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1. Introduction and Background of Study

In the studies of the relationship among money, output
and price, the money velocity is assumed to be stable in
the short-run. However, if the change in velocity of mon-
ey could be significant in the short-run, the money growth
indicator may add significant noise to monetary analysis.
Consideration of velocity of money in setting monetary
policy is important when financial markets are underde-
veloped, choices of monetary instruments are limited,
interest rates are ineffective, and monetary operations
largely depend on targeting money aggregates !"’. Against
this preview, in Ethiopia, a working assumption is that
velocity is declining by 2 percent each year . This could
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Velocity of money is an important instrument used to measure the monetary
target and quality of monetary policy. Referencing the trends in the
money velocity, mainly in the short term, will have a paramount effect in
determining the trends in real money growth. This study investigates the
main causes of money velocity in Ethiopia using time series data for the
period 1974/75 to 2015/16. A regression with Bayesian estimation and non-
parametric Locally Weighted Scatterplot Smoothing (LOWESS) methods
were used to analyze the data. Variables such as credit, real interest rate,
real exchange rate and real per capita income were included as potential
determinants of money velocity. The findings of using non-parametric
LOWESS methods show an upward trends in the velocity of money since
2002 and downward trends before 2002, indicating the existence’s of
prudent monetary policy in Ethiopia after 2002. The result also shows
a positive effect of real exchange rate and credit, whereas income per
capita and real interest rates have a negative effect on velocity of money
in Ethiopia. Hence, this paper recommends that, the policy to encourage
sustainable economic growth and increase in interest rate would be
beneficial to reduce velocity of money.

lead to the setting of aggregate money growth targets that
are higher than the desired growth rates of nominal out-
put.

Several researches have linked the determinants of
demand for money to search the predictability of velocity
of money. It has shown that income and inflation were
significantly determine demand for money """, while the
other also shows that it is more of inflation that determine
demand than income and setting the monetary target
needs to account for volatility as well ', This might be
due to the fact that the increase in money velocity and the
fluctuating market risk is increasing the importance for ac-
counting for velocity of money to calculate the monetary
target "), Substantial evidence shows that factors determin-
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ing money demand such as output and change in general
price are also important in determining money velocity
and, however, it also highlights that money velocity draw
mixed picture about its prediction benefit in calculating
the monetary target in the policy of targeting money as an
intermediate policy to stabilize macro economy.

Most of the literature has focused on the determinant
of money velocity, and again their evidences are encour-
aging "*>'>"*)_ Moreover, given the locally specific nature
of monetary velocity, evidence is difficult to compare
across cases and there is no agreement regarding the de-
terminants of velocity of money. The issues of estimation
methods, the variety of measuring velocity of money, the
use of unstandardized observation in the methods were
some of the factors contributed the disagreements on the
determinants of monetary velocity.

This paper is designed to contribute to the literature on
the determinants of velocity of money in Ethiopia. The
factors that determine the velocity of money were closely
examined. Some of potential estimation problems were
addressed using Bayesian estimation and non-parametric
Locally Weighted Scatterplot Smoothing (LOWESS). The
analysis is drawn on the time series data collected from
National Bank of Ethiopia (NBE) and the soundness of
the factors presented by this paper relayed significantly on
the analysis of priori information in determining posterior
information.

This paper is organized in to four sections. The first
section is introducing the paper, the second section is ex-
plaining about the methods of estimation; the third section
is producing the analysis and makes discussion, and fourth
section is about conclusion.

2. Material and Methods

2.1 Data Type and Sources

This study has used time series data collected from
National Bank of Ethiopia and spanned from 1974/75 to
2015/16. The main variables are velocity of money, real
per capita income, real interest rate, credit to output ratio
and real effective exchange rate. To estimate the model
and examine the statistical significance of the explanatory
variables on velocity of money, multiple regressions with
Bayesian estimation was employed.

2.2 Model Specification

The theoretical modern quantity theory specifies that
the velocity function depends on the measure of output
and change in general price. The rapid growth of institu-
tions with technologically advanced payment and settle-
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ments system, especially entrenched banking system, also
affects the way people conduct their economic transac-
tions P!, Hence, financial indicators should therefore enter
the velocity function along with measures of output and
change in general price. In this paper, inflation (change in
general price) is captured by real interest rate. In the light
of the theoretical and empirical discussion, the researcher
proposes the following model for estimation of velocity
equation.
V=PYM=Y/(M/P)=Y/Md(RI,PC,CY,RE) (1)

Where

V.... velocity of money

PC... Real per capita income

CY... Credit to GDP ratio indicator for Financial De-
velopments

RI......real Interest Rate

RE...... real effective exchange rate

While many agreed that income is one of the most im-
portant variables affecting movements in velocity, they do
not all share the same view on the nature of the relation-
ship between them. PC represents real income per capita.
The way per capita income affects velocity depends upon
income elasticity of demand for money. If it exceeds one,
there will be a negative impact on per capita income on
money velocity and vice versa . The sign of association
between V and PC depends on the phase of economic de-
velopment, particularly the financial development . At
the earlier phase of economic development, the velocity
may decrease with higher growth of output but at a later
stage (phase), it may become positively correlated with
output growth. The reason is that, at the initial stage of
economic development there is increasing monetization,
improvement of banking system and fast expansion of
monetary transactions that leads to higher demand for
money creating money velocity to fall down. At the ad-
vanced stage of development branded by transaction effi-
ciency, financial modernization and technological devel-
opment that guarantee the accessibility and use of money
substitutes and provide a variety of money substitutes
reduce the demand for money, which makes V boost up.
Therefore, PC expected negative or positive sign.

Changes in the financial environment, both in devel-
oped and developing economies can also be expected to
exert an influence on velocity. The behavior of economic
units can be affected by changes in financial regulations, a
wider range of financial institutions and assets, the spread
of bank offices, the introduction of deposit insurance and
credit cards, new techniques of cash management, etc. The
psychological impact of these factors may be difficult to
Operationalizing in a single variable. A common approach
is to use the Credit to GDP ratio as an index of financial
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development or financial sophistication. This variable
should have a positive or negative effect the velocity of
money .

Movements in the exchange rate can also affect veloc-
ity. This can be indirect through its impact on inflation. In
a situation where confidence in the domestic and/or ex-
ternal value of the local currency is waning residents may
seek to substitute foreign currency for local money. Real
effective exchange rate and velocity of money expected
to have positive relationship through inflation. Again, the
real interest rate entails to some sort essence of inflation
expectation and nominal interest rate. Moreover, increase
in real interest rate may be due to increase in nominal in-
terest rate or decrease in inflation and of is closely related
to the velocity of money. When interest rate measure the
opportunity cost of holding money it is expected to be
positive since substitution can occur between money and
alternative financial assets, an increase in the rate of in-
terest contributes to a higher cost of holding money, and
therefore, velocity increases . Alternatively, if a rise in
real interest rate measure decrease in price levels it is ex-
pected to have negative effect. Therefore, RI expected to
have a negative or positive association with velocity.

Bearing these views the paper going to estimate the
following model:

V.= pB,+ B8,PC , + BRI .+ 3,CY  + B,RE , + ¢, (2)

B0, B1, B2, B4 are constant coefficient and E, is random
disturbance term and other variable are as explained be-
fore.

2.3 Estimation Methods

2.3.1 Unit Root Test

Time series data on most economic variables are not
stationary at level. A regression of non-stationary varia-
bles give spurious or inconsistent regression, which gives
very high R2 due to time trend, that may lead to invalid
statistical inferences . In exploring effect of explanatory
variable on income velocity of money, the first step is ex-
amining the statistical properties of time series data. Par-
ticularly, to find the order of integration of order d, written
I(d) if it needs differencing d times to achieve stationary.
Augmented Dickey-Fuller (ADF) test is performed to
check the order of integration i.e. whether the variable are
stationary at level or change.

2.3.2 Bayesian Estimation

Bayesian multiple regression models include specifica-
tions of the prior distributions for parameters. Prior speci-
fication may be conjugate or diffuse. If prior distributions
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are formulated with very small variances so that the prior
knowledge strongly influences posterior distribution of the
parameters in the model, then they are called informative
priors. On the other hand if the priors are formulated us-
ing large variances they may have very little effect on the
posterior distributions thus they are called diffuse priors
®l In any way a very important issue is selection of priori
information for which in this paper ordinary least square
estimate is used. A population model for multiple regres-
sion models that relates the response variable Y to P-1
predictor variables is written as

V,=Xp+e G)

Where V is response variable .i.e. income velocity of
money.
X is the known covariate,  are the unknown parameter

. . 2
and E random error with variance O~ .

. 2 .
Since we do not know the values for @(0~, B) we will
need to estimate them based on our data using Bayesian

estimation, assuming that unknown parameter are random
unlike frequenters approach. When both & * and B are
unknown we take the joint posterior distribution, after
that we integrate to each parameter (i.e. find the marginal
distribution of each parameter). However, this may be dif-
ficult in practice as the posterior density may be difficult
to derive and integrate.

In fact, for many interesting models, it is unfortunately
not possible to evaluate the moments and quintiles of the
posterior p(6/v) analytically. In general, we are only able
to numerically evaluate the prior distribution, p(6) and
the likelihood function p(v/0). Nowadays, the integrals
involved in Bayesian analysis are usually evaluated using
numerical simulation methods known as Markov-chain
Monte Carlo simulation. The simulation process needs
burn in (i.e., run for long enough that the posterior dis-
tribution reaches a steady state that is independent of the
starting values of parameters) and thinning. The mean of
this probability density function is the point estimate of

parameter p ).

3. Results and Discussion

3.1 Descriptive Analysis

With aiming to analyze time series data mainly to
identify, to describe the fundamental structure and to de-
termine a suitable model to fit the data, the trends using
Locally Weighted Scatterplot Smoothing (LOWESS) have
been shown. The Figure 1 below shows the trend of the
income velocity of money, real interest rate, per capita
income, real exchange rate, and currency to GDP ratio in
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Ethiopia to see some insight portrayed from the graph.
Again summary of statistic on these variables were ex-
plained in Table 1. It is observed that, the minimum mon-
ey velocity is 2.412 and maximum is 7.189, but on aver-
age, it is around 4. Again 50 percent of income velocity of
money lies above 3.519 and 25 percent of income velocity
lies above 4.027.

Table 1. summary statistics for each variable under study

summary | year \Y PC RI RE CYy
Min. 1975 2412 294.2 0.512 93.58 | 21.54
IstQu. | 1985 2.996 387.5 0.07802 | 114.08 | 41.77
Median | 1996 3.519 802.1 0.02458 | 163.29 | 48.78
Mean | 1996 3.843 | 2450.2| 0.03867 | 156.98 | 52.78
3rd Qu | 2006 4.027 1663 0.04207 184.5 | 59.18
Max. 2016 7.189 16572 | 0.19079 284.5 | 92.39

Source: R- output on data from National Bank of Ethiopia

The LOWESS method was aimed to bring robust lo-
cally weighted observation and scatter plot smoothing
for both equal-spaced and non-equal-spaced data. It is a
data analysis method for making a “smooth” set of values
from a time series observation, which has been tainted
with noise. This method is an improvement over least
squares smoothing which assumes when the data are
equally spaced. In LOWESS smoothing method, the size
of the smoothing window can vary from zero to one. The
default window size is 0.1 which indicates that smooth-
ing window has a total of width 10 percent over the time.
By default, the LOWESS smooth command executes a
weighted linear least squares fit of the points in the current
data window .

Its simplistic form is:

min g, 5, Zm\, WY, (B + X)) ’

Where Y is response variables or variable of impor-
tance and X is time period and W; is weight.

Form the Figure 1 the fit of locally weighted regression
smoothing observed. The smoothing span used is 20%,
30%, and 50% for each line. At 50% spanning (the red
line) the income velocity of money decreases from 1975-
1993 persistently then constant from 1994-2003 on slight-
ly decreasing, and then increased from 2004-present on
decreasing rate as well. The actual decreasing of income
velocity of money before 1993 and increasing after 2004
seems entails that large money injection before 1993 and
low money injection after 2004 respectively when it com-
pared to the income product that money used to carry out.
The LOWESS line also showed that there is no outlier
affected the line fit for income velocity of money, but the
line is a bit similar to up word parabola in which the mini-
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mum is around 3.0.

Again, it has observed that per capita income, currency
to GDP ratio and consumer price index slightly increased
over time, while real Effective exchange rate declined
over time. However, any of the covariate under study
showed quadratic or any other form of the data. Hence
one can have confidence to analysis with linear model
because all the covariate shown exclusively with LOESS
smoothing does not shown us any non-linearity in the
data , in addition to quadratic or any other parabolic effect
of variable form. Further investigation of the effects and
relationships of those variables have on income velocity
of money can be seen in Bayesian model without any as-
sumption about the quadratic or parabolic effect of covar-
iate. Now the question is what contributes to the decreas-
ing or increasing of income velocity of money in Ethiopia,
which can be answered by the econometric analysis in
following content.

Credit to GDP ratio

2000 2010 1320 1330 2000 2010

year year

Real interest rate

Real effective exchange tate

T T T .y T T T T
1980 1990 2000 2010 1820 1880 2000 2010

Rl Exchange e
20

year year

Income per capita

2000 2010

year

Figure 1. trends and LOWESS estimation of some select-
ed variables in Ethiopia

Source: computation with R- on data from National Bank of
Ethiopia

3.2 Econometric Estimation Result

3.2.1 Unit Root Test Result

Table 2 presents the results of unit root test using ADF
test at level and at first difference. The results clearly
show that the null hypothesis of “there is a unit root” in
the level cannot be rejected at different lag. However, the
first differencing of observation resulted in the series to
be stationary. Finally we able to conclude that all of the
variables are non-stationary with and without including
test equation specifications through ADF test, and found
stationary after first differencing or they are integrated of
order one (.i.e. I(1)).
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Table 2. unit root test using ADF

Variables ADF test statistic ADEF test statistic
At level At first difference
A% -1.4994 -5.3970%**
CY -1.5993 -4.4345%**
PC 2.2164 -2.1988%**
RI -1.6742 -5.8719%%**
RE -0.8184 -4.7222%*%*

Note: * ** *** indicates rejection of the null hypothesis of a
non-stationary at 1% and 5%, and 10% levels of significance
(critical test: -4.440739 at 1%, -3.632896 at 5% , -3.254671 at
10%.

3.2.2 Estimation of Model

As it explained in detail under methods, using priori
distribution of OLS and the likelihood function of param-
eter given the data, the posterior distribution estimated.
After which sample simulation were used by Gibbs sam-
pling method from MCMC pack package. The summary
of result displayed in the Table 3.

From Figure 2 it depicted the stability of coefficient so
that, the paper can positively interpret the result because
of the plot showed the estimated coefficient on average
clearly indicate symmetrically under normal curve. From
the estimated model, the currency to GDP ratio which is a
proxy for financial developments (financial environment),
real per capita income, real exchange rate and real interest
rate are the main determinants of income velocity of mon-
ey because they are statistically significant.

Changes in the financial environment in Ethiopian
economy posed positive effect on income velocity of
money which might be due to the improvements in the
access to cash, such as ATM cards or demand deposits
that earn interest, such as interest-paying checking ac-
counts, reduced the demand for money and increased
bank branch. Since these payment substitutes a means of
payment without the need to hold the money itself and it
leads to increase in money velocity. A percent change in
financial environment leads to about 0.077 increases in
Velocity of money. This result is supported empirically
and theoretically .

Moreover, income per capita found to have a negative
effect on income velocity of money. It is argued that at the
initial stage of economic development there is increasing
monetization, improvement in banking system and fast
expansion of monetary transactions which contributes to
the higher demand for money is pressuring money veloc-
ity to fall down °. A percent change in income per capita
leads to about 0.0003 decreases in Velocity. Again, real
interest rate is found to have negative and statistically sig-
nificant effect, realizing a decrease in real interest rate due
to increase in price affect velocity of money in Ethiopia
which is in line with the literature . It’s found that, there
is a positive relationship between real effective exchange
rate and velocity of money. A percent increase in real effec-
tive exchange rate leads to about 0.008 percent increases in
velocity. It means that the appreciation of the real effective
exchange rate causes the income velocity to increase as the

Table 3. Bayesian Estimate of the Model

. .. . . Confidence interval
Coefficient Mean SD Naive SE | Time series SE
2.5% 25.0% 50.0% 75.0% 97.5%
intercept -0.7932 | 0.6833 | 0.0068 0.0068 0.0520 0.0693 0.0779 -0.3444 0.57124
CY 0.0778 0.0128 | 0.0001 0.0001 0.0520 0.0693 0.0779 0.0863 0.102113
PC -0.0003 0.0001 | 0.0000 0.0000 -0.0005 -0.0004 -0.0003 -0.0003 -0.00022
RI -0.3255 | 0.7556 | 0.0076 0.0076 -1.7872 -0.8424 -0.3323 0.1821 1.183025
RE 0.0088 0.0028 | 0.0000 0.0000 0.0033 0.0069 0.0088 0.0106 0.014231
sigma?2 0.8490 0.1911 | 0.0019 0.0021 0.5520 0.7121 0.8219 0.9548 1.293146
Source: R- output on data from National Bank of Ethiopia
Table 4. Summary of output
coefficient Mean SD 2.5% 97.5%
intercept -0.7932 0.6833 0.0520 0.5712403**
CY 0.0778 0.0128 0.0520 0.1021134%*
PC -0.0003 0.0001 -0.0005 -0.0002246%**
RI -0.3255 0.7556 -1.7872 1.183025
RE 0.0088 0.0028 0.0033 0.0142309%*
sigma2 0.8490 0.1911 0.5520 1.2931457**

** shows significance level at 5 percent

Source: Author compiled from Bayesian output
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Figure 2. plot of the posterior distribution of parameter under estimation

Source: R- output on data from National Bank of Ethiopia

domestic portfolio holders readjust their portfolio in favor of
foreign assets. Some literature found the reverse .
Figure 2 plot shows the traces of the parameters on
the left, each with different chain, all chain to converge
to similar values (i.e. no divergence in the values on the
right side of the plot). On the right side of the plot are the
posterior distributions of the parameters. This is the key
information this paper found from Bayesian regression
analysis. Based on this figure we can confidently improve
symmetricity of the regression parameter under the nor-
mal curve. Hence, there is no skewness of distribution
of observation in each variable and the credible intervals
in which the coefficient exists under the model were ex-
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plained well.

4. Conclusions

This study investigates the main causes of money ve-
locity in Ethiopia using time series data for the period
1974/75 to 2015/16 by using Bayesian estimation and
non-parametric locally weighted least square smoothing
method. The resulting models were diagnosed for outlier
and symmetricity for Bayesian model. The results show
that velocity of money was associated with changes in the
financial environment, per capita income, real exchange
rate and real interest rate in the economy. In fact, finan-
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cial environment depends on increase in bank branch,
interest-paying checking accounts, which has reduced
the demand for money, contributing to velocity of money
in Ethiopia. The increased income per capita resulted in
increasing in public consumption has also contributed to
decreasing rate of velocity of money. It is argued that Per
capita income is associated negatively with velocity of
money when income elasticity of money is less than one .
The real interest rate affects velocity of money negatively
while real effective exchange rate affects velocity of mon-
ey positively. Again the paper found that, after 2003 from
non-parametric locally weighted least square estimation
smoothing method, the velocity of money increased at de-
creasing rate providing information that money supplied
to the economy was much less than product produced and
transacted in the economy. This shows tight or prudent
monetary policy in Ethiopia. In general, this result sug-
gested that, the policy to encourage sustainable economic
growth and increase in interest rate would be beneficial to
reduce velocity of money.
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