mankiw argues that it is the implausible
impulse response functions that illustrate the weakness of the NKPC most clearly. They are not able
to simultaneously capture two things on which there is wide consensus within monetary economics
– that monetary policy has a temporary effect on employment and a delayed and gradual effect on
inflation. Mankiw and Reis’s (2002) proposal to model economic agents as ‘inattentive’ stems from
their frustration with the inability of the NKPC to adequately represent the monetary transmission
mechanism.
Although a substantial amount of research has been dedicated to modelling a Phillips Curve that
explains the observed data well, most of this effort has been focused on modifying or extending the
NKPC. Mankiw (2001) argues that these modifications do not solve the underlying deficiencies of
the model in a satisfactory manner. For example, to introduce inflation persistence, Fuhrer and
Moore (1995) added some backward-looking expectations, which are not grounded in solid
theoretical foundations.
Instead, Mankiw and Reis (2001) proposed that the Phillips curve be modelled using sticky
information rather than sticky prices. They proposed that sticky information was the result of the
fact that the general public are inattentive to short-term changes in inflation and that they only
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update their inflation expectations periodically. However, they did not formalise their proposed
microfoundations.
Research by Roberts (1997) did focus some attention on the microeconomic reasons for the failure
of the NKPC to explain observations of the economy. He argues that there are two deviations from
the standard New Keynesian model, either of which provides a way to address the problematic
‘disinflationary boom’ prediction. Roberts refers to past studies (Phelps, 1978; Taylor, 1983; Ball’
1991; Fuhrer and Moore, 1992, 1995) which show that a sticky price model does not guarantee
sticky inflation. As discussed earlier, it is possible in a New Keynsian model for an increase in
inflation to have no impact on output, if the central bank is credible. Fuhrer and Moore (1995)
showed that the assumption of sticky inflation was able to explain the observed data better than that
of sticky prices (conditional on rational expectations). However, Roberts (1997) argues that similar
results can be achieved by assuming sticky prices and imperfectly rational expectations. He evaluates
these two hypotheses and concludes that it is preferable to adjust the assumption of rational
exceptions (1997), because survey evidence shows that inflation is not sticky and supports the
hypothesis that inflation expectations are less than perfectly rational.
Building on this survey-based evidence of Roberts that expectations are less than rational (1997,
1998) and the claims of Mankiw and Reis (2001a, 2001b) that the sticky information models better
explain some of the macroeconomic dynamics, Christopher Carroll (2002, 2003) proposed a way to
represent the microfoundations of the aggregate behaviour that the SIPC models are producing. He
adopted epidemiological models, particularly for their approach to studying the spread of contagious
diseases, to represent the dissemination of information about inflation throughout a population of
economic agents.
According to Carroll (2002, 2003), of the entire audience with which the central bank communicates,
only the professional forecasters (which constitute a small fraction of the public) form their own
expectations. The rest of the public form their expectations based on the media’s explanation of the
10

professional forecasts. In effect, Carroll proposes that the manner in which the inattentive general
public collect information about monetary policy can be modelled in the same probabilistic manner
as people in a population contract a contagious disease. An epidemiological model is employed in
this paper to capture the actual behaviour of the inflation expectations of the inattentive general
public in South Africa.

3.1. THEORETICAL MODEL
In line with Carroll (2002, 2003), a ‘common source’ epidemiological model was adopted, which
relies on the following assumptions. A person has a fixed probability of contracting a disease if
exposed to it for a given period, and once infected, he or she never recovers. In addition, the
‘common source’ assumption implies that the disease is caught from a common source (such as a
central air conditioner in a building), so the people in contact with this source have a constant
probability of catching the disease. Carroll assumes that the inattentive public update their inflation
and unemployment expectations periodically based on exposure to newspapers which report the
expectations of the professional forecasters. The common source of information is the professional
forecast reported in the newspapers, and information is transmitted though the economy in a
sluggish fashion, based on the probability that people adjust their inflation expectations to align with
the professional forecasts.
We assume that in each period t, each member of the general public (called a price setter in the
model2) i, has a probability ℷ, of being exposed to the relatively more rational inflation expectations
of the financial analysts3, via a media report. Conversely, each price setter faces a probability (1-ℷ) of
not being exposed to this information and therefore retaining his or her inflation expectations from

In the model, members of the general public are referred to as the price setters, to reflect that this group consists of the
majority of the public (it excludes only the financial market), including the business sector that sets the prices of goods
and services, and labour that influences the price of wages.
3 Ehlers and Steinbauch (2010) found that the inflation expectations of the financial analysts are more rational than those
of the business sector or the trade unions.
2
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period (t-1). The mean inflation expectations of the price setters as a group in time t are determined
by the mean inflation expectations of the financial analysts in time t and the weighted average of
past inflation expectations of the price setters, as follows:

π e.PS
t

{

(

(
) λ π e.PS
= λ π e.FA
+ (1 - λ ) λ π te.PS
t
-1 + 1 - λ
t - 2 + ...

)}

………………(1)

e.FA
π e.PS
t
and π t
represent the mean inflation expectations of price setters and of financial market

participants respectively, for the following year, beginning at time t. Intuitively, equation 1 states that
the current mean of the expected inflation of price setters for the following year is equal to the mean
current newspaper forecast for that period and the weighted average forecasts of the price setters for
the same period, as forecast in previous periods. The probability that price setters in time t will
update their inflation expectations to that of the financial analysts for the same period is captured by
coefficient ℷ. In this simple model, all price setters who update their inflation expectations to those
of the financial analysts keep them constant at the level they expected at the start of the period, so
there is a probability (1-ℷ) that price setters maintain their expectations from the previous period.
This model could be extended to capture other sources of inflation information, such as media
reports of past inflation figures or social interaction between price setters. The empirical results
presented further on in this paper support the view that past inflation does play a significant role in
the formation of inflation expectations of the general public in South Africa (OECD, 2010). When
past inflation is added to equation 1, there is a probability, ℷ, that the price setters will align (update)
their inflation expectations to those of the financial analysts. If not, there is a probability, δ, that
they will be exposed to information about past inflation and will align their inflation expectations to
this figure and a probability, (1-δ), that that they will retain their inflation expectations from period
t-1.
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Given this description of the process by which price setters update their inflation expectations with
information from the financial analysts (via newspapers) and past inflation figures, it is possible to
estimate the speed at which they update their expectations. Rearranging the equations into the error
correction form is a natural way to isolate information stickiness from the speed of adjustment
coefficient, which is employed for the empirical estimation in section 6.

4.

THE DATA

4.1. THE DATA
The dataset comprises four series: inflation, past inflation, the inflation expectations of financial
analysts and the inflation expectations of price setters. The data is at a quarterly frequency and the
small sample size of 40 observations (2000Q3 – 2010Q2) is limited by the availability of inflation
expectations data. The Bureau for Economic Research (BER) began conducting inflation
expectations surveys for the SARB from September 2000, with the objective of providing
information for the implementation of inflation targeting, and there is no comparable inflation
expectations data for the general public obtained before this survey.
Following an announcement by the Minister of Finance in October 2008, the SARB began, in
January 2009, to use the CPI rather than the CPIX as its official proxy for inflation4. Between 2005
and 2008 steps had been taken to improve the CPI basket, and by 2009 it was deemed to be the
most comprehensive measure of the cost of living in South Africa and a more appropriate official
proxy of inflation (Statistics South Africa, 2009a; Statistics South Africa, 2009b). The changes made
to the CPI included routine adjustments to reflect changes with respect to expenditure patterns,
technology and tastes, but they also reflected a change in the way in which the costs of
accommodation were recorded. In its previous form, the CPI included interest rates on mortgage

Various measures of the cost of living are calculated each month (for example CPI, CPIX and PPI). These are used as
proxies for inflation, but the SARB recognises that inflation is not perfectly captured by any one price index and
considers a number of them when making policy decisions (Mohr, 2008).

4
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bonds, whereas in its new form, it adopts ‘owners’ equivalent rent’, which accounts for the rent
foregone when a person lives in the house he or she owns. In this study, the focus is on inflation
itself, and the series used as a proxy consists of the CPIX up to the end of 2008 and the CPI
thereafter, which can be viewed as the ‘targeted price index’.
As a consequence of this change, the BER surveyed the expectations of the CPIX up to the end of
2008 and the CPI thereafter. However, it is argued here that both actual inflation and the inflation
expectations series can be treated as continuous variables (expectations of the targeted price index), and
this need not be treated as a structural break. This proposition was tested by visual inspection of the
series (Figure 1), stability tests (CUSUM and CUSUMSQ tests) conducted on the models used later
in the paper, as well as by comparisons of the results of regressions that include only the sample up
to the change of target variable5. This assumption does not appear to bias the results of this study.
The model variables are constructed so that each has a constant horizon of one year. Using a
combination of the South African Reserve Bank Quarterly Bulletins and the Statistics South Africa
CPI series, a real-time6 inflation series with a horizon of one year was constructed. Each observation
of the inflation series represents targeted inflation from time t to t+4. Similarly, the past inflation
series is a series of real-time observations of past inflation from periods t-1 to t-5.
The inflation expectations series had to be manipulated to have a constant horizon of 1 year. The
BER administers the inflation expectations surveys of three economic groups – financial analysts,
business representatives and trade unions. Each quarter, members of each of these groups are asked
to predict what they expect annual inflation to be in the current year, the following year, and the year
after that. Therefore, the horizons of the predictions change from quarter to quarter, and the

These results are available in Table XI in the Appendix.
To provide a more accurate representation of the economic decisions at the time, the data actually available in each
period was collected. Final series for inflation, for example, those available on the SARB’s website, have often been
revised as more information became available. To ensure that the real-time data was considered, the series were
constructed by referring to the original CPI and CPIX data releases by STATSA, rather than to a final series.

5
6
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inflation expectations with a 1-year horizon had to be constructed from the original survey data7.
These constant, 1-year horizon series are illustrated in Figure 1.
Figure 1

4.2. STATIONARITY OF THE SERIES
Before conducting any regression analyses the stationarity of the data series was investigated.
Unfortunately, the small sample size available made it difficult to reach conclusions about the
stationarity of the series. The augmented Dickey Fuller (ADF) and Phillips Perron (PP) tests were
used first, but the results were mixed (Table Ia). The ADF test is known to have low power, and the
PP does not perform well in small samples (Davidson and MacKinnon, 2004). Therefore Dickey
Fuller Generalised Least Squares (DF GLS) and Ng-Perron tests were selected as they perform
relatively better in small samples. These tests delivered robust results, suggesting that all the data
series are stationary (Table Ib).

7 Crucially,

in Q1 respondents are asked to forecast a larger proportion of the current year than in Q3 – the horizons of
the forecasts change over the year. In order to construct a series with a constant one-year horizon, each quarter, a
fraction of the current year is added to a fraction of the following year, depending on the quarter in which the survey is
being conducted. For example, the one-year forecast in Q3 (for which the field work is conducted in August) consists of
25% of the current year’s forecast and 75% of the following year’s forecast.
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Table Ia: Augmented Dickey Fuller and Phillips Perron tests for data stationarity
Variables

ADF
Levels

πe.FA
t
πe.PS
t
πt
πt-1

-2.531
-1.883
-3.133 **
-3.577 ***

First
difference
-4.278***
-3.930 ***

PP
First
difference
-4.103 ***
-3.930 ***
-3.771 ***
-2.197

Levels
-1.758
-1.637
-1.830
-1.744

Second
difference

-3.795 ***

Note: Intercept, no trend. ***, ** and * indicate that the statistics are significant at the 1%, 5% and 10% levels. The first column for each test shows the
results of the test in levels. When this first statistic is insignificant, the result of the test in first differences is shown in the second column, and in second
differences in the third column.

Table Ib: Dickey Fuller GLS and Ng-Perron tests for data stationarity
DF-GLS
Inflation
FA
PS
Past infl

-2.444**
-1.884*
-2.796 ***
-2.668 ***

Ng-Perron
MZa
Reject
Reject
Reject(5-10%)
Reject

MZt
Reject
Reject
Reject(5-10%)
Reject

MSB
Reject
Reject
Reject(5-10%)
Reject

MPT
Reject
Reject
Reject(5-10%)
Reject

Note: Intercept, no trend. ***, ** and * indicate that the statistics are significant at the 1%, 5% and 10% levels. The first column for each test shows the
results of the test in levels. When this first statistic is insignificant, the result of the test in first differences is shown in the second column.

These stationarity test results should be considered in the context of a long debate in the literature
about whether inflation is stationary. Juselius (2006) warns against treating stationarity as a property
of a variable, but as a sample property instead. She suggests modelling inflation as an I(1) variable to
allow the persistent and less persistent components of the variables to be identified by the technique.
These conflicting results for the unit root tests are taken into account when selecting the modelling
techniques in for the formal analysis that follows in sections 5 and 6.

5.

THE DISSEMINATION OF INFLATION INFORMATION

Before attempting to estimate information stickiness, it is sensible to establish whether inflation
information disseminates from the economy to the financial analysts to the price setters as
hypothesised. This is necessary to justify the adoption of epidemiological models to represent the
spread of inflation information. Visual inspection of the inflation and inflation expectations series in
16

Figure 1 shows that adjustments in the inflation series are followed by similar but lagged adjustments
to the inflation expectations of the financial analysts, followed by those of the price setters.
A simple contemporaneous pairwise correlation matrix also offers insight into the degree to which
these different data series ‘share information’. Two features stand out. Firstly, the results in the top
row of Table II reveal that the contemporaneous inflation expectations of financial analysts correlate
with actual inflation to a much greater extent (0.684) than the inflation expectations of price setters
do (0.400). Secondly, the contemporaneous correlation between the inflation expectations of
financial analysts and price setters is strong (0.774).
Table II: Contemporaneous pairwise correlation matrix
Inflation
Inflation
Price Setters
Financial Analysts

1.000
0.400
0.684

Price Setters
0.400
1.000
0.774

Financial Analysts
0.684
0.774
1.000

Granger causality tests (Table III) were used to investigate whether adjustments in one of the
variables was informative about the likely future movements in the other variable. Although Granger
causality does not prove that movements in the first variable induced particular movements in the
second, it does show that they happened prior to and helped to forecast changes in the second. The
hypothesis that the inflation expectations of price setters do not Granger cause the inflation
expectations of financial analysts cannot be rejected for either 2 or 3 lags, and it is marginal for 1 lag.
In contrast, the hypothesis that the inflation expectations of financial analysts do not Granger cause
the inflation expectations of price setters is rejected at the 5% level of significance for lag lengths 1
to 3.
Table III: Granger causality tests
Hypothesis

Probability
(1 lag)

Probability
(2 lags)

Probability
(3 lags)

.

does not Granger cause

.

0.088

0.724

0.584

.

does not Granger cause

.

0.000

0.011

0.025
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Therefore, exploratory data analysis provides preliminary evidence that there is ‘shared information’
between the three series and that changes in inflation tend to occur first, followed by similar
adjustments in the inflation expectations of the financial analysts, followed by those of the price
setters; hence, changes in the inflation expectations of financial analysts do help to predict changes
in those of the price setters.
Finally, an examination of the forecasting accuracy of the two inflation expectations series can
provide insight into which group is better able to use successfully the information they have at their
disposal. The aim is not to test the rationality of the inflation expectations series, but rather to
determine which is relatively more rational.
One way of evaluating the precision of the forecasts is by minimising the root mean squared error
(RMSE) (Pindyck and Rubinfeld, 1998). This criterion compares the forecasted series with the actual
series and allows the researcher to compare the ability of the two inflation expectations series to
predict inflation. The RMSE is lower for the inflation expectations of the financial analysts than for
the price setters, suggesting that financial analysts forecast with greater precision (Table IV).
Table IV: RMSE
.
.

RMSE
1.70
2.16

In conclusion, financial analysts not only adjust their inflation expectations quicker, but more
accurately than price setters. None of the exploratory data analyses discredit the proposed
hypothesis about the spread of inflation information through the economy.
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6.

INFORMATION STICKINESS

In this section, South African survey data is applied to an epidemiological model, to estimate how
quickly South African price setters update their inflation expectations. This provides an estimate of
information stickiness.
A correlation matrix (Table V) is again adopted to examine the extent to which the inflation
expectations of financial analysts, the inflation expectations of price setters and past inflation share
information. We established in the previous section that there is a strong correlation between the
inflation expectations of the financial analysts and the price setters, so what is interesting in this
matrix is the exploration of the relationship between past inflation (average realised inflation over
the past year) and each inflation expectations series (inflation expectations for the following year).
This provides a first indication of the extent to which the inflation expectations of the group is
backward-looking versus the degree to which the group looks to other (unspecified) sources of
information to form its views.
Table V: Pairwise correlation matrix
Financial Analysts
Price Setters
Past Inflation

Financial Analysts
1.000
0.772
0.585

Price Setters
0.772
1.000
0.927

Past Inflation
0.585
0.927
1.000

The correlation between past inflation and the financial analysts is 0.585 and that between past
inflation and the price setters is 0.927, which indicates that price setters rely to a much greater extent
on past inflation than financial analysts do. By deduction, financial analysts use sources of
information other than past inflation to a greater extent in the formation of their expectations.
These correlations also suggest that it is important to include past inflation in a regression that
attempts to explain the inflation expectations of the price setters, as will be done in the following
section.
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6.1. REGRESSION ANALYSIS
Carrol (2002, 2003) estimated information stickiness for the US as approximately 0.27, using single
equation models of the form implied by the epidemiological models he had proposed. This allowed
him to test restrictions using Wald tests such as πe.FA
+ πe.PS
=1, in order to examine the ability of
t
t-1
the model to explain the actual data. His results were supportive of the model. Table VI, below,
offers a brief summary of Carroll’s (2002, 2003) results, based on the following equation:
= β0 + β1 πe.FA
+ β2πe.PS
πe.PS
t -1 + β3πt -1 + εt
t
t

…………….(2)

Table VI: Carroll’s (2001) estimation of information stickiness for the US
Equation

β1

β2

1

0.36***

0.66***

2

0.27***

0.73***

0.50***

0.25**

3

β0

1.26***

Std Err

0.76

Durbin
Watson
1.97

0.76

2.12

0.43

0.84

1.72

0.35

β3

0.01

0.43

Test
p-value
β 1+ β 2=1
0.178
β 1=0.25
0.724
β 3=0
0.814

NOTE: The results in this table correspond to equation 2 in the text above. Columns 1-4 report the coefficient values for different versions of the equation,
and *** and ** indicate that these coefficients are significant at the 1% and 5% levels. Columns 5-7 report some diagnostics for each model, and column 8
the results of Wald tests (with the relevant p-values in brackets).

Starting with model 1 (row 1 of Table VI), Carroll estimated the proportion of the inflation
expectations of price setters in period t that could be explained by the inflation expectations of the
financial analysts in period t, and the proportion explained by their own inflation expectations in the
previous period. The sum of coefficients β1 and β2 is close to 1, and the Wald test conducted to test
this formally (reported in the final column) cannot be rejected. Given these promising results,
Carroll restricted the sum of the 2 coefficients to 1 and re-estimated the equation, which yielded an
estimate of 0.27 for information stickiness. He also tested whether the inclusion of a constant and
past inflation improved the fit of the model and found that only the constant had important
explanatory power. He interpreted this as a sign that social interaction between price setters was
important in the formation of their inflation expectations, while past inflation was not.
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However, Carroll did not report any tests of weak exogeneity or comprehensive model diagnostics
to support the appropriateness of his choice to use a single-equation model. In addition, the speed
of adjustment (information stickiness) is easy to interpret when there are only two regressors (the
inflation expectations of financial analysts and those of the price setters), but when the model is
extended to include past inflation, for example, the speed of adjustment is better estimated directly
using a model in the error-correction form. Models of the kind used by Carroll were estimated for
South Africa and are available in Table VII in the Appendix, but there was concern that the model
variables were nonstationary, which would have undermined the results.
Peraran et al. (1999) suggested that the error-correction form of the ARDL model offers a number
of advantages when modelling series that are potentially nonstationary. The ARDL method avoids
uncertainty surrounding the order of integration of data series, as the variables included in the model
can be I(0), I(1), or cointegrated (Pesaran et al., 1999), and the method allows long-run and shortrun components of the data to be estimated simultaneously. Peraran et al. (1999) developed the
bounds test as a means to test for cointegration within the ARDL model, and Narayan (2004) went
on to use Pesaran et al.’s (1999) programming code to estimate critical F-statistics for sample sizes
between 30 and 80 observations, improving the accuracy of the results when using small samples.
A weakness of the ARDL method is that it assumes by construction that only one variable is not
weakly exogenous. Therefore, it is vulnerable to the incredible restrictions of which Sims (1980)
warned. In this regard, the VECM approach is favourable, although relies on pretesting. There
remains uncertainty about whether the regression variables are I(1) or I(0), but it is likely that they
are integrated of the same order, given the very similar patterns of the series (Figure 1), which enable
the use of the VECM. In addition, Juselius (2006) recommended treating inflation as an I(1) variable,
despite the debate in the literature.
Given the uncertainty about the stationarity of the model variables and whether each is weakly
exogenous, both the VECM and the ARDL models were used and their results compared in order
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to help identify any lack of robustness. Firstly, the interaction between the inflation expectations of
price setters and financial analysts was modelled using a VECM (model 5 in column 2 of Table
VIII). The Johansen cointegration technique indicated that there is one cointegrating relationship,
is weakly exogenous (row 2). Therefore, only πe.PS
responded to
and LR tests concluded that πe.FA
t
t
disequilibrium between the two variables in the previous period. The results of the cointegrating
equation (the long-run relationship) for model 5 (reported in the 4th row) are questionable. This
may be the consequence of the fact that the VECM suffers from omitted variable bias through the
omission of past inflation, which according to the exploratory data analysis, plays such a substantial
role in explaining the inflation expectations of price setters.
Model 5 was then re-estimated in the ARDL-ECM form (column 2 of Table X). Given the result
is weakly exogeneous in this model, the ARDL form is well justified in
from the VECM that πe.FA
t
this case. In order to estimate the ARDL in its error correction form, which is necessary to isolate
the speed of adjustment parameter, the long-run equation was estimated first (row 2). The
coefficient on πe.FA
is far more reasonable than the coefficient in the cointegrating equation of the
t
VECM, despite the fact that past inflation is still not included in the model. The full ECM-ARDL
was then employed, where the speed of adjustment coefficient, representing information stickiness,
was estimated to be 0.311. This estimate differs quite substantially from that of the VECM, which
raises concern about its robustness.
The second model used to estimate information stickiness was model 6, which is an extension of
model 5 in that past inflation was included, prompted by the findings of the exploratory data
analysis. A single cointegrating relationship was again identified by the Johanssen technique, but this
and πe.FA
were classified as weakly exogenous, leaving past inflation as the dependent
time both πe.PS
t
t

variable. This is not sensible because past inflation is predetermined, but in order to check that it
was not, the forward-looking nature of inflation that was causing the result, past inflation was lagged
progressively further into the past, and the relationship was retested. It was only after a lag of 6 or 7
and πe.PS
started to react to changes in past inflation, which is not reasonable.
quarters that πe.FA
t
t
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Table VIII: Weak exogeneity and VECM results
Model
Variables

Model 5
.

Model 6
.

.

LR test stat

.

=0: ℷ = 0.094

∝

∝ =0: ℷ = 13.152

=0: ℷ = 0.608

∝

= 0: ℷ = 0.036

∝
∝

.

Weakly exog
variables
Cointegrating Eq.
PS(-1)
FA(-1)
Past Infl(-1)
C
Speed of adjustment
D(PS)
D(FA)
D(Past infl)
Short-run coefficients
D(PS(-1))
D(FA(-1))
D(Past Inflation(-1))
D(PS(-2))
D(FA(-2))
Model diagnostics
Observations
ϰ JB
LM stat AC(2)
ϰ stat W,HS
Q stat PORTMANTEAU(2)

.

=0: ℷ = 15.776

.

D(PS)
1.000
-1.747***
NA
3.493***

D(PS)
1.000
-0.648***
-0.531***
-0.367

-0.425***
Set to 0.000
NA

-0.690***
Set to 0.000
Set to 0.000

0.012
-0.041
NA
-0.123
-0.221

0.218
0.221
-0.004

37

38

0.496
0.781
0.804
0.533

0.951
0.442
0.534
0.488

∝

&

∝
∝

&

=0: ℷ =2.478

=0: ℷ =4.448
=0: imposed

.

(imposed)

Note: ***, ** and * indicate that coefficients are significant at the 1%, 5% and 10% levels. Values reported in the final horizontal section of the table are
the p-values of the diagnostic tests.

Therefore, past inflation was modelled as weakly exogenous and then the other two variables were
again tested for weak exogeneity, conditional on the weak exogeneity of past inflation. In this case,
πe.FA
is weakly exogenous and πe.PS
is identified as the dependent variable. The results for the VECM,
t
t

estimated under this assumption, are reported in column 3 of Table VIII. The long-run coefficients
on πe.FA
and πt-1 reflect that both these variables play a sizeable and significant role in determining πe.PS
t
t
in the long run, and the estimated speed at which the inflation expectations of the prices setters was
updated is 0.690.
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Döpke et al. (2008) estimated information stickiness for France, Germany, the UK and Italy, and
found that information stickiness for Italy was between 0.5 and 0.6, while those of the other three
countries ranged between 0.15 and 0.3. They argued that the level and uncertainty of inflation in
Italy was much higher than in the other three and that it was therefore reasonable to expect inflation
expectations to be less anchored. In order to explore this claim, OECD inflation data for the period
studied by Döpke et al. (2008) was analysed (Table IX). The mean for inflation in Italy is indeed
about 50% higher than that of the other three countries in the study, although the standard
deviation is not higher for the period. However, what are not observable from this data are the
institutional features of the central banks in each of these countries and the level of credibility they
have built over time. It is reasonable to suggest that in a country where the risks of inflation are
greater, it is rational for the general public to pay more attention to developments in inflation and
therefore to adjust their inflation expectations more rapidly. This reasoning is clearly in line with the
higher estimate of information stickiness that was found for South Africa. The mean and standard
deviation of inflation (for the sample period used to estimate South African information stickiness)
are both clearly much higher than for the other four countries.
Table IX: Comparison of inflation characteristics in France, Germany, UK, Italy and South Africa
France
Germany
UK
Italy
South Africa

Mean
1.701
2.094
1.990
3.245
5.495

Standard Deviation
0.621
1.420
1.235
1.320
3.694

Source: OECD (2011)
Note: The data sample periods for France, Germany, the UK and Italy is 1991Q4-2004Q4 (in line with the Döpke et al. (2008) study), whereas the data
for South Africa is for the period 2000Q3-2010Q4. This was done in order to use the same data period as that used to estimate the information stickiness
for each country.

Model 6 was then represented in the ARDL-ECM form, the results of which are reported in row 3
of Table X. The results of this ARDL model are close to that of the VECM, with the speed of
adjustment coefficient 0.679, compared with 0.690 from the VECM, and the long-run coefficient on
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past inflation was estimated to be only 0.044 higher. However the coefficient on πe.FA
did drop by
t
0.125, which changed the relative importance of πe.FA
and πt-1 in the long run πe.PS
t
t .
A range of diagnostic tests are reported for these ARDL models. The only result which raises any
concern is that there is heteroskedasticity in model 6. This will not bias the coefficients, but will
affect the standard errors. The model was re-estimated in two ways to confirm the results are still
robust. Firstly, HAC standard errors were used and all the coefficients were still significant at the 1%
level. Secondly, an ARCH model8 was estimated, and the results were very close to those of the
ARDL model, confirming that the results of ARDL model 6 are robust.
Modelling inflation expectations using a maximum of 40 survey-based observations is challenging.
This was not a surprise and was identified in the introduction as the main reason that studies of this
nature are limited. The VECM and ARDL models above offer reasonable estimates of South
African information stickiness, supporting an estimate of between 0.65 and 0.70. Finally, agentbased models are adopted in the following section to approach an estimation of sticky information
from the opposite direction and to test the robustness of the results in another manner.

The ARCH mode is only reported in Table XII in the appendix as the VECM and ARDL models are more appropriate
for this study (as discussed in the text).

8
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Table X: ARDL models
Model
Variables

Model 5

Model 6

.

.

.

.

Long run Eq
C
FA(-1)
Past Infl(-1)

(Dep: PS)
0.671
1.068***
NA

(Dep: PS)
0.535***
0.575***

ECM-ARDL
model
EC term

-0.311***

-0.685***

0.433***
NA

0.544***
0.432***

39

39

0.879
0.244
0.197
0.633
0.176

0.356
0.860
0.028
0.675
0.380

D(FA)
D(Past infl)
Model diagnostics
Observations
ϰ JB
F stat BG,AC
F stat W,HS
F stat LM,ARCH
F stat(1) Ramsey Reset

CUSUM test

20

20

15

15

10

10

5

5

0

0

-5

-5

-10

-10

-15

-15

-20

-20
01

02

03

04

05

CUSUM

06

07

08

09

02

03

5% Significance

04

05

CUSUM

06

07

08

09

5% Significance

1.6
1.6

1.2
1.2

CUSUMSQ test

0.8
0.8

0.4
0.4

0.0
0.0

-0.4
01

02

03

04

05

CUSUM of Squares

06

07

08

09

5% Significance

-0.4
02

03

04

05

CUSUM of Squares

06

07

08

09

5% Significance

Note: The first horizontal section of the table indicates which variables are included in each model; the second reports the coefficients in the long-run equation of
the ARDL model, and the third reports the results in the final ECM-ARDL model. ***, ** and * indicate that these coefficients are significant at the 1%,
5% and 10% levels. Values reported in the final horizontal section of the table are the p-values of the diagnostic tests.
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6.2. AGENT-BASED MODELS
According to Tesfatsion (2006: 863), “The defining characteristic of ACE models is their
constructive grounding in the interactions of agents, broadly defined to include economic, social,
biological, and physical entities. … Starting from an initially specified system state, the motion of
the state through which time is determined by endogenously generated agent interactions.” Crucially
for this study, agent-based models begin at the disaggregated level. Given some real-world data,
initial conditions for the inflation expectations of the price setters, and algorithms to describe their
decision-making process, the interaction of the agents yields the simulated aggregate economic
outcome. The aim of using an agent-based model in this paper was to assess whether the theory
proposed to explain the formation of inflation expectations by the price setters is able produce a
series similar to that observed in reality.
Matlab was used to simulate a

.

series (illustrated in Figure II). 10 000 prices setters (i) were

created. At time period t=1, each price setter sets his inflation expectations based on the decision
rule described in the theoretical model. Each price setter has a random probability (ℷ) of updating
his inflation expectations to those of the financial analysts (observed real-world data for the inflation
expectations of financial analysts) and a probability of (1-ℷ) of retaining his own inflation
expectations (the initial conditions set)9. If the price setter does not update his expectations to those
of the financial analysts, he also has a random probability δ of adjusting his expectations in line with
past inflation (observed real-world past inflation data), and a probability (1-δ) of retaining his own
inflation expectations from the previous period. When a price setter updates his inflation
expectations based on past inflation, it is assumed that he read the past inflation figures in a
newspaper and updated his expectations based on this information.

The inflation expectations of individual agents update separately, so the Matlab code keeps track of the inflation
expectations of each price setter at each period. After the first time period, a decision by a price setter to retain his past
inflation expectation means that a particular price setter retains the inflation expectation he had in the previous period.

9

27

Once each price setter has made his decision in period 1, the average inflation expectation of the 10
000 price setters is calculated, and this becomes the first observation of the simulated

.

series.

This is repeated for time periods t=1-40 and results in a full simulated series of inflation
expectations for the price setters in aggregate.
Figure II: The simulated model

The simulated series can then be compared with the actual series to help judge the extent to which
the theory can explain the actual inflation expectations of the price setters that are observed.
The results of the VECM and ARDL models used to estimate information stickiness in section 5,
were used as a benchmark for setting the values of ℷ and δ used in the decision-making algorithm of
the price setters. Values of 0.37 for ℷ and 0.70 for δ were selected as the starting points. The
sensitivity of these two parameters were tested by varying the levels of each and then a range rather
than a point was considered for each in order to test for heterogeneity.
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The results of this sensitivity analysis are reported in Table XIII. In each row, the values of ℷ or δ
are adjusted. Each row shows the results of the regression of a simulated series of πe.PS
on the actual
t
observed

series. The values of ℷ and δ set are reported in columns 2 and 3. The estimated

.

coefficient on the actual (true) πe.PS
in column 4 and the R-squared of the regression in column 5 are
t
then used to judge the degree to which the simulated series matches the true series.
Table XIII: Agent-based model results
Model

ℷ

δ

Coefficient
(Actual PS)

R-squared

Test for
cointegration

Testing lambda (level)
1

0.31

0.70

0.915

0.934

Cointegrated

2

0.37

0.70

0.911

0.937

Cointegrated

0.907

0.934

Cointegrated

4

0.43
0.70
Testing lambda
(heterogeneity)
0.32-0.42
0.70

0.911

0.937

Cointegrated

5

0.27-0.47

0.911

0.937

Cointegrated

3

0.70

Testing gamma (level)
6

0.37

0.60

0.906

0.937

Cointegrated

7

0.37

0.65

0.909

0.938

Cointegrated

2*

0.37

0.70

0.911

0.937

Cointegrated

8

0.913

0.936

Cointegrated

9

0.37
0.75
Testing gamma
(heterogeneity)
0.37
0.60-0.80

0.911

0.937

Cointegrated

10

0.37

0.910

0.938

Cointegrated

0.50-0.90

Note: Models 1-3 test the level of lambda and 4-5 the heterogeneity of lambda. Models 6-8 test the level of gamma, and 9-10 the heterogeneity of gamma.
Note that model 2 is inserted

However, all the inflation expectations series are integrated of order 1, so there is a possibility that
the regression results could be spurious. Therefore, the Engel-Granger test was used to establish
whether the stimulated and actual inflation expectations series in each model are cointegrated. The
results of this test for each of the models 1 to 10 are presented in column 6. Cointegration is found
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in all 10 models, confirming that the regression results are not spurious and allowing further
comparison of the models.
Model 2 tested the fit of the simulated series when ℷ was set at 0.37 and δ at 0.7010, and then the
value of ℷ was adjusted upwards and downward in models 1 and 311. Both the coefficient and the Rsquared values are very high, suggesting that the simulated series is very close to the real series. The
move upward to 0.43 delivered a poorer fit, but the adjustment downward to 0.31 gave an
ambiguous result. In summary, it appears that a value for ℷ of approximately 0.31 to 0.35 is
reasonable. Models 4 and 5 consider the impact of assuming that price setters have a narrow and
then a wider range of ℷs (heterogeneity). Intuitively, this tests whether an assumption that the ℷs of
the price setters within a range offers a superior description of their inflation expectations. There
was no sign of improvement by adding heterogeneity. Next, the level of δ set was adjusted upwards
and downwards in models 6 to 8. Notice that model 2, with the original benchmark values of ℷ and
δ, is repeated in this section of the table to facilitate comparison. Lowering δ from 0.70 to 0.65 did
not offer a clear improvement, but a further adjustment to 0.60 reduced the model fit. The
adjustment of δ upward produced an ambiguous result. In summary, the value of δ appears to be
approximately between 0.65 and 0.70. Finally, models 9 and 10 tested the impact of assuming that
price setters have a range of different values for δ. Again, even when a high level of heterogeneity is
assumed, the results were almost unchanged, so heterogeneous values of δ do not seem beneficial to
model fit.
In conclusion, the best estimates from the model are that ℷ is approximately 0.31 to 0.37 and δ
approximately 0.65 to 0.7. These ranges include the original values selected from the VECM and

ℷ is set at 0.37 as this is midway between the two estimates of the speed of adjustment in model 5, and δ is set at 0.70
as both speed of adjustment estimates for model 6 are close to 0.7.

10

ℷ is adjusted 0.06 upward and downward in order to consider both the VECM and ARDL speed of adjustment
estimates for model 5 in section 5.

11
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ARDL models and are not wide. Therefore, the agent-based models offer further support for the
earlier estimates of information stickiness.

7.

CONCLUSION

This paper explored the process by which South African price setters form inflation expectations.
The aim is to understand this process better in order to communicate effectively with the general
public as a group separate from financial analysts. Preliminary exploratory data analyses revealed that
financial analysts adjust their inflation expectations quicker and more accurately than price setters.
Then, survey data was applied to an epidemiological model (following the approach of Carroll (2002,
2003)) to model the dissemination of information about inflation through the South African
economy and estimate information stickiness. Given the characteristics of the data and the nature of
the research question, a combination of estimates of information stickiness from VECM and ARDL
models were considered and an estimate of between 0.65 and 0.70 was accepted. Finally, agent-based
models were adopted to approach the estimation of information stickiness from the disaggregated
level upward and to test the robustness of the results. The agent-based models provided support for
the earlier estimates.
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APPENDIX
Table VII: Results for single equation models for South Africa (based on Carroll (2002, 2003)
Eq

β0

1
2

3

-0.317

β1

β2

0.418***

0.649***

0.473***

0.368***

0.444***

0.309***

β3

DW

Std
Err

0.919

1.727

0.450

0.293***

0.949

1.935

0.374

0.336***

0.945

1.814

0.372

Test
p-value
β 1+ β 2=1
0.000
β 1+ β 2=1
0.248
β 1+ β 2 +β 3=1
0.030
β 3=0
0.004

NOTE: The results in this table correspond to equation 2 in the text above. Columns 1-4 report the coefficient values for different versions of the equation
and *** and ** indicate that these coefficients are significant at the 1% and 5% levels. Columns 5-7 report some diagnostics for each model, and column 8
reports the results of Wald tests (with the relevant p-values in brackets).
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Table XI
Model
Variables

Model 5

Model 6

.

.

.

.

Long run Eq
C
FA(-1)
Past Infl(-1)

(Dep: PS)
0.273
1.092***
NA

(Dep: PS)
NA
0.603***
0.502***

ECM-ARDL
model
EC term

-0.360***

-0.672***

0.390***
NA

0.506***
0.401***

34

34

0.735
0.126
0.299
0.999
0.029

0.385
0.206
0.445
0.809
0.104

D(FA)
D(Past infl)
Model diagnostics
Observations
ϰ JB
F stat BG,AC
F stat W,HS
F stat LM,ARCH
F stat(1) Ramsey Reset

CUSUM test

20

20

15

15

10

10

5

5

0

0

-5

-5

-10

-10

-15

-15

-20
2001 2002 2003 2004 2005 2006 2007 2008

-20

CUSUM

2002

2003

2004 2005

CUSUM

5% Significance

2006

2007

2008

5% Significance

1.6

1.6
1.2

1.2

CUSUMSQ test

0.8

0.8
0.4

0.4
0.0

0.0
-0.4
2001 2002 2003 2004 2005 2006 2007 2008

-0.4
2002 2003 2004 2005 2006

CUSUM of Squares

2007

2008

5% Significance

CUSUM of Squares

5% Significance

Note: The first horizontal section of the table indicates which variables are included in each model; the second reports the coefficients in the long-run equation of
the ARDL model, and the third reports the results in the final ECM-ARDL model. ***, ** and * indicate that these coefficients are significant at the 1%,
5% and 10% levels. Values reported in the final horizontal section of the table are the p-values of the diagnostic tests.
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Table XII
Primary Equation
Variance Equation

Variables
D(FA)
D(Past Infl)
EC Term (-1)
C
GARCH (-1)

Coefficient Values
0.507***
0.445***
-0.695***
0.014
0.909***

Note: ***, ** and * indicate that these coefficients are significant at the 1%, 5% and 10% levels.
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