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Chapter 1 - Introduction

Research Goals

This report describes research completed during the
first year of a multi-year research project. The desired
end product of that research is the ability to project Naval
manpower flows and evaluate the impact on those flows of
alternate personnel policies.

An earlier interim report (undated) describes the initial
stage of the research which was directed toward improving
the relationships within the Wharton Quarterly Model used
to explain total civilian employment by industry category.
The work described in this report has been directed toward
development of a capability of explaining the demographic

composition of the labor force, employment and unemployment.

Research Strategy

Because of the specific demographic character of military
interaction with the labor market, it is necessary to describe
in detail the behavior of participation, employment and
unemployment by age-sex groups before gross flows in and
out ol ilitary can be explained. At similar levels of
unemploy.e - Jor the total population, both enlistments and
separations can be expected to vary in response to the

distribution of unemployment by age-sex groups. If unemployment
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rates among young males and males in the 25-34 age group
are high, it would normally be expected that enlistments
would be higher and separations lower than for a similar
aggregate unemployment rate with less unemployment in these
age groups.

Our research ;tretegy for developing a demographic
description of the labor force has involved the evaluation
of two approaches to modeling labor markets. The first of
these involved linking an already existing model of labor
markets to the Wharton Quarterly Model. The second approach
involved the development of an alternative set »f relation-
ships based on a distinctly different approach to describing
labor market behavior.

The Urban Institute had in existence at the inception
of the contract a monthly model of labor markets which
was capable of generating considerable demographic detail.

A detailed description of the model appears in Smith, Vanski
and Holt, "Regression and the Employment of Demographic

Groups", Brookings Papers on Economic Activity, 1974:3

and Smith, "A Simulation Model of the Demographic Composition
of Employment, Unemployment and Labor Force Participation:
Status Report," Working Paper 350-65 (Urban Institute, 1974).
This model, labeled the RASST model (Race-Age-Sex-Search-
Turnover), explains employment, unemployment and labor force
stocks and flows for 16 race~age-sex groups on a monthly

basis. The RASST model is distinguished by the characteristic
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of focusing on labor market flows rather than stocks.

Thus, instead of directly estimating the stock of employed
people in a specific demographic group, the number of people
entering the employed in that group from either the ranks

of the unemployed or those not in the labor force would be
estimated and those leaving the employed to either drop out
of the labor force or become unemployed would also be estimated;
the stock of employed would then be derived as an identity
from the lagged stock and the net flow. To quote Smith,

"The size of each flow is determined by the size of the stock
from which a potential flow can occur and the probability

of its occurence. The transition probability is estimated

to be a function of the state of the aggregate labor market,
seasonal forces, and longer-run changes in behavior." This
approach to modeling laobr markets is a divergence from

more traditional approaches. The theoretical basis for the
model and conceptual foundations can be traced from the

work described in Microeconomic Foundations of Employment

and Inflation Theory ed. Edmund S. Phelps.

To use the RASST model in conjunction with the
Wharton Quarterly Model involves several substantive problems
concerning:
(1) the differing levels of aggregation

in the time dimension,

(2) developing relationships to explain
the variables needed as inputs to the
RASST model,

(3) developing compatible solution algorithms
for the two models.

¢ o
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The techniques used to resolve these problems are described
in Chapter 2.

As indicated above the RASST model differs substantially
from prior efforts to model labor market phenomena particularly
in its concentration on flow rather than stock phenomena,
but also in its use of transitional probabilities to project
those flows. In the present version of the model the
values of the transitional probability matrix are based solely
on aggregate labor market variables. No impact on labor
market flows of real wages, retirement or unemployment
benefits, school enrollment, training programs, etc. could
be captured by the model. While the absence of these
variables is probably not a severe problem when the horizon
of interest is several months, it could become a severe
problem over a period of several years when these structural
effects can vary a great deal.

While early indications, such as the results cited by

Smith, Vanski and Holt in the Brookings Papers are encouraging,

we have simultaneously pursued an alternate line of research
along more traditional lines to produce a demographic descrip-
tion of the labor force.

WEFA has developed labor force participation rate and
unemployment rate equations by demographic group. We have
not pursued explanation of labor force phenomena along
racial grounds. The results of this investigation are described

in Chapter 3.

iooN :7‘."“\-.‘ .
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Chapter 4 of the report describes the results of
historical simulation of these two labor market models
and evaluates them on this basis.

Chapter 5 describes the forecasting strategy and
results of our initial forecast with the demographic
model. The actual forecast appears in Volume II of this

report.
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Chapter 2 - Linking the RASST Model to the Wharton Model

As noted above the initial problems with respect to
linking the RASST model to the Wharton Quarterly Model
involve (l) developing explanations of variables which
should be endogenous in an economy wide model but are
exogenous in the RASST model and (2) dealing with the differing
levels of time aggregation of the two models.

(1) The basic exogenous variables neeed for the
RASST model are monthly GNP and unfilled orders in
constant dollars, and a set of population variables. This
latter group can be projected in a variety of ways but
since population will be insensitive to economic variables
over the five year horizon with which we are currently
concerned leaving them exogenous presents no problem.
Both GNP and unfilled orders, will be sensitive to economic
conditions in the very short run and must be endogenized
if the description of labor markets is to accurately reflect
the evolving economy. In order to provide the appropriate
input variables for the RASST model it was necessary to
develop an explanation of aggregate unfilled orders for the
Wharton Quarterly Model.

Two approaches were considered for endogenizing unfilled

orders:

(6)
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(1) The natural approach is to model shipments
and new orders as the variables which are
the fundamental choice elements and derive
unfilled orders from the identity

AUnfilled Orders = New Orders - Shipments.

(2) Alternatively one could attempt to model
unfilled orders directly. The appeal of
this approach is that since AUnfilled
Orders is small relative to New Orders and
Shipments small errors in either of the latter
two relationships can result in large errors
in the former. It may be possible to obtain
more accuracy by directly modeling unfilled
orders.

We have, in fact, pursued both of these lines of inves-
tigation.

At the outset it was decided that it would be necessary
to deal separately with durable and non-durable manufacturing.
This approach was determined by the observation that unfilled
orders behave much differently in these two sectors and by
the expectation that the determinants of new orders and
shipments are likely to be very different in the two industry
segments.

The description of the model segment developed is
abbreviated since major interest is in the labor market
dynamics.

In addition to distinguishing between durables and
non-durables, new orders for durables are disaggregated
into five categories: nondefense and defense capital
goods, household consumers' goods, transportation equipment

and a residual category. Shipments for manufacturing durables

1
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are disaggregated into transportation egquipment and all
other. All data series for orders and shipments are Bureau
of Census data. An abbreviated glossary, interpreting all
variable mnemonics appears in Volume II of this report.
The following is a brief description of the equations

which are documented in the following pages.

18.13 ORNACGNS. New orders for nondefense capital goods

are explained by variables which are relevant to decisions
on investment, the level of expected output and the cost
of capital. The expectations and the effect of the cost
of capital are both captured with distributed lags on

the appropriate variables.

18.14 ORSMFD371$. Shipments of cars (conventionally assumed

equal to new orders, which are not measured separately)
adjust toward a desired level which depends on current
domestic new car sales, on the difference between dealers'
inventories and the desired level of such inventories as
proxied by a three year moving average, and on the relative
price of automotive expenditures.

18.15 ORNAHDS. The desired level of this small category,

new orders for household consumers' goods, is linked to non-
auto consumers' expenditures.

18.16 ORNMFDOTHER$. New orders in this residual category,

which includes many intermediate goods, are taken to adjust
toward a desired level which depends on the intended change
in work in progress (as a measure of the scale of production)

as well as on expected sales. The estimated equation makes
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expected sales depend on durable manufacturing output and
on the relative price of durable inventories.

18.17 ORNMFNS. This is the simplest form of stock-adjustment

equation supplemented by a depressing effect of nondurable
trade inventories on new orders.

18.18,18.19 ORSMFDNAS$ ,ORSMFNS. These are the behavioral

shipments equations which are omitted if the alternate
behavioral unfilled orders relations 18.25 and 18.26 are

used. All new orders which are measured net of cancellations
are assumed to translate eventually into shipments - hence

the unit coefficients on lagged new orders. The translation
takes longer when the backlog of unfilled orders is high: this
is picked up by a negative impact effect of this backlog,
subsequently exactly offset.

18.25,18.26 ORUMFDS,ORUNFMS. (Alternates) Just as the trans-

lation of new orders to shipments dictates that the long-run
coefficient on new orders in 18.18, 18.19 should be 1.0,

so it requires that here it be 0.0. For durable unfilled
order backlog subsequently offset, with the important
addition of the difference between current new orders and a
moving average to pick up the short-run inelasticity of
shipments; for nondurables, it is achieved by omitting new
orders altogether and allowing only a mild influence of

capacity utilization.
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August 5, 1977

18.13 New Orders, Net, Capital Goods, Nondefense = ORNACGNS

1/ 2
e s} o,
(3.39) =0 o pag;”

3
+ I b * XMF.PRIMF, . + .700 * U _,
i=0 * {2,FAR} *°* .

R% = .967 SEE = 5.2048 DW = 2.112
Period of Fit: 195402 197404

Estimated: July 11, 1977

LAG a. T b. T
1 i
0 .274235 2.92 .00181438 .27
1 .161339 4.55 .00309879 .95
2 .0699276 g T .00322453 .70
3 .00219160 .56
SUM .505501 .0103293

XMF.PRIMF = (XMFD * PXMFD/UCKMFD) + (XMFN * PXMFN/UCKMFN)

l-/Equ‘at:'lon is solved for ORNACGNS for forecasting.
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18.14 Value, Durable Manufactured Shipments, Transportation Equipment, Motor
Vehicles & Parts = ORSMFD371$

ORSMFD3715 .
9%%%%%%%§§ - =1 = 1.66623 * CEDAVND - 3.71482
-1 (6.42) (3.38)
it ORSHFD371S __
* (KIBITOAV_, - 1> % & KIBITOAV, ) - .317786 * et
- =1 4" (5.75) -1
4
#T a, * (CEDAVND * CARYGASRP),
i=0 ° (2,FAR} e
=2
R% = .673 SEE = 2.6546 OW = 1.821

Period of Fit: 195404 197404
Estimated: July 7, 1977

LAG a, T
0 -35.4573 1.96
1 -22.5046 2.98
2 -12.4825 3.34
3 -5.39103 1.02
4 -1.23020 .28
SUM

CAR+GASRP = (CEDAS + CENGS)/((CEDA + CENG) * POGNP)

l/Equation is solved for ORSMFD371$ for forecasting.

e N T
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August 5, 1977

18.15 New Orders, Net, Consumer Durable Goods = ORNAHD

1/ ORNAHDS
ORNAHDS -1 \
= 5.48095 + .273309 * + .277972 * (CED - CEDA)
POCED  (3174)  (1.98) POCED_;  (4.49)

a2,

R% = 982 SEE = .75658 DW = 1.88
Period of Fit: 195802 197404
Estimated: July 11, 1977

' l/Equat:icm is solved for ORNAHDS for forecasting.

N AT 2 By




18.16

} LAG

ENHO

New Orders,

(13)

ORNMFDOTHER - ORNMFDOTHER .Y/ = 34.9028 - 1.50565

August 5,

Net, Manufacturing, Other Durables = ORNMFDOTHERS

-1 (3.74) (2. 78)
KICIFPNFDS __
* SERTCTFPRFG. - -753671 * ORNMFDOTHER_, + : a, * XMFD,_
: Bk o 0 (2,FAR)
+ T b, * (XMFD * POKICIFMFO/POGNP), . + .26 * U,
im0 (2, FAR} .
R% = .498 SEE = 6.1356 OW = 1.800
Period of Fit: 195802 197404
Estimated: July 11, 1977
a. ¥ b. ¥
1 T
1.56440 2.88 -.653719 1.10
.295110 1.24 -.142246 163
-.226356 .59 -.0756603 19
1.63315 -.720305
ORNMFDOTHER = ORNMFDS _ ORSMED371$ _ ORNAHDS _ ORNACGS
: POCEDAVN PDIBFNE

l/Although ORNMFDOTHER is used for estimation, the equation is
solved for ORNMFDOTHERS for forecasting.

1977
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August 5, 1977

18.17 New Orders Net, Nondurable Manufacturing = ORNMFNS

1/
ORNMFNS$ —
ORNMFNS -1 \
- SURWI =- 38.7037 + .770585 * CEN
ORNMFNS -
- .227118 * KIBINWRN ., - .527603 * -
+ .44 U,

R% = .249 SEE = 3.9631 DW = 1.861
Period of Fit: 195303 197404
Estimated: July 11, 1977

l/Equation is solved for ORNMFNS for forecasting.
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August 5, 1977

18.18 Shipments, Manufacturing, Nonauto Durables = ORSMFDNAS

6
3 (ORNACGS

?59 L PDIBFVE

ORSMFONAY = - 423

6 ORNACGS , ORUMFDS$ LORSMFDS$ )

+ T b * (5oreene * 7 ~Z1133' PWOMF
.E, Pc " POTBFNE " PWOMFO/1.21133 PWOMFO/1.21133/,

3
# I c. * ORNMFDOTHER,
i=0 * -

S ORUMFDS$ ORSMFDS )

1 d; * (ORNMFDOTHER * PWOMFD/ 1. 21133/ PHOWFO/ 1. 21133, _

ORNAHDS

* “POCED

+.663* 0,

ﬁz = .874 SEE = 3.8267 DW = 1.896
Period of Fit: 195804 197404

Estimated: July 21, 1977

1
LAG ai-J b, P d,
0 .6012544 -1.2841234 .904664 -1.27196
1 -364823314 -.5503386 3 0.0
2 .178571429 0.0 -.052332 163598
3 -042498743 3668924 -.152332 163598
3 -.043394743 -.5503336
5 -.079109029 .5503386
6 -.064644114 -3668924
SUM 1.0 0.0 1.0 0.0
ORSMFONA = ORSMFDS ORSMFD371$

PWDMFD/1.21133 ~ POCEDAVN

-/A1though ORSMFDNA is used for estimation the equation is solved for
ORSMFDNAS for forecasting.

-/The coefficients az, - W c and d, are constrained so that they sum
to 1.0, 0.0, 1.0 and“0.0" respectiveTy Individual T statistics are
not calculated.

.




18.19

LAG

SUM

“~

(16)

August 5, 1977

Shipments, Manufacturing, Nondurables = ORSMFNS
by, 3

ORSMFNS K ORNMFNS
PWDONFN</T.10653 7213001 * I 8, (PNDMFI7T. 19853,
+ 3 b, » (CRMENS . ORUMENS |ORSMFNS )

: * (PWDMFN*/1.14653 ~ PWOMFN*/T, 14653 PWOMFN*/1, 14653

=0 t-1

R = .874 SEE = 1.0071 DW = 1.597

Period of Fit: 195303 197404
Estimated: July 20, 1977

Z/

a; bi
.825684 -1.658824
.3 0.0

-.012843 .829412
-.112842 v .829412
1.0 0.0

l/Equation is solved for ORSMFNS for forecasting.

g/The coefficients a. and b. are constrained so that they sum to

1.0 and 0.0 respectifely. Individual T statistics are not calculated.

- TEagne,
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-

18.25 Unfilled Orders, Durable Manufacturers' Total, E0Q = ORUMFD$

4
ORUMFDS$ = ORUMFDS_I + .0460483 * (ORNMFDNAS - .2 *z ORNMFDNAS‘_i)

=0
!
6 3
+ ¢ a.* (ORNACGS * ORUMFDS/ORSMFDNAS), . + T b.
i=g * et imp *
' * (ORNMFDOTHERS * ORUMFDS/ORSMFDNAS), .

R% = .948 SEE = .83256 OW = 1.827
' Period of Fit: 195804 197404
Estimated: July 11, 1977

LAG a Y b,
1 1
0 .139500 . .322515
1 .0597857 0.0
2 0.0 -.161258
3 -.039857 -.161258
3 -.0587857
5 -.0597857
.6 -.039857
SUM 0.0 0.0

l/The coefficients a; and b; are constrained so that they sum to 0.0.
Individual T statistics are not calculated.

vl e
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18.26 Unfilled Orders, Nondurable Manufacturers' Total = QRUMFNS

1/
ORUMENS ORUMFNS_, o

v 23 ~ * = - .003954 + .0278484 *
PWDMFN*/1.14653  PWDMFN _1/1.14653 (.15) (5.54)

(100./(100. - CUWIPMFN) - 100./(100. - CUNIPMFN_I))

EZ

= ,259 SEE = .23835 DW = 1.496
Period of Fit: 195303 197404

Estimated: July 20, 1977

l/Equation is solved for ORUMFN$ for forecasting.

- ey
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This set of relationships allows us to generate both
unfilled orders and GNP on a quarterly basis. The remaining
problem in the linkage is to produce monthly detail for
the RASST model.

(2) In the development of the RASST model a series on
monthly GNP in constant dollars was derived by using
regression techniques to interpolate the quarterly data on
current dollar GNP and using a linear interpolation of quarterly
data to derive monthly data on the implicit deflator. Data
on current dollar unfilled orders was, of course, available
on a monthly basis. Constant dollar values were derived
by deflating by the monthly value for the GNP implicit deflator.

The procedure used for GNP is not feasible for our
purposes since it would require forecasting of additional
monthly variables. Moreover since the only manner in which
these two variables appear in the model is as ratios of one
another and they are deflated by the same index it is only
necessary to develop monthly totals for the current dollar
values.

The technique used in developing these monthly totals

is an interpolation technique developed by Leibenburg and

Kaitz.l/

1/

=’This technique is described in an undated U.S.
Department of_ Commerce memorandum labeled Technical

Note #1.

s Py S
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The method consists of applying a set of weights to quarterly
totals for each of three successive quarters centered on the
qguarter to be interpolated. After a monthly series is
generated for an initial quarter, weights are developed and
applied to the succeeding three quarters and the third month
of the preceding quarter.

The weights for the first quarter are based on a gquadratic.
For all succeeding periods weights are derived by assuming
that a cubic parabola describes the flow over the time period
to be interpolated. This cubic is fitted so:

(1) The area under it is equal to the given
quarterly figure and the gquarterly totals
adjacent to it.

(2) The area under the curve for the last month
prior to the quarter to be interpolated is
equal to the last monthly figure previously
computed.

This last condition assures that the resulting smoothed

series does not exhibit jumps between quarters and requires
that computations for preceding gquarters be completed before
the series for the current gquarter can be computed. A complete
derivation of the weights appears in Appendix I.

This interpolation technique is not useful for inter-
polating stocks since it depends on dividing flows over the
period to be interpolated. It is therefore necessary to
interpolate the flow variables, shipments and orders, and

derive the stock of unfilled orders for each month form the

appropriate identity.

——e .,..-.—..,—.-.'...r———-
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CHAPTER 2

APPENDIX I

It is necessary to derive two sets of weights, the first
for the initial quarter when no preceding monthly total is
available and the second for all succeeding quarters where
the constraint that the interpolated value for the last month
of the preceding should be the same as the area under the
curve of the interpolating surface for the current quarter,
for that month. The first set of weights is derived in detail.
For the second set the problem is essentially the same.

For the initial quarter, assume that the Qquadratic

& 2
f(t) = b1 + b2t + b3t
4
is such that
1
Y(1l) = Io f£(t) 4t
2
Y(2) = ’1 £(ty dt
3
2 Y(3) = ‘2 £({t) dat

where Y (2) is the value of the variable to be interpolated in
the initial quarter to be interpolated, and Y(l) and Y(3) are
respectively the values for the preceding and following

quarters.

o — . e —— N —
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Integrating, we have three cubic equations which can be

evaluated to yield the following three equations.

¥ (1)

bl + b2 + b3

Y (2)

"
o

1 * 3b2 + 7b3

Y(3) = b, + Sb, + 19>

 § 2 3
or Y = Xb
Y, P U ) by
where Y = Yz X = el =0 7 b=1|Db
1 5 19 2
Y b
3 3
It follows that
be ¥ty
or b1 = 11/6 Y(1) - 7/6 ¥(2) + 1/3 ¥ (3)

b2 = = Y(1) + 3/2 Y(2) - 1/2 ¥(3)

b, = 1/6 ¥Y(1) - 1/3 ¥(2) + 1/6 X(3)

3

Given values for Y (1), ¥Y(2) and Y(3), bl, b2 and b3 are de-
termined. Values for each of the months in quarter 2 can be
determined by evaluating the integral over the appropriate

interval. Thus




~
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(23)

I4/3

m =7 E(t) dt
I5/3

m, = 4/3 £(t) dt
12

m, = 5/3 £(t) dt

Beyond the initial quarter it is assumed that £(t) is cubic

rather than quadratic, i.e.

2 2 3
f£(t) = b1 + bzt + b3t + b4t
Again Y(1l) = 10 f(t) dt
2
Y(2) = !1 £(t) dt
3
Y(3) = ‘2 f(t) dt
but in addition
!1
m, = 2/3 £(t) at

where the value of mq is determined initially as above and
beyond the first period is the last monthly value from inter-

polation of the preceding quarter.

¥
;




CHAPTER 3 - WEFA DEMOGRAPHIC LABOR FORCE MODEL

In order to provide an alternative approach to labor
market explanation along more traditional lines, to elim-
inate the interface problem discussed in Chapter 2 and
provide a more detailed age structure explanation of labor
markets, Wharton has developed a quarterly model of labor
markets based on explanation of participation and unemploy-
ment rates for 14 age-sex groups. When these are fully
integrated into the model it enables us to explain both
the rates and the levels for labor force, employment and

unemployment for these age-sex groups.

Age-Sex Labor Force Eguations

The civilian labor force participation rate equations
are disaggregated into the 12 age-sex groups regularly cal-
culated by the Bureau of Labor Statistics. The behavior
across some of the age-sex groups is sufficiently marked to
make the disaggregation useful. The specific age groups,
for males and females, are ages 16-19, 20-24, 25-34, 35-44,
45-54, 55-64, and 65+. All variables are in logarithmic
form so that the estimated coefficients are the short-run
elasticities. For developing an initial set of equations,
the equations were estimated using ordinary least squares

on a single equation basis. This structural form was then

(24)
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introduced into the Wharton model for further testing and
validation. This is discussed in Chapter 4.

Before describing individual equations, it is useful to
introduce those variables which were entered into all equa-
tions. First, one or two lagged dependent variables were
introduced to capture the dynamic, autoregressive changes
in participation rates. This type of variable operates as
a distributed lag generator for the other explanatory vari-
ables in the equation. For example, where one lagged depend-
ent variable is included, the long-run elasticities are cal-
culated to be a/(l-A) where a is the short-run elasticity and
A is the coefficient on the lagged dependent variable.

The real wage variable captures a twofold effect. First,
it is closely related to a time trend within the sample period.
As such, it represents all of those factors, whether economic
or not, which have increased along a trend rate of growth.

The problem with this approach, which is true when any proxy
variable is utilized, is that a post-sample break in the
relationship between the time trend and the true underlying
mechanism will not be captured by the equation. This tendency
for post-sample residuals to grow can only be corrected by a
continuous reestimation of the model. Second, the real wage
variable is measured in terms of the "effective" real wage.
That is, the employment rate of prime-age males, viewed as a
measure of the probability of finding a job, is multiplied by

the real wage variable. The prime-age male employment rate
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is utilized because it is the purest age-sex employment
measure of cyclical fluctuations in job opportunities. The
movement in real wages is only important to those on the
margin of labor force participation if it can be converted
into an actual job. Hence, the real wage multiplied by the
employment rate captures this effect.

Third, a "previous lag" variable is constructed so as
to measure a cohort effect. If a cohort, that is, a given
age group, has a high participation rate when they are (say)
25-34, they are likely to carry over that high participation
rate into.the next age group. This variable essentially
represents a lagged participation rate of a previous age-sex
group. If this variable is significant it suggests that high
participation rates of a given age group can be predicted
looking back at that group's participation rate over its life-
cycle.

The price variable, p/p*, measures changes in participation
caused by fluctuations in the inflation rate. P is the price
level and p* is a distributed lag on past price levels. This
can represent money illusion or uncertainty. In the former
case, workers are assumed to calculate their real wage by
deflating by p* rather than by p. Hence, when the inflation
rate is relatively large, p* is low relative to the actual
price level p, =nd workers are "tricked" into believing that

their real wages are higher than their actual level. With
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the uncertainty view, workers believe that a high rate of
inflation causes or is associated with greater uncertainty
about near term future movements in labor market conditions.
The result is that marginal workers choose to search for a
job now because they are concerned about future job oppor-
tunities.

To an important extent, the p/p* variable captures the
short-run cyclical fluctuations in the economy. It is used
in place of a straight discouraged worker effect (which is
somewhat built into the real wage variable) because of the
a priori notion that marginal workers are more responsive to
uncertainties and problems created by inflation than they
are to simple job availability. Estimating the participation
equations confirms the relative importance of p/p* compared
with the unemployment rate.

Each of the above variables was introduced into the 14
age-sex equations. They were omitted if their T values fell
below the 95 percent confidence interval. Additional vari-
ables were added for males 16-19 and 20-24 and for females
16-19, 20-24, 25-34 and 35-44. For young males and females
16-24 the school enrollment rate was included. Since school
is a frequent alternative to market work, the school enroll-
ment rate should be inversely associated with labor force
participation. Although the school enrollment is assumed to

be exogenous in this model, a wore complete economic-demo
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graphic model would include a separate school enrollment
variable.

The age-specific fertility rate is included in the par-
ticipation rate equations for young females. Child rearing,
especially when the children are very young, is another
alternative to market work. When the fertility rate is high
(low), female participation is low (high). As with school
enrollment, a more fully specified economic-demograrhic model
would include a fertility rate equation. A fertility rate
equation, which is compatible with the above specification
of the labor force participation equations appears in Michael
L. Wachter, "A Time Series Fertility Equation: The Potential

for a Baby Boom in the 1980s." International Economic Review

16, No. 3 (October 1975), pp. 609-624.
The results for the various age-sex participation rate

equations are discussed below:

Males 16-19:

The participation rate of this group is mostly explained
by school enrollment rates and its own lagged dependent vari-
able. Since equations are estimated in log-form, each coeffi-
cient denotes elasticities. A 1% increase in school enroll-
ment rates decreases the participation rate by 0.14% in the
short-run, and its long-run effect will be a 0.72% decrease.

The participation rate turns out to be responsive to the wage
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rate, but the size of the coefficient is small. A 1% in-
crease in the wage rate results in an increase of about

0.6% in participation rates. While small, the impact of this
is not negligible. For example, a 10% increase in the real
wage rate in mid-1977 could have been expected to increase

the labor force for this group by 30,000. The actual decrease
in participation rates over the sample period is caused by

an increase in the school enrollment rate whose impact out-
weighs the effect of the wage rate causing the participation

rate to decline.

Males 20-24:

Two more variables, p/p* and previous lag, were signifi-
cant in explaining the behavior of this group. The elasticity
of the school enrollment rate is 0.1l which is less than that
of males 16-19. The long-run effect is 0.16, that is, one
percentage increase in the enrollment rate will decrease the
participation rate by 0.16%.

The rate of inflation has a positive effect on partici-
pation rates. As was mentioned earlier, future uncertainty
makes people join the labor force now because it will reduce
the perceived future real income and increase potential search
costs.

The previous lag variable has a very interesting meaning
for this age group. The expected sign of this variable is

generally positive, because the characteristics of the group
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are assumed to be carried over. However, for males 20-24,

the sign of the previous lag variable turned out to be neg-
ative. The previous lag variable of males 20-24 represents
the participation rates of the males 16-19 age group of three
years ago. As was shown, the school enrollment rate plays

an important role in explaining the behavior of that group.

It is quite obvious that higher enrollment rates mean lower
participation rates. Higher enrollment rates mean that people
are investing in human capital, and therefore, it is more
likely that they will join the labor force in the next period.
Consegquently, a lower participation rate due to a higher en-
rollment rate at time t will produce a higher participation
rate at time t+l, when the investment effects are realized.

For the above two age groups, school enrollment rates
play an important role in explaining the participation rates.
In fact, these are not purely behavioral relations because
participation rates and enrollment rates add up to approx-
imately some constant. Enrollment rates work like a behav-
ioral reaction variable.

The economic rationale of enrollment rates is explained
in part by the "relative income model." This model is ex-
plained below. For a detailed explanation see Michael L.
Wachter, "A Labor Supply Model for Secondary Workers," Review

of Economics and Statistics 54, No. 2 (May 1972), pp. 141-151

and "The Demographic Impact on Unemployment: Past Experience
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and the Outlock for the Future," Demographic Trends and

Full Employment (a special report of the National Commission

for Manpower Policy), Special Report No. 12 (December 1976),
PP. 27-99. The data show a decline in enrollment rates in
recent years. This decline is largely attributed to a recent
decline in the rates of return to education. The influx of
younger educated workers need not have caused this decline,
since the increased supply can affect skilled and unskilled
markets alike. To this extent, the decline in the return to
education may simply be due to an increase in the supply of
educated manpower (above its trend rate of growth) relative
to the trend rate of increase in the demand for such workers.
If this is the case, and assuming that perception lags are not
too long, a reversal can be expected over the next several
years.

The dynamics of the relative income model would imply
that a drop in permanent income (or discounted lifetime earn-
ings) due to the decline in the rates of return to education
would cause an increased difficulty in financing education.
More important, to the extent that education represents a
(luxury) consumption good as well as an investment good, the
reduction in permanent income of the young cohort group would

result in a cutback in education.
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Males 25-34, 35-44, 45-54:

These three groups compose the prime-age male groups.
In general, workers in these groups have high specific skills
and show fairly stable participation rates over time. The
wage rate has a negative sign for these groups. It represents
a decreasing trend in participation rates of these groups
within the sample period. This may be due to noneconomic
forces or a negative income effect associated with rising
real wages. Therefore the autoregressive scheme largely
suffices to explain their participation behavior. 1In addition,
the previous lag variables have positive signs and the magni-
tude of coefficients are significantly large. This means
that if these groups have experienced high participation rates
in previous periods, these characteristics will probably
follow the cohort group as it ages and moves into the higher
age brackets. Cyclical variables, such as p/p*, however, are
not significant in explaining the participation rate of these
age groups. This confirms the notion that prime-age males
have stable labor market attachment and that changes in their
participation rates are best explained by trend and autore-

gressive variables.

Males 55-64, 65+:

For these older age groups, the autoregressive scheme

explains most of their behavior. The estimated results showed
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the participation rate for males 55-64 is not sensitive

with respect to the wage rate.

Female Groups:

For young female workers, the decline in the fertility
rate is an important variable in explaining the timing of
the recent upswing in participation rates. Although the
variable is treated as exogenous, it is useful to very brief-
ly outline the relative income model which may explain the
movement in th;t variable.

In the relative income model, young adults have a desired
income level determined by the experience of their earlier
years. If their present income is high, relative to the

desired level, they have more children, ceteris paribus, and

if it is low, they have fewer children. Since it is expected
that the greater the number of children the lower the rate of
labor market participation of females, the relative income
model has indirect implications for labor supply behavior.
The upswing in the fertility rate beginning in the 1940s cre-
ated a subsequent rise in the size of the cohort of young
workers in the 1960s. The increase in the relative supply of
young workers caused a reduction in their expected permanent
income or wage. The aspiration levels, in terms of desired
or expected living standards, of these younger workers were
formed during their childhood years when they lived with their

parents. Anticipating the "normal" growth in income and
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status that their parents had accomplished, the adverse
labor market conditions for young people in the 1960s
caused a change in living patterns. Perhaps the most
dramatic effect of the decline in actual living standards
relative to aspiration levels was the drop in fertility
rates. With fewer children and additional workers, fam-
ilies were able to salvage their expected living standards.
The fluctuations in fertility rates with the ratio of
actual/expected living standards sketches out the basics
of an intermediate-to-long swings model. That is, cyclical
swings of lower frequency or longer duration than the tra-
ditional business cycle can be expected in the demographic
variables.

The relative income model does not purport to explain
the entire drop in fertility or the rise in young female
participation rates. Other factors, including exogenous
changes in social mores, developments in contraceptive
technology, and other economic variables, also had an im-
pact. The data do support the model, however, and this
suggests that changes in participation and fertility rates
should not be treated as exogenous in economic models.

Fertility rates, p/p* and wage variables, together with
the lagged dependent variable explain the participation
behavior of females 20-44. They consistently show a similar
pattern in terms of all these variables. Females 45 and

older are different from the younger four groups because
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they are not child-bearing age groups. Relative income
theory no longer applies to these groups. Previous lag
variables are very large for these older female groups

(though older male groups also show large coefficients),
consequently, these cohorts are fairly stable over time
(because one exogenous shock does not quickly dampen the

cycle).

Females 16-19:

The short-run elasticity of participation rates with
respect to school enrollment rateé is -0.17%. The long-
run effect, however, which takes into account a multi-
plier effect, turns out to be -0.65. In the short-run,
the female participation rate is slightly‘more sensitive to
enrollment rates than males, but the long-run effects are
the reverse.

Among all the age groups, this cohort turned out to be
the most sensitive to price inflation. The short-run elas-
ticity is 2.58. That is, a one percent increase in price
inflation will result in a 2.58 percent increase in parti-
cipation rates. (It is important to remember that the num-
bers are elasticities and do not represent percentage points.
For example, if the values of p/p* and participation rates
in time t are 1.00 and 0.50 respectively, the effect of a

change in p/p* to 1.0l in time t+l (one percent increase)
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will mean an incre:se in participation rates to 0.5129 (i.e.,
0.50 x 1.0258).)

A one percent increase in the total fertility rate of this
group will decrease the participation rate of the group by

0.12 percent in the short-run and by 0.47 in the long-run.

Females 20-24:

A one percent increase in price inflation will lead to a
0.51 percent decrease of the participation rate in the short-
run, and a l.21 percent decrease in the long-run.

The short-run elasticity of the participation rate with
respect to the total fertility rate turns out to be =-0.11,
and the long-run elasticity, =-0.25. Comparing these results
with the female 16-19 age group, the short-run effects do not
vary significantly, but the female 20-24 cohort is much less
sensitive to total fertility rates in the long-run. This is
reasonable because the female 16-19 age group has a relative-
ly much higher school enrollment rate than do females 20-24.

A positive trend effect appears to exist, but since the
coefficient is small, the participation rate is inelastic
with respect to the wage rate. However, as was explained in
the male 16-19 age group, the effects of the wage rate can
still be significant. The behavior of this group in the long-

run is fairly stable.
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Females 25-34:

The short-run elasticities with respect to price infla-
tion of this group turns out to be 0.58 and the long-run
effect is 1.82. The long-run effects of price inflation to
this group are much larger than those of females 20-24. The
trend effect is least evident here and the total fertility
rates effects are not small for this group. The short-run

elasticity is -0.14 and the long-run elasticity is -0.43.

Females 35-44:

For this age group, the total fertility rate effects are
not very large. Since the relative income theory is primar-
ily utilized to explain the behavior of females in the child-
bearing age groups, the small effects of the total fertility
rate are not surprising. The short-run elasticity is -0.06,
the long-run, -0.13.

The positive trend effect is also apparent in this age
group. The effect is larger than that of younger-age female
groups. The price inflation effects continue to be significant,

with the short-run elasticity of 0.62 and the long-run at 1.40.

Females 45-54:

Two lagged dependent variables and the previous lag vari-
able were utilized to explain the behavior of this age group.

Autoregressive schemes were sufficient to explain the parti-




(39)

pation behavior of this cohort. The experiences from the
previous group are positively carred over. The short-run
effect of this characteristic seems rather insensitive,
but the long-run effect is much greater because large co-
efficients in lagged dependent variables imply large multi-

plier effects.

Females 55-64:

The behavior of this group is similar to that of females
45-54. The positive carry over of the previous experience
characteristics is still maintained, and the long-run effect

is much greater than the short-run effect.

Females 65+:

The participation rates of this group have consistently
decreased since the early 1950s. Social welfare programs
are probably responsible for this early retirement trend.

The wage variable validates this trend effect.
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Age-Sex Unemployment Equations

Given the prime-age male unemployment rate, a very
simple structure is formulated for predicting the unemploy-
ment rate of the other age-sex groups. The equations are
of the form

U, = ay + alU

i + quP

pm ¥

where Ui is the age-sex unemployment rate, Upm is the prime-
age male unemployment rate, and RPy is the proportion of
young workers 16 to 24 relative to the total population of
working age.

The implicit hypothesis in the above set of equations
is that one can distinguish older workers with continuous
labor-market attachment from younger workers and workers
with discontinuous attachment in terms of their specific
training. Tnese labor groups become imperfect substitutes
for one another so that the relative abundance of one group
should alter wage differentials. 1If wage differentials
among demographic groups are not sufficiently flexible, un-
employment rates will change as well (or instead). 1In fact,
in a world in which the labor requirements for capital equip-
ment and the like are largely fixed, it may be difficult for

relative wages to clear the market. And since young workers

have a tendency to age over time, firms must anticipate
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demographic swings in the labor force. Of special importance
in preventing relative wages from adjusting, and hence in
thrusting the adjustment process onto unemployment rates,
however, has been government policy. First, the major ex-
tension of minimum wages‘has prevented adjustments in demand
that would favor lower-skilled workers. Second, changes in
unemployment compensation and welfare have steadily increased
the relative reservation price of labor, thereby lowering
the cost of being unemployed.

Specifically, this model suggests that as RPY has in-
creased, in response to the baby boom generation entering
the labor force, the relative unemployment rates of young
males and most female groups have increased for a given level
of prime-age male unemployment. Unfortunately, time series
on the various transfer payments and minimum wage laws that
encompass both dollars per claimant and coverage are diffi-
cult to construct. Consequently, it is not possible to di-
rectly test the hypotheses that increases in the benefits
available and especially in the coverage of these programs
have increased the relative unemployment of young workers.
The data that are available indicate that the cost of being
unemployed and minimum wage coverage have changed along a

time path similar to RP Hence that variable is utilized

YQ
to capture these influences as well as the demographic shift.




Table 3.2

UNEMPLOYMENT RATE EQUATIONS, BY AGE AND SEX

19S4:1 - 1975:4

Prime-Age
Male
Unemployment )
Group Constant Rate RELPOP R®/DW/SEE
Males:
16-19 ~0.0889392 0.464031 0.748533 0.855/0.851/0.0647
(-0.50) (22.15) (13.23)
20-24 -0.517042 0.877549 0.533824 0.893/0.658/0.1019
(-1.84) (26.58) (5.99)
25-34 -1.18398 1.06414% 0.422494 0.980/1.241/0.0525
(-8.20) (62.63) (9.22)
35-44 0.449355 0.974934 -0.179345 0.981/1.321/0.0499
(3.27) (60.36) (-4.11)
$5-54 1.55698 © 0.923054 -0.519845 0.973/1.269/0.0607
(9.32) (46.97) (-9.80)
S5-64 2.69436 0.718786 -0.775566 0.901/0.767/0.1037
(9.44) (21.40) (-8.55)
65+ 1.22766 0.5840689 -0.1990uu 0.764/1.331/0.1227
(3.63) (-0.20) (-1.86)
Females:
16-19 -1.21205 0.282291 1.20149 0.747/0.684/0.0885
(-4.97) (9.85) (15.53)
20-24 -1.74367 0.508166 1.09208 0.861/1.222/0.0740
(-8.56) (21.20) (16.88)
25-34 -0.596925 0.513717 0.603675 0.862/1.081/0.0680
(-3.19) (23.33) (10.16)
35-44 -0.437322 0.561387 0.445664 0.858/1.008/0.0758
(-2.10) (22.87) (6.73)
5554 0.001035 0.616547 0.202232 0.873/1.551/0.0810
(0.01) (23.50) (2.86)
55-64 0.94309 0.618693 -6.160002 0.799/1.394/0.1154
(2.97) (16.55) (-1.59)
65+ -2.05468 0.519806 0.87u4235 0.503/1.375/0.1745
(-4.28) (9.20) (5.73)

YT e—— - 'v_-_.
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The increase in coverage is of special importance since
it largely affects the low-skilled, mostly young, workers
who are disproportionately involved in cyclical unemploy-
ment and in the high turnover rates of the young and of
(married) females. Reductions in the cost of being unemploy-
ed facilitate movements into and out of employment. Whether
he is eligible for certain transfer payments helps an indi-
vidual to choose between being unemployed and withdrawing
from the labor force.

Taking RP, as an indicator of demographic imbalance

o
for all gorups in the labor market is not a strong assumption.
Demographic trends being what they are, a relative increase
in young people in the population implies quite directly a
decrease in the relative population of older people. The
equation then identifies which demographic groups are substi-
tutes for younger workers (a2 > 0) and which groups are com-
plements (ag < 0). Essentially, almost all female groups

and the young male groups have a, > 0, while the older male

groups have ay < 0.
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NOTES ON CONTRIBUTION RATES TABLE:

The values in parentheses are the actual participation rates.

The Contribution Rates are interpreted as follows:

This rate implies the expected participation rate when
only the value of an independent variable has changed from
the 1954:1 value to the 1975:4 value. For example, in the
male 16-19 age group, 0.58390 indicates that if only the school
enrollment rate had changed from 0.594 (the value in 1954:1)
to 0.715 (the value in 1975:4), all other variables remaining
constant, the participation rate would have been 0.58390 in
the 1975:4 period. The combined effects can also be calcu-
ated. For example, the combined effects of school enrollment
rate and real wage for the male 16-19 age group should be
0.59934 (0.58390 x 0.61558/0.59972). Because the estimations
have been made in logarithmic form the effects are multi-
plicative. The total effects are: (0.59141/0.59972) = (0.58390/
0.59972) x (0.61558/0,59972) x (0.59178/0.59972).




Previous Lag(i) = I
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NOTES ON TABLES 1 AND 2

Explanation of Variables

SER; = School Enrollment Rate of group i, where i = males
16-19, males 20-24, females 16-19. (The values
of this variable have a step-like form.)

TFRi = Total Fertility Rate of group i, where i = females
16-19, 20-24, 25-34. (For the 35-44 age group,
aggregate TFR was used.)

p/p*:

p = Consumer Price Index

h. = harmonic weight
i
-16
p* = t (h;P.),
j=-1  * 7t -16
-ihi--l
-7
Wage = (I [hi(l'Upm-)]}' Real Wage/8.0
i=0 1
where =7
hi = harmonic weight, . By w 1

i=0
Upm = Prime-Age Male Unemployment Rate

Real Wage = Real Compensation per manhour

[ ) 1/k = (5 = 1)
t.-s P6§ i"l't
where
i = gpecific age-sex group; male, female,
20-24, ..., 65+
k = 12 for i = 20-24
- —— T I—
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k = 16 for i 24-34

k =20 for i 35-44, ..., 65+

RELPOP = Percentage of young workers (age 16-24, both
sexes) over total civilian noninstitutional
population of working age.

II. Sources of data

SER: Handbook of Labor Statistics, 1975. Reference
Edition. 1975 data were collected from Current
Population Reports, March 1976 and Special Labor
Force Report, March 1976.

TFR: Vital Statistics of the United States, Vol. I,
Natality Tables 1-6.

All other data were either from the Wharton Econometric
Forecasting Associates data bank or transformed by the
author.




Chapter 4. Model Validation.

Even if one had a set of well-behaved estimates of the
system parameters, the problem of generating goodness-of-fit
measures and test statistics for large simulataneous systems
is generally unresolved.l/ Given that the two systems of
interest have been estimated by ordinary least squaresg/ and
the properties of the OLS estimator, i.e. that they can be
expected to be inconsistent and biased, we must fall back on
some rule of thumb measures for evaluating these models.
Current practice in this situation is to validate models on
the basis of historical simulation, multiplier analysis and/or
forecasting results. We have benchmarked the RASST and WEFA
models by simulating them over an historical period. Error
statistics for these simulations appear in Tables 4.1 and 4.2.
Before examining.these results several points should be con-
sidered.

(1) The simulations were dynamic. That is, actual values
of all endogenous variables for all periods prior to October,

1967 were used in solving the models, but solution values

were used for any period beyond that time. This is a severe

l/See Dhrymes, P.J. Econometrics, Statistical Foundations and
Applications, (l'ew York: Harper and Row), 1970 pp. 240-277.

Z/'I‘he RASST Model imposed certain cross-equation constraintcs
on the system but yields the same statistical characteristics
as ordinary least squares.

(48)
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test, since both of these models have a strong dynamic character
and depend heavily on lagged dependent variables.

(2) Actual values for all variables exogenous to the
demographic labor market models were used for the historical
simulations. While it would have been possible to simulate the
models with the Wharton Quarterly Model solutions for all
variables endogenized in the Wharton Model this would involve
evaluating them not only on the basis of their internal charac-
teristics but on the ability of the Wharton Model to forecast
the variables necessary as inputs. Since the two sets of
variables necessary are discrete, GNP are unfilled orders for
RASST and prices and wages for the WEFA model, we have used actual
values to avoid this problem. We are, however, interested in
the question, how well would these two models have described
labor markets if we could predict exogenous variables per-
fectly. To this end while we have used the ac data for
quarterly variables, we have interpolated to the monthly level
using the technigue described in Chapter 3. This procedure
biases the results against the RASST model to an unknown ex-
tent, since the WEFA model is using exogenous data that is the
same as sample period data. This seems unavoidable if we are
attempting to test the two models for forecasting character-
istics among other things.

(3) One final caveat regarding the degree of exogeneity

of the two models is in order.
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Given a set of parameter estimates the solution to any
econometric model through time, whether it is a single linear
relationship or a large system of equations, will depend on
the values taken by the exogenous variables and, if the system
is dynamic, the set of initial conditions on the lagged variables.
While this is obvious the importance this assumes in comparing
two models or in specifying a model for forecasting purposes
is often overlooked.

A simple example might illustrate the problem. Suppose
that the behavior of the eéonomic phenomena in which we are
interested can be described by the recursive set of relation-

ships

Fei T By T N¥ga ¢ Sl T ey (1)

e s

¥ez " 8g¥e1.1 tl 1%¢2 (2)

If the variable of ultimate interest is Vi1 then three ap-
proaches to estimating this system are available. Equation (1)
may be estimated as a single relationship assuming Yeo to be
exogenous to the system when it actually is not. The equation
set (1) and (2) may be estimated. Finally, we could substitute
equation (2) out of the system and estimate the reduced form

equation

Yoy ® 8g * 0% 1¥eq,1 * 8%, * %y

a*; = ajBgre’yy = egy *oojep)
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Any one of these procedures would be operational from an es-
timation point of view but they have different implications
for required resources and usefulness in forecasting exercises.
They also have different implications for bias and other
statistical properties of the estimates.

If (1) is estimated as a single equation then it will be
necessary to supply projections of the variables Ye2 and Xt
cver the forecast horizon in order to use the model for fore-
casting Yepe

If either the set of equations (1) and (2) or egquation (3)
is used to forecast Ye1 the information requirement for Yy, OvVer
the forecast is eliminated and only X and an initial value for
Yeo1,1 is required for forecasting. The difference between
these two is the ability the former provides to monitor the
feedback process through Yeo-

Notice also the difference in comparing these models on
the basis of within sample simulations, the strategy we are
using in comparing models for the purposes of selecting one
for forecasting. In case (l), historical simulation will
simply reproduce the residual errors from the least squares
regression calculation. In case (2), simulation of the system
dynamically and simultaneously allows error to enter the system
both in terms of the estimation error and because both con-
temporaneous and historical values are produced by the system.
The value of Yo used in determining Y1 will not be the actual

value used in estimation but the value predicted by eguation (2).
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Once the system is used to predict more than one period into
the future, additional error may accumulate because the values
for yt-l,l used to predict Yio will be solution rather than
historical values. Similar comments apply to case 3. The
point to be recognized here is that in order to approximate
a valid test of two forecasting systems which differ in their
degree of exogeneity it would be necessary to attempt to
approximate the methodology that will actually be used in
projecting exogenous variables for forecasting purposes.

(4) Four measures of error are reported in Tables 4.1
and 4.2

MAE = Mean Absolute Error
N

r (|P

- A_|)/N
eml t €

At = actual

P, = predicted or simulated value
N = number of solution periods

MAPE = Mean Absolute Percentage Error

(I(Pt - A /A | * 100.)/N

N
z t|
=

t=1

RMSE = Root Mean Square Error

N 2
(Z (P. - A,)°/N)
-t % t

1/2
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RMSPE = Root Mean Square Percentage Error
2 1/2
AL /AL)T/N)

While alternative measures of error are available these are
easily comparable, serve our purposes, and are unlikely to give
misleading indications of the relative accuracy of the two
models.

(5) While the behavioral variables in the RASST model
are labor market flocws and in the WEFA model participation and
unemployment rates, appropriate identities and the exogenous
population data can be used to generate levels for labor force,
employment and unemployment for each model. Tables 4.1 and 4.2
compile error statistics for the number of unemployed and the
number in the labor force. These two variables would appear
to be the most significant because:

(1) the labor force and unemployment pools essentially
circpmscribe the choice environment for those con-
sidering enlistment and separation and appear to be
among the most likely candidates for demographic
support of military flows.

(2) these two and their opposites, not in the labor force
and employed, fully describe the state of the popu-
lation.

Turning to the simulation results several observations can
be made about both models. First, not unexpectedly, both models
display more accuracy in tracking labor force behavior in the
prime age groups. For the RASST model both the RMSE and MAPE

for the labor force are smaller in the 25-29 year groups for

every age-sex category. The WEFA model has its smallest per-




RASST MODEL
LABOR FORCE AND UNEMPLOYMENT

| ' HISTORICAL SIMULATIONS 1967.10-1973.12
(MONTHS)
'

MAE RMSR
1 (Mil. of People) MAPE (Mil. of People) RMSPE
NML16.19 .0200 4.56 .0244 5.69
NML20.24 .0155 2.07 .0200 2.58
NML25.59 .0236 0.66 .0299 0.84
NML60+ .0148 3.58 .0181 4.44
WML16.19 .1357 2.75 .1524 4.16
WML20. 24 .0490 0.93 .0617 1.14
WML25.59 L2372 0.72 .2434 0.74
WML6 0+ .0625 1.36 .0740 1.61
' NFL16.19 , .0239 7.16 .0282 8.64
NFL20.24 .0204 3.25 .0251 4.02
NFL25.59 .0286 1.01 .0359 127
NFL60+ .0101 3.90 .0130 5.06
) WFL16.19 .0773 2.69 .0947 3.33
WFL20. 24 .0454 1.09 .0621 1.52
WFL25.59 .1930 1.05 L2377 1.29
WFL60+ .0395 1.63 .0498 2.05
* NMUL16.19 .0119 9.67 .0156 11.76
NMUL20.24 .0169 17.09 .0221 20.16
~ NMUL25.59 .0219 13.41 .0289 16.40
NMUL60+ .0044 28.62 .0055 36.53
WMUL16.19 .0447 9.07 .0579 14.33
WMUL20. 24 .0668 17.14 .0866 20.50
WMUL25.59 .1381 15.92 .1871 19.58
WMUL60+ .0190 13.94 .0248 16.41
NFUL16.19 L0111 9.98 .0139 12.51
NFUL20. 24 .0101 10.82 L0122 13.51
NFUL25.59 .0197 10.85 .0243 12.87
NFUL60+ .0022 38.91 .0027 60.58
WFUL16.19 .0310 7.83 .0406 9.59
WFUL20. 24 .0718 10.01 .0938 12.44
WFUL25.59 .0303 9.80 .0384 11.90
WFUL60+ .0129 17.95 .0167 21.56

MAE = Mean Absolute Error; MAPE - Mean Absolute Percentage Error;
RMSE = Root Mean Square Error; RMSPE = Root Mean Square Percentage
Error

(54)
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=/ For translation of mnemonics see Appendix 4.1.
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NLCM16.19
NLCM20. 24
NLCM25. 34
NLCM35.44
NLCM45.54
NLCMS55.64
NLCM65+

NLCFl6.19
NLCF20.24
NLCF25.34
NLCF35.44
NLCF45.54
NLCF55.64
NLCF65+

NUTM16.19
NUTM20. 24
NUTM25. 34
NUTM35.44
NUTM45.54
NUTMS5.64
NUTM65+

NUTF1l6.19
NUTF20.24
NUTF25. 34
NUTF35.44
NUTF45.54
NUTFS5.64
NUTF65+

(55)
Table 4.2
WEFA DEMOGRAPHIC MODELL/

LABOR FORCE AND UNEMPLOYMENT
HISTORICAL SIMULATIONS 1967.4-1973.4

(QUARTERS)

MAE RMSR

(Mil. of People) MAPE (Mil. of People) RMSPE
.0444 1.09 .0573 1.42
.0374 0.64 .0463 0.78
.0161 0.14 .0191 0.16
.0176 0.17 .0218 0.21
.0274 0.26 .0319 0.31
.0544 0.77 .0658 0.93
.0778 3.84 .0909 4.48
.0958 2.86 .1201 3.52
.0449 0.94 .0552 1.16
.0718 1.26 .0865 1.55
.0368 .61 .0490 0.82
.1045 1.65 .1237 1.95
<0773 1.90 .0916 2.25
.0463 4.63 + 0525 528
.019 3.12 .026 4.12
.032 7.69 .040 8.98
.012 3.62 .018 5.02
.009 4.26 .012 %37
.008 3.68 .010 5.04
« 013 7.18 «015 8.22
.007 10.59 .008 13.86
.016 3.19 .013 3.98
.018 4.43 .029 4.94
.014 4.30 .018 6.18
.015 $.96 .018 7.05
.011 5.55 .013 6.73
.007 6.20 .010 8.20
.004 11.82 .005 16.78

MAE = Mean Absolute Error; MAPE = Mean Absolute Percentage Error;
RMSE = Root Mean Square Error; RMSPE = Root Mean Square Percen-
tage Error.

1/

=~ For translation of mnemonics see Appendix 4.1.
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b centage error either in the 25-34 or 35-44 age group. Moreover,

f errors for the 16-19 and 60+ (RASST) or 65+ (WEFA) groups are

; systematically larger than those for other groups. This behavior
| seems to reflect both less stable labor force attachment of these
extreme age groups and the lack of structural variables relevant

to the labor force choice. This seems likely to be particularly

severe in the older age groups where neither model succeeds

in capturing the opportunity cost of transfer income.

The second characteristic the two models share in their
explanation of the labor force is a tendency toward greater
accuracy in explaining the behavior of males than females.

This is particularly striking in the case of the WEFA model
E where the percentage of error measures for the females in
the labor force exceeds those for males in every age group.
In the RASST model the only exception to this is for whites
in the 16-19 age group.

When error measures for the number of unemployed are
examined this systematic relationship of error to age-sex
characteristics largely disappears. The one, unexpected,
characteristic that the models do share is that for each
sex/race group the smallest percentage errors appear in the
16-19 age category. This occurs despite the fact that the
labor force total on which this estimate is based in the
WEFA model exhibits larger errors than any other age group
except the 65+ category. For the 16-19 age group the par-
ticipation rate equations and unemployment rate equations in

the WEFA model tend to make offsetting errors. In the RASST

ULl i : - T P— -
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model the unemployment total is determined by netting flows
into and out of the stock of the unemployed and the link be-
tween labor force and unemployment is not as close. It would
appear that the explanation for this phenomena which appears
in both models is to be found in the simple arithmetic fact
that the number of unemployed is large in this category and
so errors that are larger in numerical terms than for much
larger labor fcrce categories translate into smaller percen-
tages. For example, within the WEFA model while the percen-
tage errors in unemployment are smallest for the 16-19 age
group in terms of thousands of people the error in this group
is exceeded only by that for the 20-24 age group.

Given the similarity of patterns between the two models,
reflecting the underlying data, there are substantial differ-
ences in the levels of accuracy obtained by the two models
over this period. While direct comparisons cannot be made
by cell, on the basis of these tables both the MAPE and RMSPE
reported show a fendency to be much lower for the WEFA model
than for the RASST model. For example the MAPE of 1.09 re-
ported for males 16-19 in the WEFA model compares to RASST
errors for the same age-sex group of 4.56% for non-whites
and 3.75% for whites. For the 25-29 age group RASST has an
MAPE of 0.66% for non-white males and 0.72% for white males.
Of the the four age groups in this span in the WEFA model the
percentage errors for 25-34, 35-44 and 45-54 run approximately
1/3 of these values, ranging from 0.14-0.26, while the error
for the 55-64 age group is of a similar order of magnitude at

Q.77%.

L —
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For females the order of magnitude of the errors in labor
force totals appears to be much closer and the RASST model may
exhibit some superiority in the 25-59 year range. MAPE for
both white and non-white female labor force totals runs near
1.0%8. Only the 35-44 year age group exhibits a lower error
in the WEFA model with the other three age groups having
errors from 1.26%-1.90%.

Turning to unemployment measures, if the 60+ and 65+
categories are dropped from consideration the largest MAPE
in the WEFA categories is 7.69% for males 20-24. The smallest
MAPE in the RASST categories is the 7.83% for white females
16-19.

While we have not run the RASST model with the original
exogenous inputs to compare those results with those from
the interpolated variables it does appear that a substantial
amount of the error in the male unemployment arises from this
source. Table 4.3 presents a comparison of the MAPE reported
by Smith on an earlier version of RASST with those reported
here. The errors for non-white males 20-24 and white males
20-24 and 25-59 show particularly striking increases of from
6.0 to 10.0 percentage points. However, even if Smith's error
measures are used for comparison purposes the WEFA model ap-
pears to exhibit superior accuracy.

A final caveat should be noted in comparing these two
models. The basic source data and simulation data for RASST
is not seasonally adjusted monthly and for WEFA seasonally

adjusted quarterly. The former is much "noisier". The process
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Table 4.3
RASST

UNEMPLOYMENT MAPE

Smithl/ Current
NMUL16.19 13.8 9.7
NMUL20. 24 11 .4 17.2
NMUL25.59 8.8 13.4
NMUL60+ 31.4 28.6
NMUL16.19 8.1 9.1
NMUL20. 24 % | 17.1
NMUL25.59 7.9 15.9
NMUL60+ 12.6 13.9
NFUL16.19 1.2 10.0
NFUL20.24 11.4 10.8
NFUL25.59 14.3 10.9
NFUL60+ 34.9 38.9
WFULl16.19 1«1 7.8
WFUL20. 24 9.6 10.0
WFUL25.59 6.1 9.8
WFUL60+ 15.9 18.0

l-/Sm.'i.tl‘x, R. E. "A Simulation Model of the Demographic Com-
position of Employment, Unemployment, and Labor Force
Participation: Status Report," Urban Institute Working
Paper 350-65, p.36.
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of seasonal adjustment and averaging to the guarterly level
'yields much smoother data. Even accounting for seasonal
factors with dummy variables, as the RASST model does, will
not completely eliminate the advantage of using a smoother
series. An indication of the much greater variation in the
RASST data is contained in the scatter diagrams of Figures
4.1-4.6.

It is our opinion that the WEFA approach to modeling
these markets is likely to yield better forecasting proper-
ties given the current state of the art but there is still

room for a difference of opinion.

S O S
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Appendix I.

Mnemonic Conventions

A. RASST Model

All labor force variables have attached a mnemonic that

can be broken into four fields describing respectively race-

sex-labor force status-age. The field values are

Race:
N = non-white
W = white
Sex:
M = male
F = female
Labor Force Status:
UL = unemployment level
E = employment
L = labor force
UR = unemployment rate
EN = flow from employment to not in the labor force
UN = flow from unemployment to not in the labor force
NL = flow from not in the labor force to the labor force
EU = flow from employment to unemployment
UE = flow from unemployment to employment
NE = flow from not in the labor force to employment
NU = flow from not in the labor force to unemployment
NE/NL = probability of successful labor force entry
Age:
l6-19
20-25
25-59
60+

thus

NMUL20-24 = non white male level of unemployment

between ages 20 and 24 inclusive
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B. WEFA Model

All labor force variables begin with an "N". The second
letter may indicate that the variable is a rate in which case
the letter is "R". 1If no R appears the second letter indicates
the component of the labor force alluded to, such as L for
labor force, E for employment or U for unemployment. If an
R does appear in the second place, the third place will as-
sume these values. The next field indicates whether total (T)
or civilian (C) labor forc.e measures are being used. The next
field the sex measure (M,F), if any, and the final field the
age category if any.

] thus

NRLTF65+ = labor force participation rate for females
65 and over

while
NRUT20.24 = unemployment rate for all persons 20-24
A complete alphabetical glossary of WEFA model variables appears

in Volume II of this report.
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Chapter 5 - Labor Market Forecast

Forecast Strategy

On the basis of the simulation results we have proceeded
to use the WEFA model in an initial forecasting exercise.
While the simulation results lead us to feel that the WEFA
model is likely to produce superior forecasts, there are
additional reasons for proceeding to forecast with this model.
First we feel that the finer age breakdown in the WEFA model
will be necessary to support explanation of separations when
we turn to that portion of the study. Second, the distinctive
labor market patterns for non-whites over the sample period
seems very likely to be a function of the skill distribution
among these groups rather than their race. Attempting to
forecast far enough into the future to allow policies to affect
this skill distribution is likely to mean that a substantial
shift will occur in non-white labor market patterns. Age
distinctions based on accumulated skill and experience and
life cycle patterns are likely to be much more stable. Fin-
ally, forecasting provides an additional validation test for
the model.

The final validation of any econometric model is its
ability to produce "sensible" forecasts or at a minimum to
be able to simulate with some degree of accuracy the path

of economic phenomenon outside the sample period.

(69)
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While it is not unusual for post sample performance to
be advocated as a criterion for model validations, the extent
to which the least squares estimation technique may obviate
within sample simulation results appears to have been neglect-
ed. The obvious point to be made is that the least squares

estimator picks the set of estimates which minimizes

no matter what the extent of specification error. Within
sample simulations will in fact benefit from this character-
istic. To choose an extreme example one could specify a

completely recursive system

o1 " %1 4y %

Y = a e

g2 T 312 * 3y Ko *ayY,

Clearly so long as each individual equation is chosen

to have a high R2

the system as a whole is not likely to
drift far from the sample experience.

Moreover for certain types of specification, response
characteristics may approximate the underlying structure
within the neighborhood of the sample mean. For example,

suppose the correct specification of a consumer durables

W e o
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expenditures equation is

CD/Y = 80 + Bl Pr -+ 82 > i

or CD = 8. .Y + Bl Pr Y + 82 r Y e X

0

with CD = Expenditure on Consumer Durables
Pr = Relative Price

X

Income

but the estimated equation is

*p gy v

*
= +
o™ Bg* 8 Fpp ™ 6y 3

Under some fairly stringent assumptions it is possible
*
to show that the estimate of B3 that results from applying
ordinary least squares to the mispecified equation has a

probability limit that is approximately

+ P + T
Bo. 81 82 r

i.e., in the neighborhocd of the means of the explanatory
variables the estimated/simulated effect of an increase in
Y on CD is likely to be approximately the same whichever
version of the equation is estimated.l/

Since, in fact, the estimation technique is working so
hard for us within the sample period, satisfactory reports

on simulation results in periods should be treated with a

great deal of circumspection.

E/For a proof of this statement see Appendix 5.I.
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While we find the simulation results of the WEFA model
encouraging, it must be recognized that the forecast discuss-
e& in this Chapter and appearing in Volume II is an initial
trial at using this model. Until some experience is develop-
ed in forecasting with the model some circumspection is
necessary in using it.

The Wharton Quarterly Model already has in it relation-
ships for determining the total level of the labor force,
total employment and by implication the number of unemployed.z
Substantial experience has been accumulated using these for
forecasting. 1In order to make use of this experience we have
used forecasts for these totals as controls in developing a
forecast of the demographic detail of the labor market. The
WEFA demographic model is thus essentially used to allocate
the labor force into demographic cells after the totals are
determined within the Quarterly Model;

For the labor force this is done by taking the predicted
participation rates for each population group and scaling it
by the ratio of total civilian labor force, NLC, predicted
by the Quarterly Model to the labor force implied by the demo-

- graphic subsector, i.e.,

NLC/i Yi NPCNMi

2/Thos. were documented in the previous interim report on this
contract.

/
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where Yy is the participation rate of the ith age~sex group
and NPCNMi is the population of that group. This ratio is
then applied to the vy to enforce the identity

NLC = i Yi NPCNMi

The value of this ratio is displayed in Table 1, Line 19 of
the demographic forecast tables in Volume II. A similar pro-
cedure ;s followed with respect to the unemployment rate and
the value of the ratio used there appears Table 1.2, Line 27.

All inputs to the model for the forecast appear in the
forecast tables. Exogenous variables are identified by éhe
letter E following the mnemonic.

Given the primary concern with labor markets some comment
is necessary concerning assumptions directly affecting this
sector:

i 9 Posulation: The assumptions for total population

and the age-sex detail are taken from Population

Estimates and Projections, Bureau of Census, Series
p-25 No. 704 July, 1977.

2. School Enrollment Rates and Fertility Rates: These
have been extrapolated taking into account recent
trends and with respect to the fertility rates some
modification based on M. Wachter's earlier work in
this area cited in Chapter 3. These procedures
yield enrollment rates that are constant through
1981 and a slowly declining fertility rate.

The general procedure for establishing assumptions is
to incorporate recent information on such things as govern-

ment expenditures and taxes for the initial 8-12 quarters

vi Rt lig Tie S 1
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and allow exogenous variables to approach longer run trends
beyond that period.
One final comment on the current forecast should be

made. The level of military manpower is exogenous in this

forecast. This means that we have assumed these will be the
levels and that the total military budget and wage bill
assumed is consistent with achieving this total. At a later
stage of the research we would hope to endogenize military
manpower so that given various parameters of military person-
nel policies, including pay, we can determine the resulting

force levels and personnel costs.

Forecast Results

General Economic Outlook:

The Wharton Forecast is for a cyclical slowing in the
growth rate of the economy over the next four years. While
the growth rate for constant dollar GNP in 1977 is expected
to be just under 5.0%, the outlook is for growth to slow to
near 4.0% in 1978 and be below 4.0% in the 1979-81 period.
This slowdown occurs despite a sizable tax cut which has been
included as part of our assumptions. Without this tax cut
the growth rate in 1979 would be forecast approximately 0.5%
less than the 3.75% in the present forecast.

The basic cause of the slowdown is a convergence of

weakness in the most highly cyclical sectors of the private




(73)

sector which is exacerbated by high interest rates and infla-
tionary pressures contained in current government policy.
The cyclical patterns followed by consumer durables expendi-
ture, residential investment, business investment in plant
and equipment and inventories over the past two years would
result in a slowing of growth as a result of a simple acceler-
ator process even if no alterations in policy occurred. The
adjustment to higher desired stocks of durables, housing,
and fixed and working capital fueled growth above trend
through the period 1975-77 and as that adjustment is completed
we would normally expect some slowing in growth. This natural
slowdown resulting from private sector behavior could be off-
set by stimulative public sector behavior. However, our
current outlook is that monetary policy will be acting to
inhibit growth during this period and that the effects of the
final energy and Social Security bills will act to reduce
incomes and increase prices, reducing total final demand.
This latter effect is partially offset by a tax cut but our
current expectations are that in toto the public sector will
not be stimulative enough to offset the decline in growth
rates of private demand.

The most dramatic shift in the composition of demand
is expected to occur in housing. Following a growth of

nearly 20.0% in 1977, constant dollar residential investment

RPN %
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is expected to be nearly flat in 1978, decline 7.5% in 1979
and another 2.5% in 1980. Not until 1981 is an increase in
real expenditures expected to occur. This sharp cycle is
caused by a combination of higher interest rates and slower
growth in real disposable income.

Less dramatic but exerting downward pressure on the
economy are expected declines in the rate of inventory
accumulation and a sharp slowing of the growth of plant and
equipment investment. While the latter is affected by higher
interest costs, the major determinant here is the general slow-
ing in the growth of final sales.

The outlook for price inflation does not reflect the
slowing of growth. Despite reduced demand pressures we
expect inflation, measured by the GNP implicit deflator,

4 to remain in the 5.5-6.5% range through 198l1. In part this
reflects the very slow pace at which inflation can be eased
given sufficient demand pressures lo stabilize the unemploy-
ment rate even at its current high level. However, it also
reflects price increases that are being legislated into the
economy in the form of increased taxes included in the energy
and Social Security legislation included in this forecast.
The impact of these increases is expected to be greatest
about 1980 just as we would normally expect some slowing of

inflation.
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Labor Market Outlook:

Against this background we expect the unemployment rate
to decline from the current level of 7.0% to the vicinity of
5.75% by mid-1982. This decline proceeds steadily despite
the slowdown in the expansion rate of the economy. As Table
5.1 documents, the growth rate in employment does reflect this

TABLE 5.1

FORECAST GROWTH RATES

Civilian Civilian Population

GNP Unemployment Labor Force 16 and over
1978 4.1 2.6 2.5 1.45
1979 3.8 2.3 2.0 1.43
1980 3.5 2.2 1.8 135
1981 3.4 2.1 b 8 1.21

decline in the rate of growth of the economy, but this is more
than offset by the expected decline in the growth of the civilian
labor force. As indicated by the Table, some small portion of
this slowdown in labor force growth is attributable to a slow-
down in population growth but the largest portion is caused by

a leveling off of increases in participation rates. The aggre-
gate participation rate (Table 1, Line 50) increases from .62l

in 1977 to .628 in 1978, but increases an average of .003 in each

of the succeeding years.
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Of particular interest to the Navy is labor market be-
havior of the male 16-19 and 20-24 year old groups. The
population in the 16-19 category is expected to decline
throughout the forecast period. For the 20-24 group, popu-
lation rises until mid-1981 after which it declines. Rising
participation rates éartially offset the population decline
among the 16-19 age groué and the labor force continues to
rise into 1979, levels off, and begins to decline in late
1980. The 20-24 year old group is expected to behave in
just the opposite fashion. Despite rising population, a
decline in participation rates results in a labor force that
peaks in late 1979 and declines beyond that point.

Reflecting the general improvement in labor market con-
ditions we expect employment among these groups to rise
throughout the forecast. Moreover, while the total number
of unemployed in the economy is expected to decline by 10.0%
from 1977‘to 1981, the equivalent decline for males 16-19 is
expected to be about 11.25% and for males 20-24 nearly 18.0%.

The implication of the forecast is that labor market
competition for this prime group for military purposes is
going to become more severe both as a result of the decline
in population and as a result of the general improvement in

the economy.
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APPENDIX 5.I.

Let 2 = CD/Y
X = (1 Pr T}
*
Z = ¥x
*
X = [X Y]
Y = Yl 0 O
0 Yz LA,
0 0 e o o YT

Then we can rewrite the correctly specified relationship as:

2 = XB + ¢ (la)

and the misspecified equations:

Z =X28 + u (2a)
where
*
Bo Bo
S 1Y .- BI and u = Ye
*
82 82
B*
3

Assume for the sake of simplicity that X is non-stochastic if

plim Ye = 0 plim X'e = 0 plim Y = - and plim YY' = ozIt .
x

then applying OLS to (2a) yields

-t

8y = - wnhan @y - o Thaye :

+ ") emo "y (v Ty ye)
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— - [] -l 1 . = ok ) ot T_l
where M=1I Yi(y'y)y ¥ plim M I 7 I - it
e =2 o
and plimg; = - ¥ I 4Y % (X'%) X'X B
el
Fo T-1
+ 02 i'X8
To
—22 -1
+ Yo I 1" X(X'X) X'X B8
2(T-l)
(P 2)
= i'Xg (- Y T Al R =iny il )
T 2 T-1 g2 =1

i'Xg (1 + T2 -
T c2 (T-1) T

for large T.




