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Abstract

This article investigates the relationship between inflation and output, in the data
and in standard models. The article reports that empirical cross-country studies
generally find a nonlinear, negative relationship between inflation and output, a
relationship that standard models cannot come close to reproducing. The article
demonstrates that the models’ problem may be due to their standard narrow
assumption that all money is held by the public for making transactions. When the
models are adjusted to also assume that banks are required to hold money, the
models do a much better job. The article concludes that researchers interested in
studying the effects of monetary policy on growth should shift their attention away
from printing money and toward the study of banking and financial regulations.

The views expressed herein are those of the authors and not necessarily those of the Federal
Reserve Bank of Minneapolis or the Federal Reserve System.



For years, scholars have recognized the key role govermther forms of capital and thus reduce growth rates, the
ment policies play in the process of development. The requantitative effects turn out to be small. In the second kind
cent availability of quality data has led to quantitative anal-of experiment, we simultaneously change money growth
yses of the effect such policies have on development. Mostates and reserve requirements in a way that is consistent
of the renewed research effort on this front, both theoreticalvith the association between these variables in the data.
and empirical, has emphasized the relationship betweeFhis avenue is promising because these variables are posi-
fiscal policy and the paths of development of countriestively correlated, and changes in each of them have the
(See Jones and Manuelli 1990, Barro 1991, and Rebeldesired effect on output growth rates. We find that mone-
1991, for example.) In contrast, although there have beetary policy changes of this kind have a quantitative effect
several empirical studies on the relationship between moren growth rates that is consistent with the lower end of the
etary policy and growth (Fischer 1991), there has beeestimates of the relationship between inflation rates and
very little theoretical work in this area. (Jones and Man-growth rates. We conclude by arguing that models that fo-
uelli 1990 and Gomme 1991 are exceptions.) We have twous on the transactions demand for money cannot account
goals in this article. One is to summatrize the recent empirfor the sizable negative association between inflation and
ical work on the growth effects of monetary policy instru- growth, while models that focus on the distortions caused
ments. The other is to compare the empirical findings wittby financial regulations can.

the implications of quantitative models in which monetary. . .

plcy can et growh ftes. We sk nparcuar vinafl'© EVTCe SRR O S
is the relationship in the data between monetary policy in'tween the behgvior of inflation an)c/i the rate of rovvt?] of
struments and the rate of growth of output? Are the pre- 9

dicted quantitative relationships from theoretical mo“'{gggg%fég{gggﬂgggt \é)vfc)) rtlr?e ggﬁ:nsér;hgﬁg Iigg'tgr? fggl
consistent with the data?

Monetary policy plays a key role in determining infla- data sets and concentrate on the cross-sectional aspects of

tion rates. In the next section, we summarize the empiricatf;?ed;,ta rtgv?,iriogfkaﬁ g::%rr}t(a)lr?qtlog\slglrpabg;]NeﬁgrgggnaE/er?_ge
evidence on the relationship between inflation and grovvtlji v f 9 he d f¥1 d gh yp d
in a cross section of countries. This evidence suggests &Y 1O 1960 to;. e;‘l ate of the ?]tu y)tot e_cc()jrresgonh -
systematic, quantitatively significant negative assoaatiom%?é?é?ggﬁiOoflThgtﬁgrc:evfééeifgmeiﬁgg;)stﬁgiegtuﬁ.r
between inflation and growth. While the precise estimate K . ar o ina th P | ¢
vary from one study to another, the evidence suggests th an € simi arflrlllveSUgatlo_ns husmg the fpane asplects 0
a 10 percentage point increase in the average inflation rai e data more fully. (See Fischer 1993, for example.)

is associated with a decrease in the average growth rate ofe-l;%gtl;n;rg];:'tztehéhgalgierzgg}givr? ti[igll_ne\\;\ilgg 2?3%2'&] ¢
somewhere between 0.2 and 0.7 percentage points. P : 9

Then we explore the ability of various models with (1992), those countries that grew faster than average had

transactions demand for money to account for this assocp) average inflation rate of 12.34 percent per year over the

ation. We use the growth rate of the money supply as oJPeriOd’ while those countries that grew more slowly than
measure of the differences in monetary policies acros&Y€rage had an average inflation rate of 31.13 percent per
Vear' Similar results are reported in Easterly et al. 1994.

countries. Although many models predict qualitatively thatHere fast arowersare defined as those countries having a
an increase in the long-run growth rate of the money sup; rowth ra?e more than one standard deviation abovegthe
ply decreases the long-run growth rate of output in the! .

verage (and averaging about 4 percent per year) and are

economy, we find that in these models, a change in th ound to have had an average inflation rate of 8.42 percent
growth rate of the money supply has a quantitatively trivial 9 e P

effect on the growth rate of output. The reason is that i%er year. In contrasslow growersdefined as those coun-

endogenous growth models, changes in outputgrowth rat des having a growth rate less than one standard deviation
elow the average (and averaging about —0.2 percent per

require changes in real rates of return to savings, and ear), had an average inflation rate of 16,51 percent per
turns out that changes in inflation rates have trivial effects o) Na 9 ; L P P
on real rates of return and thus on output growth rates 31’33; Us:gg thel numlloelrzg;om either Levine and ??neltl
. .y or Easterly et al. to estimate an unconditional
We go on, then, to broaden our notion of monetary pol slope (which those studies do not do), we see that a 10 per-

icy to include financial regulations. We study environ- centage point rise in the inflation rate is associated with a
ments in which a banking sector holds money to meet re;: gep

serve requirements. We model banks as providing inter5 -2 percentage point fall in the growth rate. These groups

mediated capital, which is an imperfect substitute for otheg ch?gn;gtsets a:';?vgfir 'g n?ﬁg:; %)l/qste(rjr\]ztrlﬁn\;\?%s(;: ;?];S;_ i
forms of capital, and we consider two kinds of experi-_. pie, 9 P g b

ments. In the first, we hold reserve requirements fixed anﬁg?kg%dpf)“ggneé Ir?z;/ﬁénv?/g?tbfggliemsgr]k%rtosrsemumnizn% F;;?/fj-
examine the effects of changes in inflation rates on growt ! P :

rates. Even though higher inflation rates distort the comg\ég,[é i?]last ?Osr?ggt'onOtﬂin%?ﬁgrér:fg'sogr:?md %ﬁ;\gp dseLtjgr-
position of capital between bank-intermediated capital an§ fy policy P



minants in the differential growth performances present irby the year 2000 (starting with the average growth rate of
the dat&. 1.92 percent per year as the bdse).

In two recent studies, Fischer (1991, 1993) analyzes tt:gp dels of Growth and Money Demand

wo theoretical arguments in the literature concern the ef-
ect on output of changing the average level of inflation.

Summers and Heston 1991 data using both cross-sectio
and panel regression approaches to control for the oth

systematic ways in which countries differ from one anoth- ne arqument is based on what has become known as the
er. Fischer (1991) controls for the effects of variables suclﬁaI g

as initial income level, secondary school enroliment rate otfir;deélﬁm?{geesﬁeg%hg iw\?ggt:?rfsla;;%zae%mo;‘egge
and budget deficit size and finds that on average, an ir‘2 Y 9 y

crease in a country’s inflation rate of 10 percentage point%nOI into growth-improving capital investment. The evi-

is associated with a decrease in its growth rate of betwe rggfg) m?sg?\lﬁni:mn;?rlzsgt zizmi;%tﬁ:tifl Z?r?rl%/ Igrf:nr:_
0.3 and 0.4 percentage points per year. Moreover, the evi 9 ’ q y imp

dence in Fischer 1991 seems to suggest that the relatioﬁl—temat've' The other argument is based on the study of

: : . : . -exogenous growth models. In an early paper in this area,
ship between growth and inflation may be nonlinear, WIthSidrauski (1967) constructs a model in which a higher in-

the growth effect of inflation decreasing as the level of theﬂation rate has no effect on either the growth rate or the

inflation rate is increased. When countries are split inta cadv-state rate of outout. Other authors construct variants
three groups based on their average inflation rates over pecady put.

period (below 15 percent, from 15 o 40 percent, and ab oyl which higher inflation rates affect steady-state capital/

40 percent), Fischer (1991) finds that a 10 percentag%mpm ratios but not growth rates. (See Stockman 1981

point increase in the inflation rate is associated with a 1_§nd Cooley and Hansen 1989.)

percentage point decrease in the growth rate in those Counfolartrghrliozeefstl?nnéxv:n:rga?tzoebittgrajﬁ dgﬁgﬂ??ﬁgg;ﬁ
tries in the low inflation range, a 0.75 percentage point de? P

crease in those countries in the middle inflation range amairical results presented in th(_e pre_v!ous section. The regres-
a 0.2 percentage point decrease in those countries in " results presented there implicitly ask what the growth

high inflation range. These effects are quantitatively simi SoPONse will be to a change in long-run monetary policy

ilar to the earlier results reported in Fischer 1991, wheréhat results in a given percentage point change in the long-

a 10 percentage point increase in the inflation rate is assg_fn_rateh(_)frl]nflatlon. Thuslpurr?oalhhere Isto dﬁscnk]:c)fe mod-
ciated with a decrease in the growth rate of between O. S Inwhich monetary policy has the potential for aftecting
and 0.7 percentage points ong-run growth. Three elements are obviously necessary
Sirﬁilar results are repérted by Roubini and Sala-i-N & candidate .modeI: It must generate long-run growth
Martin (1992), who find that a 10 percentage point i n_endogenously, it must have a well-defined role for money;,

crease in the inflation rate is associated with a decrease Ee{‘d it must be explicit about the fiscal consequences of dif-

the growth rate of between 0.5 and 0.7 percentage point rent monetary policies.

(See o Grier and Tullock 1989, Bairo (1995), USING 8y i criogenoaly & that, 1 contrast jo e neodiassh
slightly different framework to control for the effect of ini- 9 9 y '

tial conditions and other institutional factors, also finds a°2 family of exogenous growth models, the rate of return
negative effect of inflation on growth that he estimates tc>". C2Pital INputs does not go to zero as the level of inputs
be between 0.2 and 0.3 percentage points per 10 percely- creased, when the quantities of any factors that are

age point increase in inflation. He also finds the relation€cessarily bounded are held fixed. Stated another way, the
ship to be nonlinear, although—contrary to the other Stud[narglnal product of the reproducible factors in the model

ies—he estimates that the greater effect of inflation oﬁnUSt be hounded away from zero. (See Jones and Man-

growth comes from the experiences of countries in whi CIﬂ?elli 1990 and Rebelo 1991 for a detailed development of

haPge e key issues.)

;gfrt.'on exceeds a rate of between 10 and 20 percent p We report results for four types of endogenous growth
In summary, the standard regression model seems {godels‘?

suggest a nonlinear relationship between inflation and A simple, one-sector model with a linear production

growth with a mean decrease in the growth rate of be-  function AK).

tween 0.3 and 0.7 percentage points for each 10 percent- A generalization of the linear model that endogenizes

age point increase in the inflation rtare these growth the relative price of capitato-sectoy.

effects of higher inflation significant? As an illustration of . Amodel which emphasizes human capital accumula-

the importance of these effects, note the difference in tion (Lucag

growth rates between two countries that are otherwise sim- 4 ) ) )

ilar but which have a 10 percentage point difference inane A model with spillover effects in the accumulation of

nual inflation rates. Although these countries startin 1050  Physical capital Rome}.

with the same levels of income, their growth rates would

differ by a factor of between 16 and 41 percentage points



hases in physical capital and human capital, respectively;

To generate a role for money in these models, avariet}z. the stock of phvsical capitat: is th ber of h
of alternatives is available. We report results for three mod- IS e_s 0CK Of physical capi alis € r)gm er ornours
worked;h, is the stock of human capitag; is government

els of money demand: S ; ; . ,
consumption; andF is the production function. Physical
» Acash/credit goods model in which a subset of goodgapital followsk,, < (1-5,)k, + X, whered, is the depre-
must be purchased with currencggh in advance, or  ciation rate, while human capital follows,, < (1-8,)h, +
CIA, in consumption %, Whered, is the depreciation rate on human capital.

o A shopping time model in which time and cash are  Trading in this economy occurs as follows: At the be-

substitute inputs for generating transactia@®pping  ginning of each period, a securities market opens. In this
time). market, households receive capital and labor income from

the previous period, the proceeds from government bonds,
and any lump-sum transfers from the government. At this
productivity between consumption and investmentime: households pay for credit goods purchased in the pre-
purchases@IA in everything vious perlod_. Finally, households must choose how .much
cash they will hold for the purchase of cash goods in the
Although these models are only a subset of the availablgext period.
models, we think that the combinations of the various The consumer’s problem is to
growth and money demand models represent a reasonable .
cross section. 2 max tu(C,,,Cp,1-N
Finally, we must specify how the government expands( ) ) Z‘ZOB (Cu o 10)
the money supply. We restrict attention to policy regimessubject to
in which households are given lump-sum transfers of mon 3 m,+b, <y
ey. In all the models we examine, the growth effects of( e
inflation that occur when money is distributed lump-sum(4)  pc,<m_,
are identical to those that occur when the growth of the
money supply is used to finance government consumptiott®) Vet S (P Mey) + (Mo P Cu) = PiCo — P
as long as the increased money supply is not used to fund — P + Rk (1) + pwinh (1-1)
directly growth-enhancing policies. Alternative assump-
tions about the uses of growth of the money supply may T+ ORI, + T,
lead to different conclusions about the relationship betwee(6)  k,,, < (1-5, )k + %
inflation and growth. For example, using the growth of
the money supply to subsidize the rate of capital formal?) P < (1-0p)h + X,

tion or to reduce other taxes may stimulate growth. Since

the evidence suggests that inflation reduces growth, w&herep is the discount factoy is the consumers utility,

restrict attention to lump-sum transfers. v, is wealth at the beginning of periddm_, is money
The growth and money demand models just listed givdldings at the beginning of periody , is bond holdings

us 12 possible models in all. Rather than give detailed ex@t the beginning of period R, is the nominal interest rate

positions of each of the 12 models, we will discuss theP@id on bonds during periddr, is the rental price of cap-

Lucas model with CIA in consumption. Full details of the ftal during the periods is the tax rate on income (assumed

balanced growth equations for each of the 12 models areonstant)T, is the size of the transfer to the household de-

presented in Chari, Jones, and Manuelli, forthcoming. llvered at the end of periodlandw, is the real wage rate.
Note that we have adopted the standard assumption from

A Representative Model of Growth the human capital literature that firms hire effective labor
and Money Demand _ nh, from workers and pay a wage wf per unit of time.

We consider a representative agent model with no unce(See Rosen 1976.) Since all four goods available in a peri-
tainty and complete markets. In this model, there are twed (c,, c,, %, andx,) are perfect substitutes on the produc-
types of consumption goods in each period catiesh  tion side, they all sell for the same nominal prige
goodsandcredit goodsCash goods must be paid for with  On the production side, we assume that there is a rep-
currency. Both of these consumption goods, as well as thessentative firm solving the static maximization problem
investment good, are produced using the same technology.

The resource constraint in this economy is given by (8)  maxp[F(k.,nh) —rk —wnh].

« A CIA model in which all purchases must be made
with currency, but in which cash has a differential

(1) G+ G+ X+ % + G < Fkunthy) Let M, be the aggregate stock of money and p be the
(assumed constant) rate of growth of the money supply.

wherec,, is the consumption of cash goods;is the con-

sumption of credit goods;, andx,, are investment pur-



Equilibrium for the model requires maximization by 1 _
both the household and the firms, along with the follow-(19) 7Y = H

ing conditions; 20) A=1-3,+ (x/K

(9)  Cu+Cy* Xy + X + G < F(k,nh) (1) A=1-3,+ (%/K(K/h)

(10) m=M, (22)  ©/K + (c/K) + (%K) + (% /K) + (@/K)

(1) oy =My — M, = (=1M, = An(h/k)*
(12) g =1F(k,nh). wherett = p,,./p, is the steady-state level of inflatiopz=

] - o CualCy T Gl = Xepal Xt = XowaXnt = Kudfk is the

The first two of these conditions are market-clearing ingrowth rate of output;,/c, = c,,/c,, is the steady-state ra-
the goods market and the money market, respectivelyio of credit consumption to cash consumptiogt, c,/k,
Conditions (11) and (12) describe the characteristics of polx /k, %,/k, andh/k are the long-run ratios of the respective
icy in the model. Condition (11) says that the increase irparts of output relative to the size of the capital stock; and
the money supply enters the system through a direct lumps is the balanced growth level of the labor supply. This
sum transfer to the household. Finally, condition (12) saysystem of nine equations in nine variablesy, R, ¢/k,
that government purchases are financed by a flat-rate tax/k, x/k, x,/k, h/k, andn) can be solved given values of
on income. An implication of conditions (11) and (12) is the parameters and the policy variables (u g trace
that the government’s budget is balanced on a period-bythe long-run reaction of the system to a change in policy.
period basis. Consider the effect of an increase in the growth rate of

To study the long-run behavior of the model, we usemoney p. Note that the right side of equation (15) [or
the solutions to the maximization problems of the houseequation (16)] can be interpreted as the after-tax rate of re-
hold and the firm together with equilibrium conditions (9) turn on savings. Thus (15) relates the long-run rate of
through (12) to calculate what are known asliaéanced  growth to the equilibrium after-tax rate of returon cap-
growth equationsAlong a balanced growth path, output ital. If either time spent working or the human capital-
grows at a constant rate. In general, for the economy tt-physical capital ratitn/k is affected by changes in y,
follow such a path, both the production function and thethen the growth rate of the economy depends on p. As a
preferences must take on special forms. On the productiospecial case, consider what happens when §,. Here,
side, a sufficient condition is tha(k,nh is a Cobb- equations (15) and (16) can be used to solvénfkrand
Douglas production function of the formk®(nh)*®,  to show that it is given by (I#/a, independently of the
whereA anda are parameters. On the preference side, theate of inflation. In this case, it follows that the growth rate
consumer, when faced with a stationary path of interesy is affected by changes in p if and onlyrifis affected.
rates, must generate a demand for constant growth in coin this model, inflation acts as a tax that distorts the con-
sumption. This requirement is satisfied by preferences afumption of cash goods relative to credit goods. This dis-

the form tortion can in turn distort the labor/leisure choice and thus
affect time allocated to work. [See equation (18).]
(13)  U(Cy S = [(ca+nc) 14 (1n,) ¥ (1-0) Given thath/k is constant (since we have assumed that

9, = 9,), the steady-state after-tax real rate of return on cap-
wheren, A, o, andy are preference parameters. With theseital is affected by changes in the steady-state value of
assumptions, we can show that the dynamics of the sy&his is true here becausaepresents the rate of usage of
tem converge to a balanced growth path. (See Benhabthe productive capital godd. A higher n corresponds to
and Perli 1994 and Ladron-de-Guevara, Ortigueira, and more intensive use of the stock and hence a higher mar-

Santos 1994.) ginal product of capital (wheh/k is held fixed). In this
For this model, the balanced growth equations of thecase, ifn decreases in response to an increase in 4, then
system are the equilibrium long-run rate of growth in the economy
will decrease as | is increased.
(14) clc, = {n[1 + (1R} Y&V Although one would expect an increase in 1 to decrease

nand hence decreagghis is not always true. In fact, the

— 1-a
(15)  v°=BlL - + a AN (WK™ (1-1)] exact behavior of this system of equations depends criti-

(16) y° =P[1 -5, + (1-a) Ant(h/k) ¥ (1-)] cally on the substitutability between cash goods and credit
goods. For example, in the special case where the depreci-

(17) ym=p1+ (1R ation rates on the two types of capifaland3, are equal

18)  [A—)n°](hK) %(1-0) A to, say,d, we can show that if the two types of consump-

N tion goods are complements (that »s,> 0), then the
= (C/MY[1 + n(c/c) ™1 + (1-)R1  growth rate falls monotonically in p and approaches the



lowest feasible rate in this economy: d-However, ifthe  endogenous variables are p = 1.B% 15 percente,/k =
two goods are substitutes (that }s< 0), then we can 0.007,c,/k = 0.01,%/k = 0.007,x,/k = 0.01, anch/k =
show that the relationship between the steady-state valu@s31. All variables are in annualized terms. To get some
of yand u is not monotone. At low levels of pis a de-  feel for these numbers, note that the fitted growth rate of
creasing function of u, but eventualybecomes an in- money u (1.07) is higher than the observed value of the
creasing function of p as the system is demonetized. Tharowth rate of the monetary base in the period (1.0684),
is, if W is high enoughe,/c, goes to zero, and the growth but only slightly. [That is, equation (19) does not hold ex-
rate converges to that of the system when monetary expagetly at the true it andy combination because velocity
sion is at its optimal rate. (See Jones and Manuelli 199@& not constant in the data.] These numbers also imply a
for details.) capital/output ratio in this model of 2.8, which is close to
that used in the literature (Chari, Christiano, and Kehoe
> . . . 1994). The implied value of 0.43 fay/(c,+c,) is roughly
B e 3 v e s as tlson Repofs cstmate o 41 o e

' tio of cash purchases to other purchases in the U.S. econ-

To provide these estimates, we must have paramet%rmy (Nilson Reporti992). Finally, the value of 23.54 per-

values for each of these 12 models. We select parametef, \ - a5 2 fraction of GNP is close to the sum of the
values for each of the models using a combination of fig-

ures from previous studies and facts about the arowth 6 values of health care expenditures and education expendi-
P 9 >Sé.lres in the United States. (See 1992 issues of the U.S. De-

Computations

perience of the U.S. economy between 1960 and 1987, :
Throughout the calibrations, we assume that a period i artment of CommerceSurvey of Current Busine}s

! N Thus the model does well mimicking the U.S. econo-
1.5 months, that is, the length of time it takes one dollarmy along a variety of dimensions (some by design). Note

to produce one transaction for the cash good. (See Ch S . . )
Christiano, and Eichenbaum 1995.) We assume that t?%at the implied pretax nominal rate of return is 15 per

discount factor = 0.98 at an annual rate. (See Chari ent, which is probably high by most standards. This is a

Christiano, and Kehoe 1994.) We also assume that the irﬁ—ﬂ?‘lmggr{gﬁt; e(g?\f/ ér:]eoir:d;%ig?g; O%f\t'\ggtmzog 2'; &N ith-

tertemporal elasticity of substitutiam= 2.0, that the pref- B =0.98) ; O o
X _ =0.98). A detailed description of the calibration method
erence parametar=—0.83 (Chari, Christiano, and Kehoe for each model is contained in Chari, Jones, and Manuelli,

1991), that the fraction of time spent workimg= 0.17 forthcoming
(‘];rg(rfétg:rlugII:',;Ga(rgjh;?Sé'hﬁggggbthiééhfezzgti;z;’“e We compute solutions to the balanced growth equa-
P e ' ' 'tions assuming that = 1.1 andrt= 1.2. This increase of

that the depreciation rate on human cagiiar 0.008 at 10 percentage points in the inflation rate allows us to easi-

an annual rate (Jones, Manuelli, and Rossi 1993), and th : :
\ ' 5 - ’ Iy compare the changes in the growth rates predicted by
tgfstg)r(erztseti%nalrzgogian_ ?ﬁzezst-g I;z rist;g ?eugﬁgigif t he models with those found in the data, as discussed. We
9 Y 9 _ﬁoose a baseline of = 1.1 because this is close to the

Irg\?v?:gljsz:uiﬁzs rgglt(igggﬁirgshg;i:;%;%h\év%ugeézggg_average rate .o_f inflation in the cross-country samples ana-
my’s experience during 1960-87: = lyzed b_y empllrlcal researchers. Note that frorr_1 apurely fpr—
: mal point of view, the balanced growth equations describe

« Theaverage annual growth rate in per capita gross nahe relationship between the growth rate and the rate of
tional product (GNP) is 2.06 percent. monetary expansion p.. However, since this is not the re-

« The average annual rate of inflation is 5.08 percentdression thatempirical researchers have run, we did the ex-
« If we ignore the fraction of cash held in banks and periment by changing 1 by however much is necessary in

outside the country, cash in the hands of the publi Corder to guarantee that the inflation rate is increased by 10

averages 2.04 percent of annual GNP percentage points per year. The findings of this experi-
9 L P ) ment are displayed in Table’1.

« Investment in physical capital as a fraction of GNP Tgpje 1 gives the percentage change in the growth rates
averages 16.69 percent. when the inflation rate is increased 10 percentage points.
All but the third of these facts are obtained from U.S. There are several notable features of the results of this ex-
President 1994. The third is from Porter 1993. These factg)eriment. The most important of these features is that the
along with the parameter values given, are used in corPredicted change in the growth rate is an order of magni-
junction with the balanced growth equations to obtain valtude smaller than that of around 0.5 found in the empirical
ues for the other (nonspecified) parameters of the modeléerature. Another notable feature is that there is no guar-
and for the balanced growth endogenous variables of thantee, in general, that an increase in the inflation rate will
system. necessarily decrease the growth rate, although this is gen-
For example, in the Lucas model with CIA in con- erally true. [Jones and Manuelli (1990) show that in the
sumption, the parameter values obtained Are 0.08, Lucas model with CIA in consumption, the relationship
8, = 0.04,n = 1.03, andp = 8.22, and the values for the betweeninflation and growth is not monotone.] Note, how-



ever, that just because the growth rate increases as | iduce the quantitative effects of inflation on growth found
creases (in some regions of the parameter space), this ihy empirical researchers.
crease does not mean that welfare increases. On the COR'Simple Model With Banks

trary, this is not true in general: increasing levels of inﬂa—We study a model in which the bankina svstem plavs an

tion induce welfare-decreasing substitutions frgrto c,. dy a modet in wr IKIng systém pay

A third notable feature is that in thak and two-sector essential role in facilitating production and capital accu-
mulation. (See Greenwood and Smith, forthcoming, for a

models of growth in combination with the CIA in con- purvey of the theoretical work in this area and Roubini
sumption and shopping time models of money deman and Sala-i-Martin 1992, King and Levine 1993, and Ire-

one can show theoretically that the growth effect of |nfla—Ian d 1994 for recent empirical work.) In our model, two

tion is exactly zero. In these models, inflation has no efs . ! ) :
fect on the after-tax real return to savings. (In this sens fypes of capital are used in the production of final output,

these models are Fisherian.) It follows, therefore, from th oth of which are essential. One of these two types of cap-

analogs of (15) and (16), thgis unaffected by 1. ital must be intermediated as loans through the banking

In summary, the results of this section show that conSystem, while the other is financed through conventional

structing models in which inflation affects growth is fairly equity and debt markets. Finally, we assume that there is

straightforward. However, in general, these models predicgmﬁ%tg:#lgzt'tunog (E}ect‘e’lveig; (t:g?] tk;,\éoéltseorégi:ctrr:)ismf?gpt
a very small effect of inflation on growth. gyp p

ent policy regimes. In order to make loans, banks are re-
Models With Banks, Growth, and Inflation quired to hold reserves.
In this section, we study an alternative way of introducing We denote the two types of physical capitalkpyand
money into the model. The 12 models already analyzed,. The first type of capitdt, is intermediated through cap-
have the feature that all money is held in the hands of théal markets. The second type of capitalmust be inter-
public for carrying out transactions in consumption of onemediated through banks. That is, fgrto be used in pro-
form or another. In fact, a significant fraction of the mone-duction, consumers must place deposits in the banking sys-
tary base in the United States and other countries is helgm and firms must borrow these deposits in the form of
by banks. Here we construct a simple model of financiabank loans to finance purchasekgfBanks are required
intermediation in which banks are subject to reserve reto hold reserves against their deposits. We assume that no
guirements. The equilibrium portfolio of a typical deposi- resources are used to operate the banking system. Here,
tor is thus necessarily part capital and part money. Thereghen, an intermediary is simply a constraint, the reserve re-
fore, changes in the real rate of return on money (througlgquirement relating the amount of base money that must be
inflation) reduce the real after-tax return on savings andheld in the banking system to the amount of capital of type
thus affect growth. In this model, we repeat the previou that is to be financed. We consider only two kinds of
computations and again find that the quantitative effect ofrowth models here, th&k and the Lucas versions. For
changes in p is much smaller than that seen in the datathe Lucas model, the production function is

Given these conclusions, we turn to the possibility that
our notion of monetary policy is too narrow. A broader (23)  kéks2(n.h)*r 4z,
and more realistic description of monetary policy allows
for changes both in the growth rate of the money supply, .
and in banking regulations. To the extent that increases i ese;?/ e Requin er]zvints del. th , blem i
inflation rates are driven by needs for seigniorage, on or this version of the model, the consumers problem Is
would expect these increases to be accompanied by mea-
sures designed to increase the demand for the monetaa4 Zw " 1
base. In our model of financial intermediation, these mea: ) max)_, BU(Cy Gl
sures are increases in reserve requirements. subject to

We find that, in the data, inflation and the fraction of
the monetary base held by banks are positively correlated25) PGy < My

This correlation opens the possibility that a measure 0f»g +m,+b< - —
monetary policy such as reserve requirements could be a ) O My + BS My D) = P = Pk

important variable missing in the existing empirical work. —P%e Pk (1-T) + pwynihy (1-1)
To explore this possibility, we consider monetary policy +[1 + (1-0)Ry]d,,
experiments that consist of simultaneously changing the

reserve requirements and the growth rate of the money +[1+ QDOR]b + Ty

supply in a way consistent with the empirical evidence.(27) Kppog < (1-3))Ky + Xy
We find that when this change is made, existing models * Lo
of growth and money demand can approximately repro28)  h; < (1-0,)h, + X,



wherem,, , reflects the consumption transactions demand Next, from consumer optimization, we have that the

for money (that is, CIA forc,) andd, is deposits in the
banking system. Arbitrage implies thaj, = R.

consumer must be indifferent between holding a unit of de-
posits and holding a unit of capital. This indifference im-

The financial intermediary accepts deposits and choosedies that the after-tax real returns on the two ways of sav-
its portfolio (that is, loans and cash reserves) with the goahg must be equal. That is,

of maximizing profits. The intermediary is constrained by
legal requirements on the makeup of this portfolio (that is

(37) 1+ (1HRyq =P/l -0 + (1-0)r,].

the reserve requirements) as well as by feasibility. Then

the intermediary solves the problem

(29)  max g m, (IR L + My — (14Ry)d,
subject to

(B0) my+Li=d

(31) my=eq

wherem,, is cash reserves held by the bagdks deposits
at the bankl, is loans, and is the reserve requirement
ratio. The reserve requirement ratio is the ratio of require
reserves, which must be held in the form of currency,
deposits.

The firm rents capital of type 1 directly from the stock

Ya0)

Production firms set their after-tax marginal products of
the two types of capital equal to their after-tax real rental
rates. Therefore,

(38) F)=r
and
(39)  (R/PDIA-DF,1) + (1-9,)] =1 + (IR

whereF,(t) andF,(t) denote the marginal products of the

éwo types of capital. Substituting, we obtain

1 +({(p/P)IA-DF (O + 1 -3 - 1}/(1-€))
= (R/Po[1 — 0, + (1-D)F,(0)].

market (that is, the consumer) and purchases capital of

type 2 using financing from the bank. Thus the firm faces

a dynamic problem:

(32)  max} P(L-T) PF(kyKorthy) — P
—Piriky — Rl
+ Lt - thth - (1 + RLt—l)Lt—]}

subject to
(33) PukysLly
(34)  Kpug < (1-0,)Kye + Xy

wherep, is the subjective discount factor used by firms.
Note that constraint (33) implies that from the firm’s point
of view, it may as well be renting, from the bank itself.

Because of this situation, the firm can be seen as facing

static problem; hence, one of the equilibrium conditions i0

that for this version of the model, the choiceppis irrele-
vant.

To gain some intuition for the role of reserve require-
ments in this model, consider the intermediary’s problem
The solution to its problem is given by

(l-l'RLt)(l_E)dt + 8dt - (1+Rdt)dt =0.

Simplifying this, we obtain that in equilibrium

R = Ry/(1-9).

(35)

(36)

Inspection of this equation reveals that increases in the
reserve requirements (higr@or increases in the inflation
rate have the effect of raisirig, relative toF,. That is,
higher reserve requirements or higher inflation rates distort
the mix of the two types of capital. The reason for this dis-
tortion is that financial intermediaries are required to hold
non—interest-bearing assets in their portfolios. This require-
ment introduces a wedge between the rental rates on the
two types of assets, and this wedge distorts the capital mix.
It can also be seen that the increased distortion in the capi-
tal mix induced by a change in the inflation rate is greater
with higher reserve requirements. Thus in this model, infla-
tion acts as a tax on capital, the effect of which is magni-
fied by higher reserve requirements.

Computations

ow we compute the effect of changing the growth rate
the money supply so that the annual inflation rate in-
creases 10 percentage points. This computation is done for
two calibrated models: the Lucas model and\arersion

of the model.

To do the calibration, we use data on the actual hold-
ings of money in both the banking and nonbanking sectors
along with measures of assets intermediated by banks. Af-
ter taking account of money held outside the United States
(Porter 1993), we find that the fraction of money held as
reserves by banks (denoted fmy) is 0.46. We use assets
of commercial banks minus their holdings of U.S. govern-
ment securities, consumer credit, vault cash, reserves at
Federal Reserve Banks, and deposits of nonfinancial busi-

Thus reserve requirements induce a wedge between bdtESSeS to obtain a measure of the capital stock intermedi-

rowing rates and lending rates for the intermediary.

ated through banks. We obtain these data from the flow
of funds accounts published by the Board of Governors of



the Federal Reserve System. The average of the ratio abt generate the observed correlation between growth and
this measure to GDP from 1986 to 1991 is 0.39. We usénflation without simultaneously adjustisgnd . That s,
these facts (along with the assumption tat d,) to cal-  from the results of holding | fixed and adjustigt fol-
ibrate the models and obtain estimates of the pararaeterlows that the correlation betweerandy is positive: a€

andk,’'s share of output (relative t,). is increased, botit andy decrease.

The parameters from this calibration for the Lucas ver- Does this class of models show quantitative potential?
sion of the model aré\ = 0.095,0, = d, = 0.02,86, =  Thatis, can we explain, through simultaneous adjustments
0.016,a, = 0.306,0, = 0.054, = 0.98,n = 1.03,A = in 1 ande, the observed relationship between growth and
-0.83,0 = 2.0, = 6.412, anct = 0.042. Again, all pa- inflation? If we don't restrict that question further, the an-
rameters are expressed in annualized terms. swer is yes. This answer is misleading, however, since the

Of course, alternative measuresafould be taken di-  implied relationship between L aadnay be quite differ-
rectly from banking regulations. The difficulty with that ent from that in the data. To subject the model to a more
approach is that reserve requirements differ greatly amonggorous test, therefore, we must use data on actual coun-
the different types of accounts held in banks. Dependingdries’ performances to get some feel for the magnitude of
on which types of accounts one looks at, average resentbe relationship between actual changes in p argd in
requirements on banks could be anywhere from 2.5 per- To do this, we collect data from 88 countries from the
cent to 12 percent. International Monetary Fundiaternational Financial Sta-

Given this calibration, we find that increasing u in or- tistics(IFS). (See Chari, Jones, and Manuelli, forthcoming,
der to increaset from 1.1 to 1.2 on an annual basis de- for details.) Since measures®ére not readily available,
creases the annual growth rate of output by 0.009 pemve instead gather data om that in turn—conditional on
centage points for thak model and by 0.021 percentage the model—allow us to estimateln order to estimate the
points for the Lucas model. Thus, although these effectsize of the combined money growth effect and reserve re-
are quantitatively larger (for the Lucas model) than thosejuirement effect, we estimate the relationship between
we have seen in the models with transactions demand fandm, from the data and use this estimated effect in com-
money, they are still too small by a factor of roughly 20 paring computed balanced growth path results. That is, we
than the regression results reported in the literaturecompute the implied change in the growth rate when the
[Haslag (1994) finds growth effects of up to 0.4 percent-inflation rate is increased 10 percentage points and, at the
age points.] same time, the reserve requirement is increased so as to

Given that the effects on the growth rate of changingchange the observed, as is seen in the data. To do this
u are still small, we now explore the effects on the growthcomputation, we first give the regression result concerning
rate of changing the other aspect of monetary policy in thehe relationship betweemandm,;
model: €. For this exploration, we use the Lucas model.

We run two experiments. In the first, we hold constant thg41) m, =-0.220 + 0.460

rate of inflation atrt = 1.1 and increase. The rate of

growth of money is determined by the balanced growthwherem, is the time series average, by country, of the
equation. In the second, we hold the growth of moneyfraction of the monetary base held in banks, while the
fixed and increase. The inflation rate is determined by time series average, by country, of the inflation rate. (The
the balanced growth equation. First, consider the effect otiratio for the coefficient omtis 5.98.) For this sample, the
the growth rate of holdingr constant at 1.1 and adjusting mean value oftis 1.16 (which corresponds to an inflation
the reserve requirement parameterhe results of these rate of 16 percent), and its standard deviation is 0.18. The
experiments are shown in Charts 1 and 2. mean value o, is 0.32 with a standard deviation of 0.16.

As can be seen in the charts, even moderate increaseslihus an increase of 0.1 improduces an increase of ap-
the reserve requirements can produce the observed changeeximately 0.046 inm,. These results are similar to those
in the growth rate. For example, an increase from the califound in Brock 1989. They are consistent with the view
brated level ok = 0.04 toe = 0.35 will give the desired that in high inflation countries, governments choose high
effect. In Chart 2, we show the implied money holdingsreserve replacement to enhance the base of the inflation
(in reserves) by banks for this experiment. Note that theax.
result is highly nonlinear, and even at very low levels,of The experiment we perform is to increasérom 1.1
the resulting equilibrium changes in, are quite severe. to 1.2 and simultaneously to increasgby about 0.046.

Next, consider the effect on the growth rate of increas{We will actually changen, by 0.05.) The size of the equi-
ing € and lettingrt adjust, while holding p constant. Chart librium growth response depends critically on the initial
3 and Chart 4 show the impact grandm,, respectively.  value ofm, because the relationship betweeandm, is
The results of this experiment are qualitatively similar tovery nonlinear, as documented in Charts 2 and 4. There-
those whentis held fixed. The growth effects of changing fore, we will report the results for several initial values of
€ are quite large even for quantitatively reasonable changy,. (See Table 2.) Experiment 1 uses the regression re-
es. Note that it follows from this discussion that we can-sults from theFS data to estimate the level of, att=



1.1. Here, the increase of 0.05r is associated with on-  policy should shift their focus away from printing money
ly a small change i (less than 0.005) and hence a smalland toward the study of banking and financial regulation.
change in the growth rate results. In this experiment, the
predicted change in the growth rate is smaller by a factor
of 10 than the regression results in the empirical studies.
At higher initial levels of m,, however, the predicted *The authors thank the National Science Foundation for financial support and John
growth effects of the same experiment are substantiallgey Sdvari Plescor ke ieen Rolfe, Arhur Rolnick, Thomas Sargent and James
hlgher‘ Atrn) = 0'7’ ever_l a relatlvely small Increaseem 1The cross-sectional average of the time series average rates of per capita income
(from 0.121 to 0.176) gives a gl‘OW'[h effect that is one-growth in the Summers and Heston 1991 data is around 1.92 percent per year.
fifth as |arge as that found in the empirica| studies. Final- 2Sorlmi stugietjv do nqtﬂartr_ive at tgitshconclt\:;ir?n.:\llc(?anctilests and Weber (1995) find
c e . no correlation between inflation and the growth rate of output.
Iy’ for substantial initial levels 01.: th.e reserve. re_quwe_ments 3Although we do not study the relationship between inflation volatility and growth
(m, = 0.8), a 10 percentage point increase in inflation denere (as does Gomme 1991 theoretically), empirical studies have found that more vola-
creases the annual growth rate approximately 0.2 percerferireity pccs s v s i ot s (e Kormond
age pomts. This eStlmate—a“hOUgh lower than the aVelnis relationship, however, since there is a high correlation between the average infla-
age value of 0.5 found in different studies—is similar to tTK;n rate eTpterienced over dtf:e gerigg i7n_a Eountry an(;i gwe vclilaltgigtyzof the inflation rate.
the lower bound of 0.20 reported in Barro 1995. IS corelation 1S reporied fo be .97 n Levine and Renett 1992, .
. 'Although these are important differences, one must be careful in interpreting this

These results suggest that for values of reserve requirvidence. As discussed in Levine and Renelt 1992, there is a high degree of multicollin-
ments that’ although higher th an thOSG in the United Statege}rity betwggn many of the regressors tr_]at authors include in these studies; hence, most
are within a plausible ranae. the model that allows for Si_of the empirical findings are nonrobust in the Leamer sense.

P . ge, 5See the Appendix for a description of the technologies and preferences.

multaneous changes in both money Supply and reserve re- 5We run several experiments to test the robustness of our results to our choice of

guirements comes close to matching the estimated impagtrameters. For these experiments, we use the Lucas model of growth along with the

: . CIA in everything model of money demand. First, we estimate the length of a period
of inflation on growth. using theNilson Repors (1992) numbers on the fraction of transactions that are com-
. pleted using cash. THéilson Repor{1992) does not say exactly what transactions are
Conclusions included in its measure of all transactions. We calibrate the model two different ways:

Empirica| researchers have found that the average |ong_ere assuming that transactionsqare included in the calculations and one assuming

. . . . . : .. that they are not. These calibrations produce estimates of the period length of 1.63
rate of inflation in a country IS negatlvely associated Wlthmonths and 1.02 months, respectively. In addition, we try lowering our parameter that
the Countl’y’s |Ong—run rate of grOWth, Moreover, the sta-determines the elasticity of the labor suppiyo the level 2 used in the real business
f ot ; B cle literature (Chari, Christiano, and Kehoe 1994), while allowing the potential work-
tistical relatlons_hlp unpoverec_j by_ these researchers y to vary. Finally, we try reducing the elasticity of substitution between cash goods
large. Roughly, increasing the inflation rate by 10 percentand credit goods from -0.83 to —0.2. None of these experiments resdlts in a significant
age points ina country otherwise like the United States déti?;g%? rigrtshﬁ gggvrgaﬁggft of inflation. Details of these experiments are available from
creaseg, the gl’OWth rate of per capita Oi'ltpm by 0.5 perce_nt' "For the purposes of calibration, otk mode is a version of the Lucas model in
age points. We have examined a variety of models withwhich the labor supply is inelastic. This model has all the important qualitative features

: f the Ak model, but it allows labor share and investment rates to be chosen so as to
transactions demand fOI' money an_d have seen that no@ close to those seen in the U.S. time series. See Chari, Jones, and Manuelli, forth-
produces results anywhere near this large. coming, for details.

This finding leads us to reconsider our view of mone-  SFor the CIA in everything versions of the models, we assume that ejlarid

: . [ : . fractione of thec, andx, expenditures used are subject to the CIA constraint. For the
tary pollcy to InC!Ude Changes in financial regulanons a‘§esu|’[s presented in Table 1, we 8se0.2, since most investment transactions do not
well as changes in the money supply. In the data, we doGse cash directly. We experiment with increasirayer an appreciable range, and al-

H : H i inthough the growth effects are larger with largethey still fall short of the effect seen
ument a hlgh correlatlpn between the ratg Of Inﬂatlon Inln the data. In the next section, we discuss a model in which cash is used indirectly for
a country and the fraction of the currency in the economyhese transactions through the banking system.
that is held in the commercial banking system. We inter-  °Our model is similar to the one analyzed by Haslag (1994), but ours is more real-

pret this to mean that monetary authorities who raise inﬂait_stic along two dimensions. First, he assumes that all capital must be intermediated

. . . hrough banks, while we allow the share of bank assets to be endogenous. Second, he
tion rapldly also require banks to hold more CUrrency.uses money only to meet reserve requirements, while we use money to facilitate con-
(That is, in those countries, reserve requirements are alggmption ransactions as well. See also Valentinyi 1994.

higher.) After taking account of this extra dimension of

monetary policy, we find that existing models of growth Appendix

and money demand can indeed approximately reproduvge .

the results found by empirical researchers. In addition, w eChnOIOQy and Preferences in the Models

find that the relationship between changes in reserve re-

quirements and growth rates is highly nonlinear. Thus th%ere we describe the production functions and the preferences

estimated gffects depend sensitively on the level of the I'ised in the growth and money demand models discussed in the
serve requirements. preceding paper.

Our analysis suggests that inflation rates per se have
negligible effects on growth rates. Financial regulationgViodels of Growth
and the interaction of inflation with such regulations haveAk Model
substantial effects on growth. This analysis suggests thdihe resource constraint is

researchers interested in studying the effects of moneta% 1) ey g+ %= Ak
t 2t t— .
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Table 1

A Small Inflation Effect on Growth

Percentage Point Change in Growth Rate When Inflation

Increases 10 Percentage Points

Money Demand Models

CIAin Shopping CIAin
Growth Models Consumption Time Everything
Ak 0 0 -.011
Two-Sector 0 0 —-.009
Lucas —-.009 —-.005 -.027
Romer —-.007 128 -.024
Table 2

How Growth Changes in a Model With Banks When

Inflation Increases 10 Percentage Points™

Value of Bank

Base Money (my)

Growth Rate (y)

Reserve Requirements (€)

Change
Experiment Initial New Initial New (% pts.) Initial New Change
1 .286 .332 1.0206 1.0204 -.02 .020 .024 .004
2 .600 .650 1.0203 1.0198 -.05 .076 .010 .066
3 .700 .750 1.0200 1.0192 —-.08 121 176 .055
4 .800 .850 1.0195 1.0175 -.20 217 426 .209

*In each experiment, the inflation rate is increased from 10 percent to 20 percent.



Charts 1- 4

The Effects of Increasing Reserve Requirements in the Lucas Model

Charts 1 and 2 Inflation Fixed at 10% and Money Growth Adjusted
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Charts 3 and 4 Money Growth Fixed at 12.2% and Inflation Adjusted
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