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Abstract

Throughout the world, most central bank policy initiatives have been aimed at achieving and maintaining
price stability and the Central Bank of Kenya is no exception to this rule. This study attempts to find the
best model that can be used to forecast inflation by comparing the ARIMA and ARCH models. The main
focus of the study is compare the forecast performance of ARIMA and GARCH models in order to find
the best fit model that can be used to model and forecast Kenya’s monthly inflation rates for the inflation
data spanning from January 2005 to June 2017.This study used the Box-Jenkins methodology and
GARCH approach in analysing the inflation rates data. The best model for ARIMA and GARCH were
selected based on model selection criteria AIC, AlCc and BIC. The one with the least AIC and BIC was
selected as the best model. A comparison was then made between ARIMA (1, 1, 12) and GARCH (1, 1)
models in order to determine which better to use in similar situation. The accuracy of GARCH and
ARIMA models was compared using different statistical forecast evaluation criteria MAE, MSE, and
MAPE efficiency. Results proved that the concluded that the forecast performance from GARCH (1, 1)
model was greater than that from ARIMA (1, 1, 12) model. It was concluded that the ARIMA (1, 1, 12)
model performs better than GARCH (1, 1) thus the ARIMA (1, 1, 12) is a better forecast model for
inflation rate. The analysis of this study is carried out with the assist of R software. Presentation and
explanations of results were aided by the use of graphs and tables.
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Introduction
Inflation is the general rise in the average level of a group of prices in a country. Inflation
creates a problem because the purchasing power of money falls as the price level rises. It
imposes an opportunity cost on holders of money. Inflation retards economic growth because
the economy needs a certain level of savings to finance investments which boosts economic
growth. Inflation causes global concerns because it can distort economic patterns and can
result in the redistribution of wealth when not anticipated. Inflation can also discourage
investors within and without the country by reducing their confidence level in investments.
This is because investors expect high possibility of returns so that they can make good
financial decisions.
The maintenance of price stability is one of the macroeconomic challenges that the Kenyan
government has been facing since its independence which is now 54 years ago. Inflation Rate
in Kenya averaged 10.44 percent from 2005 until 2016, reaching an all-time high of 45.98% in
1993, 31.50% in May of 2008 and a record low of -0.1 in 1964 (KNBS,2016).
Inflation modelling is one of the most important research area in monetary planning.
According to Kohn, (2005):“Nothing is more important to the conduct of monetary policy than
understanding and predicting inflation. Achieving and maintaining price stability will be more
efficient and effective the better we understand the causes of inflation and the dynamics of how
it evolves”.
Financial and economic models are heavily influenced by time, through both time resolution
and time horizon. The resolution concept that signifies how densely data are recorded varying
from seconds to years and time horizon looks at the length of time the data spans. Financial
analysis usually involves a study of price movement, usually given over time, hence financial
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modelling focuses on building mathematical and statistical models to capture the price movements and the variations in the prices
over time.

Most economic and financial data are either non-linear or non-stationary, which is a problem when using the traditional statistical
methods such as method of Box-Jenkins ARIMA models. It is necessary to look for other methods which are more appropriate
and produce more accurate forecasts when the data is non-linear or non-stationary. In this study we will apply the method of
autoregressive conditional heteroscedasticity ARCH as modern method of forecasting technique and see how it could be used as
an alternative method to traditional methods. This technique showed in some studies in the last years that it can used efficiently in
prediction in many subjects. In the present study we are going to perform some comparisons among GARCH and ARIMA
models.

Literature Review

Review of inflation modelling

Igelan, B. M. (2015) & modelled the average monthly temperature data of Jerusalem in Palestine for the period from January
1964 to December 2013 using the ARIMA and GARCH modelling techniques to fit a historical data set and estimate the
coefficients of the suitable models for fitting. The analysis of this study was carried out using the R software. Eventually, using
different statistical measures, comparison efficiency between ARIMA (2, 0, 0) (3, 1, 1)12 and AR(1)-GARCH(1, 1) models were
produced. AR (1)-GARCH(1,1) was found to be superior than ARIMA(2, 0, 0)(3, 1, 1)12 model.

Yaziz, et.al. (2011), conducted a study to obtain a suitable GARCH and Box-Jenkins model for forecasting crude oil prices.
ARIMA(1, 2, 1) and GARCH(1, 1) were found to be the appropriate models under model identification, parameter estimation,
diagnostic checking and forecasting future prices. Comparison performances between ARIMA (1, 2, 1) and GARCH (1, 1) models
ware made using several measures. GARCH(1, 1) was found to be a better model than ARIMA(Z, 2, 1) model because the values
for RMSE, Amos, (2009) studied financial time series modelling using inflation data spanning from January 1994 to December
2008 for South Africa. This study used the seasonal autoregressive integrated moving average SARIMA model and the
generalized autoregressive conditional heteroscedasticity GARCH model which were fitted to the data for encountering trend and
seasonal terms and accommodating time varying variance respectively. A best fitting model for each family of models offering an
optimal balance on goodness of fit was selected. SARIMA(L, 1, 0)(0, 1, 1) and GARCHY(1, 1) models were chosen to be the best
fitting models for determining the two years forecasts of inflation rate of South Africa. However GARCH (1, 1) model was
observed to be superior in producing future forecasts because of its ability to capture variations in the data.

Chatfield, (2000); explored in his book that, the idea behind GARCH model is similar to that behind ARMA model in the sense
that a higher order AR or MA model may often be approximated by a mixed ARMA model, with fewer parameters, using a
rational polynomial approximation. Thus a GARCH model can be thought of as an approximation to a higher-order ARCH model.
GARCH(1,1) model has become the standard model for describing changing variance for no obvious reason other than relative
simplicity. In practice, if such a model is fitted to data, it is often found that (o + ) < 1 so that the stationarity condition may be
satisfied. If a + f = 1, then the process does not have finite variance, although it can be shown that the squared observations are
stationary after taking first differences leading what is called an integrated GARCH or IGARCH model.

Akaike (1974) ™M and Schwarz (1978) developed Akaike Information Criterion (AIC or AICc) or the Bayesian Information
Criterion (BIC). This will be used to select the final model. According to Hurvich and Tsai (1989), the AlICc has a small sample
size correction for the AIC and also converges to AIC in large samples. AIC and BIC are penalty statistic function used to
measure goodness of fit of an estimated statistical model. Several competing models are developed and ranked according to the
AIC, AlCc or BIC and the one with the lowest information criterion value is chosen as the best.

The information criteria idea is based on the extent to which the fitted values of the model approximate the true values. The
penalty aspect discourages over fitting of the models so penalty increases with the number of estimated parameters. The AIC,
AICc and BIC are computed as follows:

(RSS)
AIC=2k—2Iog(L)=2k—nIogL
n

2k (k +1)
AlCc = AIC + —

n-k-1
BIC =log(s;) kIog(n)

= )+ —
o (2.4)

Where:
k-number of parameters in the statistical model
RSS-residual sum of squares for the estimated model

n- the number of observations
2

S, -the variance of the residuals

Methodology
Seasonal Auto-Regressive Integrated Moving Average model (SARIMA)
The Box-Jenkins ARIMA model is generalized into a Seasonal Autoregressive Integrated Moving Average (SARIMA) model that
accounts for both seasonal and non-seasonal characterized data. The SARIMA model is derived from the ARIMA model
described above and also uses information on past observations and past errors of the series.
Since the ARIMA model is inefficient for those series with both seasonal and non-seasonal behaviour for example in terms of
wrong order selection, the SARIMA model is preferred when any seasonal behaviour is suspected in the series. The SARIMA
model also sometimes referred to as the Multiplicative Seasonal Autoregressive Integrated Moving Average model, is denoted as
ARIMA (p,d,q) (P,Q,D)s.

~q7~



International Journal of Statistics and Applied Mathematics

The corresponding lag form of the model is:
d D
p(L)p(L7)(1-L) (1-L7) y,=0(L)8(L")e,

This model includes the AR and MA characteristic polynomials in L of order p and g respectively:
p(L)=1-gL-g,L'—..—g L' -9 L

o(L)y=1-0,L-0,L"—...-0,_L" -0 L°

1

Also Seasonal polynomial functions of order P and Q respectively as represented below

p(LS)=1-¢,LS -p,L

25 (P-1)s

—...—qopilL —(pPL

PS

Q-1)s Qs
- .9Q L

g(LS)=1-9,LS - 9,L** —...—9, L
Identifying the Seasonal ARMA Model
For pure SAR models, the autocorrelation function dies down and the partial autocorrelation function cuts off after one seasonal
lag for a SAR (1) model. Similarly the partial autocorrelations die down for SMA models. Also the autocorrelation function cut
off after one seasonal lag for SMA (1) model and after two seasonal lags for SMA (2). For the mixed seasonal ARMA with one
SAR and one SMA hoth the autocorrelation function and partial auto correlation functions die down. The table below gives the
summary of the stationarity and invertibility conditions of some specific seasonal time series models and the behaviour of their
theoretical ACF and PACF.

Forecasting using the SARIMA model
Simple SARIMA model like SARIMA (0, 1, 1) (1,0,1)12 will be used to demonstrate how forecasts are obtained from the selected
SARIMA model. Cryer and Chan (2008) demonstrated these steps below:

Yo = Ya = ¢ ( Yiciz = Yiaas ) & - 9‘("171 - ‘95&12 + 0‘9‘91713 Yo =Y+ 94 ( Yiar = Vi ) +0e —0e_,, -03¢

A A

Yo = Yint 9 ( Yiito ~ yt—ll) +0s —0s ,, - 095,

This pattern goes on, the residual terms EIREANE “13 will be included in the first thirteen forecasts after which the AR part

of the model takes over and produces the | >13 steps ahead forecasts in equation 5.7 below.

A A

Y = Yuat PYia2 TOYias

The GARCH (p, q) model

The Generalized ARCH (GARCH), as developed by Bollerslev, (1986) B, is an extension of the ARCH model similar to the
extension of an AR to ARMA process. The GARCH (p, gq) model employs the same equation as ARCH (1,1) for the log-returns
v, but the equation for the volatility, includes g new terms, that is

Ve = o0&, &~N(0,07%)

2 2 ,2 ,2 ,2
O-x - aO + al.}"r—l +.. +agJ"x—q + /@J’x—l T +ﬂp.}'x—p

Where now t > max(p,q) and the remaining components are as in the ARCH model. The parameters of the model are

A O, . a ., . .
ot R for some positive integers.

We see that if p=0 then the above model is reduced to the ARCH (q). Thus the GARCH model generalizes the ARCH by
introducing values of 62 ;, 02 ,, .... in the equation: Let {y,} be the mean corrected return, ¢, be a Gaussian white noise with
mean zero and unit variance. Let also H, be the information set or history at time t given by H; = {y;,¥2, ..., ¥:_1} @S in the
ARCH model. Then the process { y; } is GARCH (1,1) if

Ve = 0r&,  &~N(O, UZ)
and

2 2 2
o, =@, + alyt—l + ﬂlytfl

Results and Discussions
In this study, a total of 150 monthly inflation data series (month on month-%) is used from January 2005 to December 2016 of
month frequencies as they are in Nation Bureau of statistics of Kenya. The analysis was carried out using R statistical software.
The ARCH type family models were fitted and forecast to the data because data was characterized by variation in variance and
mean. The outcome of the study revealed that the ARCH —family type models, particularly, the EGARCH (1, 1) with generalized
error distribution (GED) was the best in modelling and forecasting Kenya’s monthly rates of inflation.
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Fig 1: General trend of Kenya Monthly Inflation: period: 2005-2016

It is revealed from figure 1 above that inflation rate for the period of 2005 to 2016 is non-stationary due to an unstable mean
which increase and decrease at certain points. The mean and variance ought to be adjusted to form stationary series, so that the
values vary more or less uniformly about a fixed level over time. The mean is not constant throughout the series as it assumes a
downward trend by decreasing from the highest peak to the lowest peak.

The graph above indicates that in the time series there seems to be seasonal variation in the inflation rate. Again, it seems that this
time series could probably be described using an additive model, as the seasonal fluctuations are roughly constant in size over

time and do not seem to depend on the level of the time series, and the random fluctuations also seem to be roughly constant in
size over time.

Below is the summary of the above trend

Descriptive statistics

Min. | 1st Qu. | Median | Mean | 3rd Qu. | Max.
2.000 | 5.282 6.870 8.344 | 10.863 | 19.720

The data has a constant general mean of (8.344), the median of the time series is(6.870), the minimum value in this data is (2) and
the maximum value is (19.720) giving a data range of (17.72), 1stQu. is (5.282) and 3rdQu. is (10.863).

Univariate time series analysis
Stationarity tests using Augmented Dickey Fuller (ADF)
Stationarity tests using Augmented Dickey Fuller (ADF)

Variable Equation At Level At First Difference Order of Integration
t-stat t-ADF* P-val. t-stat t-ADF* P-val
INFR Intercept -2.703 -3.469 0.075 -6.628 -3.469 0.000 | I(1)
-2.878 -2.878
-2.576 -2.576
Intercept & trend -2.778 -4.013 0.207 -6.607 -4.013 0.000 | I(1)
-3.436 -3.436
-3.142 -3.142

t-ADF*: Augmented Dickey-Fuller test critical values at 1%, 5% and 10%

To confirm the presence of stationarity, the Augmented Dickey-Fuller (ADF) test was performed. The test fails to reject the null
hypothesis of unit root at 5% level of significance and thus it can be concluded that the rate of inflation is not stationary. For this
purpose, a first order lagged difference from the original series is obtained. Augmented Dickey-Fuller (ADF) test is conducted on
this series to check for stationarity. The ADF test shows that the series is stationary. The t- statistic of -6.607 and -6.628 is smaller
than 1% of test critical value. The p-value for ADF test is zero indicating that we have sufficient evidence to reject the null
hypothesis of the series being non-stationary.

ARIMA model

Model selection on ARIMA

The study sought to determine the best ARIMA model and the most suitable GARCH model.
Series: my time series

ARIMA (2,0,0)(0,0,1)[12] with non-zero mean

Coefficients

~19~
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arl ar2 smal intercept
1.3669 -0.4090 -0.8548 8.5370
S.e. 0.0751 0.0758 0.0943 0.3902

sigma”2 estimated as 0.7736: log likelihood=-200.54
AIC=411.08 AlCc=411.49 BIC=426.13

ARIMA AlC BIC Log likelihood
(1,0,1) 4.442 3.792 -405.1078
(2,0,2)* 3.357* 3.241* -302.7092*
(3,0,1) 3.514 3.568 -311.587
(1,1,1) 3.447 3.5 -303.8127

*Best based on the model selection criterion

The creation of the ARIMA model for the data in R is done using the r package forecast and forecast library. However if you want
to choose the model yourself, use the Arima () function in R till you get the minimum AICc value which is considered to be the
best model. The auto. arima () function is used to determine the best ARIMA model automatically from R as shown below;

The above model was selected using stepwise selection criterion based on the Akaike Information Criterion corrected (AICc).
This is a seasonal ARIMA model which sometimes referred as SARIMA. Therefore, since the seasonal ARIMA is the best
forecasting equation, it means that inflation is affected by the periodic calendar. This is shown in the trend (the trend mimics a
sine function). The model parameters are; AR1 which stands for non-seasonal autoregressive component of order 1, AR2 refers to
the non-seasonal component of order 2 and smal refers to the seasonal simple moving average of order 2.

The best ARIMA model to be used for that data is ARIMA (2,0,2) Plots

Inverse AR roots Inverse MA roots
2 )
M m
— L (-
m m O - . .
M L m
£ £

1 0 1 1 0 1

Real Real

Call:
Garch (x = DataS$inflation. rate, trace = FALSE)

Coefficient(s):

a0 albl

1.746e+ 01 9.317e-01 4.690e-13

The two models (for the conditional mean and the variance) are perfectly compatible with each other, in that the mean of the
process can be modelled as ARMA, and the variances as GARCH. This leads to the complete specification of an ARMA (p,q),
GARCH(r,s) model. ARMA is a model for the realizations of a stochastic process imposing a specific structure of the conditional
mean of the process. GARCH is a model for the realizations of a stochastic process imposing a specific structure of the
conditional variance of the process. However in our case we are interested in forecasting the inflation rates in Kenya than
comparing their volatility thus the ARIMA (2,0,2) will be our best model in forecasting our results as below.

~0~



International Journal of Statistics and Applied Mathematics

Forecasting using ARIMA (2,0,2)
Forecasts for ARIMA

Point Forecast Lo 80 Hi 80 Lo 95 Hi 95
Jul 2017 8.181581 7.051926 9.311236 6.4539225 9.909239
Aug 2017 8.555485 6.642448 10.468522 5.6297471 11.481223
Sep 2017 8.894232 6.369233 11.419231 5.0325794 12.755885
Oct 2017 8.766595 5.766144 11.767046 4.1778014 13.355388
Nov 2017 8.797502 5.424430 12.170574 3.6388337 13.956171
Dec 2017 9.149136 5.480270 12.818003 3.5380890 14.760184
Jan 2018 9.279310 5.372558 13.186063 3.3044477 15.254172
Feb 2018 8.267315 4.167028 12.367602 1.9964676 14538162
Mar 2018 7.713520 3.454403 11.972637 1.1997632 14.227277
Apr 2018 7.312910 2.922489 11.703330 0.5983411 14.027478
May 2018 7.416478 2.916882 11.916075 0.5349388 14.298018
Jun 2018 9.175802 4.585016 13.766588 2.1548007 16.196803
Forecasts from ARIMA(2,0,2) with non-zero mean

O

L

Ly

0

=

o

——
u‘j —
[ [ [ [
0 50 100 150

Forecasting the inflation using ARIMA (2, 0, 2)
The trend shows the normal seasonal variations of the inflation rates, however the forecast indicate a continued increase in the
inflation in the future as illustrated by the figure above.

GARCH Model

Model selection and analysis

The idea of the research is to have a good model that captures as much variation in the data as possible. Usually the simple
GARCH model captures most of the variability in most stabilized series. Small lags for p and g are common in applications.

Some models are typically adequate in different study such as GARCH (1, 1); GARCH (2, 1) or GARCH (1, 2) models for
modelling volatilities even over long sample periods (Bollerslev, Chou and Kroner, 1992). However in the table below the
GARCH (0, 1); GARCH (0; 2) and GARCH (2; 2) has been included in order to check if they are appropriate for modelling time
varying variances of the data. The smaller the AIC and BIC the better. Larger AICs; BICs and standard error makes the model
unfavorable.

Comparison of suggested GARCH models

Model AIC BIC SE Log Likelihood
GARCH(0,1) 5.956 6.009 4.784* -533.073
GARCH(1,1) 5.127* 5.019* 5.285 -465.23
GARCH(0,2) 5.789 5.920 4.672 -523.43
GARCH(1,2) 5.357** 5.627** 5.245 -482.31
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The table above shows the competing models to the data with their respective AIC; BIC and SE: From the derived models using
the method of maximum likelihood, the estimated parameters of the models with their corresponding standard error and other
statistical tests.

The standard errors are used to assess the accuracy of the estimates, the smaller the better. The model fit statistics used to assess
how well the model fit the data are the AIC and BIC: The corresponding values are: AIC = 5.127 and BIC = 5.019 with the log
likelihood value of -465.23. The standard errors are quiet small suggesting precise estimates. Based on 95% confidence level, the
coefficients of the GARCH (1; 1) model are significantly different from zero and the estimated values satisfy the stability
condition.

Forecasting comparison using ARIMA and GARCH models
Forecasting comparison using ARIMA - GARCH models

Models Inflation rates in Kenya
RMSE MAE MAPE BIAS
ARIMA (1,1,12) 0.7126 0.5658 7.5164 0.0097
GARCH (1,1) 0.194 0.5540 6.5017 0.00015

In the forecasting stage, Root Mean Squared Error (RMSE), Mean Absolute Error (MAE), Mean Absolute Percentage Error
(MAPE) for ARIMA (1, 1, 12) and GARCH (1,1) models are determined. If the actual values and forecast values are closer to
each other, a small forecast performance were obtained. Thus, smaller RMSE, MAE and MAPE values are preferred.

From Table above, it can be concluded that all forecast performance from ARIMA (1, 1) model is greater than that from GARCH
(1, 1) model. Therefore, we can conclude that GARCH (1, 1) model performs better than ARIMA (1, 1). In other words, GARCH
(1, 1) is a better forecast model for inflation rate than ARIMA (1, 1, 12) model.
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