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LABOR-MARKET DVY NAMICS

by

Dale Runge
Massachusetts Institute of Technology
Cambridge, Massachusetts 02139 USA

This paper presents a system dynamics model of worker mobility and wage
determination in a multi-sector economy. The paper reviews the background and
structure of the model, 1llustrates the model validation process, and. sheds
1ight on the dynamfcs of the labor market. ' ’

The labor-market model described in this paper has two purposes: to
increase understanding of labor-market dymamics, and to analyze labor-market
policles. The model provides structural explanations for numerous features
of the labor market, such as the phase relation between wages and employment.
Among other features, the model also explains the correlation between job
openings and unemployment, and between wage changes and unemployment. More-
over, the model displays its potential for evaluating labor-market policies,
such as increased intersectoral worker mobility.

‘The wodel's response to experimental step and fluctuating changes in
desired employment provides a basis for explaining characteristic features
of the labor market. For additional validation, the model's respounse to in-
puts derived from US data over the period 1954-1973 has been examined. The
degree to'which the labor-market model replicates US labor-market behavior
over that periad furthers confidence in the model.

The ultimate purpose of the model is to analyze policies when embedded
. in a larger model of national socio-economic behavior. (The Systems Dynamics
National Model is being developed in the Alfred P. Sloan School of Management,
MIT.) Although well beyond the scope of this paper, the labor-market model
will be used to evaluate such policles as increasing the efficiency of match-
ing workers to job openings and reducing employee turnover. The labor-market
model will also play a vital role in the search.for greater understanding of--
and for puliclies that affect--the apparent Phillips curve tradcoff between
. inflation and uncmployment. )
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1. INTRODUCTION

This paper aummérlzes the development and testing of a system dynamica model
of worker mobility and wage determination in a multi-aectqr_ec;)nomy.l The pur-
pose of ihe paper is to highlight the model structure, to illustrate the range
of validation tests performed on the model, and to increase understanding of labor-
market dynamics.

The procedure in this paper will be to first discuss the background of the
labor-market model, next overview the model structure, and then 1llustrate the
behavior of the model. Knowledge of the model structure will enable explanations
for certain characteristic features of the real-world labor market. For example,
the model structure helps explain the correlations between job vacancies and
unemployment (the Beveridge curve), and between wage changes and unemployment
(the Phillips curve).

Useful evaluation of a model is 1mpossiblg without knowledge of the model's
purpose. The labor-market model comprises one sector, called the labor sector,
of a larger model of national socto-economic behavior;2 The terms "labor-market
model"” and "labor sector of the National Model" refer interchangeably to the
The purpose of the labor-market model is

structure described in this paper.

twofold: first to increase understanding of labor-market dynamics, and second,

lThis paper reports some of the results of the author's Ph.D. dissertation
(Runge 1976a), and expande on the material presented in Runge (1976b). The
dissertation research was carried out under several grants, including those
from the Rockefeller Brothers Fund and the National Science Foundation,

‘ 2The larger model, the System Dynamics National Model, is being developed by
the System Dynamics Group, Alfred P, Sloan School of Management, MIT. For
a description of the scope and purpose of the National Model, see Forrester,
Mass, and Ryan (1976).
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in conjunction with the larger National Model, to analyze labor-market policies.
vThe System Dynamicas National Model incorporates the major features of
national socio-economic behavior as endogenous variables. The interaction of -
these variables will generate the economic growth, instability, ;nd inflation
that characterize the United States econ&my. Tise National Model will address
short-range and medium-range fssues, such as the causes of business-cycle
(3-7 year period), Kuznets-cycle (15-20 year period), and Kondratieff-cycle
(45-60 year period) fluctuations, and long-term issues such as the one-time
transition from growth to equilibrium. The National Model consists of si# disg-
tinct modél sectors: the production, labor, demographic, household, financial,
The labor sector-~the "labor-market model" discussed

and government sectors.

in this paper--recelves inputs from other sectors.on the demand for workers,

. worker income and assets, transfer payments, and the size of the workforce.

The labor sector supplies workers to the production sector of the Nntiona]
Model. " The production sector, in turn, contains a standard set of equations,
whlch.are replicated for different sectors of the economy, such as capital peods
or services. For each replication of the standard produgtlon sector, the labor
sector determines worker hiring and quitq, which along with layoffs comprise
the flow of workers between employment and unemployment. In addition, the labor
sector captures worker mobility between sectors. Wages are also gencrated in
the labor sector for workers in each replication of the standard praduction sector

A major short-term issue treated in the National Mode) will bhe the apparent
tradeoff between inflation and unemployment. When coupled with the other sectors
of the National Model, the labor sector will exhibit short-term variations in

unempioyment and wage changes. The availability and willingness to work of
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‘unemployed workers in the labor sector will significantly iufluence both the
short-term inflation/unemployment tradeoff and the efiectivéneus of policies
almed at al;érldg the tradeoff. The wage-chanée equation in tﬁe labor sector
does not assume a tradeoff between unemployment and wage changes; rather, it
seeks to incorporate the actual pressufes that bear on wage-setting.processes
in the real world, such as the difficulty employers have in filiing job vacan~
cies.

Among the long-term issues treated by the National Model is the indus-
trialization process, and constraints arising from shortages of capital,
technology, and labor. When embedded in the Natfonal Model, the labor sector
will display long-term changes in employment patterns among sectors of the
economy. The labor sector will also demonstrate the effect of the availability
of workers on such long-term changes. Any restriction in the flow of workers
among sectors would constrain the growth of sectors attempting to expand.
Moreover, higher wages needed to attract workers to growing sectors cam contri-
bute to inflation.

The development of the labor-market model draws on 5 wide range of des-
criptive; theoretical, a;d empirical materiﬁl. For example} the wage-chhnge
formulation relies on.descriptive analyses of the pressures affecting wage
changes, as well as on the sizeable hody of empirical literfature aimed at
explaining stétlstically the rate of change of wages, The specification of
worker movements between employment and unemployment incorporates imnsights
gleaned from theoretical and empirical studies of turnover in the labor market.
The formulations for interéectorél worker mobility borrow from the understand-

ing of the déterminants of worker movements galoned from numerous empirical studies.

Conceptually, the labor-market model has most in common with the job
search-turnover theory of the labor matket.3 The model incorporates stocks
of employed and unemployed workers, as well as the network of feedback rela-
tions that govern the flows between worker stocks. According to Holt (1974, -
p. 1), the job search-turnover theory of the labor market

...visualizes a complex set of dynawmitally interactiﬁg labor mar=

kets which are characterized by great heterogenelty of jobs and

workers, massive turnover flows in and out of the labor force and

between jobs, and limited information which leads to substantial

investments in search. The aspirations of workers for income and
satisfaction interact with those of employers for high output and

low labor costs. Human capital is accumulated by a worker through

his sequence of job experiences, both within and between firms.

Wages and working conditions are bargained for by workers indivi-

dually and’collectively through unions. The movements of workers

between jobs often are impeded by barriers related to race, sex,

age, and class, as well as by geography and occupation.

Figure 1 shows a simplified diagram of important labor-market stocks and
the flows affecting them. Manpower requirements are derived from the demand
for goods and services, shown at the bottom of Figure 1. A higher demand for
production increases the manpower required, leading to the creation of job
vacancies and a reduction of layoffs. The creation of new vacancies causes
the stock of job vacancies to increase; reduced iayoffs tend to increase the
stock of employed workers and to decrease the stock of unemployed workers. The
increased number of job vacancies induces more hires and recalls, which further
augment the stock of employed workers and diminish the stock of unemployed

workers. On the other hand, greater job opportunities signaled by mure job

vacancies promote increased quits, which tend to reduce the stock of employed

3For theoretical development of the job search-turnover theory, see Holt and
David (1966), and Holt (1970).
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workers and to increase the stock of unemployed workers. As the ;tock of
employed workers rises, the manpower available for production iﬁcreasea,
thereby diminishing subsequent creation of job vacancices. F;rthermore. condi~
tions within the labor market affect tetiremenés and the flow between Ehe stock
of family members not in the labor force and the stock of unemployed workers.

- The heavy dashed line in Figure 1 shows the boundary of the labor market
for the purposes of this study; the labor-market model does not embody the
creation of job vacancles nor flows into and out of the labor force. (In the

National Model, flows into and out of the labor force are determined in the

household sector, and the creation of job vacancies takes place in the produc-

tion sector.)
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Figure 1. Labor-market stocks and flows
Source: Holt (1970, p. 57, Figure 1 adapted.)
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While drawing heavily on prior work, the labor-market model has i{mportant
distinctive features. First, the model has a comprehensive perspective on‘the
operation of the labor market. With the exception of the job search-turnover
theory mentioned previously, analyses of labor-market dynamics usually focus
on the determinants of only a single rate cf flow, such as the study of quits
in Severn (1968), or of wages in Behman (1964), Such a fragemented approach
limits the usefulness of those studies for refining labor—markec'pollcy or theory.
The embodiment of wage determination, together wi;h worker stocks and intra-
sectoral and intersectoral worker flows, is a unique feature of the labor-market
model.a n dev?loping a comprehensive representation of the labor market, the
model interrelates the céuses as well as the consequences of worker movements.5

As a second distinctive feature, the determinants of model flows are not
limited solely to factors for which quantitative 1nformut19n exists. The
model formulations aim to capture the same influences on decision-making that
govern real-world worker mobility and wages, whether or not data on tﬁose in-
fluences has been or can be compiled. For examp]é, the influence of the supply-
demand balance for workers on Qage'cﬁanges is commonly expressedAin cmpirical
stuéles through the level of unemployment (for which data exist). In contrast,
the labor market model incorporates the pressure on waée changes arisging
directly from the length of time employers require to £ill job vanacies, even

though data generally do not exist on the duration of job vacancies.

ASee Holt (1974) for the outline of an approach to modeling the labor market
with a comparable degree of comprehensiveness.

sLnird (1974) stresses the importance of incorporating feedback into models
of worker movements.

“inchie - 2 S . . PR i G
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Ir. STRUCTURE OF THE LABOR-MARKET MODE L

The labor—ﬁarket wodel supplies workers to the various production sectors
in the National Model. While all workers could b?'drawn from a single non-
employed6 pool, the model instead incofporates a separate nonemployeh pool
for each production sector, Such a structure reflects the limited worker
avallability that a given production sector may face at any time due to tradi-
tiﬁn, specialized‘trainiug, or lack of information, regardless of the total
number of nonemployed workers. To permit worker movements among sectors, the
model utilizes a general nonemployed pool, into which workers flow from sector
nonemployed pools, and from workers flow to sector nonemployed pools. In
short, the structure exhibits a star-shaped network of labor flowa, with the
general nonemployed pool at the center and one sector nonemployed pool and one
sector employed pool alohg each arm of the star.

Figure 2 i{llustrates a typlcal arm of the star-shaped network of labor-
market flows. The general nonemployed pool connects with as many sector
nonemployed pools as there are production sectors in a given versihn of the
National Model. The flow of workers from tﬁe general nonemployed to the'sec—

- tor nonempléyed pools 18 called arrivals in sector; the opposite flow is

termed departures from sector. The hiring rate and the separation rate con-

nect the sector nonemployed and the sector employed pools within each production

gector.

6Norkers without jobs in the’ labor-market model include the passive as well as
the active unemployed. ' The passive unemployed are the jobless who are not

actively seeking work. To avold confusion with the US Bureau of Labor Statis-

tics "unemployed" concept, which includes only workers actively seeking jobs,
the model uses the broader term “nonemployed.”
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The star-shaped structure in Figure 2 significantly reduces the complexity
of the flows in the real-world labor market, where each’pool of workers is
potentially linked to all other pools. Nevertheless, Figure 2 represents the
essentials of worker mobility. For example.'even the direct fiow from a job .
in one sector to a job in another sector 1s captured. The durations of stay
in the nonemployed pools which intervene between any two employed pools are
averages over a wide range of different individual &urations of stay; thevduta-
tion of stay for some workers is much shorter than average. Direct job-to-job
movement corresponds to a flow through the intervening nonemployed pools with
a very shoft duratipn of stay.

All production sectors a%e treated in a standard way in the labor-market
model: the same mobility equations operate for each production sector, with
parameter values set to represent the particular characteristics of each sec-
tor. In other words, the labor-market model captures all worker mobility in
the four flow rate equations indicated in Figure 2. One additional rate in

Figure 2 represents the change in wages in each sector. These five equations

form the core of the labor-market model.
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Figure 2. Basic structure of the labor-market model
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A. Riring Rate

‘ Figure 3 shows the influences on the hiring rate. As depicted on the right
side of Figure 3, an increase in the backlog for workers (analogous to job’
vacancies) raises the hiring rate., However, a higher backlog for workers also
reduces the relative availability for hiring. defined as the ratio of the sec-
tor nonemployed to the backlog for workers. The probability that a given job
opening 1is filled in a given time perilod decreases as the relative availability
for hiring declines. Therefore, a higher backlog for workers decreases the
probability of f£illing a given job opening in a given time period, thereby
making an& rise in the hiring rate less than proportional to the increase in
backlog.

The disposable income of sector employed also influences the hiring rate.
As disposable income of sector employed increases, the hiring rate also rises
due to the greater attractiveness of holding a job in the sector. However, the
net effect of disposable income of sector employed on the hiring rate depends
on the length of week for labor. For a given income, a longer length of week
for labor tends to depress the hiring rate. If the length of week for labor
in a sector is too long, workers are discouraged from accepting work in the sec-
tor.

In Figure 3, the hiring rate 18 negatively affected by the well-being of
the sector nonemployed. The well-being of the sector nonemployed increases as
transfer payments to the sector nonemployed increase, duration of transfer pay-
ments lengthen, and assets per worker grow; well-being decreases as the dura- )
tion of stay in the sector nonemployed pool (equal to sector nonemployed divided

by hiring rate plus departures from sector) lengthens. An {ncrease in the
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well-being of sector ployed red ' the ic 1 tive to work and . . proportional to the number of sector employed workers, but is also influenced

tends to depress the hiring raie. and vice versa.7 by the well-being of sector nonemployed, the disposable income of sector em-

ployed, and the length of week for labor. Whenever job openings increase,.

+
RELATIVE .
;3&%53&% “\\\ : o and the hiring rate consequently rises, the duration of stay in sector non~
:33‘:8:&553 . : . employed decreases. As a result, the well-being of sector nonemployed increases
TOR ' . -
ﬁ%ﬁé’ €0 ) ' ) ‘due to the reduced need to consume assets while not employed. Higher well
being of sector nonemployed tends to increase the quit rate.8 On the other
DG~ e o e e e HIRING RATE hand, high disposable income of sector employed tends to diminish the quit
. ‘k\\\\\Lt“G,“o, ’ rate by making present jobs more attractive.9 Thellength of week for labor
HEstaro - -
FETA . : also affeqts the quit rate. If the length of week for labor exceeds its tradi-
OISPOSABLE INCOME . .
OF SECTOR EMPLOYED tional length (at a given income) or becomes excessively fatiguing, the quit
& ' N : ' ' )
DURATION OF SEEtor NONEMPLOYED rate rises.
- STAY IN sscrmJ— + .
'NONEMPLOYED . B . The layoff rate in Figure 4--determined in the production sector of the
National Model--is governed by a comparison between the desired and the actual
P — JRANSFER PAYMENTS TO . ’ nunber of sector employed. An excess of desired over actual sector employed
"'825:I5¥§°""‘“"E” : * leads to fewer layoffs; conversely, if actual sector employed is greater‘than

— ASSETS PER WORKER .
desired, a higher layoff rate results.

.

Figure 3. Influences on hiring rate.

B. Separation Rate

Figure 4 shows the influences on the geparation rate. The separation rate

13 the sum of the quit rate and the layoff rate. The quit rate is basically

7The positive effect that a long duration of unemployment has on a worker's

willingness to accept a job is a cornerstone of the job vacancy-turnover

theory of the labor market. The effect of transfer payments on job-search .

activity are reported, for example, in Myers and Sc»hultz (1951). a'I‘he reasponse of quits to increased demand and hiring is dlscussed in Behman
(1964), pp. 261-262,

9Burton and Patke_r (1969) discuss empirical evidenre far the nepgative influence
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Figure 4. 1Influences on separation rate.

C. "Arrivale in Sector:

Figure 5 shows the influences on arrivals in sector. Arrivals in sector
are proportional to the size of the workforce in the sector (the sum of sector
employed and’ sector nonemployed). As discussed in Myers and Schultz (1951,

Pp. 70-71), a large portion of job information is transmitted by word-of-mouth;
therefore, the larger the sector, the more nonemployed workers outside the sec~

tor are likely to hear of work there. Arrivals in sector are affected as well

‘by the size of the general nonemployed pool; a smaller (larger) gencral non-

employed pool means a lower (higher) flow out of the pool. The duration of stay

P
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in the general nonemployed pool (equal to a general nonemployed divided by
total arrivals in sector) also influences arrivals in sector, A leng:hening
duration of stay in general nonemployed 1ncreases the financial hardship of
remaining in the general nonemployed pool and raises the incentive to seek
work. Therefore, in Figure 5, an increase in the duration of stay in goneral
nonemployed raises the relative duration in general nonemployed, which then
increases arrivals in sector. Transfer payments to the general nonemployed
also 1nflpence>arrivala in sector through their effect on the “acceptable"
duration of stay in the general nonemployed pool. An increase in tranafer
payments o general nonemployed shortens the relative duration in general non~
employed, corr;sponding to greater economic well-beilng, which lessens the
incentive to seek work and théreby depresses arrivals in sector,

Aside from the size of the workforce in a gsector, the major sector-
specific influences on arrivals in sector are the perceived income ratio and
the relative perceived hiring delay. The perceived income ratio reflects the
perception by workers in the general nonemployed pool of the income of workers
in the sector relative to the average income of all workers in the economy. An
increase in the income of workers in a sector tends to raise arrivals in sector
because of the attractiveness of the gre;ter earning potential there. The rela-
tive perceived hiring delay indicates the perception by workers in the general
nonemployed pool of the hiring delay in the sector relative to the average hir-
ing delay in the economy. The hiring delay measures the average time required
to find work in a sector. A short hiring delay, signaling favorable demand con-
ditions in a sector, increases arrivals in sector because the likelthood of

finding work there is high,

LY



s e

- 1) -
TRANSFER PAYMENTS TO
GENERAL NONEMPLOYED
URATION OF
OV A IN GENERAL o+
NONEMPLOYED ACCEPTABLE
(] - DURATION OF
STAY i GENERAL
NONEMPLOYED
.’ —
GENERAL . ATIVE DURATION IN
NONEMPLOYED :E:ismu. NONEMPLOYED
+ +
Dl — — — ——ARMVALS [N SECTOR_
+
\ RELATIVE
PERCEIVED
HIRING DELAY
SECTOR
NONEMPLOYED
) PERCEIVED
INCOME
RATIO
WORKFORCE
+ IN SECTOR
+
SECTOR
EMPLOYED

Figure 5. Influence on arrivals in sector.

D. Departu res

Figure 6 shows the influence on departures from sector. Normally, some
fraction of the sector nonemployed can be expected to depart to the general

nonemployed pool for a variety of reasons, such as dissatisfaction or upward

fro

m Sector
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\" mobility; therefore, departures from sector are proportional to the size

of the sector nonemployed pool, Departuxes from sector are also influenc;d
by the well-baing of sector nonemployed: the higher the well-being of sec~
tor nonemployed, the less impetus for leaving the sector to seek work
elsewhere, Departures from sector are also tempered by perceived average
income, a measure of the perception by the sector nonemployed of the average
income elsewhere in the economy, ﬁigh average Income elsewhere increases
the attractiveness of leaving a sector.lo

In Figure 6, the mobtlity of workers through tﬁe general nonemployed pool
also 1nflhénces departures from sector, A short relative duration in general
nonemployed suggests high mobility, an encouragement for departures, and yice
versa, The effect of the relative duration in general nonemployed on depar-

ture thus indirectly reflects the ease of finding work elsewhere.

b

OA comparison of the sector-specific influences on arrivals in sector (Figure

5) and departures from sector (Figure 6) indicates that arrivals are responsive
to such particular conditions in the sector as' income and hiring delay. In
contrast, departures are influenced only by the well-being of sector monemployec
The concept of asymmetrfcal influences on arrivals and departures is consistent
with the main thread of recent migration studies as discussed in Morrison and
Relles (1975, pp. 1-4).
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Figure 6. Influences on departures from sector.

E. Change 1in VWVWages

Figure 7 shows the influences on the change in wages in each sector. The
change in wages is proportional to existing wages. In other words, the abso~
lute change in wages due to a given percent change depends on the level of
wages. The other influences on the changeé in wages; when multiplied by the
level of wages, determine the absolute change in wages.

» Relative wages--wages in the sector relative to aVerage wages in the
economy--influence the change in wages. If ;verage wages outside the sector

increase, relative wages within the sector decline, creating upward pressure

on the change in wages, The impact of relative wages on the change in wages
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captures the effect of "secondary wage drift" discussed in Phelps Brown-(l962).
Secondary wage drift describes the influence that wage changes in one part of
the economy have on wage changes elsewhere. -

Perceived 1nf1at104 in the nation also influences the change in wages.
The perceived inflation in nation represen}s worker and employer perception
of the rate of increase in prices.

Another influence on the change in wages is the delivery delay for workefs;
The delivery delay for wérkera, a measure of the average time needed to fill
a job opening, provides the principal influence on the change in wages from
the worker supply-demand balance in the model. A short delivery delay for
workers reflects a slack labor market where job openings are easy to fiil; a
long delivery delay for workers, on the other hand, reflects tight labor-market
conditions where job openings take a long time to fill. ‘The use of delivery
delay for workers as an influence on the change in wages 19 the labor-market
model contrasts with thé dominant practice in empirical economics. In a tra-
dition established by Phillips (i958), model equations for the change in wages
typically incorporate the unemploymept rate as an indicator of the worker
supply~demand balance.. The unemployment rate 1s frequently used because
data 1s lacking on other, more realistic indicators of the worker supply-
demand balance. In the labor-market model, oﬁ the other hand, the delivery
delay for workers indicates the relaéive d!ffichlty employers have in filling

Job openings; the delivery delay for workers comes much closer to capturing

. real-world pressures on wage changes than the unemployment rate.

Figure 7 alao shows an influence.on the change in wages from the employ-

ment ratio in sector, which 1s the ratio of the actual to the desired number
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- of sector employed. When the desired exceeds the actual number of sector : IIT, BEHAVIOR OV THE LABOR-MARKET v“ ODPEL
employed, upward pressure is placed on the change in wages, and vice versa. -
‘The labor-market model, in both one~ and two~sector vetai.ons,' has been
t';ested extensively for validation purposeilv. The model has been subjected

to two classes of test inputst simple (that is, step and fluctuating) inputs,

EMPLOYED -
DeginEY . and time-serfes tnputs. Initfal tests utilized a step increase in, and a
:nPLov:n :
u!u! fluctuating level of, desired employment, The initial test results showed a
I EMPLOY )
nkﬂo'" plausible model response to test inputs, and a relative insensitivity to
SN R
: sizeable parameter changes, The test results have permitted comparisons be-
"//// tween the behavior of the model and the real-world labor market, Moreover,
————— cumas " WAGES hd . v . v
.‘R\\\nﬁaﬁﬂxﬁg : the model structure has provided explanatory insights into numerous features
TION
IN NATIO characterizing both the model and real-world labor markets.
WAGES
RELAHVEIuGEs The model has also been subjected to inputs derived from real-world data.
A two-sector version of the model, representing the entire US labor market,
proved capable of replicating real-world worker mobility and wages over the
AVERAGE WAGES
+ period 1954-1973, when driven by time series inputs.

Selected results of subjecting a one-sector version of the model to
. simulated business-cycle conditions will be reviewed below to illustrate the
Figure 7. Influences on the change in wages.
model testing process. The model was subjected to a +10% fluctuation in
desired employment, with a period of 4 yeara, to approximate US business-cyclé
fluctuations in the demand for workers. The test provided a wealth of mate-
rial for comparing model behavior to the real world, However, due to space

limitations, only certain phase relations and correlattons in the model will

be treated here,
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In Figure 8a, the hiring rate, the backlog for worketa.vand'the levels
of sector employed and sector nonemployed all fluctuate over amplitude ranges
that agree with US business-cycle fluctuationa.l1 The backlog for workers
in Figure 8a leads the sector employed, peaking about 3/4 year before sec-

tor employed. A comparable phase relation exists between nonagricultural

_ job openings and nonagricultural employment in the United States.12

Figure 8b shows the behavior of wages in the labor-market model. Hages.
fluctuate, in response to changing demand for and supply of workers, about
an averége value greater than their initial value. The tendenc& for wages
to increase on the average arises from the greater fléxibility of wages up~
ward than downward. In the one-sector model used for Figures 8a and 8b,

average wages in the economy are assumed to be constant; they therefore exert

-downward pressure whenever wages in the sector rise. Wages in Figure 8b fluc~

tuate about a value where the downward pressure frqm the effect of relative
wages offsgts the greater upward flexibility of wages in the sector. If wégea
were increasing.elsewhere in the model, the downward pressure on wages in the
sector would diminish and wages would exhibit‘s secular rise in their average
value. Such a tendency in the labor-market model--as in the real world--can
be an important component of inflation. Wages in Figure 8b lag behind sector

employed in Figure 8a by about 5 months. The lag of wages behind sector em-

-ployed agrees with the real-world lag of wages behind employment in manufac-

turing, as noted in Gordonm (1961, p. 289).

11The simulation shown in Figures 8a and 8b spans 20 years. The figures

show only year 10 to year 20, however, to reveal more detail and facili-
tate examination of phase relations and correlations.

12

See Moore and Shiskin (1967, p. 55).
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Figures 8a and 8b show correlations between model variables that corre-
spond to real-world correlatioms. For example, Figure 8a ghows that the
backlog for workers and the sector nonempioyed are negatively correlated;
an 1ncreése in the backlog for workers i{s accompanied by a decline in sec-
tor nonemployed, and vice versa. Figure 9a shows annual values of the back-
log for workers and sector nonemployed from the simulation in Figure 8a
plotted as percents of the workforce in the sector. On the vertical axis,
the backlog fraction in sector is defined as the backlog for workers divided
by the workforce in sector. The horizontal axis shows the nonemployed frac-

tion in sector expressed in perceat terms.
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Figure 8. Response of labor-market model
to fluctuating desired employment.

Figure 9b shows real-world data comparable to that in Figure 93.‘3 In

Figure 9b, the number of vacancies pending at the US Employment Service as o

13F1gute 9b reproduces Figure 6 in Holt et al. (1971, p. 40).

e
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pefcent of the labor force, called the vacancy rate, is piotted against un-"

employment as‘'a perceant of the labor force. A comparison of Figures 9a and

9b

shows the gualitative agreement between the correlations in the two fi-

res.14 The structure of the labor-market model explains why such a corre-~

gu
lation should exist in both the model and the real world. An increase in the
backlog for workers, by increasing the hiring rate, tends to decrease the num-
ber of sector npnemployed. and vice versa, thereby inducing a negative
correlation between backlog for workers and sector nonemployed.15
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Figure 9a. Backlog fraction in sector
versus nonemployed fraction in sector
from simulation in Figure 8a.

NONEMPLOYED FRACTION IN SECTOR (%) FIGURE 6 VACANCIES AN UNEMPLOYMENT, U. 5. DATA. 1847-- 1968,

Figure 9b. Vacancy rate versus
unemployment rate in United States.

14

15

The vertical scales are different between Figures %9a and 9b because vacancy

data used for Figure 9b understates the actual number of vacancies in the eco-~
nomy. Even if the data in Figure 9b did report all job vacancies, the scales
would still differ because backlog for workers is a more inclusive measure of
demand than officilally defined job vacancies. (For example, "backlog for workers"
includes demand for workers being recalled from layoff, but "job vacancies" does
not.) The difference in vertical scale between two figures. only alters the slope
of the negative correlation; the underlying qualitative apreement between the

two correlations is not affected.

The model also displays a shift in the correlation between backlog for workers

and sector nonemployed when transfer payments to the sector nonemployed increase. -

Gujaratl (1972) found the same results in the real world.
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Figure 8b reveals a second correlation of interest. The nonemployed
fraction in sector and the fractional change in wages tend to be negatively
correlated; an increase in the nonemployed fraction in sector is accompanied
by a decline in the fractional change in wages, and vice versa. Figure 10a
graphs data from the simuiation shown in Figure 8b on the fractional change
in wages versus the nonemployed fraction in sector, both expressed im percent

terms. The curve through the data in Figure 10a expresses a regression of

the fractional change in wages (FCW) on the reciprocal of the nonemployed fgacf

tion in sector (NFS), in én equation of the form FCW = A + B/NFS.

Figure 10b reproduces the origimal Phillips curve that relates the rate
of change of money wages to the unemployment rate in th? United Kingdom. 6
Comﬁarison'of Figures 10a and 10b reveals close agreement between the correla~
tions in the two figures. Both show that the rate of wage change tends to
accelerate as the unemployment rate declines. Conversely, as the unemployment
rate increases, the rate of wage change falls with decreasing steepress. More-
over, the values of the ftactional change in wages in Figure 10a agree well ~

with those in Figure 10b for corresponding values of the nonemployed fraction

in sector. The labor-market model structure expiains the negative correlation

" between the fractional change in wageas and the nonemployed fraction in sector:

Qhen the nonemployed fraction in sector declines, the increased competition
for workers raises the difficulty of matching workers with jobs in a given

time period, as manifested in a longef delivery delay for workers. The result-
ing upward pressure on wages from a longer delivery delay for workers induces
a wage increase that correlates with the decline in the nonemployed fraction

in sector.
16

F{gure 10b reproduces Figure 1 in Phillips (1958, p. 285).

e —
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The correapondence between model and real-world labor markets vreveals IV. SBUMMARY

the model's ability to capture labor-market dynamics realistically. Among

other features, the model also shows a positive correlation betvéen hiring The labor-market model described in this paper draws on a wide range Of' .
and wage changes that agrees with the correlation shown in Behman (1964, ‘ " descriptive, theoretical, and empirical literature. The model embodies a com-
P. 259). Mareover, the model structure explains the negative correlation prehensive theory of the ¢ and conseq of both intra- and inter-
commonly found between wage changes and the rate of change of uﬁemplnymem:17 k sectoral worker movements, and also encompasses the determinants of wage changes
on the basis of stock-flow interactions in the labor market.!d in the different sectors of a multi-sector economy.

The model tests to date have provided a solid initial basis for confidence

g0 H
T 3
3 H in the model. The model's response to simple step and fluctuating inputs, as
g
5 s H well as 1ys performance when subjected to time-series inputs, yleld many areas
z P ) .
"é‘ § of congruence between the model and the real world. The model structure also
< ] .
X
S 0 ? sheds light on the dynamics of the real-world labor market,
a4 L .
xz -
g f When embedded within the larger National Model, the labor-market model
3 3 .
.& -5 M ultimately will be instrumental in evaluating such manpower policies as in-
] 2 4 ] B 2 Unamploymant, %. .
: Fig.1.1861- 1913 creasing the efficiency of matching workers to job openings, and reducing
NONEMPLOYED FRACTION N SECTOR (%) ;
. employee turnover, for example. The labor-market model will also play a vital
Figure 10a. Phillips curve . Figure 10b. Original Phillips curve ploy * P pray
derived from simulation In - relating.the rate of change of money . role in the search for greater understanding of--and for policies that affect--
Figure 8b. wages and employment.

the apparent Phillips curve tradeoff between inflation and unemployment.

17See Bowen and Berry (1963)° for example.

18Spacgz limitations pretlude full discussion of such features here. See
Runge (1976a, Chapter IV). .
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Bowen and Berry (1963)

Burton and Parker (1969)

'Forrester, Mass, and
Ryan (1975)
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Holt (1970)

Holt and David (1966)
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