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Abstract 

This study examines how inflation and money supply growth have interacted in Russia. It covers the period from 
January 1992, when price liberalization was introduced, to December 1997. An error correction model includes an 
error correction term (ie deviation from long-run equilibrium) extracted from the estimated long-run money demand 
function. 

When the error correction term was included, it was found that much ofthe effect of monetary expansion on 
inflation was felt within three months. Further, the error correction term is shown to have a statistically significant 
coefficient with the correct sign in the money demand equation, implying that deviations from long-run equilibrium 
contain useful information on future monetary growth. 

The model reinforces the observation that monetary policy inevitably plays the key role in reducing inflation. 
Thus, if a reduction in inflation is desired, the central bank may find it impossible to reconcile this goal with other 
obligations, for example, with financing ofthe central government budget via large deficits. 

Keywords: inflation, models, Russia, JEL classification: E4, E5 

1 wish to thank Antti Ripatti and Anne Toppinen for very useful comments. All remaining errors and omissions are 
naturally my own. 
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1 Introduction 

The Russian economy has undergone a massive 
restructuring during the 1ast six years. This for
mer1y rigid, centrally p1anned economy has, to a 
considerab1e extent, been transformed into a 
functiona1 market economy.· Quite predictab1y, 
the transition to a market economy has been 
accompanied by high inflation and rapid expan
sion of the money supp1y. The inflation tax has 
long been a strategy of governments desperate for 
revenue, especially when traditiona1 tax collec
tion mechanisms are found to be inadequate. Yet, 
even though there can be no doubt that this is a 
major underlying factor in the rapid inflation in 
Russia, it is probab1y not the sole cause. Russian 
inflation, particu1arly in the early phase of eco
nomic reform, was very much driven by changes 
in re1ative prices of goods and services as they 
were corrected from artificially 10w 1eve1s to 
1eve1s found in most industria1 countries. 

The purpose ofthis study is therefore to ex
amine the link between money and prices in 
Russia. We look at the period starting in January 
1992, when price 1iberalization was imp1e
mented, and ending with data for December 
1997. Inflation is ana1ysed using a vector error 
correction mode1 in which the equilibrium error 
is derived from the estimated 10ng-term money 
demand function. The effects of money supp1y 
growth on inflation are then examined in this 
context. 

As might be expected, growth in the mone
tary aggregate is shown to have a significant and 
fairly quick impact on inflation. It is interesting, 
that despite the economic upheava1s in Russia in 
recent years, the estimated 10ng-run money de
mand function is not obscene1y at variance with 
the predictions of standard money demand mod
e1s. 

I For a survey ofRussian economic reforms, see eg 
Sutela (1993) and Koen & Marrese (1995). 
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Rationale for an error 
correction model 

Many macroeconomic variab1es of interest, such 
as GDP, consumption and prices, are not station
ary, ie they contain trends. When a time series 
must be differenced once to be rendered station
ary, it is said to be an integrated of order one, 
denoted 1(1). However, even when certain vari
ab1es are 1(1) by themse1ves, there may exist a 
linear combination of them which is stationary. If 
such a combination exists, the variab1es in ques
tion are said to be cointegrated. App1ying vector 
notation, ifthere is a variab1e vector Xt = (Xlt X2t 
... Xnt)= and all Xit, i=l, .. ,n are 1(1), and there 
exists a parameter vector ~ = (~l ~2 "'~n) such 
that 

f3 XI = eI 

where et is a white noise error term, ie the devia
tion from 10ng-run equilibrium, then the variab1es 
Xi are said to be cointegrated. If the deviation in 
a given period is nonzero, then it is expected that, 
ceteris paribus, the system will move toward 
10ng-run equilibrium in the next period. This, in 
essence, is the basis of an error correction model. 
Using the notation of equation (1) and setting 
i=2, an error correction mode1 for Xl and X2 
wou1d be: 

Li,\:ll = ao + a l (fJIXlt-1 + fJ2 X2t-l) 

k I 

+ Lal+i.ixll-i + Lal+k+j.ix21-1 
i=l j=l 

.ix21 = Yo +YI (fJIXlt-1 + fJ2 x2t-l) 

k I 

+ LYI+i.ixlt - i + LYI+k+ j.ix2/-i 

i=l j=l 

where UI and YI are speed-of-adjustment pa
rameters, ie parameters that indicate how fast the 
system converges back to 10ng-run equilibrium 
following a deviation. With 'norma1' money 
demand functions, one wou1d expect to find a 
cointegrating re1ationship between money, prices, 
output and interest rates. Yet, given the severe 
economic upheava1s in Russia in recent years, 
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one cannot assume the existence of even a fairly 
stable money demand relationship. In order to 
build an error correction model (ECM) for Rus
sian inflation, one must first test for the above
mentioned possible cointegration between the 
variables. If a cointegrating vector can be identi
fied, then the resulting deviations from long-run 
equilibrium can be used in the ECM. Lags of the 
relevant differenced variables can also be used. 
Of special interest here are the lags in money 
supply change. 

The long-run money demand function to be 
estimated has the familiar form: 

The demand for nominal money balances (in this 
application, the monetary aggregate M2) depends 
positively on the price level and the level of 
economic activity, and negatively on the interest 
rate, which represents the opportunity cost of 
holding money. AlI variables except the interest 
rate are in naturallogarithm form. If a long-run 
relationship is found, then this relationship can 
be used to derive aseries of equilibrium errors. 
These equilibrium errors will in tum be used in 
the ECM. Thus, the part of the resulting ECM 
pertaining to Russian inflation is: 

11 Pt = fJo + fJl Yo + YJmt-J + Y2Pt-J + Y2Yt-J + Ysit-J) 
k / 

+ 2: fJJ+if1 mt-i + 2: fJk+J+jf1 Pt-j 
i~J j~J 

P 111 

+ 2: fJ k+J+1I f1 Yt-II + 2: fJ k+/+ p+i f1 i t-q 
II~J q~J 

Similar equations are estimated for money, out
put and the interest rate. The ECM is first esti
mated with four lags on each variable and later 
the number of lags is reduced. The first term in 
brackets is the lagged value of the deviation fi:om 
the equilibrium cointegration relationship. Pl is 
the speed of the adjustment to equilibrium. 
Lagged terms for money growth are added to 
study the speed of the transmission from money 
growth to inflation, and lagged terms of inflation 
itself are added to examine whether Russian 
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inflation contains elements of inertia.2 Lagged 
values of differenced interest rates and industrial 
production are also used. 

3 Data 

The data used are the Russian consumer price 
index, the M2 monetary aggregate (currency in 
circulation plus various deposits held by the 
pub lic ), the volume index of industrial produc
tion3

, and the refinancing rate of the Central 
Bank of Russia from F ebruary 1992 to December 
1997. The raw time series for the CPI is calcu
lates a monthly average and M2 is reported as the 
value at the end ofthe month. To ensure that the 
time frame for both time series is similar, a 
monthly average for the money aggregate was 
calculated by simple linear interpolation. The 
resulting variables are denoted Pt. mt. Yt. and il . 

The Dickey-FulIer (DF) test and an aug
mented Dickey-FulIer (ADF) test were used to 
determine the order of integration of the vari
ables.4 The DF test statistic is calculated by first 
estimating the folIowing equation from the data: 

~ XI = a + f3 XI + &1 

2 Latin Ameriea, where high inflation has long per
sisted has provided rieh opportunites for researehers 
to study inertial inflation. Indeed, the wide-spread 
use of indexation sehemes bespeaks the degree of 
aeeeptanee of high inflation. Bruno et al (1988) 
provide exeellent diseussion on both the theoretieal 
and empirical aspeets of this phenomenon. In Rus
sia=s ease, however, sueh relatively eomplex ar
rangements have yet to emerge beeause high inflation 
is historieally a very reeent oeeurrenee and the eoun
try=s judieieal strueture is still quite weak. 

3 The reason the index of industrial produetion is 
used is that it is the only monthly series long enough. 
Quite understandably, it would be preferable to use 
an indicator oftotal produetion, especially sinee the 
relative importanee of services has grown in the 
Russian eeonomy during the transition years. 

4 All tests and estimations are done using PeFimI9.00, 
see Doornik & Hendry (1997). 
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The test statistic is the t-value for the hypothesis 
p=O. If p=O, Xt contains a unit root and ~Xt is 
stationary. If the residuals of the estimated equa
tion exhibit autocorrelation, it is possible to use 
the ADF test. As the name impiies, the ADF test 
is the Dickey-Fuller test augmented by adding 
eertain terms, in this ease lags of ~Xt. The most 
basic form for the test is the following: 

!1Xt = a+ fJ Xt+ ±ri~Xt-i+ ct 
i~f 

Here the number of lags, s, is ehosen so that the 
residuals of the regression are white noise. The 
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results ofthe DF and ADF tests on the variables 
are reported in table 1. In the DF and ADF test 
for ~Pb a eonstant and a trend faetor were added 
to the regressions sinee the inflation rate clearly 
follows a downtrend. When no trend is added, 
the null hypothesis that Pt is 1(2) is not rejeeted 
by either DF or ADF tests. Based on the tests 
with trend, we eonclude that Pt is an 1(1) variable. 
The DF test for ~mt clearly indieates that mt is 
I( 1). Here the inc1usion of a eonstant and/or trend 
makes no differenee. The null hypothesis that Yt 
and it are 1(2) is very c1early rejeeted. 

Chart 1 Levels of the prices, money supply, industrial production and interest rate 
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Table la 

Table lb 

Chati 2 

Test for unit roots in mh Ph Yh and it 

Null and alterna- mt Pt it Yt 
tive -hypothesis 

Ho: 1(1); H,: 1(0) DF -3.013 DF -3.7915* DF -0.3612 DF -1.9872 
ADF -2.5687 ADF -2.796 ADF -1.3519 ADF -1.8364 

* indicates rejection ofthe null hypothesis at the 5% criticallevel and ** at the 1 % level. The number of 
lags in ADF test for it and Yt is 6 and for Pt and 111t 4. A constant and a linear trend were added to the test 
regressions of Pt and mt and a constant to it and Yt. 

Test for unit roots in differences of mt, Ph Yh and it 

Null and alterna- mt Pt it Yt 
tive -hypothesis 

Ho: 1(2); H,: 1(1) DF -4.8272* DF -3.475 DF -6.325** DF -11.108** 
ADF -7.673** ADF -4.168** ADF -3.00* ADF -4.936** 

* indicates rejection ofthe null hypathesis at the 5% level and ** at the 1 % level. The number af lags in 
ADF test is 3. A canstant and a linear trend were added ta the test regressians ofpt and mt and a canstant 
ta it and Yt. 

Differences in prices, money supply, industrial prodnction, and interest rates 
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4 Cointegrating relationship 
between the variables and the 
resulting error correction 
model 

Because Plo mh Ylo and it are all considered to be 
1(1) variables, there is the possibility that station
ary linear combinations may exist. The possible 
presence of a cointegrating vector is tested via the 
method of Johansen (1988). 1n this context the 
hypothesis of a linear combination of Pt mt i , ,h 

and Yt entails a traditionaI money demand func
tion. Moreover a trend is restricted to the cointe
gration space. Here the trend can be interpreted 
as a change in the velocity. 

Even though cointegration should be con
sidered a long-run relationship, data limitations 
here restrict the time period studied to six years. 
Although the number of monthly observations 
can be considered reasonable, six years does not 
constitute a true long-run time frame. According 
to Hakkio & Rush (1991), increasing the number 
of observations by taking shorter time intervals 
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can give misleading results in cointegration tests 
due to the low power ofthe tests. However, this 
six years of data essentially represents the entire 
history of relatively free price determination in 
Russia and can thus be considered the longest run 
possible. Moreover, cointegration has frequently 
been used to analyse episodes shorter than six 
years. 1n particular, classic hyperinflation epi
sodes have been analysed in this way by eg Tay
lor (1990) and Engsted (1994). And, the testing 
of the forward rate unbiasedness hypothesis has 
been done with less than six years of data by eg 
Sosvilla-Rivero & Park (1992). 

Our analysis indicates that there is one 
cointegrating vector in the system. The cointe
gration relationship was first estimated with six 
lags. Eigenvalues and trace test statistics for 
cointegration are reported in table 2 along with 
the 95 per cent critical values. While the null 
hypothesis of no cointegration is clearly rejected, 
there also appears to be no evidence of more than 
one cointegrating vector. 

Table 2 Eigenvalues and test statistics for cointegration 

Eigenvalues Atraee test 95% critical values 

AI'=0.44196 37.92 31.5 

A2=0.23398 17.33 25.5 

A3=0.19142 13.81 19.0 

A3=0.07140 4.815 12.3 

Table 3 The normalized cointegrating vector 

Pt Yt trend 

1.00 -1.00 -0.638 0.345 0.015 
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After checking the number of cointegrating 
vectors the coefficient on Pt is restricted to -1. 
This naturally means that in the long run changes 
in money supply are reflected fully in price 
changes. This restriction is not rejected in an LR 
test (p-value 0.55). The resulting normalized 
cointegrating vector, including the restriction, is 
reported in table 3. This equilibrium relationship 
between the four variables (and trend) is then 
used in the ECM. 1nspection of the cointegrating 
vector reveals that the parameter values at least 
take the right sign, ie ofthe sign suggested by the 
standard money demand equation. The long-run 
income elasticity is somewhat lower than that 
usually found in such exercises, but here one can 
probably look again to the high degree of dollari
zation of the Russian economy, which is bound 
to affect such estimates. 

The estimated ECM for inflation is used to 
assess the short-run dynamics of inflation. The 
ECM was first estimated with a constant and foUl" 
lags of each differenced variable.5 Next, the 
number of lags of different variables was de
creased by simply removing all clearly insignifi 

5 Of course, the maximum number of lags is deter
mined more by the availibility of data than theoreti
cal considerations. This Russian case presented here 
is consistent with findings of eg Koen & Marrese 
(1995). 
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cant lags (in practice, this was done by eliminat
ing all variab1es with p-values exceeding 10 per 
cent in F-tests, unless a longer lag of the same 
variable had a p-value ofless than 10 per cent). 
The validity of reduction was not rejected by a 
likelihood ratio test. The resulting VECM is 
reported in the appendix. 

One can readily see that lagged changes in 
the money supply are clearly relevant for infla
tion, even when the error correction term is 
added. 1n the inflation equation the error correc
tion term has the correct sign but is not signifi
cant. This can make the interpretation of the 
model somewhat problematic. The deviations 
from equilibrium affect money growth, and it is 
through this channel that inflation then changes, 
but there appears to be no direct link from equi
librium error to inflation. One lag of inflation is 
included, and this is very clearly significant. This 
significance points to some inertia in Russian 
inflation, even after changes in the money supply 
are taken into account. This inertia will naturally 
make the reducing of inflation more difficult and 
may also raise the costs involved. 
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Chart 3 Actual and fitted values for Russian inflation 
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Three lags of money growth were considered 
significant under the criteria described above. 
Here one should keep in mind that during the 
transition process the monetary poIicy lag has in 
aII probability lengthened, and thus it might now 
be longer than three months. The parameter 
values of the multipliers for the first three lags of 
money supply growth would suggest that the 
short-mn effect on the monthly inflation rate of a 
positive 1 per cent shock to ~mt is 0.4 per cent. 
In addition, there is naturaIIy the long-mn effect 
deriving from the elTor cOlTection term. The 
model also incIuded two lags on changes in 
industrial production and four lags on changes in 
the interest rate. 

The elTor cOlTection term enters the money 
demand equation and is highly significant. This 
impiies that if in a given period the level of 
money is higher than equiIibrium, then in the 
next period M2 growth would be expected to 

1.995 1.996 1.997 1.998 

decelerate. There seems to be considerable inertia 
also in the growth of M2 as evidenced by the 
large coefficient values for the lags of ~mt. 

The diagnostics reported in the appendix re
veal the possibiIity of autocolTelation in the elTor 
terms of the output equation, but the other equa
tions seem to be free from this problem. The 
residuals of aII equations appear to be normaIIy 
distributed, and there is no evidence of hetero
scedastic elTOfS. (These tests are not reported. ) 
Thus the diagnostics seem to indicate that the 
model does provide a reasonable approximation 
of the actual money demand process. 

In chart 3 the actual inflation and the values 
produced by the models are plotted from Novem
ber 1992 to December 1997. The fit seems rea
sonably good, and the model appears to have 
done a fair job of predicting major tuming points 
in the inflation rate. (Admittedly, the ability of 
the mode! to explain developments in-sample is 



likka Korhonen 

not an ideal way of assessing a model.) It could 
be that the fit worsens somewhat after the latter 
half of 1996. 

5 Conclusions 

It has been seen that for Russia an ordinary 
money demand function might provide a rea
sonably good explanation of the interaction 
between money, price level, output and interest 
rates. In the dynamic model constructed here, 
changes in monetary policy clearly affect subse
quent inflation. The equilibrium error term ex
tracted from the long-term money demand func
tion had a multiplier of conect sign in the esti
mates equation for inflation, although it was not 
statistically significant. Multiplier in the equation 
for money was conectly signed and significant. 
In addition to equilibrium enor, changes in the 
money supply up to three lags were found to be 
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statistically significant in explaining inflation. 
Thus this study reinforces the message of Hog
gart (1996) and Koen & Manese (1995): infla
tion in Russia responds fairly quicldy to changes 
in monetary policy. Indeed, in the present study, 
much of the effect can be observed within three 
months. 

The present study can only be considered 
preliminary, as the time span is insufficient to 
permit a more detailed inquiry. Further, the 
structural changes that have taken place in Russia 
in recent years have probably modified the data 
generating processes to some extent as well. This 
means that when additional data do become 
available, it is important that the researcher assess 
the possibility of structural changes in that data. 
As well, he should attempt to determine whether 
the transmission mechanism from money supply 
to inflation has changed significantly. This pres
ents a potentially rich area of analysis for further 
research. 
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Appendix The error correction model 

L1Pt L1mt L1Yt L1it F-test and p-
value 

Constant -0.048686 0.46565 -0.11605 0.43406 
(-1.065) (8.336) (-0.829) (1.133) 

EC term 0.006906 -0.082784 0.019705 -0.089415 24.9129 
(0.835) (-8.184) (0.777) (-1.289) (0.0000) 

L1Pt.l 0.80924 -0.57984 0.26334 0.078161 46.6909 
(9.981) (-5.851) (1.060) (0.115) (0.0000) 

L1mt.] 0.35929 0.79914 -0.36456 -0.56162 22.1057 
(4.438) (8.075) (-1.469) (-0.828) (0.0000) 

L1mt.2 -0.19919 -0.27825 0.16464 1.1531 2.09038 
(1.756) (-2.006) (0.473) (1.212) (0.0963) 

L1mt.3 0.21590 0.35805 0.0022968 -0.54507 5.27283 
(2.828) (3.837) (0.010) (-0.852) (0.0013) 

L1Yt.l 0.13897 -0.075805 -0.52852 0.70553 6.41792 
(3.390) (-1.513) (-4.207) (2.053) (0.0003) 

L1Yt.2 0.042047 -0.0092491 -0.43271 0.28610 3.38341 
(1.043) (-0.188) (-3.502) (0.847) (0.0160) 

L1it.1 0.024293 0.060987 -0.057773 0.12050 3.96762 
(1.440) (2.958) (-1.118) (0.852) (0.0072) 

L1it.2 0.025483 0.077173 -0.066920 0.17393 5.96798 
(1.468) (3.636) (-1.257) (1.195) (0.0005) 

L1it.3 -0.006226 0.009929 -0.069827 0.16442 1.40989 
(-0.359) (0.469) (-1.314) (1.132) (0.2446) 

L1it.4 -0.046596 0.014873 -0.073427 -0.15438 3.86678 
(-3.037) (0.793) (-1.562) (-1.200) (0.0083) 

Standard de- 0.015571 0.019034 0.047726 0.130527 
viation of re-
siduals 

t-values in parentheses. 
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Diagnostic tests: 

Error autocorrelation in individual equations from lags 1 to 12: 

L1Pt 
Chi2(12) = 4.4242 
F-form(12,40) = 0.24754 

L1mt 
Chi2(12) = 14.225 
F-form(12,40) = 0.95259 

L1Yt 

p-value 

(0.9745) 
(0.9939) 

(0.2866) 
(0.5074) 

Chi2(12) = 22.926 (0.0284)* 
F-form(12,40) = 1.8605 (0.0706) 

L1it 
Chi2(12) = 12.955 
F-form(12,40) = 0.84597 

Vector tests: 

(0.3723) 
(0.6048) 

Vector normality Chi2(8) = 21.956 (0.0050)** 
Vector Xi2 F(220,206) = 0.75687 (0.9789) 

Review ofEconomies in Transition 5/98 

* indicates rejection ofthe null hypothesis at the 5% leve1 and ** at the 1 % level. 
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