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Abs tract:
The pa per exa mi nes mo ney-out put and pri ce-out put re lati ons in de ve lo ped coun tries be tween 1980 

and 2005. We ob ser ve that dec li nes in the no mi nal mo ne ta ry base are con nec ted with a mo de ra te ly

be low-ave rage be ha vi our of the real out put. The same re sult ap plies for small po si ti ve growth ra tes

of no mi nal M1 and M2. High growth ra tes of mo ney are as so ci a ted with the abo ve-ave rage pro duct

growth. We have some evi den ce that broa der mo ne ta ry ag gre ga tes are more clo se ly as so ci a ted

with the real pro duct than narrower mo ne ta ry ag gre ga tes. As op po sed to the mo ney-out put

con necti on, we show that low inflation was accompanied by high product growth.

Key words: con su mer pri ces, de ve lo ped coun tries, no mi nal mo ne ta ry ag gre ga tes, real output
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1. In tro ducti on

One of the most im por tant and in te resting pro blems in ma cro eco no mics is the con necti -
on be tween real va ri a bles (such as the real pro duct, in dustrial pro ducti on, and unem -
ploy ment) and no mi nal va ri a bles (such as the mo ne ta ry ag gre ga tes and the pri ce le vel).
If mo ney af fects out put, we call this phe no me non the non-ne utra li ty of mo ney. If, on the
other hand, chan ges in mo ney have no ef fects on out put, then mo ney is ne utral. In eco -
no mics most pe o ple be lie ve that in the short run mo ney is non-ne utral, whe re as in the
long run it is ne utral. In the long run, the real pro duct stays at its po ten tial le vel and the
rate of unem ploy ment equals the na tu ral rate of unem ploy ment. The po ten tial pro duct is
ma in ly gi ven by the fac tors of production and technology, and is not given by nominal
variables.

The li te ra tu re fo cu sing on the re lati on ship be tween real and no mi nal va ri a bles is ex -
tensi ve. The re exist two fun da men tal stu dies: Friedman and Sch wartz (1963) and Ro -
mer and Ro mer (1989). The se stu dies are based on the nar ra ti ve ap pro ach. Friedman
and Sch wartz stu dy the mo ne ta ry his to ry in the Uni ted Sta tes be tween 1867 and 1960.
Their ana ly sis starts with the green back pe ri od and ends with the dis cus si on of the po st -
war rise in the ve lo ci ty of mo ney. The book shows the evo lu ti on of mo ney, in co me, pri -
ces, and ve lo ci ty. Friedman and Sch wartz try to ex pla in the fun da men tal re a sons lea ding 
to the Great De pres si on in 1929–1933. Be tween 1920 and 1937, they find four pe ri ods

* Department of Economics, Faculty of Informatics and Management, University of Hradec Králové,
Rokitanského 62, CZ – 500 03 Hradec Králové (petr.duczynski@uhk.cz). I would like to thank
anonymous PEP referees for helpful comments.

ON THE RE LATI ON SHIP BE TWEEN REAL AND NO MI NAL
VA RI A BLES IN DE VE LO PED COUN TRIES

Petr Du czyn ski*

DOI: 10.18267/j.pep.341



of mo ne ta ry shocks in which the mo ne ta ry evo lu ti on was unu su al un der gi ven eco no mic 
con di ti ons. They do cu ment the ef fects of mo ney on the real eco no my. Ro mer and Ro -
mer (1989) so mewhat dif fer from Friedman and Sch wartz (1963) in the de fi ni ti on of
a mo ne ta ry shock. They re gard as a mo ne ta ry shock only si tuati ons in which the Fed at -
tempted to re du ce the pro duct growth in or der to decre a se the inflation. They also
provide a rigorous analysis for the postwar period. They show that monetary
contractions had real effects.

Be side the nar ra ti ve ap pro ach, the re exists a sta tis ti cal ap pro ach (see, for exam ple,
Att field and Duck, 1983; Kor men di and Me gui re, 1984; Du czyn ski, 2006). Att field and
Duck exa mi ne 11 coun tries and show that mo ney af fects the real out put only if the mo -
ney growth is un pre dicta ble. Kor men di and Me gui re stu dy 47 coun tries and ob ser ve
a short-run mo ne ta ry non-ne utra li ty and a long-run ne utra li ty. Du czyn ski finds that cor -
re lati ons be tween the mo ney growth and the pro duct growth are small but sta tis ti cal ly
sig ni fi cant ly po si ti ve in a broad sam ple of coun tries in the 1975–2000 pe ri od. Other re -
la ti ve ly re cent stu dies dis cus sing the ne utra li ty or the non-ne utra li ty of mo ney include
Serletis and Koustas (2001), Lin and Yang (2003), and Portier (2004). 

An im por tant sur vey of the li te ra tu re de a ling with the re lati on ship be tween real and
no mi nal va ri a bles is pro vi ded in Wal sh (2003, Chapter 1): Mc Can dless and Weber
(1995) stu dy data from 110 coun tries in a 30-year pe ri od. They find that the cor re lati on
be tween in flati on and the mo ney growth rate is al most 1, va ry ing from 0.92 to 0.96.
They also conclu de that the re is no cor re lati on be tween ei ther mo ney growth or in flati on 
and the real out put growth. Si mi lar ly, Geweke (1986) ar gues that for the Uni ted Sta tes,
the re is no long-run ef fect of mo ney growth on real out put growth. Other stu dies con fir -
ming the long-run ne utra li ty of mo ney inclu de Boschen and Mills (1995) and Bullard
and Keating (1995).

Mo ne ta ry eco no mics is also con cer ned with the re lati on ship be tween in te rest ra tes,
in flati on, and mo ney. The Fisher ef fect sta tes that no mi nal in te rest ra tes should move to -
ge ther with in flati on. Mon net and Weber (2001) fo cus on the pe ri od 1961 to 1998 in a
sam ple of 31 coun tries. They ob ser ve a cor re lati on of 0.87 be tween mo ney growth and
long-term in te rest ra tes. This is con si s tent with the Fisher ef fect. Mish kin (1992) exa mi -
nes the in te rest rate – in flati on cor re lati on in the U.S. data and also finds sup port for the
Fisher ef fect. De Grauwe and Po lan (2005) con si der a sam ple of al most 160 coun tries
over the pre vi ous 30 years. They find a strong po si ti ve re lati on be tween long-run in flati -
on and the mo ney growth rate. However, this relationship is weak in low-inflation
countries.

Re gar ding short-run re lati on ships be tween mo ney and out put, Wal sh (2003, pp.
12-13) pre sents sim ple dy na mic cor re lati ons from the U.S. quar ter ly data from 1967 to
2000. The mo ne ta ry base M0 is po si ti ve ly cor re la ted with real GDP (the gross do mes tic
pro duct) at both leads and lags. In con trast, M2 is strong ly po si ti ve ly cor re la ted at lags
but negatively correlated at leads.

From eco no met ric tech niques ana ly sing the im pact of mo ney on out put, we can
men ti on St. Louis equati ons, Gran ger causa li ty tests, and vec tor au to re gres si ons (VAR). 
Friedman and Mei sel man (1963) re gres sed no mi nal in co me on pre sent and lag ged va -
lues of au to no mous ex pen di tu res, pre sent and lag ged va lues of mo ne ta ry va ri a bles, and
on other va ri a bles. They ob ser ved that the re was a much more sta ble and sta tis ti cal ly
sig ni fi cant re lati on ship be tween out put and mo ney than be tween out put and their me a -
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su re of au to no mous ex pen di tu res. Re gres si ons of no mi nal in co me on mo ney are of ten
cal led St. Louis equati ons. Gran ger causa li ty tests were pro po sed by Sims (1972). The se 
tests are based on re gres si ons of real in co me on lag ged va lues of mo ney, lag ged va lues
of in co me, and lag ged va lues of other va ri a bles. Vec tor au to re gres si ons (VAR) were in -
tro du ced by Sims (1972, 1980). In this ap pro ach, a vec tor of out put and a monetary
variable is regressed on the first lag of this vector, multiplied by a matrix polynomial in
the lag operator. 

Con cer ning the Czech li te ra tu re dis cus sing mo ne ta ry po li cy and its ef fects, we can
men ti on, for exam ple, Izák (1995) and Bu líø (1996), who deal with se lec ted pro blems of
the en do ge ne i ty and the exo ge ne i ty of mo ney. Frait and Ko má rek (2006) exa mi ne the
con cept of the ne utra li ty and the su per ne utra li ty of mo ney. Brù na (2007) fo cu ses on the
in te rest rate transmis si on me cha nism of mo ne ta ry po li cy. Šmíd ko vá and Bu líø (2007)
ana ly se the main communication tools of the Czech National Bank. 

The pa per is or ga ni zed as fol lows. Secti on 2 pre sents some the o re ti cal ele ments of
the mo ney sup ply and the mo ney de mand. Secti on 3 dis cus ses the chan nels of mo ne ta ry
po li cy. Secti on 4 is de vo ted to the pro blem of en do ge nous mo ney. Secti on 5 brings the
main re sults, and Section 6 concludes.

2. The Mo ney Sup ply and the De mand for Mo ney

Be fo re we turn to the em pi rics of the non-ne utra li ty of mo ney, we will brie fly dis cuss
some the o re ti cal ele ments of the mo ney sup ply and the mo ney de mand. It may be use ful
to add some the o ry to the em pi rics. The stock of mo ney (M) is the sum of cur ren cy (C)
and de po sits (D) of commercial banks:

 M = C + D (1)

In the equi lib ri um, the mo ney stock equals the mo ney sup ply (MS). We have dif fe rent
mo ne ta ry ag gre ga tes (like M1 or M2) de pen ding on what kinds of de po sits are coun ted.
Rough ly spea king, M1 inclu des de mand de po sits only, whi le M2 inclu des de mand de -
po sits and time de po sits. The mo ne ta ry base (in the pre sent pa per de no ted by M0) is the
sum of cur ren cy and re ser ves of com mer cial banks, R:

 M0 = C + R (2)

By open mar ket ope rati ons (OMO) the cen t ral bank can di rect ly con trol M0. In this case
the cen t ral bank sells or purchases go ver n ment bonds. If, for exam ple, the cen t ral bank
purchases go ver n ment bonds, M0 goes up. MS de pen ds on M0 in the following way:

 MS = m M0, (3)

whe re m=(C+D)/(C+R)=(C/D+1)/(C/D+R/D) is the mo ney mul ti plier. Equati on (3) is a
tra di ti o nal mo ne ta rist equati on of the mo ney sup ply. We di rect ly ob ser ve that the mo ney 
mul ti plier de pen ds ne ga ti ve ly on R/D. If we took a de ri va ti ve of m with re spect to C/D,
we would find that m also de pen ds ne ga ti ve ly on C/D. For exam ple, in the Great De pres -
si on in the Uni ted Sta tes in 1929–1933, pe o ple pre fer red cur ren cy to bank de po sits and
com mer cial banks held ex cess reserves. As a result, the money multiplier was low.
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 In the equi lib ri um, the mo ney sup ply (MS) should equal the mo ney de mand (MD):

 MS = MD = M (4)

We can wri te the quan ti ty equati on:

  MV = PY, (5)

whe re V is the ve lo ci ty of mo ney, P is the pri ce le vel, and Y is the real pro duct. Hen ce, PY

is the no mi nal pro duct. Mo ne ta rism is the scho ol of thought ac cor ding to which V is re -
la ti ve ly sta ble and pre dicta ble. In this si tuati on M is the ma jor de ter mi nant of PY. In the
short run M in fluen ces both P and Y, whi le in the long run M in fluen ces only P. Mo ne ta -
rism is based on the quan ti ty the o ry of mo ney. This re la ti ve ly old the o ry claims that also
Y is re la ti ve ly sta ble, so that P is di rect ly pro por ti o nal to M. So me ti mes the quan ti ty
theory of money is called the quantity theory of prices. 

The mo ney de mand, MD, is ty pi cal ly as su med to be a ne ga ti ve functi on of no mi nal
in te rest ra tes and a po si ti ve functi on of output:

 MD/P = f(i,Y), (6)

whe re i is the no mi nal in te rest rate. Although equati on (6) has its ro ots in the neo-Key -
ne si an eco no mics, we adopt its form here. From the mo ney de mand equati on and the
quan ti ty equati on, the ve lo ci ty of mo ney can be written as

 V = PY/M = Y/f(i,Y). (7) 

Thus, for a gi ven le vel of out put, ve lo ci ty de pen ds po si ti ve ly on in te rest ra tes sin ce the
functi on f is decre a sing in the interest rate.

3. The Mo ney Chan nels 

The re exist a cer ta in num ber of chan nels through which mo ne ta ry po li cy can af fect the
real eco no my. The se are ma in ly the in te rest rate chan nel, the ex chan ge rate chan nel, the
equ i ty chan nel, the bank len ding chan nel, and the ba lan ce sheet chan nel. A decre a se in
the mo ney sup ply shifts the mo ney sup ply cur ve in the mo ney mar ket to the left. This
new sup ply cur ve in ter sects the mo ney de mand cur ve at a higher no mi nal in te rest rate.
Some ag gre ga te de mand com po nents - in vest ment and con sumpti on of du ra bles - de -
pend ne ga ti ve ly on the real in te rest rate. Higher ra tes de press the se com po nents and the
out put le vel (the in te rest rate chan nel). Du czyn ski (2006) ex pla ins the ef fect of mo ne ta -
ry po li cy on in te rest ra tes (the liqui di ty ef fect) based on the bond mar ket in ste ad of the
mo ney mar ket and gets the same re sult. One pro blem with the in te rest rate chan nel is
that in vest ment and con sumpti on should be sensi ti ve to real in te rest ra tes in ste ad of no -
mi nal in te rest ra tes, which are de ter mi ned on the mo ney mar ket. Ano ther pro blem is that 
so me ti mes in te rest ra tes may be high if we have mo ne ta ry ex pan si on be cau se of high in -
flati on. In an open eco no my with fle xi ble ex chan ge ra tes, the Mun dell-Fle ming mo del
pre dicts that higher in te rest ra tes should lead to a fi nan cial ca pi tal inflow and an ex chan -
ge rate ap pre ci ati on. This pushes down net ex ports and out put (the ex chan ge rate chan -
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nel). Higher in te rest ra tes should also decre a se pri ces of as sets (se cu ri ties and real es ta -
tes). With lower weal th, hou se holds con su me less and out put goes down (the equ i ty
chan nel). A cre dit crunch can occur if we have mo ne ta ry con tracti on - small firms are ty -
pi cal ly de pen dent on lo ans and a dec li ne in the sup ply of cre dit can af fect them ne ga ti ve -
ly (the bank lending channel). A monetary contraction also decreases cash flows and the
net worth of firms, which may magnify problems with asymmetric information in credit
markets (the balance sheet channel).

4. The En do ge ne i ty of Mo ney

If we find a po si ti ve as so ci ati on be tween no mi nal mo ney and real out put, this does not
ne cessa ri ly mean that the re is causa li ty from mo ney to out put. Chan ges in mo ney may
en do ge nous ly re spond to chan ges in out put. For exam ple, if the re is a ne ga ti ve sup ply
shock, then the out put is low and pri ces are high. The cen t ral bank can ac com mo da te the
mo ney sup ply – it tries to re du ce in flati on and decre a ses the mo ney sup ply. As a re sult,
the re is a po si ti ve cor re lati on of mo ney and out put – both are low at the same time. But
mo ney does not cau se out put in this case. King and Plos ser (1984) dis cuss the problem
of endogenous money in real business cycle models.

The nar ra ti ve ap pro ach to mo ne ta ry non-ne utra li ty can bet ter ad d ress the pro blem of
mo ne ta ry en do ge ne i ty than the sta tis ti cal ap pro ach. Ne ver the less, Du czyn ski (2006,
p. 130) pre sents some advan tages of the sta tis ti cal ap pro ach. For this re a son, the is sue of 
mo ne ta ry en do ge ne i ty might not be important extremely.

5. The Re sults

We con si der all de ve lo ped coun tries in the 1980–2005 pe ri od. The data sour ce is the In -
ter nati o nal Fi nan cial Sta tis tics Year book (2002, 2007) of the In ter nati o nal Mo ne ta ry
Fund. The gi ven data are be lie ved to be of high qua li ty. Re gar ding the de fi ni ti on of de -
ve lo ped coun tries, we fol low the list pre sen ted in the In ter nati o nal Fi nan cial Sta tis tics
Year book (in dustrial coun tries). The growth of the mo ne ta ry base (re ser ve mo ney, M0)
is un der the code 14 x. The growth of M1 (mo ney) is un der the code 34 x. The growth of
M2 (mo ney plus quasi mo ney) is un der the code 35l x. The growth of con su mer pri ces is
un der the code 64 x. The growth of the real gross domestic product (GDP) is under the
code 99bp x.

The prin ci pal re search method is to con si der cer ta in in ter vals of the growth ra tes of
mo ne ta ry ag gre ga tes (or con su mer pri ces) and to exa mi ne the growth ra tes of out put in a 
gi ven year (gt) and in the sub sequent year (gt+1). This tech nique fol lows Du czyn ski
(2004). Sin ce out put is a flow va ri a ble and mo ne ta ry ag gre ga tes are stock va ri a bles (me -
a su red at the end of a year), gt pre ce des chan ges in mo ney, whi le gt+1 fol lows chan ges in
mo ney. If we, for exam ple, ob ser ved that gt+1 re ac ted more sensi ti ve ly to dec li nes in mo -
ney than gt , this would be some indication that money changes precede output changes.

For a gi ven in ter val of the growth rate of a mo ne ta ry ag gre ga te (or con su mer pri ces)
we com pu te the ave rage gt  and gt+1 for all ob servati ons. We com pa re the se ave rages to
long-run ave rage growth ra tes of real out put in de ve lo ped coun tries in 1980–2005 and
1981–2006, re specti ve ly. The se are equal to 2.53% and 2.61%, re specti ve ly. Sin ce we
con si der a sam ple of 23 de ve lo ped coun tries, we have some advan tage over stu dies fo -
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cu sing on one coun t ry only or on a small num ber of coun tries: ran dom ef fects existing in 
in di vi du al coun tries are ave raged out in the pre sent stu dy. Despi te the fact that the ap -
plied re search tech nique is re la ti ve ly sim ple, we can pro vide some use ful in for mati on
on the fun da men tal pro blem – the re lati on ship be tween real and no mi nal va ri a bles. It is
sometimes a good strategy to keep the analysis as simple as possible.

Dec li nes in Mo ne ta ry Ag gre ga tes

Ta ble 1 pre sents the re sults for dec li nes in the mo ne ta ry base (M0), M1, and M2. Ta ble 2
then shows the sour ce data for dec li nes in M1. The ave rage gt and gt+1 are be low the to tal
long-run ave rage for dec li nes in M0. Si mi lar ly, the ave rage gt+1 is be low the to tal ave -
rage for dec li nes in M1. For M0 and gt , this fact is mar gi nal ly sta tis ti cal ly sig ni fi cant, as
me a su red by the t-sta tis tic. For M0 and gt+1, and M1 and gt+1, this re sult is sta tis ti cal ly
sig ni fi cant. Ma in ly for M0 we have a ro bust re sult be cau se of the re la ti ve ly high num ber
of ob servati ons. Thus, we have good evi den ce that mo ney and out put are po si ti ve ly con -
nec ted. For M2 this is, however, not confirmed due to a low number of observations.

Ta ble 1
The Ave rage Pro duct Be ha vi our for Dec li nes in Mo ne ta ry Ag gre ga tes M0, M1, and M2

M0 M1 M2

gt 2.17 2.73 2.68

st 1.83 2.38 2.50

nt 94 27 18

tt 1.91 -0.44 -0.25

gt+1 2.06 1.49 2.64

st+1 2.09 2.47 2.40

nt+1 94 26 18

tt+1 2.55 2.31 -0.05

No tes: gt de no tes the ave rage pro duct growth in the year of a mo ne ta ry dec li ne (in %); st is the cor re spon ding

stan dard de vi ati on (in %); nt is the num ber of ob servati ons; tt is the t-sta tis tic testing the sta tis ti cal sig ni fi can ce of

the dif fe ren ce of gt  from the to tal ave rage growth rate, 2.53%; gt+1 de no tes the ave rage pro duct growth in the year

fol lowing a mo ne ta ry dec li ne, and st+1, nt+1, and tt+1 are va ri a bles ana lo gous to st, nt, and tt. tt+1  re la tes to the total

average growth rate of 2.61%.

Mo ney chan ges pre ce de out put chan ges for M1 and to some small ex tent for M0 sin -
ce the ef fect on gt+1 is more im por tant than the ef fect on gt. The ave rage of gt and gt+1 is
2.12% for M0 and 2.11% for M1. Thus, the ef fect of M0 on out put is com pa ra ble to the
ef fect of M1 on out put. However, a smal ler chan ge in M1 is suf fi ci ent to ge ne ra te this ef -
fect – the ave rage fall in M0 is 9.2%, whi le the ave rage dec li ne in M1 is only 2.4%. This
is evi den ce that M1 (a broa der ag gre ga te) is more con nec ted with out put than M0

(a narrower aggregate).
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Ta ble 2
Dec li nes of M1

coun t ry year DM1/M1 (%) gt  (%) gt+1(%)

Aus tra lia 1982 -0.2 0.7 -0.6

Aus tria 1981 -2.5 -0.1 1.9

Ca na da 1981 -0.5 3.7 -3.2

De n mark 1992 -0.9 0.6 n/a

1994 -1.4 5.5 2.8

Ger ma ny 1981 -1.5 0.1 -1.0

Gre e ce 2000 -4.0 4.1 4.1

Ice land 2001 -2.0 3.9 -0.1

Ire land 1982 -1.3 2.3 -0.2

1991 -1.7 1.9 3.3

1997 -17.4 10.8 8.6

Ja pan 1980 -2.0 3.6 3.2

1983 -0.1 2.3 3.8

Ne ther lands 1981 -2.4 -1.5 -1.1

New Ze a land 1996 -4.5 3.1 2.6

Spa in 1992 -2.0 0.7 -1.2

Swit zer land 1980 -0.1 4.4 1.6

1981 -0.4 1.6 -1.4

1985 -2.5 3.4 1.6

1989 -2.7 4.3 3.7

1990 -1.6 3.7 -0.8

1991 -1.7 -0.8 -0.1

2000 -2.1 3.0 1.3

2004 -5.6 2.3 1.9

Uni ted Sta tes 1995 -0.9 2.7 3.6

2000 -1.7 4.1 1.2

2005 -0.9 3.2 3.3

Note: In this ta ble gt de no tes the real out put growth rate in the year of a mo ne ta ry dec li ne, whi le gt+1 de no tes 

the real out put growth rate in the sub sequent year. This no tati on is ana lo gous to the other ta bles, whe re we,

however, work with ave rages across de ve lo ped countries.

For the 5 ob servati ons with the lar gest dec li ne in M0, the ave rage gt is 2.40% (stan -
dard de vi ati on 1.08%), and the ave rage gt+1 is 4.10% (stan dard de vi ati on 2.68%). For
the 5 ob servati ons with the lar gest dec li ne in M1, the ave rage gt is 4.92% (stan dard de vi -
ati on 3.38%), and the ave rage gt+1 is 4.18% (stan dard de vi ati on 2.62%). For the 5 ca ses
with the grea test dec li ne in M2, the ave rage gt is 3.22% (stan dard de vi ati on 1.79%), and
the ave rage gt+1 is 1.78% (stan dard de vi ati on 0.63%). Ex cept for M2 and gt+1, we have
no evi den ce that lar ge mo ney dec li nes are harm ful for the out put growth. It is li ke ly that
the size of the mo ney dec li ne is not important for the behaviour of real output.
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Small Po si ti ve Growth of Mo ney

Ta ble 3 shows the re sults for small po si ti ve growth ra tes of M0, M1, and M2. We cho o se
the in ter val of mo ney growth ra tes be tween 0 and 5%. We may jus ti fy this in ter val by the 
fol lowing con si de rati on: For the lar gest eco no my – the Uni ted Sta tes, M1 grew in the in -
ter val be tween 0 and 5% in 42% of ca ses. This is a high num ber. The re fo re, it would not
be ap pro pri a te to con si der a broa der in ter val, such as be tween 0 and 7.5%. On the other
hand, a narrower in ter val than be tween 0 and 5% would mean a low num ber of ob -
servati ons, which would leave the results less robust statistically.

Ta ble 3
The Ave rage Pro duct Be ha vi our for Small Po si tive Growth Ra tes (be tween 0 and 5%) of 
Mo ne ta ry Ag gre ga tes

M0 M1 M2

gt 2.41 2.18 1.80

st 1.94 2.14 1.83

nt 119 81 118

tt 0.67 1.47 4.33

gt+1 2.58 2.13 2.04

st+1 2.13 1.79 1.90

nt+1 119 83 120

tt+1 0.15 2.44 3.29

Note: The no tati on of va ri a bles fol lows the no tati on used in Ta ble 1.

As in di ca ted in Ta ble 3, small growth ra tes of mo ney are con nec ted with be low-ave -
rage be ha vi our of out put for M1 and M2. As me a su red by the t-sta tis tics, the re sults are
mar gi nal ly sta tis ti cal ly sig ni fi cant for M1 and gt, sig ni fi cant for M1 and gt+1, and strong -
ly sig ni fi cant for M2 and gt  and gt+1 . Con sequent ly, we have aga in some evi den ce that
mo ney and out put are po si ti ve ly as so ci a ted. For M0, the con necti on be tween mo ney and 
out put is weak and in sig ni fi cant. Thus, M1 and M2 (broa der ag gre ga tes) are more
strong ly as so ci a ted with out put than M0 (a narrower ag gre ga te). For M2 (a broa der ag -
gre ga te), the ef fects on out put are so mewhat more im por tant than for M1 (a narrower
aggregate).

The re exists only a very weak ten den cy of mo ney chan ges to pre ce de out put chan ges 
for M1 sin ce the ef fect on gt+1  is sligh t ly more im por tant than the ef fect on gt . (We must
com pa re the se num bers with 2.53% for gt and 2.61% for gt+1 .) In com pa ri son, this ten -
den cy is not at all ob ser ved for M2.

High Growth of Mo ney

Ta ble 4 pre sents the re sults for the fast growth ra tes of M0, M1, and M2 – abo ve 15%.
The ave rage pro duct be ha vi our is abo ve the to tal long-run ave rage both for gt and for
gt+1 for all of the se ag gre ga tes. As me a su red by the t-sta tis tics, the re sults are mar gi nal ly
sta tis ti cal ly sig ni fi cant for M0 and gt and gt+1 and for M1 and gt+1, and sig ni fi cant for M1

and gt and M2 and gt. The re sults are in sig ni fi cant for M2 and gt+1. Thus, we have aga in
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good evi den ce that no mi nal mo ney and real out put are po si ti ve ly as so ci a ted. Here the
mo ney chan ges do not pre ce de out put chan ges sin ce the ef fects (as com pa red to the to tal
long-run ave rages) on gt+1 are not no ta bly higher than the ef fects on gt.

Ta ble 4
The Ave rage Pro duct Be ha vi our for the Ra pid Growth of Mo ne ta ry Ag gre ga tes – abo ve 15%

M0 M1 M2

gt 3.03 3.20 3.45

st 2.41 2.36 2.81

nt 71 95 69

tt -1.75 -2.77 -2.72

gt+1 3.13 3.05 2.94

st+1 2.22 2.51 3.04

nt+1 71 94 70

tt+1 -1.97 -1.70 -0.91

Note: The no tati on of va ri a bles fol lows the no tati on used in Ta ble 1.

The ave rage growth for the fast growth of mo ney is 35.8% for M0, 24.0% for M1,
and 24.4% for M2. M1 and M2 (broa der ag gre ga tes) are more strong ly as so ci a ted with
the real pro duct than M0 (a narrower ag gre ga te) sin ce the lar ger growth of M0 is ne -
cessa ry to ge ne ra te a com pa ra ble effect on output.

For the 5 highest growth ra tes of M0, the ave rage gt is 3.36% (stan dard de vi ati on
3.64%). The ave rage gt+1  is 4.62% (stan dard de vi ati on 1.58%). For the 5 highest growth 
ra tes of M1, the ave rage gt is 4.24% (stan dard de vi ati on 4.64%). The ave rage gt+1 is
3.62% (stan dard de vi ati on 2.94%). For the 5 highest growth ra tes of M2, the ave rage gt

is 4.04% (stan dard de vi ati on 4.66%). The ave rage gt+1 is 4.10% (stan dard de vi ati on
3.79%). The ave rages of pro duct growth ra tes are here so mewhat higher than to tal ave -
rages in Ta ble 4. This is aga in some evi den ce that the pro duct growth depends positively 
on the money growth.

For M1 and M2, we do cu ment the de pen den ce of gt and gt+1  on mo ney growth ra tes
in Fi gu res 1-4 in the Ap pen dix. The se de pen den ces are rough ly po si ti ve ex cept for the
out ly ing ob servati ons. The out liers are the fol lowing: in Fi gu re 1, Ice land, 1983, gM1 =
78.2% and gt = -2.1%; in Fi gu re 2, Ire land, 1998, gM1 = 25.2% and gt+1  = 10.9%; in Fi -
gu re 3, Ire land, 1997, gM2 = 19.5%, and gt = 10.8%, and Ice land, 1983, gM2 = 80.1%,
and gt = -2.1%; in Fi gu re 4, Ire land, 1996, gM2 = 15.6% and gt+1  = 10.8%, Ire land,
1998, gM2 = 17.8% and gt+1 = 10.9%, and Ice land, 1982, gM2 = 70.3% and gt+1  =
-2.1%.

Con su mer Pri ces

The con necti on be tween con su mer pri ce growth ra tes and out put growth ra tes is do cu -
men ted in Ta ble 5. For de flati ons, both gt and gt+1 are be low the to tal long-run ave rage.
This re sult is sta tis ti cal ly sig ni fi cant for gt and mar gi nal ly sig ni fi cant for gt+1, but we
have only a low num ber of ob servati ons to make this fin ding ro bust. For small po si ti ve
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in flati ons – be low 2%, we have a so mewhat abo ve-ave rage be ha vi our of out put both for
gt and gt+1. This ob servati on is mar gi nal ly sta tis ti cal ly sig ni fi cant for gt  and strong ly sig -
ni fi cant for gt+1. For higher in flati ons – abo ve 5%, the out put growth is be low ave rage
both for gt and gt+1. This fin ding is sta tis ti cal ly sig ni fi cant for gt and strong ly sig ni fi cant
for gt+1. The se re sults are re la ti ve ly ro bust due to a high num ber of ob servati ons. Thus,
we have some evi den ce that low po si ti ve in flati on is pro ba bly good for the product
growth. This evidence differs from the evidence concerning the monetary aggregates.

Ta ble 5
The Ave rage Pro duct Be ha vi our for Dec li nes in Con su mer Pri ces, Small In flati on (be tween
0 and 2%), and Higher In flati on (abo ve 5%)

De flati on Small in flati on Higher in flati on

gt 1.83 2.78 2.13

st 1.20 1.96 2.34

nt 12 140 170

tt 2.02 -1.51 2.23

gt+1 1.99 3.15 1.90

st+1 1.21 2.06 2.36

nt+1 12 142 170

tt+1 1.77 -3.12 3.92

Note: The no tati on of va ri a bles fol lows the no tati on used in Ta ble 1.

6. Conclu si on

The re lati on ship be tween real and no mi nal va ri a bles is a fun da men tal pro blem in ma -
cro eco no mics. This pa per exa mi nes mo ney-out put and pri ce-out put re lati ons in de ve lo -
ped coun tries in 1980–2005. We do not have a suf fi ci ent num ber of ob servati ons for
dec li nes in M2 and to some ex tent in M1, but we ob ser ve that dec li nes in M0 (the mo ne -
ta ry base) are as so ci a ted with mo de ra te ly low out put growth. For dec li nes in M1, we ob -
ser ve a sta tis ti cal ly sig ni fi cant as so ci ati on be tween mo ney and sub sequent out put
growth ra tes. For small po si ti ve growth ra tes of M1 or M2 we also get a po si ti ve as so ci -
ati on be tween mo ney and out put – the out put growth is so mewhat be low ave rage in this
case and this ef fect is practi cal ly sta tis ti cal ly sig ni fi cant. For small po si ti ve growth ra tes 
of M0 we ob ser ve no ef fect on out put. High growth ra tes of mo ne ta ry ag gre ga tes (M0,
M1, and M2) are con nec ted with high pro duct growth. This ob servati on can be the o re ti -
cal ly ex pla i ned by the mo ney chan nels dis cus sed in Secti on 3 if we replace a mo ne ta ry
con tracti on with a mo ne ta ry ex pan si on. We have some evi den ce that broa der mo ne ta ry
ag gre ga tes (M2 and M1) tend to be more clo se ly as so ci a ted with the real pro duct than
narrower mo ne ta ry ag gre ga tes (M0 and M1).

In par ticu lar, for a fall of M0, the dif fe ren ce of the ave rage growth of real out put in
the gi ven year from the to tal long-run ave rage in de ve lo ped coun tries, Dgt, is -0.36%,
and the dif fe ren ce of the ave rage growth of real out put in the sub sequent year from the
to tal long-run ave rage in de ve lo ped coun tries, Dgt+1, is -0.55%. For a fall of M1, Dgt is
0.20%, and Dgt+1is -1.12%. For a fall of M2, Dgt is 0.15%, and Dgt+1 is 0.03%. Here this
re sult is not ro bust be cau se of the low num ber of ob servati ons. For the small po si ti ve
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growth of M0, Dgt is -0.12%, and Dgt+1 is -0.03%. For the small po si ti ve growth of M1,
Dgt is -0.35%, and Dgt+1 is -0.48%. For the small po si ti ve growth of M2, Dg

t
 is -0.73%,

and Dgt+1 is -0.57%. For the ra pid growth of M0, Dgt is 0.50%, and Dgt+1 is 0.52%. For
the ra pid growth of M1, Dgt is 0.67%, and Dgt+1 is 0.44%. For the ra pid growth of M2,
Dgt is 0.92%, and Dgt+1 is 0.33%.

 The possi ble in fluen ce of in flati on on out put stands in some con trast to the mo -
ney-out put re lati on. Pe ri ods of de flati on are li ke ly to be harm ful for the pro duct growth,
but we had only a low num ber of ob servati ons to make this evi den ce stron ger. We show
that low in flati on (be low 2%) was pro ba bly good for growth, whi le high in flati on (abo -
ve 5%) was as so ci a ted with low growth. In par ticu lar, for the low in flati on, Dgt was
0.25%, and Dgt+1 was 0.54%. For the high in flati on, Dgt was -0.40%, and Dgt+1 was
-0.71%.

An im por tant ques ti on is whe ther mo ney chan ges pre ce de out put chan ges. This ten -
den cy was practi cal ly not ob ser ved for dec li nes of M0 and M2, but it was ob ser ved for
dec li nes of M1. For small po si ti ve growth ra tes of M0, M1, and M2, this ten den cy was
practi cal ly not found out. For the ra pid growth of mo ney, mo ney chan ges also did not
pre ce de out put chan ges. Ra ther, the op po si te was the case for M2.
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Figure 1: The dependence of the real output 
growth on the growth of nominal M1 for the rapid 

growth of money.
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APPENDIX:

Figure 1: 
The Dependence of the Real Output Growth on the Growth of Nominal M1 for the Rapid
Growth of Money.
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Figure 2: The dependence of the lead real output 
growth on the growth of nominal M1 for the rapid 

growth of money.
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Figure 4: The dependence of the lead real output 
growth on the growth of nominal M2 for the rapid 

growth of money.
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Figure 3: The dependence of the real output 
growth on the growth of nominal M2 for the rapid 

growth of money.
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Figure 2: 
The Dependence of the lead real Output Growth on the Growth of Nominal M1 for the Rapid 
Growth of Money.

Figure 2: 
The dependence of the leOd real output growth on the growth of nominal M1 or the
rapid growth of money.

Figure 3: 
The Dependence of the Real Output Growth on the Growth of Nominal M2 for the Rapid
Growth of Money.

Figure 4: 
The Dependence of the Lead Real Output Growth on the Growth of Nominal M2 for the
Rapid Growth of Money.
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