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ABSTRACT

The theoretical analysis of the labor market suggests that one of the

real costs of inflation takes the form of declines in employment, output and

labor productivity. The analysis of the manufacturing sector in the U.S. for

the 1961-84 period provides the empirical demonstration.



Among the real costs traditionally attributed to inflation one does not

find that of declining output and productivity. The first ofthese two is

usually believed to characterize a recession. In this study we show that also

inflation might result in losses of GNP and furthermore in productivity --

output per employee. The empirical example is of the manufacturing industries

in the U.S. in the 1961-84 period. The findings of the study extend the list

of the real costs of inflation suggested (but not demonstrated nor evaluated)

by Ackley (1978) under the title "Effects on Aggregate Supply," (p.152-3).

THE MODEL

Friedman (1977) argued that the U.S. economy is becoming less efficient.

He mentions positive relationships between the rate of inflation and its

temporal variance and between the former and the rates of change of relative

prices to be the possible causes. Levi and Makin (1980) demonstrated the

effect of inflation on employment. We continue their line of thought and

extend it to output and output per employee. We argue that the decline in

efficiency is due to the associated variance of inflation which is transferred

into the real world of employment and production.
1 We postulate that the

transfer takes place via the labor market. Labor market equilibrium is

assumed to be determined by the following system of three equations.

Market demand 1) ND . F(W
N 
,ff
e
), f, < 0, f2 

> 0.
B
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The argument for -11 < 0 is obvious, the traditional downward sloping

demand. The argument for f2 > 0 is less obvious. One reason is that while

the costs of production occur at present (today), the output will be sold in

the future (tomorrow), i.e. at the higher prices.

Market supply 2) g(WN,4), gl > 0, g2 < 0.

The argument for gl > 0 is obvious, the traditional upward sloping

supply. The argument for g2 < 0 is less obvious. One reason is that

while the wages are obtained today, they will be spend on goods and services

tomorrow, i.e. their real value would be lower. This argument is in line with

the one given above for f2 > 0.

where

Also

Market equilibrium2 3) ND =NS

N
D quantity demanded of labor

NS . quantity supplied of labor

W
N = 

nominal wage rate

B• 
• . firms expected inflation

H• 
.• households expected inflation.

WR 
= real wages

X . output

n . current actual inflation rate

. denotes equilibrium values.
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* .
W
N 
is solved from equation (3) and then N* is determined.

Dividing W
N 

by actual CPI yields W
R 

— real wages. When N* is

introduced into the production function the level of output, X* is

determined. X*/N* is the average output per employee. The labor market

model is for the short run, i.e., we assume that the production relations are

stable over time which is carried over to the demand for labor. The tradeoff

between income and leisure is also assumed to be stable over time.

Equations (1)—(3) are specified in nominal terms since most of the labor

contracts are signed in nominal terms. Rirthermore the expectations for

inflation are assumed to differ over sectors. One justification is that

while 7rB might depend mainly upon the WPI, the Trti depends mainly

on the CPI.

The expected inflations are variables that depend upon the prevailing

rate of inflation and the other available information. At each moment the

actual inflation is not exactly known. It is also a variable. Hence,

(4a)

(4h) e
nH 411H'

where

(5a)

(5h)

e 0 2
ni3 '‘nB' aB

0 h(w) h1 > 0, h11 > 0

2
aB = m(n > 0, m11 0.

0 2
Relations of a similar nature to 5a and (5h) hold for Trii and aH.
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By introducing (4a), (4b), (5a) and (5h) into equation (3) one gets

explicit relationships between the means and variances of nominal wages and

employment to the rate of inflation. This procedure can then be extended to

output and labor productivity. We follow this path but for convenience we use

explicit functional forms for the demand for labor (the production function),

for the supply of labor and for the formation of expectations.

(6a)

(60

Thus,

(7)

and

(8)

where

D y e 6
N BWN(TTB) Y < 0, I yl > 1, 6 > 0

S aeB
N AWN 

(n
H 
) a > 0, < 0.
'

1

= [(4)6(41)—B] a—Y

LnW
N 
= a + 6 pine — Lnn

Ha—y B a—y

13
a = 

1 Ln(—)
a—y A '

—B
Note that 

6 > 0 and — > O.
a—y cc—y

When

(9a) LniT
e = b + Ln7r, b > 0, >O

(9b) Lnyffe — e + 4)1..n7r, e —>
H

the case of:
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b=0, (I). 1, e = 0 and ip =1 leads to

which is obviously unique. Accordingly (n' = Lnn).

(10a) L n (b + (1)ELn7r, 4.2a2,)

(lob)

and

Lnn
e (e + IpELnn, 4)

2a2,)

(11) LnW
N 

— (a +---— "   ELnn,("46)
2 
a2,)

a-y

Hence, the variance of nominal wages is related to that of inflation and

a 
2
,

(12a) 
w 1 as

<
a ,

it

Also

dELnW 
O.dELnn >

(1)646 > 1.

a-y <

With regard to employment

(W' = LnW)

(13) 
‘‘ 2 %

LnN + (64) + 
a-y

(c1)640)ELnn, (64) (4)6- n*Ba i)•a-y

Hence since > 1 one can show that the variance of employment would

always be less than that of nominal wages. Also the sign of dELnN/dELnn is

indetermined.

For the production function

(14) X = XNe, c< 1



6

the distribution of LnX*, is eq.(13) with c multip]lying the expected value

and c2 the variance. Hence, the variance of output is lower by a factor

of c2 than that of employment. The expected order of variability is thus

(N' = LnN, X' = LnX)

2 2 ,2
(15) aw l > aNI >

Equation (15) is a hypothesis that can be tested on actual data. Defining

the Ln of labor productivity as X'/N', its variance with respect to that

of X' depends on the magnitude of c

X' >Var(--r) Var(X 1) as c —< 0.5.
N

From eq.(11) it is obvious that expected nominal wages are positively related

to expected inflation (4)6-4B/a—y) > 0 but this does not necessarily hold for

employment, (equation (13), (cos(1)—y*B) 2.0). Hence, a priori also the

relation between output and inflation is indetermined.

In the following section the relation between output and inflation rate

is further investigated.

The Loss of Output

Let us assume that the relation between inflation and employment is

positive. Under certainty as employment increases, output also increases.

However, since the variance of inflation increases with its rate, so do the

variances of employment and of output (eq.13). Hence, the total effect of

increased inflation on employment and output depends on whether they are



convex or concave in their determining variables, nominal wages and employment

respectively. Conventionally employment is assumed to be convex in nominal

wages while output is concave in employment. The latter implies the

possibility of effects in two opposite directions. The increase of inflation

and thus of expected inflation would tend to increase expected output while

the increase of the variance of inflation would tend to lower expected output.

dEX aEX • aEN • aEW aEX 
2 

aa2aam n > 
0(16) dn = aEN aEW

8a air
aaN

>0 >0 >0 <0 >0 >0

Furthermore, aEX/aEN < aX/aN at EN . N. Hence, in eq.(16) on the r.h.s.

the first term is positive but is smaller than that that would take place

under certainty. The second term is negative, therefore, the sum of the two

might be negative. Thus, the inefficiency in the change in output is due bo

both the first and the second r.h.s. terms in eq.(16).

On the other hand one sees that

(17
dEN aEN aEW aEN aa12 aa

2
4

= TEW • TIE • --7F • a n 
> 0

8a 3a
W n

>0 >0 >0 >0 >0

(the assumption is of convexity, aEN/aa124 > 0). Thus, putting (15) and (16)

together leads to expect the ratio X/N to decline as inflation and thus its

variance increases,

(18) d(EX/EN)
cln - -EX IA) < 0

dEX EXsince (the marginal is lower than the average). The logical argument
aEN EN

is that since the increase of the variances increases employment (this

contradicts the findings of Levi and Makin (1980)) but lowers output, the

output/employment ratio declines as the corresponding variances increase,



holding EN constant (a mean preserving spread). An increase in EN would

further lower this ratio which is a conventional result of studies that assume

certainty.

Empirical Findings — I

Relations (15), (16), (17), and (18) are the relations to be investigated

empirically. The latter three imply that although expected (mean) employment

increases the gain of expected (mean) output is likely to be negative. If it

is positive it would be smaller than the response to the same growth of

employment under certainty. Expected (mean) output per employee would thus

obviously decline. These predictions are tested on data for the U.S.

manufacturing industries for the 1961-84 period.

The empirical investigation of the above relationships was done in two

ways. In the first, the time trend effect was cleaned out from the variables

employment, industrial production and output per employee and from the real

wage rate. The latter was then transformed to a nominal wage rate by

multiplying the real wages (net of time effect) by the consumer price index.

Inflation is measured by the relative changes of the consumer price index

and the wholesale price index. We consider the two since we postulate that

each affects another sector in the labor market and statistically they are not

strongly correlated. The time interval of the study which spans from the

first quarter of 1961 to the second quarter of 1984 was divided into five

subperiods. The criteria for the division is the growth rate of the economy.

We did not experiment with other divisions, an attempt that might have yielded

different numerical results (might even provide a better empirical clue to the

theory presented above). The subperiods are (1974 is excluded): 1/61-4/68,



1/69-4/73, 1/75-4/77, 1/78-4/81, 1/82-2/84. The different length of the

subperiods is of no consequence to the results since the time trend is

eliminated and the information used is the means and variances. The results

are presented in Table 1. The Table has to be examined over rows, for a given

period and over columns for over time relationships. The variability is

measured by standard deviations.

Within each period one can see that the variability of employment is less

than that of nominal wages as expected. The variability of industrial

production is consistently larger than of employment which contradicts

equation (15), but that of output per employee is below that of production

(1/61-4/68 is an exception). Hence, the relationship among the latter

corresponds to what the theory. predicts. When looking across columns, one

gets first an idea about the claim that the variance of inflation increases as

inflation increases (the 1/75-4/77 period is an exception).
3 The variance

of nominal wages follows the rate of inflation (now 1/75-4/77 is not an

exception) but the variance of employment, industrial production and output

per employee do not. The 1/78-4/81 and 1/82-2/84 periods are a

counterexample. Possible reasons might be the expectations for economic

growth and the tight monetary policy over the 1/82-2/84 period that eliminated

inflation but led to high real interest rates which hampered the growth in

employment and production.

The second way the data were analyzed is by converting all the variables

into quarterly rates of change "D" (see notations in Table 2) and examine the

relationships among them. At first this was done for the same five subperiods

specified above. From the five matrices of correlations (not reported here)

it turns out that most signs and even magnitudes are stable over time, namely:
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between employment and industrial production, industrial production and labor

productivity. Relative stability is also found in the correlations between

DCPI and DEM (negative), DWPI and DEM (positive), DCPI and DRHW (negative) and

DCPI and DRMP (negative except in the fourth period which is zero). The DWPI

has a positive correlation also with DINDM. Hence, the consumer price index

and the wholesale price index seem to affect employment and production in

opposite directions. Other interesting results are the positive correlations

between employment and labor productivity and employment and real wages

(except the fourth period when it is practically zero). This consistency of

signs over time indicates stability of relationships and that a regression

analysis over longer time intervals might be justified. We first analyzed

separately the data for the 1/61-4/73 period and 1/75 to 2/84 period but again

not noticing differences among them we pooled them together. Table 3 shows

only the pooled regression results.4 The explained variables are quarterly

rates of change. The explanatory variables are the corresponding quarterly

rates of change of the consumer price index and the wholesale price index.

--They are both assumed to be exogeneous to the labor market, the production

activity and labor productivity. The WPI is expected to affect the labor

market outcome via the demand for labor while the CPI via the supply of

labor. In order to demonstrate the importance of the estimation of the joint

effects we also present a regression on each one of them separately, the

"wrong" model. The outcomes are as expected. The effects of CPI are stronger

than of WPI but they are significantly so (5 percent) only for industrial

production and labor productivity but not for employment. Hence, since the

sign of the former is negative and of the latter positive an equal rate of

change would result in a (net) lower output and a decline in labor

productivity while employment would not change significantly.
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The Role of Uncertainty

In a recent paper Levi and Makin (1980), hereafter LM, have argued that

the traditional Phillips curve relationship between inflation and unemployment

has to be modified in order to account for the effect of uncertainty of

inflation. We have demonstrated the role of uncertainty in the theoretical

part above. LM provide empirical support for their claim by regressing the

relative change in employment (seasonally adjusted) on the difference between

realized and expected inflation, and the variance of expected inflation.

Their measure of inflation is presumably (it is not specified) the rate of

change of the consumer price index and the expected inflation is the expected

rate of change of the CPI (taken from Carlson (1977). Apparently the equation

they estimated is the demand for labor and not a Phillips curve equation nor

that of market equilibrium employment. Thus, a priori, a more appropriate

measure of inflation should have been the wholesale price index.
5

In the following we merge the LM study and the theory presented above.

The roles of deviations of inflation rates from their/expected values and the

roles of uncertainties are examined simultaneously for the CPI and WPI. The

effects examined are upon employment, production and labor productivity.

Indices for inflationary expectations and variability of inflation (Livingston

via Carlson (1977) are available only for six month intervals and for the

1961-73 period (1974 was excluded as before).6 A preliminary examination of

the data (26 observations) indicates that on average over the 1961-73 period

the inflationary expectations exceeded the inflationary realizations. The

correlations between the expected inflations of CPI and WPI are 0.885 while

between the realized inflations 0.761. Hence, the former prohibits a joint

regression on inflationary expectations (multicollinearity). The correlation
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between the deviations of the realizations and expectations is low, 0.3
53. We

also find high correlations (in the 0.7-0.8 range) between the expect
ed, or,

realized rates of inflation and their corresponding variability. The latter

supports the already proved claim (e.g., Cukierman and Wachtel (1979), 
Klein

(1976), Logue and Willett (1976), Okun (1971)) that the variance of 
inflation

is positively related to its rate. The correlations between the variability

of CPI and WPI following either Livingston's (Carlson (1977)) definit
ion or

ours
7 and across definitions are relatively low (the range is .2—.5).

The empirical findings are summarized in four tables. Table 4 repeats LM

except that it is for the 1961-73 period, 6 month intervals and is restrict
ed

to the manufacturing sector. Also, in addition to the estimation of the

effects of the deviation of actual from expected CPI, DDPC, and variabil
ity of

inflation, VPCI only on employment, DEM, we also estimated their effects
 on

industrial production, DINDM, real hourly wages, DRHW, and real outpu
t per

employee, DRMP. As can be noted, LM's results for employment for 1965-75

(upper part, Table 1, p.1075) are maintained, a positive (not significa
nt)

effect of DDPC and a negative (significant) effect of VPCI. However, for DRHW

and DRMP the coefficients of DDPC are significantly negative. Hence, a

(positive) deviation of the realized from the expected CPI does not affect

employment while it causes production, real wage and output per employee to

decline.8 These effects are traditionally unexpected and thus deserve an

explanation. In the following two ad hoc explanations are offered. The first

implies that the LM model might be misspecified because the deviation of WPI

from its expected value, DDPW, and the variability of WPI, VPWI, are not

included. The second reason suggests that instead of deviations from expected

values the actual inflation rates, DPC and DPW, and their variances, VDPC and
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VDPW (see footnote 5), are the relevant variables (the original Phillips curve

did not relate unemployment rate to deviations from expected inflation but to

actual inflation). In Table 5, the LM model is extended to include WPI. In

the DEM and DINDM equations the coefficient of DDPW has a positive value, that

exceeds it standard deviation. The negative effect of VPCI is stronger and

more significant than in Table 4. However, the coefficients of DDPW and VPWI

are smaller than those (absolute values) of DDPC and VPCI. Hence, the

deviations of WPI from their expected values affect employment and production

in the opposite direction than the deviations of CPI. This is in line with

the theory. In the DRHW and DRMP equations the variables DDPW and VPWI are

entirely insignificant.

In Table 5 one should note that the absolute value of the negative

coefficients of DDPC is always larger than the positive one of DDPN.

Similarly for VPCI vs. VPWI. Hence, given that DDPC and DDPW are of the same

order of magnitude and VPCI and VPWI are of the same order of magnitude the

negative effect of the inflationary process on the real variables in the

economy is of no doubt.

Table 6 extends Table 5 to include actual inflations and the variability

of actual inflation, using our definitions (fn.5), VDPC and VDPW. The •

negative effects of CPI and the positive effects of WPI are maintained.

However, the negative effects of the variability of CPI do not show up. They

are positive but insignificant. The effects of the variability of WPI are

negative but are insignificant in the DEM and DRHW equations. Statistically

however there is no difference between the two tables. Hence there is no way

to discriminate between the model based upon deviations from expected
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inflation and that based upon actual inflation. However, there is no doubt

that in addition to the consumer price index (or deviations from its expected

value) one has to consider the wholesale price index (or deviations from its

expected value) when explaining changes in employment and production.

CONCLUSIONS

The regressions results provide a strong clue for the argument that

inflation imposes real costs on the economy. The most important findings are,

however, the opposite effects of CPI and WPI which is consistent with the

labor market theory.
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Table 1

Means and Standard Deviations (in parentheses) of Inflation Rates

and Standard Deviation§. of Net of Time Trend of Employment,
Industrial Production, Nominal Wages and Output Per Employee* -

Time Period 1/61-4/68 1/69-4/73 1/75-4/77 1/78-4/81 1/82-2/84

DCPI .0054 .0131 .0155 .0262 .0098
(.0035) (.0048) (.0036) (.0064) (.0045)

DWPI .0028 .0154 .0118 .0257 .0047
(.0049) (.0122) (.0072) (.0102) (.0037)

LEM .0078 .0415 .0304 .0200 .0279
LINDM .0137 .0465 .0577 .0379 .0551
LHNW .0528 .0706 .0746 .1060 .0319
LRMP .0222 .0200 .0324 .0206 .0409

*L denotes a logarithmic transformation.

Table 2
Inflation Rates, Means and Standard Deviations and Means and

Standard Deviations of Rates of Change of Employment, Industrial Production,
Nominal and Real Hourly Wages and Labor Productivity*

Time Period 1 2 3 4 5

DCPI .0054 .0131 .0155 .0262 .0104
(.0035) (.0048) (.0036) (.0064) (.0042)

DWPI .0028 .0154 .0118 .0257 .0045
(.0049) (.0122) (.0072) (.0102) (.0036)

DEM .0062 .0012 .0017 -.0000 -.0031
(.0128).(.0074) (.0202) (.0121) (.0187)

DINDM .0172 .0101 .0115 .0021 .0074
(.0127) (.0173) (.0377) (.0262) (.0326)

DHNW .0095 .0155 .0199 .0214 .0111
(.0045) (.0061) (.0021) (.0041) (.0038)

DRHW. .0041 .0024 .0044 -.0049 .0007
(.0040) (.0083) (.0040) (.0081) (.0053)

DRMP .0110 .0080 .0098 .0021 .0104
(.0089) (.0095) (.0223) (.0165) (.0195)

*All rates are quarterly rates. The order of the variables in the table
follows that in the title.



Table 3

Regression Coefficients of the Labor Market and Production Variables on CPI and WPI,
U.S., Quarterly Data, 1/61 to 2/84

Dependent Variable
Explanatory
Variable DEM OEM OEM DINDM DINDM DINDM DRMP DRMP DRMP DRHW DRHW DRHW

i

DCPI -.247 .... -.989 -.712 __ -1.862 -.464 __ -.883 -.536 ...... -.647
(.166) __ (.232) (.281) ...... (.400) (.169) __ (.253) (.065) __ (.099)

DWPI .165 .704 .083 1.108 -.082 .404 .249 .107
(.121) (.170) (.212) (.291) (.128) (.184) (.057) (.072)

.006 .001 .007 .021 .011 .023 .015 .010 .016 .009 .005 .009
(.003) (.020) (.002) (.004) (.003) (.004) (.003) (.002) (.003) (.001) (.001) (.001)

F(stat.)* 2.22 1.86 9.95 6.39 .15 10.91 2.52 .41 6.33 67.41 18.9 35.27

.77 .74 1.06 1.48 1.36 1.68 1.76 1.67 1.76 1.71 1.70 1.71

NOTES: *The degress of freedom are 1 and 88 when one explanatory variable is present and 2 and 87 when two explanatory
variables are present.

**Serial correlation is found only in the employment regressions. Thus we did not employ any correction
procedure.

Values in parentheses are standard errors of the estimates.
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Table 4

Regression Coefficients of Relative Changes in Employment,
Industrial Production, Real Hourly Wages and Labor Productivity,

U.S. Manufacturing 1961-1973: The LM Model*

OEM DINDM DRHW WIMP 

C .0405 .0801 .0194 .0395
(.010) (.013) (.006) (.008)

DOPC 0246 -1.186 -.939 -1.211
(.515) (.656) (.293) (.406)

VPCI
-3.479 -6.227 -1.799 -2.748
(1.119) (1.425) (.638) (.883)

R2 .336 .454 .362 * .366

F 5.83 9.55 6.53 6.64

OW .80 1.71 1.76 2.41

*Values in parentheses are the standard errors of the estimators.

Table 5

DDPC

DDPW

VPCI

VPWI

R2

OW

Regression Coefficients of Relative Changes in Employment,
Industrial Production, Real Hourly Wages and Labor Productivity,
An Extended LM Model (the wholesale price inflation added). *

OEM DINDM DRHW DRMP

.0352 .0737 .0203 .0385
(.010) (.013) (.006) (.009)

-.376 -1.704 -.916 -1.329
(.523) (.633) (.326) (.448)

.319 .474 --,,p 47 .155
(.256) (.325) (.160) (.219)

-4.383
(1.341)

-7.182
(1.701)

-1.515
(.836)

-2.799
(1.150)

.987 1.091 -.256 .105
(.757) (.961) (.473) (.649)

.455 .555 .372 .385

4.38 6.54 3.10 3.28

.94 2.01 1.74 2.43

*Values in parentheses are the standard errors of the estimators.
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Table 6

Regression Coefficients of Relative Changes in Employment, Industrial
Production, Real Hourly Wages and Labor Productivity. The Actual

Inflation and Variability Model

DPCI

DWPI

VDPC

VDPW

Ow

DEM DINDM uRHW DRMP

.0158 .0676 .0152 .0518
(.013) (.015) (.007) (.009)

-1.568
(.566)

-2.923
(.682)

-1.012
(.307)

-1.354
(.405)

.751 1.506 .096 .755
(.358) (.431) (.194) (.257)

.157 .119 .138 -.038
(.180) (.217) (.098) (.129)

-.032 -.237 -.013 -.205
(.109) (.131) (.059) (.078)

.338 .512 .421 .478

2.67 5.51

1.22 1.97

3.81 4.81

1.72 2.33

*Values in parentheses are the standard errors of the estimators.



19

FOOTNOTES

1. Levi and Makin (LM) relate the high variability of inflation to low

output which could mean high or low employment. The causality direction

we suggest is from inflation to employment and then from employment to

output. Also the model we employ is entirely different from that of LM.

2. When unemployment is considered condition (3) of market equilibrium

should be modified to

(3) N
D = N

S 
— U

where U is the number of unemployed. In order to simplify the

analysis U is assumed to be exogenous and is disregarded in the

following analysis.

3. Logue and Willett (1976) present a statistical test for the relationship

between the inflation rate and inflation variability. The hypothesis was

accepted in general. The exceptions are the highly industrialized

countries, one of which is the U.S. On the other hand Okun (1971) showed

that for the 1951-68 period there was a positive association between the

inflation rate and its variability. Klein (1976) showed the same for a

period of almost a century (1880-1972).

4. The separate results are available from the author upon request.

5. The empirical difference might be insignificant if both their expected

rates and current rates were highly correlated. As it turns out for the

expected rates the correlation is about 0.9 while for the current rates

it is about 0.75.
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6. The matching of the time periods is not perfect. LM present analyses for

the 1948-75 period and for the 1965-75 period. The differences in the

results are overwhelming. Especially, one should note (LM Table 1) the

differences in the coefficients of a and the considerably lower R
2

for the 1948-75 period. Since our analysis is for the 1961-73 period we

expect the results to be closer to those found for the 1948-75 period,

i.e. the R2 would be lower than LM found for 1965-75 and the effect

of uncertainty less pronounced.

7. The measure is the absolute value of the difference between current

inflation and the mean inflation over the three previous periods. Each

period is of six months duration.

8. Since labor contracts for periods.of a year or more are more

characteristic to manufacturing than to other nonagricultural sectors,

e.g. services, the (positive) significant effect of DDPC that was found

by LM for employment of the aggregate of the nonagricultural sectors does

not show up when the manufacturing sector is analyzed by itself.
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