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Abstract 
The study has as its objectives, to determine the influence of price volatility and price 

expectation in the rate of inflation as a measure of the price level. In addition, the study 

sought to evaluate ipso facto the extent to which monetary policy has influenced inflation 

by reducing price volatility and expectation towards zero. The study applied the 

maximum likelihood estimator in addition to the GARCH (p, q model) to estimate the 

steady state model of inflation. As a measure of volatility, the conditional standard 

deviation for inflation was obtained from the GARCH model. Inflation expectation was 

solved using the Gauss-Siedel algorithm for forward-looking expectations with actual 

inflation series as start values. The VAR model was estimated to determine the impulse-

response functions and the variance decomposition using Cholesky decomposition so as 

to determine the response to monetary policy of inflation, its volatility and expectations. 

The study found that inflation expectation and price volatility not only influence the 

contemporaneous inflation, it also results in persistence in interest rate differential and 

monetary growth, thus compromising the objective of monetary policy. The study 

recommends that explicit anchoring of expectations and volatility ensure that monetary 

policy is forward-looking and that a symmetric inflation target strengthens intertemporal 

sustainability in monetary policy management. In addition, the behaviour of inflation ex 

post and the speed of convergence of inflation expectations should provide the basis for 

determining the most appropriate pulse of nominal interest rate in the economy which 

will keep inflation trajectory consistent with the growth of the economy. 
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1.0 Introduction 
Germane to every monetary policy is the goal of achieving price stability. 

The objective of price stability essentially encapsulates the need to eliminate 

price expectations to zero and to eliminate the long run uncertainty about the 

price level. The debate in the literature is interesting and indeed focused within 

the purview of two monetary frameworks -inflation targeting and monetary 

targeting extremes. Many central banks have been on both sides of this divide. In 

between this divide is found the income targeting frameworks and the Friedman-

type policy rule which itself has been criticized for reasons of perceived instability 

in the demand for real money balances by monetary targeting advocates. 

Proponents of inflation targeting on the other hand are quick to point to the fact 

that monetary targeting is an ineffective strategy, because of the underlying core 

inflation, which accommodates persistent inflationary pressures, which are 

transmitted into inflation expectations.  

While inflationary expectation and long-run price volatility keeps 

generating interest, little in terms of studies and policy focus has been on these 

in Nigeria.  

So far the studies on Nigeria’s inflation have been able to tell us that 

expectations in the price level have been tested under adaptive expectations2 

whereas the assumptions for rational expectations of prices are considered to be 

too strong for prices. It is imperative therefore, to examine the ability of monetary 

policy at reducing forward-looking expectations to tolerable levels that are 

consistent with desired level of prices. 

And more so, the concentration has been on the causes of inflation in 

Nigeria, whereas the role of monetary policy in the context of Nigeria’s current 

framework is not shown to be capable of circumventing or eliminating distortions 

in the price level occasioned by uncertainty and forward-looking expectations. 

Monetary policy targeting in Nigeria is centered on a financial 

programming approach that contain an implicit inflation target and external 

                                                 
2 Adaptive or backward-looking expectations extrapolate events of the recent past into the future by using 
information from the recent past. Usually, changes in expectations always trail changes in the actual values 
of economic fundamentals that are being predicted. A detailed explanation is provided in the appendix. 
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reserves consistent with the growth of real economic activity and growth of 

money supply from which the economy’s absorptive capacity for domestic credit 

is derived. This study would therefore be a significant departure from the studies 

on inflation in Nigeria by incorporating forward-looking expectations and volatility 

effects of prices in determining the long direction of monetary policy actions.3  

Consequently, the objective of this study is to determine whether inflation 

expectation and price volatility have any significant influence on inflation in 

Nigeria, and; ipso facto determine the extent to which monetary policy have 

eliminated expectations and volatility in the price level. 

To undertake this study, the paper is organized in five sections. Section 1, 

discusses the introduction, while the literature is reviewed in section 2. Section 3 

contains the methodology, with section 4 provides analysis of results and section 

5 concludes the paper. The appendix contains the estimation output some 

detailed exposition of methodological concepts. 

2.0 Literature Review 
2.1 Inflation in Nigeria: Some Empirical Evidence 

Insight into the understanding of inflation in Nigeria since the 1990s has 

been made possible by the work of a number of authors. 

Asogu (1991) provided empirical evidence using ten specifications that 

encompassed structural, monetarist and open economy characteristics of 

Nigerian inflation. He found that, the major determinants of inflation in Nigeria 

included real output, especially industrial output, net exports, current money 

supply, domestic food prices and exchange rate changes. 

Moser (1995) studied inflation under long run and dynamic error correction 

model. He found that the monetary effect was substantial as well as real income 

and the exchange rate at the 1% significance level. Short run adjustments to 

disequilibria in the contemporaneous period were captured in the study. 

 
Fakiyesi (1996) studied inflation in Nigeria using the autoregressive 

distributed lag model and argued that inflation depended on the growth in broad 
                                                 
3 See Masha, I. (1998) for a documentation of these studies. 
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money, the rate of exchange of the naira vis-à-vis the dollar, the growth of real 

income, the level of rainfall, and the level of anticipated inflation, which is based 

on the previous year’s level of inflation.  

Masha (2000) studied the role of a veritable source of variation in the level 

of prices, albeit often neglected, the parallel market for foreign currency, which is 

relied upon for the finance of unofficial short-term trade in intermediate inputs 

and consumer durables. Applying a partial equilibrium model based on micro 

foundations, and using annual data, a solution was obtained for the price level 

using the two stage least squares (2SLS) instrumental variable method. The 

results confirm for the period 1971 to 1995 that the parallel market exchange rate 

dynamics, in addition to the traditional monetarist variables contribute to the 

inflation behaviour in Nigeria. 

2.2 Volatility: Measures and Empirics4 
 

Engle (1982) introduced the ARCH methodology, which was later 

extended to incorporate a lagged dependent variable in the conditional variance 

(GARCH) equation. This method is the state-of-the-art for extracting volatility and 

captures risk in each period more sensitively than the simple rolling standard 

deviations, which give equal weight to correlated shocks and single large outliers. 

There is a number of supporting empirical evidence on the use of this technique 

some of which are highlighted below. 

Chadha and Sarno (2002) provide evidence of a differential impact of 

price uncertainty on investment, depending upon whether the uncertainty is long 

or short run, with evidence of short-run volatility having the most negative effect. 

The authors use an unobserved components technique employing Kalman filter 

and maximum likelihood estimation to separate permanent and transitory 

components of price uncertainty, which the study suggested as useful first 

attempt in capturing volatility. On the whole these studies have decomposed the 

                                                 
4Joseph P. Byrne and E. Philip Davis (February 2003) Panel Estimation of the Impact of Exchange 
Rate Uncertainty on Investment in the Major Industrial Countries, NIESR 
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conditional volatility from a GARCH model into a time varying trend from which 

deviations were computed.  

Huizinga (1993) carried out volatility analysis of US inflation, real wages 

and real profits using GARCH and generally, found a negative effect on 

investment. Byrne and Davis (2002) provided evidence for similarities across the 

G7 in the negative response of investment to uncertainty in nominal and real 

effective exchange rates estimated using components of the GARCH model as 

used in Engle and Lee (1999) in a Pooled Mean Group Panel Estimation. The 

study pooled subgroups, which included four larger EU countries and noted that 

to the extent European Monetary Union (EMU) favours an exchange rate 

depreciation and long rate volatility, it implied beneficial to investment. Also, 

Serven (2003) estimated the conditional volatility of the real exchange rate for 

developing countries using the GARCH model and found real exchange rate 

uncertainty as having a highly significant positive impact on investment.  

Alternative measures of volatility could also be found in the empirical 

literature. Among others, Driver and Moreton (1991) modeled uncertainty using 

the standard deviation across 12 forecasting teams of output growth and inflation 

rate over 12 months. They found a negative long-run effect from output growth 

uncertainty on investment but no long-run effect from inflation uncertainty on 

investment. Others include Goldberg (1993) for the US using rolling standard 

deviations; Darby et al. (1999) employed the Kenen-Rodrick (1986) approach of 

a moving average for the G7 estimated country-by-country to extract the trend 

component of output growth on investment, while Cuthbertson and Gasparro 

(1995) undertook the study for the UK, and Sensenbrenner (1991) for 6 OECD 

countries.  

It can be concluded from these studies that standard deviations measures 

of volatility are independent of past volatility, while moving averages constrain 

degrees of freedom. Conditional volatility on the other hand captures past 

volatilities by estimating current variance, conditional upon its lagged variance. 

There is a feedback effect that can be exploited and become known 

contemporaneously. This intertemporal volatility distribution is necessary for the 
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design and timing of monetary policy without causing significant disequilibrium in 

the macro economy. It is also true that if the measure of volatility does not 

accommodate this overlapping effects of volatility, policy intervention would 

probably overreact to an earlier policy intended to correct any swings in the 

business cycle. 

2.3 Price Volatility, Expectation and Real Economic Activity 
 

The empirical nexus between volatility, expectations and real economic 

activity has also been highlighted in the literature, some of which are reviewed 

below.  

In a study of the emerging monetary policy since the adoption of inflation 

targeting in Brazil in June 1999, Bogdanski, et al. (2001) argued that in the new 

policy framework, significant portion of prices exhibited backward-looking 

adjustment, a fact that influenced monetary policy reaction since it reduces the 

efficiency of domestic interest rates in controlling inflation. One way in which 

reaction to these chaotic expectations was evident was the pace of convergence 

of inflation expectations, which provided a guide to determine the appropriate 

rhythm of nominal interest rate reductions. They estimated a three equation 

structural VAR model with an IS equation, augmented Phillips curve equation 

and exchange rate dynamics with the interest rate taken as a policy variable to 

minimize the loss function of the deviation of expected inflation from its target as 

a function of the expected output gap and nominal interest rate variation. The 

economy was assumed to be at steady state equilibrium and is hit by shocks of 

one standard deviation, whose magnitudes are 0.3 percentage points for supply, 

0.45 percentage points for demand and 5 percentage points for financial shocks. 

Agents largely face a signal extraction problem in reality and how exactly they 

form their inflation expectations is little known and to examine this uncertainty, 

Conway et al. (1998) applied forecasting and policy system of the Bank of New 

Zealand simulations and noted that targeting domestic inflation reduces the 

variability in all macroeconomic variables except inflation whether the perception 

of monetary authorities is correct or not.  
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In his study Mehra (1999) estimates a forward-looking monetary policy 

reaction function for the US economy to predict the behaviour of the federal 

funds rate since 1979 and demonstrates that such a rate has responded to long-

run inflationary expectations derived from the bond rate. The author attributes the 

success of US monetary policy in achieving macroeconomic stability during this 

period to the anchoring of forward-looking expectations by the monetary 

authorities. 

Clarida, Galí, and Gertler (1998) have estimated monetary policy reaction 

functions for France, Germany, Italy, Japan, the UK, and the US. Using Taylor’s 

reaction function with forward-looking expectations, the authors report a forward-

looking behaviour in the policy setting of the central banks of those countries, 

given their reactions to anticipated inflation.  

 
3.0 Model Specification 
 

3.1 Analytical Framework 
A good start point for the framework of analysis is the AD-AS framework. 

This follows from the fact that since Keynes’ revolution of the 1930s, the 

aggregate demand (AD) and the aggregate supply (AS) has remained the 

workhorse of macroeconomic analysis. The aggregate demand and aggregate 

supply functions determine the equilibrium general price level and aggregate 

output in the economy. The aggregate supply function shows the different 

possible outputs, which will be supplied at different price levels, given the money 

wage and the schedule of the marginal physical product of labour. The actual 

aggregate output and the general price level for any given period will depend on 

the aggregate demand for the period. The AD-AS framework is represented by 

two curves in an output-price or output-inflation space. Aggregate demand refers 

to the different levels of output or consumer and capital goods that the spending 

units will demand at different income/price levels. It is derived from two curves in 

output-interest rate space, the IS (investment-savings) and LM (lending Money) 

curves. If different values of the price level are considered the IS-LM curves are 

used to derive the AD curve. The intersection of the IS-LM curves shows the 
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values of interest rate and income such that the money market clears and actual 

and desired expenditures are equal for given levels of money supply, price, 

interest rate, government spending and taxes.  The role of exchange rate and 

international trade similarly in short-run fluctuations has been incorporated in 

later extensions of the IS-LM framework. 

Proceeding from the above framework, the Central Bank of Nigeria has as 

a monetary policy objective to achieve and maintain price stability, the link that 

brings the economy into equilibrium at least in the short-run. The central bank’s 

operational instrument in attaining this goal is to adjust the base money through 

open market operations complemented with discount window operations using 

the minimum rediscount rate. This action can impact on inflation in a number of 

ways which may include: partly through the pass-through from exchange rate to 

inflation and partly through the impact of the real exchange rate and real interest 

rates on aggregate demand as liquidity is influenced. 

  Svensson (2000)5 suggested for a small open economy, domestic inflation 

(∆p) (an AS equation), driven by the long-run purchasing power parity condition 

[e + p* − p], where e is the log-level of the nominal exchange rate, p* and p are 

the foreign and the domestic log-levels of prices.6 In the short-run, domestic 

inflation is also affected by the output gap (y) and the foreign inflation rate: 

∆pt = α0 + α1(L) ∆pt-1 + α2 (L) ∆p*t + α3(L) yt-1 +α4(L) [et-1 + p*t-1 − pt-1] + ε1t (1) 
 
On the demand side (AD equation), the output gap is linked to the expected real 

interest rate [i – E ∆p], the real exchange rate, the growth of world demand 

(∆w), and a measure of the fiscal impulse (bg): 

yt = β0 + β1(L) yt-1 + β2(L) [it-1 – Et-1 ∆pt] +β3(L) [et-1 + p*t-1 − pt-1] + 
β4(L) ∆wt + β5(L) bg t-1 + ε2 t (2) 
 

                                                 
5 See Monetary Policy Transmission, Interest Rate Rules and Inflation Targeting in Three Transition 
Countries by Roberto Golinelli and Riccardo Rovelli, Ezoneplus Working Paper No. 10, August 2002 
 
6 The series was generated by the author using data obtained from the International Financial Statistics and 
anchored on US prices and the bilateral exchange of rate of N/US$. 
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In this study the AS would be augmented with the AD side variables in a single 

equation.7  Foreign prices would not enter the specification explicitly as in the AS 

equation it is captured in the purchasing power parity indicator. Similarly, the 

output gap is assumed to be filled by imports given that the Nigeria is an import 

dependent economy and dumping is evident.  In addition, we chose to represent 

the uncovered interest rate parity by the nominal interest rate differential included 

in the inflation equation. This serves to represent the channel of transmission to 

inflation of the Central Bank actions in controlling the evolution of the nominal 

interest rate through benchmark rate. The fiscal impulse also comes in 

exogenously, as fiscal authorities are in full control of fiscal policy, in which case 

the complementary role of monetary policy is to contract if the fiscal policy is 

expansionary. 

The fundamental reason for the choice of a single equation AS 

specification is an attempt to determine robust conditional volatilities in the price 

level using a GARCH (p,q) ( the model is illustrated in the appendix) and 

thereafter, solve for forward-looking inflation expectation by utilizing the 

information content in these specific economic fundamentals for a small open 

economy like Nigeria.  

The econometric framework adopted for this study estimates a dynamic 

model of prices in order to confirm the long run relationship of prices and its 

determinants. This provided the basis for obtaining empirically robust series for 

price volatility and the evaluation of the significance of price volatility and inflation 

expectation.  

In order to underscore the role of policy shocks, the study further estimate 

the impulse response function in a VAR model that makes the variables optimize 

innovations8 generated from a set of variables including price volatility, price 

expectation, purchasing power parity exchange rate, interest rate differential, 

                                                 
7 This is expected to make the model fully specified without loss of the interaction among the variables in 
line with similar models for Nigeria. The Ocam’s razor is applied to make the model as simple as possible.  
8 It can be observed that volatility in one series spills over into volatility in the other, and 
the size and sign of the innovation (distinction between good and bad news) has a 
differential impact upon the estimated conditional variance. 



 10

money supply growth, growth in gross domestic product and fiscal deficit. The 

model for the forward-looking prices follows the Gauss-Siedel algorithm for a 

solved series of expectations. 

 

The operational equation for this study is defined by the static long-run equation 

(3.3). 

(3.3) INF = f (LBGF, PPP, INTDIFF, GGDP, PRVOL, INFLEX) + εt 
 
F’LBGF>0, f ’PPP<0, f ’INTDIFF>0, f ’GGDP<0, f ’PRVOL>0, f ’INFLEX>0 

All variables are in first difference and estimated in an error correction 

representation. The variables are defined as follows: 

INF  : Inflation rate 

LBGF  : fiscal deficit   

PPP  : Purchasing power parity condition 

INTDIFF : Interest rate differential 

GGDP  : Growth rate of gross domestic product 

PRVOL : Price volatility9 

INFLEX : Inflation expectation 

Finally, the VAR estimation follows the specification below with two lags: 

 
[INF INFLEX GM2 INTDIFF PRVOL] 
 

The mathematical representation of which we have, 

(3.4)  yt = C1yt-1 + … + Cpyt-p + Zxt + εt 

Where yt is a k vector of endogenous variables, xt is a d vector of exogenous 

variables, C1,…, Cp and Z are matrices of coefficients to be estimated, and εt  is a 

vector of innovations that may be contemporaneously correlated but are 

uncorrelated with their own lagged values and uncorrelated with all of the right-

hand side variables.  

                                                 
9 This is computed as the conditional standard deviation obtained from the estimated GARCH model. 
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Since only lagged values of the endogenous variables appear on the right-hand 

side of the equations, simultaneity is no longer problematic and OLS yields 

consistent estimates. Moreover, even though the innovations εt may be 

contemporaneously correlated, OLS is efficient and equivalent to Generalized 

Least Squares (GLS) since all equations have identical regressors. 

3.2 Time Series Properties of Data 
Most time series data tend to contain infinite variance, that are not mean 

reverting and lie on the unit circle. Equation estimated from such series result in 

spurious regression that makes little economic sense. Indeed the loading of the 

endogenous variable is minuscule when in fact a long-run relationship exists 

between it and the economic fundamentals driving it. Thus each of the variables 

would be examined for trend, drift, unit root and cointegration. Consequently the 

equations for these tests are defined by the Augumented Dickey-Fuller (ADF) 

technique.  

3.3 Data and Estimation Software 
The data is sourced from the CBN statistical Bulletin (2001) and the International 

Financial Statistics (December 2003). Inflation expectation is obtained using the 

Gauss-Siedel Algorithm as described earlier. Price volatility is the conditional 

variance of the GARCH (1, 1) with the inflation as a variable and its determinants 

as the varying variables. Fiscal deficit is defined as the log of ratio of total 

government spending to total government revenue.10 We avoid considering the 

difference in the two as they produce negative signs that may compromise the 

functional form of the model blurring the interpretation of results. Money supply 

and gross domestic product are computed as growth rates. 

The purchasing power parity is computed as [e + p* − p], where e is the log-

level of the nominal exchange rate, p* and p are the US and Nigeria’s log-levels 

of consumer price indices. 

The study was carried out using EVIEWS 4.1. 

                                                 
10 The revenue does not include the financing items. 
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4.0 Analysis of Results 
The results begin with the analysis of the time series characteristics of the data. 

The variable for discussion include the rate of inflation, fiscal deficit as measure 

of fiscal impulse, interest rate differential between the lending rate and the 

savings rate, growth rate of gross domestic product at current market prices, 

growth of money supply, the purchasing power parity, and a measure of the price 

volatility. 

4.1.1 Trend Analysis 
The rate of inflation was found to contain a drift11 but no trend indicating a 

movement away from its path. The measure of the fiscal impulse however 

showed a systematic behaviour containing no trend and no drift. As expected the 

gross domestic product and the money supply trended with a drift. Interest rate 

differential and the purchasing power parity trended without any presence of a 

drift.  

 

Table 1: Trend & Drift probability values for test of significance 

Probability 
Variable 

Trend Drift 

Inflation rate 0.15 0.045

Fiscal deficit 0.82 0.31 

Interest rate differential 0.00 0.30 

Growth of GDP 0.00 0.00 

Growth of money stock 0.00 0.00 

Purchasing power parity 0.00 0.71 

 

                                                 
11 The concept refers to an autonomous component of a variable that do not reflect time variations 
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4.1.2 Some Stylized Facts 
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It is evident from the above figure that inflation in Nigeria has a significant 

volatile component that is far from being eliminated. For the period 1973-1975, it 

was above 10 per cent and only in 1987 that it ever fell to less than 3 per cent. 

The former coincides with the era of the oil boom and the minimum wage of the 

Udoji awards of 1973. It persisted for over 3 years. The latter era coincides with 

the austerity measures that were associated with the structural adjustment 

programme. The pattern of volatility is pro-cyclical and emerged between 1993 

and 1996. With much confidence, volatility dropped to about 5 per cent in 1997 

associated with the freezing of government spending in the year. The build-up to 

democracy saw volatility edging up again from 1998. 
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From the above figure it can be deciphered that economic agents got 

correctly the direction of price expectations.  Except for the boom era and the 

economic recession of the early and late 90s, expectation has lagged behind the 

rate of inflation. The mirage of having single-digit inflation has for the most part 

eluded the monetary authorities. An interesting aspect is the inability of policy to 

achieve a low inflation expectation. It can be seen that by 1986 when 

expectations were low inflation tended towards a single digit. Thus, anchoring 

inflation expectation and volatility in the monetary policy framework would 

influence convergence to low inflation. 

4.2 Unit Root Analysis 
The test for unit root using the Augmented Dickey-Fuller (ADF) indicated 

that the inflation rate, interest rate differential, growth of gross domestic product, 
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inflation expectation, the measure of volatility and the purchasing power parity 

are non-stationary with one as the order of integration. The fiscal deficit was 

shown to be a stationary series. All tests were significant at the 1 per cent. The 

lag length was also restricted to one since the Akaike Information Criteria (AIC) 

did not improve with further increases in the lag length. 

 

Table 2: Unit Root Statistics 

Variable adf Critical McKinnon 

statistic 

lag Order of 

integration/1 

Inflation rate -5.27965** -3.67     (1 %) 1 1(α ) 

Fiscal deficit -4.499* -2.641   (1 %) 1 0 (α ) 

Interest rate differential -5.8698** -2.647   (1 %) 1 1(α ) 

Growth of GDP -6.8189** -4.324   (1 %) 1 1(α , γ ) 

Growth of money stock -6.081** -3.6793 (1 %) 1 1(α ) 

Purchasing power parity -4.52735** -4.31      (1 %) 1 1(α ) 

RES -4.03498* -3.6793 (1 %) 1 0 (α ) 

RES02 -4.01405* -3.6793 (1 %) 1 0 (α ) 

PRVOL -6.57668** -3.6892 (1 %) 1 1(α ) 

INFLEX -6.55662** -3.6892 (1 %) 1 1 (α ) 

 
/1 α represent model with intercept only; α, γ represent model with constant and 

trend using the ADF equation: ∆Yt  = α + γt  + φYt –1 + ∑τj∆Yt-j  + εt 
/** adf stationary at first difference 
/* adf stationary at level 

 

4.3 Co integration Analysis 
From the static long run equation we observe that the residuals obtained 

from the inflation equation was stationary and implied the existence of long-run 

relationship among the variables.  

4.4 Model Results and Discussion 
Volatility and forward looking prices are some of the centripetal forces that 

could cause a drift in the inflation rate and correcting for any possible errors 
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amounts to smoothing the inflation path. Thus, to determine this pattern of 

behaviour the data generating process of inflation was relied upon.  

In the first instance, the static long-run (see table 3) equation for inflation was 

estimated. The model was solved forward for inflation expectation using the 

Gauss-Siedel algorithm12 with dynamic- deterministic simulation13; while through 

the iterative process a forward scenario solution was resolved using the baseline 

solution as start values.  

 
4.4.1 Short-run Dynamic Model 

The estimated model (see table 4) shows that the previous years’ inflation 

is significant at one per cent level suggesting some evidence of backward or 

adaptive behaviour of inflation in Nigeria. This means that changes in 

expectations always trail changes in the actual values of inflation. Inflation is also 

found to respond to fiscal pressures over the medium term, as fiscal deficit at the 

second lag was significant at the 1 per cent level. This is an indication that fiscal 

dominance in Nigeria is a fundamental problem to inflation management in 

Nigeria. Similarly, interest rate differential, growth of gross domestic product at 

current market prices and the purchasing power parity have significant influences 

on inflation in Nigeria.  

Meanwhile, the measure of price volatility (the conditional standard 

deviation) at the contemporaneous as well as at the one period and two period 

lags were significant at 1 per cent level suggesting the short-run impact of price 

volatility in desired long-run price stability. 

From the results therefore, if inflation rose in the previous period by 1 

basis point it would result in a net effect of 0.272 basis points in the current 

period; while a 1 per cent rise in fiscal deficit will contemporaneously lead to 

approximately 8.5 basis points rise in inflation in the second period. Interest rate 

differential would lead to 1.25 and 1.4 basis points change in the 

                                                 
12 The algorithm is fully explained in the appendix 
13 This procedure is intended to achieve convergence for an arbitrary baseline solution. 
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contemporaneous inflation if the previous and the current year’s interest rate 

differential changed respectively, by 1 unit.  

Using the purchasing power parity (using a restrictive bilateral measure), 

there is an indication of inflation-exchange rate pass-through. A depreciation, 

which implies more domestic currency for a unit of dollar, will raise prices, while 

an appreciation will dampen domestic prices. Consequently, a 1 percent 

appreciation reduces domestic prices by 30 basis points.14 The trade-off could be 

explained in terms of the import content of raw materials for most of our 

manufactured goods as well as the prevalence of imported consumer items in the 

domestic economy. 

A high economic growth raises the income levels of economic agents and 

increases their demand for cash balances for consumption purposes. This 

transmission result in an inflation growth of 32.7 basis points, if the economy 

grew by 1 per cent. Since GDP is measured in nominal terms, output lags behind 

the rate of inflation and makes our finding consistent with the a priori view that 

inflation is inversely related to real GDP. More so structural bottlenecks in 

production could precipitate this significant jump in prices.  

Price volatility would raise inflation by 0.8, 1.2 and 0.97 basis points if it 

changes respectively by 1per cent in the current and inter-temporary in the 

previous two periods. The justification for price bubbles to reinforce inflationary 

pressures could result from the difficulty of economic agents to predict the future 

course of unanticipated shocks to prices in the economy emanating from 

information asymmetries associated with the expected response of monetary 

authorities. If the agents choose to lean to the winds, misperceptions were bound 

to create significant bouts of inflationary pressures. This pattern of behaviour 

makes price bubbles and inflation expectation coterminous, and mutually 

reinforcing. 

Similarly, the one-period forward-looking inflation showed inertia and is 

trailed by backward-expectations formed in a two-year period. This behaviour is 

                                                 
14 The mixed functional form of the inflation imposes this interpretation on the model. Since inflation is a 
differencing of the CPI, taking its first difference presupposes that the coefficients can be interpreted as 
basis points. 
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associated with the highly oligopolistic-determined inter-bank lending rate which 

influences inflation through the interest rate differential.  

The error correction coefficient measures the speed of adjustment of 

inflation to its long-run equilibrium relative to the fundamentals (i.e. the 

explanatory variables) that explain it. It has the expected negative sign and is 

significant at the 1 per cent level. The coefficient after inclusion of inflation 

expectation in the model indicates complete adjustment, considering these 

underlying fundamentals. Indeed its coefficient of approximately –1 compared to 

that without the inflation expectation of –0.99  (see table 5) suggest that 

anchoring price volatility and expectation will ensure that at the steady state, any 

disequilibria in the previous period is completely adjusted in the short run. Thus, 

if these factors were properly anchored, deviations from target would be tending 

towards zero. Indeed except for structural impacts like drought, volatility and 

expectations formation are akin to maintaining the objective of price stability. 

Given the explanatory power of the model, which is approximately 68 per cent, 

makes it imperative for the conclusions to be robust. 

The DW statistics (though not a good test when the lagged endogenous 

variable becomes predetermined in the current period) is within permissible 

levels suggesting the absence of serial correlation. Variable redundancy was 

examined and insignificant variables were eliminated in the search for a 

parsimonious and congruent model. The Jarque-Bera test for normality in the 

residuals with Chi-square equal 1.2145 and a probability value of 0.5448 gave 

evidence of orthogonal residuals. Finally the ARCH LM test, which follows the F-

distribution with F-statistic of 0.709956 and a probability value of 0.407776, 

confirms the absence of heteroskedasticity. The Ramsey regression specification 

error test (RESET) and the Breusch-Pagan serial correlation LM test are not 

available for the chosen estimation technique.  
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4.4.2 Statistical Analysis: Price Volatility  

An obvious question to ask is how reliable is the measure of volatility? Our 

estimation approach is the GARCH (1, 1) using the maximum likelihood 

estimator. In the static equation (see table 6), the conditional standard deviation 

SQR (GARCH) is significant at the 1 per cent level, which implies that there exist 

volatile components in the inflation rate. Both the ARCH and GARCH terms in 

the variance equation yielded significance at the 1 per cent level. The static long-

run equation however had weak explanatory power suggesting that most of the 

variables are on the unit circle, the spurious nature of relations that contain linear 

combination in the long run and have an error correction representation. But this 

static equation is desirable to obtain the true element of volatility since the 

GARCH emphasize the information content in the historical data rather than 

achieving consistency with economic theory. 

 
4.5 Volatility and Expectations Shocks: Implications for Monetary Policy 

The aim is to determine, the response of inflation to price volatility, 

inflation expectation, money supply and purchasing power parity. Secondly, we 

determine the response of inflation expectations and volatility to the monetary 

policy actions of government. The framework is essentially the vector 

autoregression (see figure 1). 
It is evident from the results that own disturbance to inflation precipitate a 

fall in expectations, converging to zero only after three years. It drops by as much 

as 6-7 per cent following a 1 standard deviation innovation. This makes it 

imperative for the application of a non-accommodating monetary policy to 

accelerate this movement toward zero within a one-year adjustment period.  

Expectations in the price level is necessarily, not around the growth in money 

stock as the result indicate that a one standard deviation innovation in the current 

period returns a zero response from inflation expectation in the medium term of 

two years. This means that economic agents are not concerned immediately with 

what happens to money growth in the formation of future expectations about the 

price level. The information processing mechanism suggestively, is weak and 
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depicts waned credibility in the ability of monetary authorities to meet targets. 

This makes it difficult for economic agents to form expectations about prices and 

money growth. When information becomes available, it raises expectation for a 

period, and falls to negative levels. The response after two periods is 

approximately 2.5 per cent. A shock on interest rate raises inflation expectation, 

falling only in the third period and tends towards zero, thereafter. It is interesting 

to observe the response of interest rate differential to inflation expectation. First, 

it lowers it in the first period, but return to zero in the second period. This 

presupposes that all interest rates would have adjusted to include mark-ups 

(especially lending) for any expected inflation in the medium term. 

The response of price volatility to growth of money stock obeys the 

“ratchet effect” phenomenon in the first 4 years. A one standard deviation 

innovation in money stock growth leads to 0.25 per cent in the second period and 

1.25 per cent in the fourth year. Thus, accommodating monetary policy will 

continue to raise the volatility in prices under the circumstance. What this means 

is that monetary growth have an influence on volatility and expectations. 

Similarly, interest rate differential would first give rise to negative oscillating 

effects on price volatility returning to zero after 5 periods. But persistence in 

volatility of prices, keeps interest rate differential persistently high. Thus 

anchoring price volatility would not only tame inflation, it will in fact, reduce the 

interest rate differential and make monetary policy more effective.  

 

5.1 Summary of Findings 
The study found first, that price volatility, showed persistence as well as 

significant distortions at the steady state inflation. Secondly, that inflation in 

Nigeria is influenced by both backward and forward-looking expectations. Third, 

the coefficient of the error correction term is negative and its magnitude suggest 

complete adjustment in the current period of any one period disequilibria if 

inflation expectation is included in the model of inflation indicating that, anchoring 

price expectation would facilitate convergence to low inflation. Sixthly, price 

volatility obeys a “ratchet effect” for a given innovation from money growth in the 
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first four periods, which implies that accommodating monetary policies would 

raise the volatility of prices while persistence in volatility of prices, keeps interest 

rate differential persistently high. 

 

5.2 Policy Recommendation 
Monetary policy should be designed to provide an explicit anchor of 

expectations and volatility representative of clear, concise and strong 

commitment to achieving its objectives. This can be done through future forecast 

of inflation incorporating volatility and expectation measures to improve the 

information space.  Also, monetary authorities should be proactive in the 

application of monetary policy signaling to ensure that economic agents form 

expectations about prices around the growth of money stock which, monetary 

authorities can influence and flexibly adjust. One way of achieving this is by 

announcing an explicit inflation or price target as well as a clear commitment to 

achieving it so that agents would inter-temporally plan their economic decisions. 

In addition, the behaviour of inflation and inflation expectations should provide 

the basis for determining the most appropriate pulse for nominal interest rate 

reductions. Finally, monetary and fiscal policy should support each other in 

promoting stability. In order to deliver economic stability, both arms of 

macroeconomic policy must act in a coordinated way. An open approach, in the 

setting of the objectives of both monetary and fiscal policy, allows this co-

ordination to be achieved. 

 

5.3 Recommendation for Further Studies 
One area this work is limited is the in ability to decompose conditional 

volatility into a time varying trend and deviations from that trend.  It is 

recommended that the CPI core inflation should be considered for a similar study 

so as to provide an encompassing analysis of inflation dynamics in Nigeria. In 

addition, carrying out the study under a structural vector autoregression 

framework would necessitate long run restrictions that would completely reflect 

the systemic behaviour of the data generating process (dgp). Also, the need to 
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capture the sustainability of the absorptive capacity of the economy by 

incorporating the output gap in the model should be undertaken using alternative 

measures. Initial attempt at doing this using the Hodrick-Prescott Filter did not 

yield impressive results. Finally, a system’s specification should be considered. 

Perhaps, this could bring out clearly the interest rate policy rules and the 

intertemporal reaction function of government so as to ensure greater policy 

coordination. 

 
5.4 Conclusion 

The study was motivated by the need to determine the influence of price 

volatility and price expectation in the rate of inflation as a measure of the price 

level. In addition, the study sought to evaluate ipso facto the extent to which 

monetary policy has influenced inflation by reducing price volatility and 

expectation towards zero. The study applied the maximum likelihood estimator in 

addition to the GARCH (1,1). Expectation was solved using the Gauss-Siedel 

algorithm for forward-looking expectations using dynamic- deterministic solution 

at constant difference with actual series as start values. The VAR model was 

estimated to enable the extraction of the impulse-response functions and the 

variance decomposition using Cholesky decomposition. The study concluded 

that inflation expectation and price volatility not only influences the 

contemporaneous inflation, it also causes persistence in interest rate differential 

and monetary growth that could compromise the effects of monetary policy 

action.  
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Appendix 
A. Generalized Autoregressive Conditional Heterosckedasticity 
The ARCH models as introduced by Engle (1982) and generalized as GARCH 

(Generalized ARCH) by Bollerslev (1986) used in this study is thus given: 

 
By the standard GARCH (1,1) specification15: 

 

(3.1)         yt  = γxt + εt 
 

(3.2)          δ2
t  = µ  + αε2

t-1 + βδ2
t-1 

 

The mean equation given in (3.1) is written as a function of exogenous variables 

with an error term. Since δ2
t  is the one-period ahead forecast variance based on 

past information, it is called the conditional variance. The conditional variance 

equation specified in (3.2) is a function of three terms: 

The mean: µ 

News about volatility from the previous period, measured as the lag of the 

squared residual from the mean equation: ε2
t-1  (the ARCH term). 

Last period's forecast variance: δ2
t-1  (the GARCH term). 

The (1,1) in GARCH (1,1) refers to the presence of a first-order GARCH term 

(the first term in parentheses) and a first-order ARCH term (the second term in 

parentheses). An ordinary ARCH model is a special case of a GARCH 

specification in which there are no lagged forecast variances in the conditional 

variance equation. 

B. The Gauss-Seidel Technique 
Consider the model below 

                                                 
15 See 1994-2002 Quantitative Micro Software: Eviews 4.1 Help 
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Y1t = g1 (Y2t,, Y3t, x1t, a1, u1t). 
 
Y2t = g1 (Y1t,, Y3t, x2t, a2, u2t). 
 
Y3t = g1 (Y1t,, Y2t, x3t, a3, u3t). 
 
Given these values and given the values of the predetermined variables, the solution 
proceeds in the following manner. The initial values of the endogenous variables are 
guessed. These are usually either actual values or predicted values from the 
previous period. Given these values, a.1-a.3 can be solved for a new set of values. 
This requires one “pass” through the model: each equation is solved once. One pass 
through the model is also called an “iteration.” Given this new set of values, the 
model can be solved again to get another set, and so on. Convergence is reached if 
for each endogenous variable the values on successive iterations are within some 
prescribed tolerance level (Fair, 1984: 250).16 
 
C. Adaptive Expectations and Rational Expectations 
When expectations are adaptively formed, it means that the future expected values 
of the variable in question depend on the past actual values of that variable. 
Adaptive expectations are backward-looking and changes in expectations trail 
changes in the actual values of the variable being predicted. In other words, people 
form new expectations by adapting to past mistakes. 
Rational expectations are formed rationally by making use of all available information 
that improves the accuracy of prediction. Rational expectations are forward looking, 
since they pay attention to what is happening in the present and what is likely to 
happen in the future. The key feature of rational expectations is not that they are 

                                                 
16 For details, refer to Ray C. Fair (1984) Specification, Estimation, and Analysis of Macroeconometric 
Models,  Harvard University Press, Cambridge. 
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always correct- no one contends they are- but that rationally formed expectations 
adjust to new information more quickly than adaptive expectations. 
 
D. RESULTS 
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Table 3: Static Long Run Model of Inflation    
Dependent Variable: INFL       
Method: Least Squares     
Date: 08/16/03   Time: 19:31     
Sample(adjusted): 1972 2001     
Included observations: 30 after adjusting endpoints    
Variable Coefficient Std. Error t-Statistic Prob.   
       
LBGF -0.592051 7.566173 -0.07825 0.9383 
INTDIFF -0.562119 0.707227 -0.794821 0.4348 
PPP 3.583919 8.417713 0.425759 0.6742 
GGDP 18.01464 39.05088 0.461312 0.6489 
PRVOL 0.888016 0.852877 1.0412 0.3086 
INFLEX 0.261012 0.835424 0.312431 0.7575 
C 4.813627 13.06496 0.368438 0.7159 
       
R-squared 0.349351     Mean dependent var 21.74333 
Adjusted R-squared 0.179616     S.D. dependent var  18.29867 
Log likelihood -122.8177     F-statistic  2.058219 
Durbin-Watson stat 1.428371     Prob(F-statistic)   0.09841 

          
Table 4: Model of Inflation 
Dynamics    
Dependent Variable: D(INFL)       
Method: ML - ARCH (BHHH)     
Sample(adjusted): 1975 2001     
Included observations: 27 after adjusting endpoints    
Bollerslev-Wooldrige robust standard errors & covariance    

  Coefficient Std. Error z-Statistic Prob.   
       
D(INFL(-1)) 0.46998 0.102508 4.58481 0 
LBGF 4.550018 3.124253 1.456354 0.1453 
LBGF(-2) 8.475386 2.356988 3.595854 0.0003 
D(INTDIFF) 1.24857 0.300895 4.149525 0 
D(INTDIFF(-1)) 1.387208 0.310527 4.467269 0 
D(PPP) -30.25717 6.641118 -4.556036 0 
D(GGDP) 32.68578 5.562717 5.875865 0 
D(PRVOL) 0.799474 0.377983 2.115105 0.0344 
D(PRVOL(-1)) 1.153328 0.312078 3.695638 0.0002 
D(PRVOL(-2)) 0.967888 0.302819 3.196258 0.0014 
D(INFLEX(-2)) -0.249699 0.098708 -2.529665 0.0114 
RES02(-1) -1.055977 0.108484 -9.733932 0 
         Variance Equation     
C 4.880483 11.86948 0.411179 0.6809 
ARCH(1) -0.19477 0.310898 -0.626475 0.531 
GARCH(1) 1.101899 0.536913 2.052287 0.0401 
R-squared 0.850021     Mean dependent var 0.114815 
Adjusted R-squared 0.675045     S.D. dependent var  17.98458 
Log likelihood -88.27926     Durbin-Watson stat 2.30054 
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Table 5: Model of Inflation Dynamics No Inflation 
Expectation   
Dependent Variable: D(INFL)       
Method: ML - ARCH (BHHH)     
Sample(adjusted): 1975 2001     
Included observations: 27 after adjusting endpoints    
Bollerslev-Wooldrige robust standard errors & covariance    
  Coefficient Std. Error z-Statistic Prob.   
D(INFL(-1)) 0.397542 0.078108 5.08967 0 
D(INFL(-2)) -0.125459 0.077051 -1.628267 0.1035 
LBGF 4.646935 2.836011 1.638546 0.1013 
LBGF(-2) 7.589844 2.127321 3.567794 0.0004 
D(INTDIFF) 1.153341 0.274867 4.195997 0 
D(INTDIFF(-1)) 1.109004 0.328374 3.377261 0.0007 
D(PPP) -30.05674 6.700739 -4.485586 0 
D(GGDP) 37.054 5.155636 7.187085 0 
D(PRVOL) 1.122846 0.366239 3.065887 0.0022 
D(PRVOL(-1)) 1.176293 0.384788 3.05699 0.0022 
D(PRVOL(-2)) 1.019372 0.27676 3.683231 0.0002 
RES(-1) -0.994558 0.114178 -8.710605 0 
       
         Variance Equation     
C 5.38931 10.48401 0.51405 0.6072 
ARCH(1) -0.200325 0.243325 -0.823281 0.4103 
GARCH(1) 1.108401 0.403623 2.746127 0.006 
          
R-squared 0.834289     Mean dependent var 0.114815 
Adjusted R-
squared 0.640959 

    S.D. dependent 
var  17.98458 

Log likelihood -89.17367     Durbin-Watson stat 2.340868 
     
Table 6: Price Volatility Equation        
Dependent Variable: INFL     
Method: ML - ARCH (BHHH)     
Sample(adjusted): 1973 2001     
Included observations: 29 after adjusting endpoints    
Bollerslev-Wooldrige robust standard errors & covariance    
  Coefficient Std. Error z-Statistic Prob.   
SQR(GARCH) 1.556695 0.122706 12.68642 0 
AR(3) -0.788726 0.07453 -10.58273 0 
MA(3) 0.810041 0.037758 21.45375 0 
       
         Variance Equation     
C 58.51117 18.83193 3.107019 0.0019 
ARCH(1) 0.455479 0.132543 3.436463 0.0006 
ARCH(2) 0.546529 0.21384 2.555779 0.0106 
GARCH(1) 0.700477 0.198481 3.529196 0.0004 
GARCH(2) -0.588326 0.137932 -4.265343 0 
R-squared 0.564927     Mean dependent var 22.38276 
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Adjusted R-
squared 0.419903     S.D. dependent var 18.27829 
Log likelihood -111.0423     Durbin-Watson stat 1.532086 
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Figure 1c: Inf lation

 


