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Abstract Macroeconomic variables are the main signposts signaling the current trends in an economy. Economic
stability is desirable because it encourages economic growth that brings prosperity and employment. In this study, data on the
91-day Treasury bill (T-bill), 182-day Treasury bill (T-bill), inflation and exchange rates obtained from the Bank of Ghana
from January, 2000 to October, 2012 was modeled using multivariate time series methods to investigate the dynamic
interrelationships existing between them. The results revealed that, an optimal lag of one (1) should be included in the VAR
process, therefore a VAR (1) model was fitted to describe the relationship between the variables. Results from the VAR (1)
model, Granger Causality, Impulse Response Function (IRF) and Forecast Error Variance Decomposition (FEVD) analysis
showed that; there exist a unidirectional relationship between the 91-day T-bill and 182-day T-bill rate, between the 182-day
T-bill and Inflation rate, between inflation and exchange rates and between the two T-bill rates and exchange rate.
Bothunivariate and multivariate Ljung-Box and ARCH-LM model diagnostics test performed on the residuals of the
individual equations and the overall VAR (1) model revealed that the residuals were white noise series. The chi-square
goodness of fit test performed on an out-sample forecasted growth rates of each rate showed that the VAR (1) model fitted

was adequate for determining the behavior of the rates over time.
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1. Introduction

Maintaining macroeconomic stability has been one of the
major challenges for many developing countries. Factors
such as market capitalism, interest rates, government stock
rates, exchange rates, money supply, inflation in financial
instruments among others, exert some impact on the
development and growth of an economy [1]. A stable
economy is characterized by the absence of excessive
fluctuations in the macro-economy [2]. Economic stability is
desirable because it encourages economic growth that brings
prosperity and employment. Low inflation in a strong,
well-managed area makes government borrowing less
expensive and interest repayments on national debt
substantially reduced. In addition, economic stability allows
governments to plan national finances, expenditure and
revenues with more certainty [3]. The instability in many
economies persists over a long period of time because; much
focus is not placed on studying the performance, structure,
behavior and relationships among these variables over time.
The governments, in order to macro-manage the economy
well, must study, analyze, and understand the major
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variables that determine the current behavior of the
macro-economy over time.

A number of researches have been done in identifying
linkages between some of these macroeconomic variables.
For instance, Engle and Granger [4] formalized the concept
of co-integration while Nguyen and Seiichi [5] found that the
real exchange rate is an important macroeconomic
instrument for ensuring low inflation rate and a stable
financial system that promote exports, control imports, and
enhance economic growth. Noer et al. Noer et al., [6]
identified that, in the system of floating exchange rates,
exchange rate fluctuations can have a strong impact on the
prices of goods through the aggregate demand and supply.
The weakening of exchange rate will raise the price of inputs,
thus contributing to a higher cost of production and certainly
increase in the price of goods that will be paid for by
consumers. As a result, the price level aggregate in a country
could continue to increase causing inflation. Goldfajn and
Gupta [7] employed Vector Auto regression (VAR)
modelling based on the impulse response function, to study
the linkage between real interest rate and real exchange rate
for the Asian countries and did not find any strong
relationship between interest rate and exchange rate. In his
study, Berument [8] found that inflation rate had a positive
influence on the 91-days T-bill rate when he used
conditional variance of inflation rate to represent risk index.
Luguterah and Logubayom [9] modeled the relationship
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between the Ghanaian T-bill, inflation and exchange rates
using the co-integration approach. Their results revealed that,
these set of variables were co-integrated and two linearly
independent co-integrating equations described the
equilibrium relationship between the time series variables.

Even though Treasury bills (T-bills), inflation and
exchange rates are recognized in many developed and
developing countries, including Ghana, as economic
impacting factors, there are limited researches in the
Ghanaian economy on how these variables interactively
affect each other over time as a result of changes in one or
more of them. This study therefore used historical data on the
91-days T-bills rate, 182-days T-bills rate, inflation rate and
Exchange rate from the Bank of Ghana to investigate the
dynamic relationship between growth rates of these variables
by employing multivariate time series techniques such as the
Vector Autoregressive modeling (VAR), Granger Causality,
Impulse Response Functions (IRF) and Forecast Error
Variance Decomposition (FEVD) analysis. This study gives
an idea of how these rates interact among themselves over
time and how each macroeconomic indicator serving as an
independent variable influences other macroeconomic
variables.

2. Materials and Methods

The study used monthly data on the 91-day T-bills,
182-day T-bills, inflation and exchange rates from the Bank
of Ghana (BoG) from January, 2000 to October, 2012. The
data for these rates were transformed to obtain their growth
rates. The growth rate, for each rate, is given by.

growth rate = (Inr; —Inr,_;) X 100

(D
where 7, and 7,_; are the rate at time ¢ and time t —1
respectively. Out of a total of 154 data points, a total of 144
points of each rate were used for fitting the model whiles the

remaining 10 data points were used for cross validation of
the fitted VAR model.

2.1. Unit Root Test

In addition to graphical checks for the stationarity of the
time series variables, the study employed three quantitative
unit tests; the Augmented Dickey Fuller test [10], the
Phillip-Perrontest [11] and the Zivot-Andrews test [12] to
determine the presence or absence of unit roots in the
variables studied. These tests also helped to determine the
order of integration of each of the measured rates. An
Augmented Dickey Fuller (ADF) test without intercept and
time trend, uses the regression equation given by;

Ar, = @1 + Zﬁ.’zlyjAn_j t+u, t=(,.....,T) (2

If the intercept and time trend are included, then the
regression equation is given as;

Ary=@ry + X VbAr + Brat+u, t=(1,....,T) (3)

where ¢ = @ — 1, @ is the characteristic root of an AR
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polynomial, t is the time trend, f is a intercept, a defines
the coefficient of the time trend factor, 25')=1 YjAr;_; defines

the sum of the lagged values of the response variable Ar;
and p is the order of the autoregressive process. If ¢ of the
Augmented Dickey Fuller is zero (0), then @ =1,
indicating the existence of the unit root in the time series
variable measured, hence the given series is not covariance
stationary. The ADF test statistic is given by;

E =%/ SE(®) “4)
where @ is the estimate of ¢. SE(@) is the standard error
of the least square estimate of Q.

The null hypothesis (Hy) is rejected if the p — value <
a (significance level).

Although the Augmented Dickey-Fuller test includes lags
of the first difference of a variable to correct for serial
correlation of residual term, the problem of conditional
heteroscedasticity in the residual error term may still create a
problem. Due to this, the Phillips-Perron (PP)
non-parametrictest that corrects for any serial correlation and
conditional heteroscedasticity in the residuals u, of the
ADF test was also used. The PP tests consist of two (2)
statistics known as Phillips Z, and Z, tests given as;

nZa.\Z ~

Zy =0y~ D) =Y (B =700)
Zo= [BexBR o) (B og0,) 22 )

Pim =1 nEr; 1 Wll;, when j=0, then 7, is a
maximum likelihood estimate of the variance of the error
terms, whiles for j > 0, )7j_n is an estimate of the covariance
between two residual terms j periods apart.

X =TPon +2X],(1 - q’j);?j,n , if there is no
autocorrelation between the residual terms, 7;, =0 for
j>0, then 2 = Von -
reduces to;

Z‘[ — ﬁn_l

~ >
a

Replacing, A2 as Yon In Z;, it

which is a ¢-statistic in the standard

Dickey-Fuller (DF) equation. Hence if there is no
autocorrelation between the error terms, then the PP test is
equal to the DF statistic with constant and time trend.

Also, when the covariance are equal, then 12 = Po,n, thus
the error terms have constant variance property
(Homoscedastic), and Z, = n(p, — 1) which is the same as

the DF test.

sa = ﬁ o 0
unbiased estimator of the variance of the residual error terms,
where u; is the OLS residual, k is the number of covariates
in the regression, ¢ is the number of Newey-West lags to use
in the calculation of A2, is the parameter estimate of the
PP regression model and & is the OLS standard error of p.

The ADF and PP test discussed above have a weakness of
not detecting the presence of structural breaks in the time
series. If the structural changes are not allowed for in the

specification of an economic model, but are present, the

is an ordinary least square (OLS)
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results may be bias towards the erroneous non-rejection of
the non-stationarity hypothesis ([13]; [14]). Zivot and
Andrews [12] therefore proposed a test procedure for unit
roots that detect a single-term structural break point
endogenously in the data such that the bias in the usual unit
root test such as ADF and PP test can be reduced. This study
used the proposed ZA test to check whether or not the rates
studied were covariance stationary in the presence of any
structural changes. The model endogenises one structural
break in the series;

Ry =p+yr+u (7N
as
R, = i+ 0Du,(Ty) + B, + 7DT(Ty)
+yri_1 + Z}"—l é] Ar_; + U, (®)
T, is the time of break, Du, is a sustained dummy
variable capturing a shift in the intercept and DT, represents

another dummy variable representing a break in the trend
occurring at time Tj,.

Du, = Lif t>T, . {DTt =t—T,ift>T,

h
whete {0 otherwords 0 otherwords

T, is chosen to minimized the one-sided #-statistic of
y = 0 in equation (7) and (8). Thus a break point is selected
where the t-statistic from the ADF test of unit roots is
minimal.

2.2. Vector Autoregressive (VAR) Modeling

A VAR (p) process consists of a set of kendogenous
variables 1, = (1y;, Top, s Tit) fOr k =1, ,K and is
given by;

Ri=v+ AT g v

T 9

where R, = (114, ....,7) is a (k X 1) random vector of
the rates, A;,i=1,...... ,p is fixed (K X K) coefficient
matrices, v = (Vq, ..., V) is a fixed (K X 1) vector of
intercept and u, = (uy;, ....,Uy) is a K — dimensional
white noise series. Given sufficient starting values, a VAR
process generates stationary time series with time invariant
means, variances and covariance structure. This stability is
determined by evaluating the reverse characteristic
polynomial;

+ A1, +u,t=01,...,

det(l, —a;z' — - —apzP) #0 for|Z| <1 . (10)

A VAR (p) process is stable if the reverse characteristic
polynomial has no root in and on the complex unit circle
(thus the process is stable if |z| > 1,[15]). If the VAR (1)
model is not stable, then either some, or all of the variables in
the VAR (p) process are integrated of order one (/(1)). In
practice, the VAR (p) is stable if the eigenvalues of the
parameter matrix, A; are less than one in modulus (|4;] < 1
in univariate case). The stationarity of the VAR/VEC (p)
model enables us to write the VAR (p) process as an
invertible moving average process from which further
inference such as Impulse Response Analysis can be made.

2.3. VAR Lag Order Selection
This study used the Akaike Information Criterion (AIC)

[16], Schwarz Bayesian Information Criterion (SBIC) [17],
and Hannan-Quinn Information Criterion (HQIC) [18], to
determine the optimal lag order of the VAR (p) process of
the set of rates. These criteria are given by;

AIC = |5, ()| + ZpK* (11)
HQIC = lnlzu(p)|+“”l"(”p1< (12)
SBIC = In|3, ()| + 2 pK (13)

where T denotes the number of observations in the data, p
assigns the lag order, Zﬁ) =Ty, ﬁ\tll; and K is the
number of parameters in the statistical model. For all the
criteria, p is chosen so that the value of the criterion is
minimized.

2.4. Model Diagnostics Test

This study employed the univariate Ljung-Box test and
ARCH-LM test to test whether or not the residuals of the
individual equations of the VAR (p) process are free from
serial correlation and conditional heteroscedasticity
respectively. The study also used multivariate Ljung-Box
and multivariate ARCH-LM tests to check for the presence
or absence of serial correlation and conditional
heteroscedasticity in the residuals of the overall VAR(p)
model estimated. The Cumulative Sum (CUSUM) test model
diagnostics was also used to further check for stability of the
parameters of the VAR model fitted.

2.5. Granger Causality Test

The idea behind Granger causality is that, if a variable x
affects z, then x should improve the prediction of variable
z. A stationary variable x, is Granger causal for another
stationary variable z,, if past values of x, has additional
power in predicting z, after controlling for past values of z;
[19]. If a stationary variable improves the prediction of
another stationary variable, then the error of forecast of the
latter becomes minimal. Causality can be unidirectional,
bilateral or independent [20].

2.6. Impulse Response Function (IRF) Analysis

The impulse response analysis was used to examine the
dynamic interactions between the endogenous variables over
time. IRF enables us to determine the response of one
variable to an impulse in another variable in the system,
which involves a number of further variables as well. It is
based on the Wold representation [15] of the moving average
model of a VAR (p) process. This Wold representation
based on orthogonal errors 1, is given by;

Ry =p+0on: +601mc—1 + 0212+ (14)
where 6, is a lower triangular matrix. The impulse
responses to the orthogonal shocks 7, are

ORipys _ ORye 5 . .

omnje N ojt—s h gij bI= 1
where 6 is the (i,j)th element of 6,. Fork variables
there are k? possible impulse response functions.

2,.,ks>0 (15)
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2.7. Forecast Error Variance Decomposition (FEVD)

The FEVD was used to determine the contribution of the
jt* variable to the A-step forecast error variance of the it
variable. If the jt* variable shocks explain none of the
forecast error variance of the i*" variable at all forecast
horizons, then the i" sequence is exogenous. Also, if the
jt variable shocks explain all the forecast error variance in
the i" sequence at all forecast horizons, then the i*"

variable is entirely endogenous. The FEVD is given as;
_ 2
Unzj pXi) (95' )
0-7721 Zg;(}(gisl)z +ot 0-772k Z?;&(eisk)z
i,j=12, ..,k (16)

where 0’7’2_ is the variance of 1;,. A VAR (p) process with k
J
variables will have k?FEVD; ; (h) values.

2.8. Chi-square Goodness of Fit Test

The Chi-square goodness of fit test is a statistical
technique for comparing observed data with expected or
predicted data according to a specified hypothesis. The VAR
(p) model fitted was cross validated by an out-sample
forecast from January, 2012 to October, 2012. The
chi-square was used in this research to test whether or not
there exist a significant difference between the observed
sample rates and the out-sample forecasted rates of the VAR
model. The chi-square statistic is given as;

O - Ej)Z/E
j’

2 _ vk
= Aj=1

7)
with k-1 degrees of freedom. Where O; is the observed rate
and E; is the expected rate and k is the number of rows in
the forecasted data (sample size).

3. Results and Discussion
3.1. Fitting the VAR Model

The stationarity of the variables studied were investigated;
Graphical time series plots of the four rates as shown in
Figure 1, indicates that each growth rate series fluctuates
with constant variation about a fixed point and thus gives an
indication of covariance stationarity. The Augmented
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Dickey-Fuller test performed on the individual growth rates
series, with constant only and with constant and time trend
shown in Table 1, revealed that the growth rates of each
series were indeed covariance stationary. This was justified
by a significant ADF test statistic at the 5% significance level.
A significant PP test statistic of each series was also obtained
at the 5% significance level as shown in Table 2, thus
showing that the growth rate series of the four variables are
covariance stationary. Additionally, the ZA test which test
for unit roots in the presence of structural breaks in a series
further affirms that the growth rates of each series were
covariance stationary in the presence of structural breaks as
shown in Table 3. This confirms that, the growth rates of
each of the variables do not contain unit roots, hence are
stationary processes.

The optimal maximum lag order, p for the VAR process
was assessed using four lag order selection criteria. As
shown in Table 4, the AIC, HQIC, SBIC and Finite
Prediction Error (FPE) all selected lag one (1) as the
optimum lag order for the VAR process; since lag order one
(1) had the least AIC, SBIC, HQIC and FPC values. Thus a
four dimensional VAR (1) model was fitted to describe the
relationship between these rates over time.

As shown in Table 5, each endogenous variable is fitted on
its own lag 1 value and the lag 1 values of the other
endogenous variables. The results revealed that, the lag 1
value of the growth rate of the 182-day T-bill, Inflation rate
and Exchange rate are not statistically significant at 5%
significance level in predicting the growth rates of the
91-day T-bill rate whiles the lag 1 value of the 91-day T-bill
is a useful predictor of itself at the 5% significance level.
Also, the lag 1 estimate of the growth rate of the 91-day
T-bill rate and Inflation are statistically useful in predicting
the growth rate of the 182-day T-bill rate since they are
statistically significant at the 5% significance level whiles
the lag 1 values of the 182-day T-bill rate and Exchange rate
are not useful predictors of the growth rate of 182-day T-bill.
Only the lag 1 value of exchange rate is useful in predicting
the growth rates in Inflation rate whiles the lag 1 values of
the 91-day T-bill, 182-day T-bill and inflation rates are not
useful predictors. Also, lag 1 values of the growth rates of
the two T-bill rates and lag one (1) value of exchange rate are
statistically useful in predicting the growth rates in exchange
rates whiles Inflation rate does not.

Table 1. ADF Test of the Growth Rates of each Series

ADF test of the growth rate of each series

Category Only Constant Constant and Trend
Test Statistic p-value Test Statistic p-value
91-day T-Bill Rate -4.610 0.000%** -4.612 0.009**
182-day T-Bill Rate -6.443 0.000%** -6.397 0.000%**
Inflation Rate -5.845 0.000** -5.782 0.000%**
Exchange rate -2.975 0.037** -2.931 0.041%*

**means significant at 5% significance level
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Table 2. PP Test of the Growth Rates of each Series

Modeling the Dynamic Relationships between

Variable Test Statistic p-value
91-day T-bill Rate -6.503 0.010%**
182-day T-bill Rate -6.499 0.010%**

Inflation Rate -10.847 0.010%**
Exchange Rate -4.242 0.010%*

**means significant at 5% significance level

Table 3. ZA Test of Growth Rates of each Series

decision on H, of

Variable Break point Test statistic  critical value
non-stationarity
91-day T-bill rate Feb2007 -4.932 -4.800 Reject Hy
182-day T-bill rate Jun, 2000 -4.946 -4.800 Reject Hy
Inflation rate Jun, 2000 -6.188 -4.800 Reject Hy
Exchange rate Jun, 2000 -6.158 -4.800 Reject Hy
Table 4. Lag Order Selection for Fitting VAR Model
Lag FPE AIC HQIC SBIC
1 9.6e~13+* -16.427* -16.285* -16.076*
2 8.6e~13 -16.301 -16.016 -15.599
3 1.1e71? -16.197 -15.769 -15.143
4 1.2¢712 -16.089 -15.518 -14.684
5 1.1e71? -16.164 -15.451 -14.408
* means Lag selected by criterion
Table 5. VAR (1) Model for the Four Rates
Equations Variables Coefficient Std. Error t-ratio P-value>Itl
91-day T-bill 91-day T-bill rate. L1 0.3694 0.2115 1.747 0.037**
(growth rate) 182-day T-bill rate.L1 0.1747 0.2149 0.813 0.418
Inflation Rate.L1 0.0572 0.0462 1.237 0.218
Exchange Rate.L1 0.0097 0.219 0.044 0.965
182-day T-bill 91-day T-bill rate. L1 0.6013 0.2069 2.906 0.004**
(growth rate) 182-day T-bill rate.L1 -0.0500 0.2102 -.2376 0.815
Inflation rate.L1 0.0754 0.0452 1.667 0.042%*
Exchange rate.L1 0.1773 0.2143 0.8275 0.409
Inflation rate 91-day T-bill rate. L1 0.3914 0.3824 1.023 0.308
(growth rate) 182-day T-bill rate.L1 -0.0477 0.3886 -0.123 0.903
Inflation Rate.L1 0.0547 0.0835 0.654 0.514
Exchange Rate.L1 0.7449 0.3961 1.881 0.032%**
Exchange Rate 91-day T-bill rate. L1 0.1055 0.0516 2.046 0.043**
(Growth Rate) 182-day T-bill rate.L1 -0.1039 0.0524 -1.98 0.041**
Inflation Rate.L1 0.0105 0.0113 0.934 0.352
Exchange Rate.L1 0.788 0.0534 14.74 0.003
FPE=2.6e~12 HQIC =-15.2099 SBIC =-15.006
AIC =-15.559 Log likelihood = 1145.062

**means significant at 5% significant level
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Figure 1. Time series plots of growth rate of the rates

Statistical Inference on the variables studied using the VAR (1) model depends crucially on the stability of the model
parameters over time. The stability of the VAR (1) model was therefore investigated as shown in Table 6. The results
revealed that, the model parameters were structurally stable over time; since all the eigenvalues of the parameters matrix have
modulus less than one (1). This affirms that all the growth rates used in fitting the VAR (p) process was covariance stationary,
as revealed by the ADF, PP and ZA tests thus affirming that the VAR (1) model fitted is a stable process. The VAR (1),
without intercept, is given by R, = A;7,_; and estimated as;

91 — day, 0.369 0.175 0.057 0.009][ 91 — day; 1 Uy
182 — day.| _ [0.601 -0.050 0.075 0.177|182 —day,, + M
inflation, | ~ [0.392 0.048 0.055 0.745|[ inflation,_, Uz
exchange, 0.106 0.104 0.011 0.7881lexchange;_; Ugt

for t=0,1,...,T

Table 6. VAR (1) Stability Condition

Variable Eigenvalues Modulus
91-day T-bill rate 0.773 0.773
182-day T-bill rate 0.566 0.566

Inflation rate -0.253 0.253
Exchange rate 0.017 0.017

Table 7. Univariate Ljung-Box Test and ARCH-LM Test of VAR (1) model

Ljung-Box Test ARCH-LM Test

Equation Lag Test Statistic p-value LM Statistic p-value

12 5.999 0.916 14.583 0.265

91-day T-bill rate 24 19.215 0.74 16.887 0.853
36 25.523 0.903 17.045 0.997

12 8.404 0.753 22.098 0.211

182-day T-bill rate 24 19.013 0.751 25.373 0.387
36 23.873 0.939 28.787 0.798

12 35.191 0.234 17.924 0.118

Inflation rate 24 52.838 0.121 23.462 0.493
36 73.132 0.098 46.975 0.102

12 44.979 0.21 2.503 0.998

Exchange rate 24 52.936 0.1091 17.7 0.817
36 55.809 0.087 46.902 0.105
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3.2. VAR (1) Model Diagnostics

To ensure that the fitted VAR (1) model is adequate, both
univariate and multivariate model diagnostic tests were
performed. The univariate model diagnostic test, checked
whether the residuals of the individual models in the VAR (1)
model were white noise series whiles the multivariate model
diagnostics checked whether the residuals of the overall
VAR (1) model were white noise series. The univariate
Ljung-Box test and ARCH-LM tests as shown in Table 7,
showed that the residuals of the four individual models were
free from  serial  correlation and  conditional
heteroscedasticity at lags 12, 24 and 36 since the p-values of
the chi-square statistic exceeds the 5% significance level at
all these lags. This shows that, the residuals of the four
individual models are uncorrelated, have zero mean and have
a constant variance over time; therefore they are white noise
series. In addition, from the diagnostics plots of the
standardized residuals for each model as in Figure 2, it is
seen that, the residuals are random with constant variation

around the zero line; hence give an indication that they have
a constant variance and zero mean. These together show that
the residuals of the 91-day T-bill rate, 182-day T-bill rate,
Inflation rate and Exchange rate equations are white noise
series.

The adequacy of the overall VAR (1) model was
investigated by the multivariate Ljung-Box and ARCH-LM
test as shown in Table 8. An insignificant Ljung-Box statistic
and ARCH-LM statistic were obtained at 5% significance
level, indicating that the residuals of the VAR (1) processes
are free from serial correlation and conditional
heteroscedasticity; hence are white noise series. The VAR (1)
model was further tested for stability using the CUSUM test.
As seen from the CUSUM plot of each model in Figure 3, the
cumulative residuals of each model fall within its 95%
confidence limit indicating that, their individual mean are
not significantly different from zero and have a constant
variance. This further shows that the parameters of each
model were structurally stable over time.

Table 8. Multivariate Ljung-Box and ARCH-LM test of VAR (1) model

Ljung-Box Test ARCH-LM Test
Equation Lag Test Statistic p-value LM Statistic p-value
12 26.056 0.062 1228.897 0.275
VAR(1) model 24 18.405 0.301 1190 1.000
36 5.296 0.994 1070 1.000
Table 9. Granger Causality Test
Equations Excluded Chi-squared Df Prob>Chi-square
182-day T-bill rate 0.9699 1 0.418
91-day T-bill rate Inflation Rate 1.127 1 0.218
Exchange Rate 0.039 1 0.965
All 0.041 3 0.766
91-day T-bill rate 8.192 1 0.004**
182-day T-bill rate Inflation Rate 1.239 1 0.042%*
Exchange Rate 0.884 1 0.409
All 9.266 3 0.009%**
91-day T-bill rate 0.461 1 0.308
Inflation Rate 182-day T-bill Rate 0.177 1 0.903
Exchange Rate 2.747 1 0.032%*
All 17.227 3 0.001**
91-day T-bill rate 2.321 1 0.043**
Exchange Rate 182-day T-bill Rate 2417 1 0.041%*
Inflation Rate 0.451 1 0.352
All 1.133 3 0.036%*

** means significant at 5% significance level
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3.3. Granger Causality with VAR (1) Model

The VAR (1) model was used to investigate Granger
causality among the set of rates studied to determine which
growth rates have additional power in improving the
prediction of growth rates of the other rates over time. The
results, shown in Table 9, revealed that the 182-day T-bill
rate, inflation rate and Exchange rate, individually and their
linear combination does not Granger-cause the 91-day T-bill
rate. This is seen from an insignificant chi-square statistic
obtained for these individual rates and their combination at
the 5% significance level. This implies that, there is no
relationship between the 91-day T-bill rate and these
variables; thus growth rates in these variables cannot
improve prediction of the growth rate in the 91-day T-bill
rate.

The results also showed that, the 91-day T-bill rate
Granger-cause the 182-day T-bill rate indicating that there is
a unidirectional causality between the 91-day T-bill rate and
the 182-day T-bill interest rate. This in addition indicates that,
growth rates in the 91-day T-bill rate can improve the
prediction of the growth rates of the 182-day T-bill rate
whiles growth rates of the 182-day T-bills rates cannot
significantly improve the prediction of the 91-day T-bill rate.
Also, inflation rate Granger-cause the 182-day T-bill rate
whiles the 182-day T-bill rate does not Granger-cause
inflation rate, which also indicate a unidirectional causality
between the 182-day T-bill and inflation rate. The exchange
rate alone does not Granger-cause the 182-day T-bill rate
whiles the 182-day T-bill alone Granger-causes the exchange

rate indicating a unidirectional causality between exchange
rate and the 182-day T-bill rate. This implies, pasts growth
rates of the 182-day T-bill rates can improve the prediction
of future growth rates of exchange rate but past growth rates
of exchange rate alone cannot improve prediction of growth
rates in the 182-day T-bill rate. However, a linear
combination of the 91-day T-bill rate, Inflation rate and
exchange rate together Granger-causes the 182-day T-bill
rate.

Additionally, growth rates in exchange rate Granger-cause
growth rates in the Inflation rate whiles inflation rate does
not Granger-cause the growth rates of exchange rate. The
growth rates in the 91-day and 182-day T-bill rates
individual do not Granger-cause inflation rate but when
combined with exchange rate, they Granger-cause Inflation.
This implies that, the growth rates in the two T-bill rates
individually cannot improve the prediction of the growth
rates in the inflation rate but that of exchange rate can.

Lastly, the 91-day T-bill rate and 182-day T-bill
individually Granger-cause the exchange rate, which
indicates that the growth rates of the 91-day T-bill and
182-day T-bill rates individually can improve the prediction
of the growth rates in exchange rate after accounting for past
values of exchange rate itself. However, inflation rate does
not Granger-cause exchange rateunless combined with other
factors.

3.4. Impulse Response Function (IRF) Analysis with
VAR (1) Model
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Figure 4. Impulse Response Plots of the Relationship between the Rates
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The impulse response functions as shown in Figure 4
depicts the way the rates in the model interact following a
shock in the VAR (1) model. When the impulse variable was
the 91-day T-bill rate, in the first period, the 91-day T-bill
rate showed a positive reaction to a shock in its own values
followed with a continues negative reaction up to period
eight and a stable response for the rest of the periods. The
182-day T-bill rate reacted positively to a shock in the
91-day T-bills rate in the second period followed with a
negative response from the third to the sixth period and then
a stable response for the rest of the periods. Inflation rate also
reacts positively at period two to a shock in the 91-day T-bill,
followed with a sharp negative reaction up to period six and a
stable response thereafter. Exchange rate reacted positively
to a shock in the 91-day T-bill rate for the first, second and
third periods followed with a stable response in period four
and finally a negative response for the rest of the periods.

When the impulse variable was the 182-day T-bill rate, the
91-day T-bill rate showed a positive reaction to a shock in
the 182-day T-bill rate in the first period which was followed
with continues negative response up to the last period. In the
first and third periods, the 182-day T-bill rate showed a
positive response to a shock in its own values, the second
period showed a negative response and then a stable
response to its own shocks onwards. Inflation rate showed a
positive reaction at the second period, negative between the
third and sixth periods and a stable response to a shock in the
182-day T-bill rate for the rest of the periods. Exchange rate
reacted positively at the second period to a shock in the
182-day T-bill rate. The third and fourth period showed a
stable response to a shock followed with a negative response
afterwards.

When the response was inflation rate, the 91-day T-bill
rate reacts positively at the second period, followed by a
negative reaction up to the seventh period and a stable
reaction for the rest of the periods. The 182-day T-bill
showed a positive reaction in the first period, a negative
response at the second period with a stable response for the
rest of the periods. The inflation rate itself reacts positively at
the first period to a shock in its own values, a negative
reaction at the second period and a stable response for the
rest of the periods. Exchange rate reacts positively at the
second period to a shock in the rate of inflation and a sharp
negative reaction for the rest of the periods. For exchange
rate as the impulse variable, the 91-day T-bill reacts
positively at the first period to a shock in the exchange rate, a
stable response at the second period followed with a negative
linear response for the rest of the periods. The 182-day T-bill
rate reacted positively at the first and third periods,
negatively at the second period and stabilized after the third
period. Inflation rate reacts negatively at the first and third
periods with a slow negative response for the rest of the
periods. Exchange rate showed a positive reaction at the first
period to its own shock, followed with a continuous negative
response for the rest of the periods.
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3.5. Forecast Error Variance Decomposition (FEVD)
with VAR (1) Model

The variance decomposition was used to determine the
proportion of forecast error variance of each rate that was
explained by itself and by the other endogenous rates in the
study. Table 10 gives the variance error decomposition of the
91-day T-bill rate. It was realized that, much of the forecast
error variance in the 91-day T-bill rate have been explained
by innovations in the 91-day T-bill rate itself. For instance, in
the tenth period, about 98.02% of the error variance in the
91-day T-bill is explained by innovations in the 91-day T-bill
rate, whiles only about 0.59%, 1.17% and 0.22% of its error
variance is explained by the 182-day T-bill rate, Inflation and
Exchange rate respectively. This then supports results by the
VAR (1) model and Granger causality that, the 182-day
T-bill rate, Inflation rate and Exchange rate do not contribute
significantly to the prediction of the 91-day T-bill rate.

From the forecast error variance decomposition of the
182-day T-bill rate shown in Table 11, the influence of the
91-day T-bill rate contributes the most in forecasting the
uncertainty of the 182-day T-bill rate. At period ten, about
87.15% of the error variance in the 182-day T-bill rate have
been explained by innovations in the 91-day T-bill, whiles
about 10.44% of the variance is explained by innovations in
the 182-day T-bill itself, 1.64% explained by innovation in
inflation rate and 0.76% by the exchange rate. The results of
182-day T-bill variance decomposition also agrees with
views of the Granger causality test and the estimated VAR (1)
model which revealed that, past growth rates of the 91-day
T-bill rate is the most influencing determinant of the growth
rates of the 182-day T-bill rate. It also confirms the
unidirectional relationship between the 91-day T-bill and the
182-day T-bill rate.

Apart from inflation itself, the 91-day T-bill rate is the
most influential variable in forecasting the uncertainties of
inflation as seen in Table 12. For instance, at period ten about
88.68% of the error variance in inflation is explained by
innovations in the inflation rate itself, 6.86% explained by
innovations in the 91-day T-bill rate, 1.90% by innovations
in the 182-day T-bill rate and 2.56% by the exchange rate.
Lastly, apart from exchange rate, which explains about
92.09% of the error variance in itself, the 91-day T-bill rate
contributes most in forecasting the uncertainty of the
exchange rate as seen in Table 13. At period ten, 6.99% of
the error variance in the exchange rate is explained by
innovations in the 91-day T-bill rate, 0.70% by the 182-day
T-bill rate and 0.22% explained by inflation rate.

3.6. Chi-Square Goodness of Fit Test for VAR (1) Model

The VAR (1) model fitted was cross validated with an
out-sample forecast from January, 2012 to October, 2012.
The forecasted growth rates were then compared with the
actual growth rate within the period using the chi-square
goodness of fit statistic. The Chi-square test results as shown
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in Tables 14 showed that, there is no significant difference  0.5432 for exchange rates which are all less than the
between the observed growth rates and the forecasted growth ~ Chi-square test statistics value of 16.9200. This shows that
rates for all the variables as shown by an insignificant the fitted model produce values that mimic the behavior of
chi-square statistic of 15.013 for the 91-day T-bill rate, the rates over time, although the values of the observed and
10.3721 for the 182-day T-bill rate, 14.8146 for inflation and  expected are not exactly the same.

Table 10. Forecast Error Variance Decomposition for 91-day T-bill rate

Period Std. Error 91-day T-bill 182-day T-bill Inflation Rate Exchange Rate
1 0.055 100 0.000 0.000 0.000
2 0.063 98.656 0.537 0.807 0.000
3 0.065 98.342 0.569 1.06 0.029
4 0.066 98.208 0.585 1.134 0.073
5 0.067 98.136 0.588 1.159 0.117
6 0.067 98.07 0.588 1.168 0.154
7 0.067 98.06 0.588 1.171 0.182
8 0.067 98.039 0.587 1.172 0.201
9 0.067 98.026 0.587 1.173 0.214
10 0.067 98.018 0.587 1.173 0.223

Table 11. Forecast Error Variance Decomposition for 182-day T-bill rate

Period Std. Error 91-day T-bill 182-day T-bill Inflation Rate Exchange Rate
1 0.054 84.101 15.899 0.000 0.000
2 0.063 86.737 11.761 1.366 0.137
3 0.066 87.226 10.960 1.540 0.274
4 0.067 87.324 10.650 1.610 0.416
5 0.067 87.302 10.535 1.632 0.531
6 0.067 87.257 10.486 1.639 0.618
7 0.067 87.216 10.463 1.641 0.679
8 0.067 87.186 10.452 1.642 0.720
9 0.067 87.164 10.447 1.642 0.747
10 0.067 87.150 10.444 1.642 0.765

Table 12. Forecast Error Variance Decomposition for Inflation rate

Period Std. Error 91-day T-bill 182-day T-bill Inflation Rate Exchange Rate
1 0.100 0.031 2.094 97.875 0.000
2 0.103 4337 1.984 92.777 0.902
3 0.104 5.857 1.947 90.698 1.498
4 0.105 6.446 1.926 89.732 1.896
5 0.105 6.683 1.916 89.246 2.156
6 0.105 6.782 1.910 88.985 2.323
7 0.105 6.825 1.907 88.839 2.429
8 0.105 6.844 1.905 88.755 2.496
9 0.105 6.853 1.904 88.705 2.538
10 0.105 6.858 1.903 88.676 2.563

Table 13. Forecast Error Variance Decomposition for Exchange rate

Period Std. Error 91-day T-bill 182-day T-bill Inflation Rate Exchange Rate
1 0.013 4.633 0.755 0.191 94.421
2 0.017 5.738 0.912 0.228 93.122
3 0.019 6.183 0.793 0.216 92.808
4 0.020 6.486 0.754 0.217 92.543
5 0.020 6.678 0.729 0.219 92.373
6 0.021 6.805 0.716 0.220 92.259
7 0.022 6.886 0.708 0.222 92.185
8 0.022 6.937 0.703 0.222 92.138
9 0.022 6.969 0.699 0.223 92.108

—
S

0.022 6.990 0.698 0.223 92.089
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Table 14. Chi-square Goodness of Fit Test
Variable Chi-square (3% ) Statistic Chi-square ( ){%_0.05 ) Tabulated

91-day T-bill rate 15.013 16.92

182-day T-bill rate 10.3721 16.92

inflation Rate 14.8146 16.92

Exchange Rate 0.5332 16.92
4. Conclusions [3] Wise GEEK, (2014). What is economic stability?

In this research, the relationship between Treasury bills,
inflation and exchange rates in Ghana was investigated. The
VAR (1) model, Granger-causality and FEVD showed that,
growth rates of the 91-day T-bills depends on its own past
values but independent of inflation, 182-day T-bill and
exchange rates. Growth rates of the 182-day T-bill rate
depends greatly on past growth rates of the 91-day T-bill but
independent of itself, inflation and exchange rates. Future
occurrences of growth of inflation also depend only on
exchange rates behavior and growth rates of the exchange
rate depends on the two T-bill rates and on its own past
occurrences. The results also showed that, past values of
inflation rate were positively correlated with past values of
the two T-bill rates; indicating that a continuous increase in
inflation results in a continuous increase in these T-bill rates
although the effects is weaker. Therefore, a continuous
depreciation of the Ghana cedi leads to high and more
volatile inflation which leads to increases in interest rates. It
is therefore recommended that, the government should pay
much attention to both exchange rate and inflation dynamics
over time due to their relationship with interest rates. The
government should also ensure that, inflation rates are kept
low to keep the levels of interest rate stable over a period of
time. Although interest rate seems to be increasing with
increasing inflation, a continuous increase in inflation can
also lead to high prices of commodities and services in the
country and this can make the returns of investments not
worth enough; investors are therefore advised to consider
factors such as inflation and the value of the local currency
and its performance in the financial market in their
investment decisions, so that best decisions can be made if
investments in securities at a particular time is worthwhile.
Also, both univariate and multivariate ARCH-LM test and
Ljung-Box test showed that the residuals of the model are
white noise series.
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