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THE REFERENCE MODE
AAS'A GUIDE TO TRANSPARENT CAUSAL STRUCTURE
by
Dale Rﬁnge

Massachusetts Institute of Teéhnology
Cambridge, Massachusetts 02139, USA

This paper establishes the fmportance and usefulness of a well-defined
reference mode as a guide to developing transparent causal structures for
syatem dynamics models. The importance of a transparent causal structure
is tvofold: {1t enhances understanding the model dynamics, and it facili-
tates communicating to others the model and the insights derived from
wmodel simulations. : .

The paper offers as a fundamental guideline for selecting transparent
causal structures the following: strive for as highly-aggregated and as
simple a structure that will generate the dynamics of interest. Abflicy
to follow the guideline depends on a well-defined reference mode, which
in turn requires a clear model purpose.

To 1llustrate how a well-defined reference mode can guide the selec~
tion of a transparent causal structure, the paper traces the development
of a model of the labor market. First, the model purpose 1s described.
Next, the evolution of the basic causal structure is discussed, utilizing
the reference mode embodied in the model purpose to select a transparent
structure. Finally, the causal influences on model rates of flow are
highlighted. ’

To establish the suitability of the selected atructure, the paper
then summarizes the results of model tests. As the paper shows, the
relatively transparent causal structure chosen for the model appears
capable of providing insight into the real-world labor warket, and of
enhancing labor-market policy analysis. .
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1. IRTRODUCTION

A critical step in developing any system dynaniee model 1l‘tq
“chocse the baste cauael structure of the model, The term “causal struc-
ture” refers principally to the set of levels and rates that compriee '
the model. Deciding\which levels, and theilr aassociated rates, to include
in a model is rarely a straightforward matter. Commonly, questions
about a deairable degree of aggregation, and about an explicit versus
implicit treatment of certain processes, cloud the matter and make select~
" ing a basfc causal structure an agonizing phase of model development, ‘
Models of population provide a ready example: often the modeler encountera
difficulty in deciding how fine a representation of the aging proceas
(which determines the basic set of levels and rates in the model) should
bhe used, ‘

This paper asserts that difficulties encountered in aelectini
a baslc causal structure can be traced to an inadéquate formulation of the
reference mode for which the model is designed, The uncertainty resulting
from an inadequate statement of the reference mode most commonly leads to
more detail in model structure than 1s desirable, . ‘

The importance of a clear reference mode for a model cannot be
overstated, Only if the modeler has a clear reference mode in mind can
he or ghe hope to evolve a "transparent" causal structure for the model.
The transparency of a model's causal structure has importance for two
principal reasons. First, only 1f the model ia significantly less com~

pPlex than the real world can the modeler hope to understand its dynamics

R SR RIS

'f

" modeled, . The absence of a relatively transparent
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and attain any enduring insights into the real-world system being

1 structure, en-

© . suing from an 111—6e£1ned reference node, means the modeler may have
gatned little by building the model, Second, even if a modeler can cope

with an unnecessarily detailed model, his or her ability to communicate

to others the model itself, and {nsights derived from model simulations,
is greatly diminished, The intellectual effort required of others to
wade through a labyrinth of detailed structure greatly reduces the impact
of a nodel}ng effort,

Transparency of causal structure, then, is an important aim in
developing a model, What guidelines exiat for achieving transparent
causal structurea? The fundamental guideline appears to be: strive for
as highly aggregated and as simple a structure that will generate the

dynenica of interest, The dynamics of interest, of course, revolve around

"the.reference mode, which is in turn a function of the model's purpose.

' The reference mode of a model under development can be stated
by draving a graph of the expected behavior of major variables of interest.

Doing so also helps define more clearly which varfables must appear in the

model, The reference mode may algo be stated descriptively, by a discus~
" 8ion of the phenomena the model 18 meant to portray., Often, the refer-~

.ence mode encompasses different possible specific time paths for model

variables, and a descriptive treatment of the reference mode may actually

convey more of the purpose of the model than a graph of expected behavior,
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An'unfortunatc aspect of mwany treatments of methodology is
‘that tha generalities and guidelines offered lack concrete meaning .to

the reader. PFor ple, the guidelina that one should “strive for'ds

hiéhly aggregated and as simple a structure" as possible ﬁay be of little
use to the reader when attempting to implement it, A concrete illus-
tratlon‘of how the guideline has actually been fbllowed in practice 1s
worth more than repeated exhortations. Accordingly, the remainder of
this paper trac;s the processa by which a clear notion of model purpose

and the consequent reference mode led to a relatively traﬁspnrent model
causal atryctute. As the discussion will reveal, a less well-defined
reference mode could have led to a considerably more complex-—;dd
consequently less useful--causal structure. To demonstrate that the
transparent causal structure 1s still adequate for generating thé dynamics

of interest, the paper will also summarize the results of model testing,

.
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II. ILLUSTRATIVE CASE: DEVELOPMENT OF ‘

A MODEL OF THE LABOR MARKET
To provide a cencrete illustration of how the reference mode’
sarves as & guide to transparent causal structure, this section relates

tha development of a system dynamics model of the labor market, The pro=-

- cedure will be first to discuss the purpose of the labor-market model,

in which the reference mode of the atructure under development is des-~
cribed, then to trace the selection of levels and rates, and finally to
highlight the causal influences on the rates.l

A. Puxpose of the Model

The labor-market model comprises one sector; called the labor

’ sector, of a larger model of national socio-economic behavior.2 The
terms “labor-market model" and "labor sector of the National Model" refer -

Alnterchangeably to the structure described in this paper., The purpose

of the labor-market model 1s twofold: first to increase understanding of
labor-market dynamics, and éecond, in conjunction with the larger National

Model, to analyée labor-market boiic@es.

lthe model discussed here is developed fully in the. author's Ph.D. disser-
tation (Runz2 1976a), The dissertation research was carried out under
several gra-ii, including those from the Rockefeller Brothers Fund and
the Natfonal! :ience Foundation,

2The larger model, the System Dynamics National Model, s being developed
by the System Dynamics Group, Alfred P. Sloan School of Management, MIT.
For a description of the scope and purpose of the Nationmal Model, see
Porrester, Mass, and Ryan (1976).

e
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C » g e "unemployed workers in the labor sector will significantly influence both the
* The System Dynamice National Model incorporates the major features of S
) ' : L ’ short=term inflation/unemployment tradeoff and the effectiveness of policies
national socio-econoaic behavior as endogenous variables. The interaction of . ,
! ) ’ aimed at altering the tradeoff. . The wage-change equation in the labor sector
these varfables will generate the economic growth, instability, and inflation Lo g ' .
. ' . . does not assume a tradeoff between unemployment and wage changes; rather, "it.
that characterize the United States economy. .The National Model will address R - . )
- . seeks to incorporate the actual pressures that bear on wage-setting processes
short-range and medium-range issuea, such as the causes of business-cycle . )
. . in the real wvorld, such as the difficulty emplovers have in f11ling job vacan-
(3-7 year period), Kuznets-cycle (15-20 year period).'and Kondratteff-cycle ) : ‘ '
! cles. : o
(45-60 year period) fluctuations, and long-term 1ssues such as the one-time ' .
' . ' : : Among the long-term issues treated by the National Model is the indus-
trangition from growth to equilibrium. The National Model consists of six dis- :
: - : ializatd d conatraints arising from shortages of capital
tinct model sectors: the production, labor, demographic, hougehold, financial, Fr allzatlon process, and cons fu nes sing & P ¢
: ' . he National Model, the labor tor
and government sectors. .The labor sector--the "lsbor-market model” discuseed technology, IﬂdllﬂbOT When embedded In the National Mode . e labor sec
in this paper--receives inputs from other sectors on the demand for workers, will display long-term changes !F employment patterns among sectors of the
vorker income and assets, transfer payments, and the size of the workforce. ;econouy..v?he labor sector will also demonstrate the effect of the availabiliey
sh .
: - . 1 £ ki
The labor sector supplies workers to the production sector of the National Pnf vorkers on such long-term changes. Any restriction in the flow of workers

: ' tempei d.
Model. The production sector, in turn, contains a standard set of equations, among sectors would constrain the growth of sectors attempting to expan

: : : ing sect trie
which are replicated for different sectors of the economy, such as capital goods Moreover, higher wages needed to attract workers to growing sectors can contri

or services. For each replication of the standard production sector, the labor : ﬂ-butemFP 1n£1ation.. . ' .

sector determines worker hiring and quits, which along with layoffs comprise

the flow of workers between employment and unemployment. In addition, the labor B, Evolution of Basic Causal Structure
: 1 v . . s . d. their interconnecting rates of
sector captures worker mobility between sectors. Wages are also generated in Representing vorker stocks an 8
- 8 @ potentially formidable undertaking.
the labor sector for workers in each replication of the standard production sector. flov in & multi-sector economy 1 po y

t in each replication of the
A major short-term 1ssue treated in the Natfonal Model will be the apparent Because labor is a factor of production P

' x t ' Model, the pool of employed
tradeoff between inflation and unemployment. When coupled with the other sectors standard production sector of the National » p P

e . t necessarily be represented. From that
‘of the National Hodel, the labor sector will exhibit short-term variations in workers in each sector must necess ¥y P

' with a wide array of possible
unemployment and wage changes. The availability and willingness to work of predeternined starting point, one 1s faced y P
‘ representations of unemployed worker pools, and the flow of workers

between unemployed and employed pools.

) o ' | w - ' SRR amg;&awﬁﬁ%*ﬁﬁﬁﬁ@ﬂ@@aumgaﬂnu}
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Firat, one must settle the question of how to define the
"unemplo}ed" stock or stocks of workers, To be classified by the United
States Bureau of Labor Statistics as “unemployed”,. but still in the labor
force, a worker must be actively seeking work., In terms of the actual
number of jobless wo;kers available for hirin;. such.a definition under-
states the size of the pool of workers from which employers can draw
labor. Accordingly, jobless workers in the labor-market model are as~
sumed to include the “passive" uﬁemployed, or those not actively seeking
work., To avoid confusion with the Bureau of Labor Statistic; concept,
Jobless workers in the labor-market model are termed "nonemployed", rather
than "unempléyed", to refiect the inclusion of the "passive" as'weil as
“active" unemployed.

Figure 1 shows one obvious alternative for handling noneméloyed
workers in the model structure. In the figure, nonemployed workers are
aggregated into a single pool, and hiring for the sector empldyed pools
of all sectors draws on workers from the single general nonembloyed pool.
Such a structure offers a simple, transparent representation of the labor
market. However, brief teflect{on reveals its ingdequacy. Regardless of
the total number of nonemployed workers at any time, the number of workers
available to a given production sector is limited, Whether by tradition,
training, or lack of information, each sector faces a con§tfaint of
limited worker availability, The real~world segmentation of the labor

market, vhich leads to the existence of ‘moncompeting groups" (Kerr 19545

~ k62 -
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atrongly suggests tha inability of the structure in Figure 1 to gaptutg
1abor-market dynamics adequately. Figqte 1 appears to enhance simplicity -
at the expense of dynamic capability; accordingly, a more complicated
reptésentation appears necessary. » '

LY

Sector

. General
Sactor Employed

Fmployed Nonemployed

. 4

Séctor
Fmployed

v

FPigure ‘1, Labor-Market Structure with One Nonemployed Pool.
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Figure 2 depicts an attempt to incorporate.labor-market seg-
neqtatibn by introducing one pool of nonemployed workers, called the
“sector nonemployed" pooi, for each production sector, The structure .
in Figure 2 clearly satisfies the need t;,incorporate the :Eal—uorld
limitation of worker availability faced by each production sector.
MHoxeover, by assoclating a monemployed pool of workers with each produce
tion sector, the structure potentially allows examination of policy
iasues a?ising from inter-sectoral differences in the economic well-being
of nonemployed workers. For example, such a structure can aid examinnf'
tion of the effect of an increase in nonemployment compensation on
nonemployed workers' willingness to accept work in a sector, or to move

to a different sector,

A significant question the structure depicted in Figure 2
leaves unanswered 1s how to represent the intetsectoral flow of workers.
Data on the United States labor market strongly suggest tﬁe need to
incorporate iétersectoral worker flows. The'long-éerm movement of
workera out of Agriculture and into manufacturing and services provides
one example, Even on a short-term basis, ) . 1nter§ectoral worker
flows are significant, According to Gallaway (1967, p. 29), at leaaf
25 of the employees in one industry in 1957 were employéd in another in-

dustry in 1960. Data fram

@ o

Bancroft and Garfinkle (1963, PP. 1-10) show
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Sector Sector
Employed Nonemployed

- héh -

Sector
Nonemployed

Sector

Employed

r

" Sector
Nonemployed

Sector
Employed

Figure 2. Labor-Market Structure with a Nonemployed
Pool for each Employed Pool,
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that over one-half of the job chanjea in 1961 involved a movement from
one of fourteen induqtryvclasaifications to another, While the need to
ingorporaté intersectoral worker flows is clear, the means of doing so
18 perhaps the crucial unanswered question faced in developing‘a struc~
ture fog modeling'the labor market,

Figure 3 presents one alternative for representing intersectoral
worker flows, ;n the figure, all logically possible flows--from each .
pool to every other pool--are depicted. The flows in Figure 3 capture
flowa that actually occur in the real world. .A nonemployea worker in
Vone sector may move to a second sector, either by being hired directly out
of the first sector's n%nemployed pool or by moving to the second sector's
noﬁemployed pool and there looking for work. Similarly, an employed
worker in one sector may leave his job and go to the nonemployed pool in
a second sector to seek work. Moreover, he may go directly to a new job
in another gsector. In fact, direct job-to~job flow is more than a logical
possibility: Bancroft and Garfinkle (1963, p. 1) show that in 1961 ap~
* proximately 40 of all job changes occurred without an intervening period
of unemployment. _

From the above considerations, the network of worker flows in
Figure3 would appear necessary for a realistic representation of the
labor market. However, while an accurate literal porc;ait of worker
movements, the network of flows in Figure3 presents a tremendous burden

to the analyst, first in specifying the determinants and parameters for

- h66 -
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all the flow rates, and second in interpreting the dynamics inherent in

‘auch a complicated structure. Testing and understanding the model struc-

ture implied in Figufe 3 would require such a qevétion of attention to
detail that the model behavior would likely be as conceptually impenetrable
as the real world. Figure 3 clearly illustrates the tradeoff entatled in
detéiled representation of the real world in a model: one quickly be-
comes immersed in a task that 1s unlikely to generate insight and under-
stanﬂing because of the amount of detail, Conséquently, some alternative
to Figure 3 appears desirable., What 1s needed 1s a structure for inter-
sectoral wo;ket movements that gains in simplicity over Figure 3, yet

does not lose its basic dynamlc characteristics.

S S

el DA



BV N Y NPT SR

- hé7 -

D-2460 S,

Sector
Employed

Sector Sector
Nonemployed . honemployed

Employed

Figure 3. Potential Intersectoral Worker Flows.
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Figure 4 shows tha basic structure of worker pools and their

interconnecting flow rates used for thea labor-market model, The struce

ture in Figure 4 combines features of Figure 1, in which all workers

‘unre drawvn from one general nonemployed pool (meaning that intersectoral

flows occurred implicitly), and Figure 2, in which workers for a sector
were drawn from a local, and limited, supply. In Figure 4, workers for

a glven sector are hired from the nonemployed pool associated with that

sector. The general nonemployed pool in Figure 4 now provides a channel

for worker movement between sectors, All intéraectoral flows are repre-
sented in Figure 4 as the result of movement out of the sector noneméloyed
pool of one sector, into the general nonemployed pool, and from there to
the sector nonemployed pﬁol of another sector.

Thebattucture in Figure 4 retains the important feature in
Pigute.z of conatraiﬂing at any one time the availability of workers for

hiring in a particular sector, But what of the pattern of intersectoral

movements in Figure 47 Clearly, the structure in Figure & 13 less rich

than that in Figure 3, where all the real-world flows were shown., How

can such a simplification be justified?
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The key to accepting the conceptual adequacy of the basic
atructﬁre shown in Figure 4 1lies in a grasp of.the aggregation such a ' ’ C » ) ”
atructure embodies, The structure in Figure 4 asserts that even a
direct real-world flow from a job in one sector to a job in a second

" sector ias constrained to flow successively through the nonemployed . Sector Sector !q* General I J Sector I I Sector
pool in the first sector, the general nonemployed pool, and finally the ) EmployedA Nonemployed|  |Nonemployed lNonemployed Employed

3

A nonemployed pool in the second sector. The worker Flows through each

nonemployed pool have associated time constants, which represent the

" average duration of stay in each pool. The average duration of stay in ) N ' Sector
. Nonemployed
a given pool derives from a wide distribution of individual durations

of stay; some workers stay in each pool much longer than the average, some

stay much less than the average time, Direct job-to~job movement can be Sector

Employed

interpreted as a flow through the intervening nonemployed pools in

Figure 4 with a zero duration of stay. Therefore, while on first glance

the astructure of Figure 4 appears to omit important real-world worker

floﬁs, closer consideration of the aggregation embodied in aﬁch a gtructure ‘
. » . . .

suggests that it is nonetheless capable of exhibiting the same dynamics

as the real-world labor market,

Figure 4, Labor-Market Structure that Combines Use
: of General and Sector Nonemployed Pools.
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Figure 3 shown a more vefined version of the basic causal
st;uctuta gselected by the above reasoning, Figure 5 illustrates a typi=
cal am of the atnr—sﬁaped network of labor-market flows first seen
in Figure 4., The general nonémployed pool connects with a; many sector
nonemployed pools as there are production sect;ra in‘a given version
of the National Model. The flow of workers from the general uonemployea
to the sector nonemployed pools 1is called arrivals in sector; the
opposite flow is dermed departures from sector. The hiring rate and the
separation rate connect the sector nonemployed and the sector employed
pools within each production sector. .

A1l production sectors are treated in a standard way in the
labox-market model: the same mobility equations operate for each produc~
.tion sector, with parametef‘values set to represent the particular
characteristics of each sector. In other words, the labor~market model
cpatures all worker mobility in the four flov rate equatiéna indicated

in Figure 5,  One additional rate in Figure 5 represents the change in

vages in each gector. These five equations form the core of the labor-

market model,
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Figure 5. Basic structure of the labor-market model
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C. Causal Influ;ncee on Model Rates of Flow

Aﬂaving selected the basic causal structure shown in !1§ute 4
and refined in Pigure's. the remaining tasks of formulating raievequa-
tions and interpreting model behavior are vaatly simplified. Instead of
the multicu@e of flow; implied in Pigure 3, all worker movements in the
labor-market model are captured in only four generic flow equations. The
remainder of this qection highlights the influences on those four mobility
equations and on the equation for the change in wages, tb facilitate inter=

pretation of the test results in the section that follows.

1. Hiring rate

Pigure 6 shows the influences on the hiring rate, As depicted
on the right side of Figure 6, 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 sector nonemployed to the backlog for workers,
The probability that a given job opening is £i1led 1n a given time pétlod
decreases as the relative availability for hiring declines, Therefore,
a higher backlog for workers decreases tﬁe probability of filling a given

Job opening in a given time period, thereby making any rise in the hiring

xate less than proportional to the increase in backlog.

- uh -
' p-2460

The disposable income of sector employed also influences the hiring r;te.
As diapoaablq income of sector employed increases, the hiring rate also rises
due to the greater attractiveness of holding a job in ghe sector. However, the
n;t effect of dispoaable income of sector employed on the hiring rate depends
on the length of week for labor. For a glven. 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 iong. workers are discouraged from accepting work in the sec~
tor. T

In Fisur? Q. the hiring rate‘is negatively affécced by the well-being of
the sector nogempioyed. 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 g{ow; well-belng 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 incérease in the

well-being of sector nonemployed reduces the ecouom#c incentive tc work and

tends to depress the hiring rate, and vice versa.3

.

3 The positive effect that a long duration of unemployment has on a worker's
willingness to accept a job 1s a cornerstone of the job vacancy-turnover
theory of the labor market. The effect of transfer payments on job-search
activity are revuited, for example, in Myers and Schultz (1951).
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NELATIVE
AVAILABILITY ~"
FOR HIAING -
" sAckLOG
FOR WORKERS

SECYOR ) .
NONEMPLOYED '

+ +
DQ_..__......_—mllmG RATE _—

-\t ‘v\\\\\\
LENGTH OF
WEEK F

EEX FOR
SECTOR
EMPLOTED LABOR
DISPOSABLE INCONE
OF SECTOR EMPLOYED
- WELL ~ BEING OF
DURATION OF SECTOR NONEMPLOYED

% STAY IN SECTOR gt
NONEMPLOYED .

DEPARTURES
FROM SECTOR = TRANSFER PAYMENTS TD

SECTOR HONEMPLGYED

— BURATION OF TRANSFER .
PAYMENTS .

—ASSETS PER WORKER

Figure 6. Influences on hiring rate
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2. Séﬁnration rate
Figure 7 shows the influence. on the separation rate. The sepa-
ration rate i3 the sum of the quit rate and the layoff rate. The quit'

rate is basically proportional to-the number of sector employed workera,

" but fa also influenced by the well-being of sector nonemployed, the disg-

posable income of secfor employed, and the length of week for labor.
Whenever job openings increase, and the hiring rate consequently rises,
the duration of stay in sector nonemployed decreases, As a teaulﬁ.
the we114bq1ng of sector nonemployed increases due to the reduced need
to consume assets while not employed. Higher well-being of sector
nonemployed tends to increase the quit rate.4 On the other hand, high
digposable income of sector employed tends to diminish the quit rate
by making present jobs more at:ractive.s The length of week for labor
3189 affects the quit rate, If the length of week for iahor exceeds
its traditional length (at a given income) or becomes excessively fatiguing,
the quit tate rises.

The layoff rate in Figure 7——determined in the production sector
of the National Model-~is governed by a comparison between the desired
and the actual number of sector employed. An excess of desired over actual
sector employed leads to fewer lafoffsz convergely, 1f actual sector

employed is greater than desired, a higher layoff rate results.

‘The response of quits to increased demand and hiring is discussed in
Behman (1964), pp. 261-262.

5Button and Parker (1969) discuss empirical evidence for the negative
influence of : »:os (and therefore income) on quits.



- W1 -
D=2460 .

LAYOPFF MATK ' - ST
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+
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EMPLOYED
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7 s “‘~\____Lzucvnor
WEEK FOR
vABOA

: DISPOSABLE INCOME
¢ d OF SECTOR EMPLOYED

WELL ~-BEING OF
SECTOR NOWENPLOYED

Figure 7, Influences on separation rate

3. Arrivals in sector

Figure 8 shows the influence on'arrivals in sector. ' Arrivals in
gector are proportional to the size of the workforce in the sector (the’
sum of sector employed and sector nonemployed). As discussed in Myers and
.Schulez (1951, pp. 70-71), a large portion of job information 1s trans—
mitted by word-of-mouth; gherefore, the larger the sector, the more non-
employed workers outside the sector are likely to wqu there, Arrivals
in sector are affected as well by the size of the general nonemployed poolg

a smaller (larger) general non-employed pool means a lower (higher) flow

- k18 -
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odt of the yoo;. The duration of stay in the general nonemployed pool (equal

to a general ﬁonenployed divided by total arrivals in sector) also influences
arrivals in sector., A lengéhening duration of stay in geheral nonemployed in-
cre;sea the financial hardshié of those remaining in the general nonemployed
pool an& raises the incentive to seek work, Thgrefore. in Figure 8, an increase
in the duration oEvatay in general nonemployed raises the relative duration in
general nonemployed, which then increases arrivals in sectot.' Transfer pay-

ments to the general nonemployed also influence arrivals in sector through their

. effect on the "acceptable" duration of stay in the gereral nonemployed pool,

An increase in transfer payments to general nonemployed shortens the relative
duration in genetal nonemployed, corresponding to greater economic well—being,
which lesaens the incentive to seek work and thereby depresses arrivals in sector.
Aside from the size of the workforce in a sector, the major sector- .
specific {nfluences on arriyals in sector are thé perceived income ratio and
the relative perceived hiring delay. The perceived income ratio reflects the
perception by workers 1n>the general nonemployed pool of the income of workers
in the sector.relative to qhebavefage-income of all workefa in the économy: An
increase in the income of workers in a sectbr tends to raise arrivals in sector
because of the attractiveness of the greater earning poteﬁtial there. The rela-
tive perceived hiring delay indicates the perception by workers in the general
nonemployed pool of the hiring delay in the sector teiative to the average hir-
ing delay in the economy. The hiring delay measures the average time required
to find vork in a sector. A short hiring delay, signaling favorable demand con-
ditfons {n a sector, increases arrivals in sector because the 1likelihood of

finding work there is high,
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Figure 8, Influence on arrivals in sector

4. Departures from sector
Figure 9 shows the influence on departures from séctor. Normally, some
fraction of the aectot'nonémployed can be expected to depart to the general

nonemployed pool for a varlety of reasons, such as dilssatisfaction or upward -
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mobility; therefore, departures from sector are proportional to the size

- of tha sector nonempioyed pool, Departures from sector are also influenced

-y the vell-being of sector nonemployeds éhe higher the well-being of sec~
tor nonemployed, the leas fmpetus for leaviné the sector to seek work
elaevhere, Departures from sector are also tempered by perceived average
income, a measure of the perception by the sector .nonemployed of the ave;tage

High average income elsewhere increases
6

fncome elaewhere in the economy,
the attractiveneas of leaving a aector:

Tn Figure 9, the mobility of workers through thﬁe general nonemployed pool
also influences departures from sector, A short rélat!ve duration in general
nonemployed suggesats high mobility; an encouragement for departurés, and vice
weraa.

The effect of the relative duration in general nonemployed on depar-

ture thus indirectly reflects the easa'of finding work elaewhere,

6A comparison of the sector-specifie influences on arrivals in sector

(Figure 8) and departures from sector (Figure 9) indicates that arrivals are
responsive to such particular conditions in the sector as income and

hiting ‘delay. Im contrast, departures are influenced only by the well-being
of sector nonemployed. The concept of asymmetrical influences on arrivals
and departures 1s consistent with the main thread of recent migration studies
as discussed in Morrison and Relles (1975, pp. 1-4).
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Figure 9. Influences on departures from sector,

-1 cpange in wages

Figure 10 shows the influences on the change in wages in each sector. The
change in wages is proportional to existing wages. In other words, the abaso~
lute change in wages. due to a given percent change depends on the ‘level of
wages. The other influences on the changes in wages, wﬁen multiplied by the
level of wages, determine the absolute change 15 wages.

Relative wages—-wages in the sector relative to average wages in the
economy--influence the change in wages. If average wages outside the sector‘fj.

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

on the change in wages. The {mpact of relative wages on the change in wages
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captures the effect of “secondary Hag§ drife™ discussed in Phelps Brown (1962).
SeEondhryvvagé drift describes the influence that wage changes in one part of_
the éconouy Qaﬁevon wage chénges elsevhere. .

Perceived inflation in the nation glso influences the change in w&ges.
The~petce1ved inflation in nation represents worker and employer perception
of the rate of increase in prices. )

Another influence on the change in wages is the delivery delay for workers.
The delivery delay for workers, a measure of the average time needed to fill
8 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 slaék labor market where job openings are easy to fill; a

- long delivery delay for workers, on the other hand, reflects tight labor-market

conditions where job openings take a long time to f1ll. The use of delivery
delay for workers as an influence on the change in wages in the labor-market
modei conttasts'with the dominant practice in empirical economics. In a tra-
dition established by Phillips (1958), model equations for the change in wages
typically incorporate the unemployment rate as an indicator of the worker
supply-demand balance. The unemployment rate is frequently used because

data is lacking on other, more realistic indicators of tpe worker supply-
demand salance. In the labor-market model, oﬁ the oth;r hand, the delivery
delay for workers indicates the relative difficulty employers have in f1lling
Job openings; the delivery delay for workers comes much closer to capturing

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

Figure 10 also shows an influence on the change in wages from the employ-

ment ratio in sector, vhich is the ratio of the actual to the desired number
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of uectdr employed. When the desired exceed:»the actual nuhbet of sector

employed, upward pressure is placed on the change in wages, and vice versa.

IUPLOVED
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+ IMFLOVMENY

gzuv:nv Oﬂ. AY
OR WORKERS

- —‘CNANGE N 'AGE!

PE RCEIVED
INFLATION
IN NATION

WAGES

n:unvt WAGES

AVERAGE WAGES

Figure 10, Influences on the change in wages
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. xm.tmmc THE CHOSEN STRUCTURE

Elegant verbal juatificntiona for a partlnulat causal ltructure aside,
the true test of a model'u ability to generate the dynamics of interest and
to foster understanding of the real vor;d lies in its response to inputs,
Accordingly, this section reviews and briefly highlights the results of initial
tests of the labor~market model, The test results suggest that the transpa-
xent causal structure developed in Section II indeed fulfills its dual role

of generating both appropriate behavior and insight,

*"The labor-market modal: in both one~ and two~sector versions, has been
tested extensively for vaiidation purpoaes: The model has been subjected
to two claases of test inputas simple (that is, step and fluctuating) inputs,
and time-aeries inputs: Inttial tests utilized a step increase in, and a
fluctuating level of, desired employment. The inttial teat results showed a
plaustble model response to teat 1nputs, and a telative insensitivicy to
sizeable parameter changea. " The test results have permttted comparisons be-
twee; the behavior of the model and the real-world labor market. Mnreover;
the model structure has provided e;planatory insights into numercus features
characterizing both the model and real-world labor markets,

The model has also been subjected to inputs derived from real-world data,

A two-gector version of the model, representing the entire US labor market,
proved capable of replicating real-world worker mobility and wages over the

period 1954~1973, when driven by time series inputs,

i
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Selected resulta of subjecting a one-sector version of the model to
sinulated bﬁaiﬂess—cyclc conditions will be reviewed below. The wmodel was
subjected to a 1102 E}uctuation in desired employment, with a period of
4 yeara, to approximate US businesa—c&cle fluctu;tiona in the demaﬁd for
workers. The test provided a wealth of materfal for comparing model behavior
‘to the real world, However, due to space limitationé. only certain phase
relations and correlations in the model will be treated here.

In Figure lia, the hiring rate, the backlog for workers, and the levels
of sector employed and sector nonemployed all fluctuate over amplitude ranges
that agree with US business-cycle fluctuacions.7 The backlog for workers in
Figure 1la leads the sector employed, peaking about 3/4 year before Qector
employed. A comparable phase relatfon exists between nonagriculctural job
openings and nonagricultural employment in the United States.8

Figure 11b shows the behavior of wages in the labor-market model. Wages
fluctuate, in respoﬁse to changing demand for and supply of workers, about
an average value greater than their initial value, The tendency for wages to
increaae.on the average arlses from the gréater flexibility of wages up;atd
than downw;rd. In the one-sector model used for Figures lla and 11b,
average wages in the economy are assumed to be constanty they therefore exert

downward pressure whenever wages in the sector rise, Wages in Figure 11b

7The simulatfon shown in figures 1la and 11b 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.

8See Moore and Shiskin (1967, p. 55).
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'llucﬁuato ubout'n value where the downward pressure from the effect of rela-

tive vages offsets the greater upward flexibility of wages in the sector,

.If wages were increasing elsewhere in the hodel, the downward pressure on
wagea in the sector would diminish and wages would exhibit a 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. Hageé in Figuté 11b
lag behind aéctor employed in Figure 1la by about 5 months. The lag of wages
behind sector employed agrees with the real-world lag of wages behind employ-
ment in manufacturing, as noted in Gordon (1961, p. 289),

Figures lla ;nd 11b show correlations between model variables that cor~
respond to real-world correlations. For example, Figure lla shows that the
backlog for workers and the sector nonemployed are negatively correlated; an
‘itheaae 1n‘the backlog for workers 1s accompanied by a decline in sector
nonemployed, and vice versa. Figure 12 shows annual values- of the backlog for
workers- and sector nonemployed from the simulation in Figure 1lla 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 work-
force in aector; The horizontal axis shows the nonemployed fraction in sector

expreased in percent terms.
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. . from simulation in Figure lla.
Figure 12b shows real-world datalcomparable to that in Figutc.lh.9 In
Figure 12b, the number of vacancies”pegéing at the US Employment Serviée as a
percent of the labor force, called the vacancy rate, is plotted against un-

employment as a percent of the labor force. A comparison of figures 12a and

9
Figure 12b reproduces Figure 6 in Holt et al, (1971, p. A0).
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12b ghows the qualitative agreement between the cotrela;iong in the two fi~-
3urea;1° The structure of the labor-market model explains why such a corre~
lation should exist in botﬁ the model and the real world. An increase in
the backlog for w;rkera. by increasing the hiring rate, tends to decrease the
number of sector nonemployed, and vice versa, thereby inducing a negative cor-
relation between backlog for workers and sector nonemployed.11
Figure 11b 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 Qagea. and vice versa, Figure 13a
grapha data from the sfmulation shown in Figure 11b on the fractional change
in wages versus the nonemployed fraction in sector, both expressed in percent
terms. The curve through the data in Figure 13 expresses a regression of the
' fractional change in wages (FCW) om th? reciprocal of the nonemployed frace

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

lo’l‘he vertical scales are different between. figures 12a and 12b because

vacancy data used for Figure 12b understates the actual number of vacancies
in the economy. Even if the data in Figure 12b did report all job
vacancies, the scales would still differ because backlog for workers is a
more inclusive measure of demand than officially defined job vacancies.

(For example, "backlog for workers" includes demand for workers being re-~
‘called from layoff, but "job vacancies” does not.) The difference in verti-
cal scale between two flgures only alters the slope of the negative correla-
tion; the underlying qualitative agreement between the two corxrelations is
not affected.

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

and sector nonemployed when transfer payments to the sector nonemployed increases,
Gujarati (1972) found the same results in the real world.
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Pigure 13b reproduces the original Phillips curve that relates the rate
of qhaﬁsa'q! money wages to the unemployment rate in the United Kingdom.12
COnpatiaOA_of figures 13a und 13b reveals close agreement between the correla-
tions in the two figures, 'Both show that the rate of wage change tends to
accelerate aa'the unemployment rate declines, Conversely, as the unemployment
rate increases, the rate of wage change falls with decreasing steepness,
Moreover, the vqlﬁesv of the fractional change in wages in Figure 13a agree
well with those in Figure 13b for corresponding values of the nonemployed
fraction in sector. The laboé—market model structure explains the negative
correlation between the fractional change in wages and the nonemployed ffac-
tion in aectot; when the nonemployed fraction in sector declines, the
increased competition f§f workers raises the difficulty of matching workers
with Jobs in a given time period, as manifested in a longer delivery delay
for workers. The resulting upward pressu;e on wages from a longer delivery
delay for workers induces a wage increase that correlates with the decline in
the nonemployed fraction in sector.

The correspondence between model and real-world labor markets reveals the
model's abllity to capture labor-market dynamics realistically., Among other .
feagurea, the model also shgws a positive correlation between hiring and wage
changea that agrees with the correlation shown in Behman (1964, p. 259). More-

over, the model structure explains the negative correlation commonly found be-

-tween wage changes and the rate of change of unemploymentl3 on the basis of

atock-flow interactions in the labor market.l_4

13

1zl’igute 13b reproduces Figure 1 in Phillips (1958, p. 285),

See Bowen and Berry (1963) for ‘example.

14

Space limitations preclude full discussion of such features here.
See Runge (1976a, Chapter 1V),
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IV. CONCLUSIONS
This paper has shown the usefulness and importance of a well~

1 structure. The

defined reference mode as 8 guide to transparent
value of a transparent causal structure was seen to lie in two areas:
first, it enhances the modeler's ability to underatand the model's dyna-
mics and acquire enduring insights about the real world; second, it
facilitates communication to others of the model, and of insights derived
from model simulations, '

The fundamental guideline offered for achieving transparency in
a model'u'causalbéttuctute was: to strive for as higﬁly-aggregated and as
simple a structure that will generate the dynamics of interest, Further-

more, the paper argued that withou& a clearly-stated purpose of the model,

and a consequently well-formulated reference mode, the chances of achiev~

. ing a transparent model causal structure were slight,

To 1llustrate how a well-defined reference mode can guide the
modaler in developing & transparent causal structure, the paper traced the

development of a model of the labor market. The basic causal structure

_ selected was significantly less complex than a literal representation of

labor-market stocks and flows would have been. The aggregation and simpli-
city embodied in the model structure was defended verbally by describing

how 1t could capture the essential dynamics of the real-world labor market,
The key to accepting the plavaibility ;f the model structure lay in under- e
atanding that the time constants of Flow through the nonemployed poolg were

average values. Consequently, real-world flows that were not explicitly

ra—— AT o
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represented in the model were implictly captured in the averaging process,
Tﬁa ultimate evaluation of .a causal atructure, transparent or
not, lles in itas behavior when tested, Acco;&ingly. the paper summarized
some results of tests of the labof-market model to show that‘tﬂe trang-
parency of ita structure did not detract from its dynamic capabilities,
The model tests to date have provided a solid initial basis for confidence.
in the model, The model's response to simple step and fluctuating inputs,
as well as ite performance when subjected to time-series inputs, yield
many areas of congruence between the model and the real world, The model

atructure also sheds light on the dynamics of the real-world labor market.

While further testing is required, the labor-market model, whose transparency

derives from a well-defined reference mode, appears to promise a means of

better understanding labor-market dynamics and of better formulating labor-

market policies,
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