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1. Introduction

During the past few years, residents
of Southern California have lived a
biblical existence. They have experi-
enced fires, a drought, floods, earth-
quakes, a civil disturbance, defense base
closures, county bankruptcies and a
national and regional recession. In
addition, the Southern California econo-
my was slow to emerge from the past
recession and, while the rest of the
nation basks in the warm glow of
economic growth, Southern California
remains a cool place. This has led some
whether the

California economy will ever return to

to question Southern
its former health, let alone become the
“go~-go” place it was during the 1980s.

Many economists are quick to
dismiss this line of reasoning. Theory
predicts that factor migration (par-
ticularly labor) and factor price
adjustment will operate to push the
growth rate of the Southern California

economy toward the national growth

rate. The problems are just transitory.
Theory is less obliging when it comes
to stating how long these transitory
adjustments might take. The study by
Barro and Sala-i-Martin (1992) on the
convergence of per capita income and
product across US states partially fills
this gap. They demonstrate that
economies which are above steady-
state equilibrium grow more slowly in
per capita terms than those below
steady-state equilibrium, provided that
sectoral composition of these economies
are held constant. Since Southern Cali-
highly
developed regions in the US, it should

fornia is one of the most
be one of the most slowly adjusting
regions. However, slow and fast are
relative terms. In. their empirical work,
Barro and Sala-i~Martin estimate that
rate of convergence of per capita
income to be in the neighborhood of 2%
per year. Their estimate implies that the
half-life of an shock to
interregional equilibrium is 34 years.

economic

Thus, while there is comfort in the idea
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that Southern California will re-emerge,
the sluggishness of convergence makes
it cold comfort indeed.

The work of Brown, Coulson and
Engle (1990) goes further; they cast
doubt
growth paradigm has a basis in fact as

on whether the -equilibrium
tell as theory. In a study encompassing
nine industries and twenty states for
the period 1969:3 to 1981:4, they
categorically reject the presence of an
interregional equilibrium. The impli-
cation of this study is that “.. the
effects of shocks seem to be permanent.”
(1990:14) This result is supported by
Coulson. (1993). This is not good news
for Southern Californians since it means
that the recent spate of disasters may
have permanently and negatively altered
the economic prospects of the region. In
addition, it suggests that there is a
critical role for a Keynesian-like inter-
ventionist industrial policy in California.
Programs which attract industry and
jobs will have permanent effects on the
competitiveness of the region and,
because the effects are permanent, they
are likely to pay for themselves (Brown
et. al. 1990:14).

Given the implications of the Barro
and Sala-i-Martin, Brown et. al. and
Coulson studies for Southern California,
further attention needs to be given to
several questions: (i) Does some form
of interregional growth equilibrium bind
Southern California to the rest of the
nation? (ii) How long does it take to

re—establish interregional equilibrium

following a shock? (iii) Which em-
ployment shocks have a statistically
significant impact on Southern Califor-
nia? and (iv) Which employment shocks
have a temporary effect and which have
a permanent effect?

I argue that the answer to the
question of whether an interregional
equilibrium exists depends critically on
specification of the equilibrium. Brown
et al. test for factor price equalization
and find that wages and prices do not
appear to equalize across regions. This
may be the result of the short data set
(12 years) used by these authors, in
conjunction with a slow speed of ad-
justment, rather than a failure of factor
price equalization. I show that when one
shortens the

medium run, an interregional equi-

time horizon to the

librium does exist, albeit a temporary
equilibrium. Thus, in principle, shocks
may be permanent or temporary and it
is an empirical question as to which
shocks are which.

The existence of an interregional
equilibrium is one part of the equation,
getting to it is the other. Factor prices
and factor migration must mitigate
interregional employment differences to
establish an equilibrium following a
shock. My estirhates imply that it takes
between eight to ten years for these
adjustments to take place. While faster
than the estimated by Barro and

Sala-i-Martin, these are still slow



processes.

The paper consists of six sections. In
section 2, I presents a simple regional
employment model. I use this model to
provide guidelines for empirical speci-
fication. Section 3 gives a brief descrip-
tion of the data. In section 4, I test for
the existence of a long run interregional
employment equilibrium by testing for
cointegration among employment series.
In section 5 I estimate the impulse
response functions for five industries.
Through the impulse response functions
I determine which shocks are temporary
and which are permanent. I conclude in
section 6.

2. A Simple Regional
Employment Model

I use the simple interregional em-
ployment model. In the model, the same
technology is available to all regions
but regions differ in terms of their
installed human and nonhuman capital
bases and in terms of location specific
factors of production. Labor is the sole
variable factor of production and firms
maximize profit with respect to the
amount of labor they use. I consider the
labor market equilibrium in region i,
industry j, at time t. However, to
economize on notation, I suppress the
regional index i in the following equa-
tions. I assume production function as
Qq=F;L%", where Q, is production,
F;, a

composite fixed factor, L,
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employment, ¢, a national productivity
shift and g; the elasticity of labor
demand in industry j. As firms maxi-
mize their profit, =,=P;Q;— Wil;, the
labor demand function for industry j is
expressed as

lp=a;wp—fi—po:, a;<0 Vi O

where [, is the log of employment,
w; the log of the real wage rate, f; the
log of a composite fixed factor.

On the supply side, I assume that
consumers maximize a log linear utility
function with respect to a composite
good and labor supply subject to the
usual full income budget -constraint.
That is, max {ylogZ,+ dlogR;} subject to
Zy,+ Wy,R,= W,H,, where Z; is com-
modity consumption, R; the amount of
leisure time, and Hj; the total number
of hours available to workers in
industry j. This gives the labor supply

function
l,t=ln(l*0)+T,t, 0<0<1 (2)

where @ 1is share of leisure in the

8
y+é

log of Hj;. This is a special case of the

consumer’s budget, and T; the

linear expenditure system often used in
empirical work. For details, refer to
Park(1996).

To close the labor market in region i,
I assume that the aggregate labor
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supply to each industry responds to
current industrial wage structure in the
region. As the wage in an industry
rises relative to the other sectors, labor
migrates toward that the high wage
sector. The magnitude of this response
depends on costs of transition and the
elasticity of substitution between labor
in sending and receiving sectors. I
approximate the mobility response by
aggregate labor share equation

T=Tgts;+ ;Bk;(wﬂ_wm), 0<8,

3

where T,=ZJ}T,~, is the total labor
supply in the region, B, the elasticity
of labor mobility from industry k to
industry j with respect to the real wage
rate and s; is the share of labor in
industry j in a neutral wage structure
(le., wz=wy). The latter term mea-
sures the natural attractiveness of
industry j to residents of the region.

The reduced form market labor
demand/supply  equations for the
industries in region i are obtained by
using equation (2) and (3) to solve for

the equilibrium wage in each industry

w = %’ (=0 + Tyt fit+ o)), Vj

(4)
and using these wages in equation
(3) to obtain the regional equilibrium

labor demands

ly=08,+8; T+ 3;20:“";975;;;}2. (5)

This function depends on the size of
the labor market, labor productivity and
fixed factor endowments in the different
sectors of the regional economy. Note
that T, represents both the aggregate
labor supply and, via equation (1), the
aggregate real income in the region.
Since the size of the labor market and
labor

productivity are probably

integrated of order one, the labor
demands in (5) will also be integrated
of order one.

The short run difference between the
employment for sector j in region i and

k is

Li=l= 8= 8w T3 uTu—8mTw+
(82— Swodo+ §(¢ if 5= D ksl i)
(6)

The difference depends their relative
labor supplies in the two regions, how
well the each region responds to
flucturations in national productivity,
and the

efficiency of use of the fixed factors of

relative  availability and
production. Over the long run, all of
these reasons for a difference in the
regional labor demands should dis-
appear. Labor migration should equalize
the real wages in the two regions and,
when this occurs, the right hand side of
(6) vanishes. Thus, in the long run, the
stochastic process [;—1/, 1is stationary



with a zero mean; that is, /; and [

are cointegrated with the cointegration
vector (1,-1).

3. Data

I use monthly data from the
“Employment and Earnings: States and
(US. Department of Labor,

Bureau of Labor Statistics) for labor

Areas”

demand variables /;. Data span the

time period 1972.1 to 1993.12. 1 take the
employment data for the Los Angeles
Primary Metropolitan Statistical Area
(PMSA) to represent employment in
Southern California. I use the nation as
a whole as a second region. The same
assumption is made in Brown et. al
(1990), which is common in traditional
empirical regional economic models
(Brown et. al. 1990:6). For industries, I
use the five one-digit SIC industrial
manufacturing,

sectors:  construction,

wholesale and retail trade, finance,
insurance and real estate (FIRE), and
service.

In addition to the time series on
industrial employment I add two ag-
gregate employment series, one for
Southern California and the other for
the United States. These data also come
from the BLS tables. I use these
aggregate series for total labor supplies
T,. 1 add a further labor supply
variable which is not in the model
“‘Defense related employment” series

which is obtained from CITIBASE is
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included to capture the effect of shifts
in defense related jobs in Los Angeles
instituted at the national level. 1 use it
to test whether defense base closures
have a permanent effect on the indus-
trial employment in Los Angeles. All
variables are taken in natural loga-

rithms.

4. Long Run Relations

The focus of this section is on
determining whether there exist one or
more long run equilibrium relationships
linking employment in Los Angeles to
employment in the rest of the nation.
Accordingly, 1 devote considerable at-
tention to stationarity properties of the
employment series. The series must be
nonstationary for a long run relationship
to exist, although short run relation~
ships may exist if the series are sta-
tionary.

To examine the stationarity of each
employment series, 1 test for unit roots
using the augmented Dickey-Fuller
(ADF) test (Fuller 1976; Dickey and
Fuller 1979) and Phillips and Perron
(PP) test (Perron and Phillips 1988).
From Table 1, the resulis are clear. All
series are characterized by a random
walk component.

Given the
behavior of all employment time series,

strong random walk
the next step is to test for cointegration
among employment variables. I begin
by testing for long run factor price
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Table 1. Unit Root Tests

Augmented Dickey-Fuller| Phillips-Perron (PP)
. (ADF) tests™? tests?
Industries Untrended | Trended | Untrended | Trended
Los Angeles Employment (LAIND)
Construction -1.83 -2.74 -2.11 -2.67
Manufacturing ~-244 -3.38 -2.09 -2.88
Trade -171 -1.65 -1.76 -3.13
FIRE. -198 0.22 2.19 0.03
Services -0.84 -165 -1.45 -2.34
United States Employment (USIND)
Construction -159 -1.38 -1.87 ~-1.59
Manufacturing -0.31 -0.47 0.46 0.10
Trade -2.31 0.10 -2.23 -0.56
FIRE. -197 091 -2.28 0.35
Services -1.96 -0.31 -2.43 -0.55
Employment Aggregates
US Total (USTOTAL) -0.01 -2.94 -1.44 -2.94
Southern California (SOCAL) -1.88 -0.91 -2.43 -0.65

Note : 1) The 5% critical values for the untrended and trended Augmented Dickey-Fuller tests and the
Phillips-Perron tests are -2.89 and -3.43, respectively.
2) The ADF tests use six lags to account for serial correlation in the error term. In practice, the
appropriate order, Kk, of the ADF regression in Table 1 is rarely known. Said and Dickey (1984)
showed that the ADF test is valid asymptotically if k is increased with sample size, T, at a
controlled rate, T'°. For the sample size T=264, this translates into k=6.
3) Tests are calculated with twelve lags in the Newey-West covariance estimator to span all

seasonal frequencies.

equalization. When the real wages in
two regions are equalized, the logs of
the labor demands in these regions, /;
and /;, are c_ointegrated' with coef-
ficients 1 and -1, respectively. To test
this test the
nonstationarity of the variable ;-
using a Phillips-Perron (PP) test. When
the PP test statistic is less than the
value I can reject the null

proposition, 1 for

critical
hypothesis of nonstationarity in log of
and

the relative employment levels

support the alternate hypothesis of
stationarity.

In column 1 of Table 2 the tests
indicate that the log of the
relative employment levels,

clearly
l,’j‘ lk,‘, iS
nonstationary for all the sectors, since

Phillips-Perron Z, statistic lies above

the critical value -1.95. Thus, no sector
has long run equilibrium where real
wage rates are equalized across region.

Column 2 presents the results from a
less restrictive test of factor price
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Table 2. Cointegration Tests

f1] {21 3]
PP Test PO Test
est on est on PO Test on Full
. Constrained Unconstrained .
One Digit Sectors . . Regression
Regression Regression
Construction 0.32 -2.25 -3.02
Manufacturing 0.97 1.80 -461
Trade 242 -0.15 -4.22
FIRE 2.02 -1.33 -4.23
Service 156 -2.09 -6.33
.. -4.49 ( 5%)
Critical Values -1.95 -3.42 490 (10%)

equalization. In the test, the cointegra-
tion vector for the logs of the labor
demands in Los Angeles and the United
States sets in 1—y rather than in (I,
-1), as in the preceding test. The
parameter 7y is estimated. The Phillips-
Quliaris (PO) test is the appropriate test
for cointegration when the cointegration
vectors must be estimated. The null
hypothesis of the test is that the time
series are not cointegrated. The null is
rejected when the PO test statistic is
less than the critical value. Again, it
clear from the table that the null

for any sector cannot be rejected.
Consequently, even this looser version
of long run factor price equalization is
rejected.

The preceding tests are analogous to
the tests for cointegration conducted by
Brown et. al. (1990) and, on the basis of
these tests, I would come to the same
conclusion - that cointegration does not
exist. However, this conclusion may be

premature. When I expand the empirical
definition of a long run equilibrium, I
am able to show that cointegration does
exist. The variables in an expanded
cointegration equation are. aggregate
United States
(USTOTAL), aggregate employment in
national defense (USNDEF), national
employment for the industry (USIND),
aggregate employment in Southern
California (SOCAL) and Los Angeles
employment for the industry (LAIND).

employment ‘in the

With the exception of national defence
employment, these are the employment
variables in equation (6). The variables
LAIND and USIND are the industry
employment variables /; and /; and
SOCAL and USTOTAL are the corre-
sponding market labor supply variables
T; and T.. USNDEF is a policy vari-
able included to capture the effect of
shifts in defense related jobs in Los
Angeles instituted at the national level.
The PO test statistics for the test for
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cointegration based on these variables
are given in column 3. These statistics

show that the manufacturing and
service sectors of Los Angeles are
cointegrated at the 5% level of

significance, while the trade and FIRE
sectors are cointegrated at the 10%
level of significance. The construction
sector 1s the only sector for which I can
not reject the null hypothesis of no
cointegration.

I also test for cointegration using
Johansen’s (1988, 1991) full information
likelihood (FIML) method.
Johansen’s test uses a complete vector

maximum

autoregressive model to purge the

transitory dynamics from the long run
relationships. It also enables to test for
the number of cointegrating relations,
not just the existence of cointegration.

For each of the one digit sectors in
the study, 1 construct a five dimensional
system of equations employing the
same variables used in PO tests. I
selected the lag length for the vector
autoregressive model by minimizing the
Schwarz criteria (Lutkepohl, 1991). The
sectors are consistent in their lag
orders; a lag order of 7 minimizes the
Schwartz for all sectors. The results of
the tests are reported in Table 3. Panel
(A) reports the results of the trace test

Table 3. Testing for the Dimension of the Cointegrating Space

(A) Hy rank (IT) <r against Hy: rank (/1) =6
Test statistic
(Critical Values in Parentheses)”

r<4 r<3 r<2 r<1 r=0
Sector
(3.96) (15.20) (29.51) (47.18) (68.91)
Construction 0.90 9.85 26.90 45.52 88.99
Manufacturing 0.39 6.03 19.62 41.98 107.89
Trade . 1.08 5.68 23.78 60.94 114.24
FIRE 0.19 3.90 18.21 45.17 83.10
Service 0.02 6.34 24.50 59.37 138.92
(B) Hy: rank (JI) = r against H: rank (ID) = r+1
Test statistic
(Critical Values in Parentheses)”
Sector r=4|r=5 r=3|r=4 r=2|r=3 r=1lr=2 r=0lr=1
(3.96) (14.04) (20.78) (27.17) (33.18)
Construction 0.90 8.95 17.05 18.62 43.46
Manufacturing 0.39 563 13.60 22.36 65.91
Trade 1.08 460 18.10 37.16 53.30
FIRE 0.19 3.70 14.31 26.97 37.93
Service 0.02 6.32 18.16 34.88 79.55

* Critical values are taken from Hamilton (1994).



in which the null hypothesis that there
are at most r cointegrating vectors
(where 7=0,..,4) is tested against a
general alternative (in this case r=5).
Using this test, I can reject the null
hypothesis that there is no cointegration
(i.e, r=0) at the 5 percent level for all
sectors. The null hypothesis that there
is at most one cointegrating relation
(r<1) is rejected at the 5 percent
significant level for the wholesale and
retail trade sector and service sectors.
From these tests, 1 conclude that
wholesale and retail trade and service
sectors have two cointegrating
relations, while the other sectors have
one cointegrating relation. Panel (B)
reports the maximum eigenvalue tests
which are based on the null hypothesis
of r cointegrating relations against the
alternative of r+1 cointegrating rela-
tions. The test results are quite similar
to Panel (A) and confirm the conclusion
about the

equations needed for each sector.

number of cointegration

The PO and Johansen tests leave
little doubt that the wvariables in the
expanded system are cointegrated.
What 1s not clear is the theoretical
interpretation of the cointegration rela-
tionships. However, I believe that the
failure of Brown et al. (1990) and this
paper to confirm factor price equali-
zation gives a clue. Factor price eqguali-
zation 1s a very slow process. The
persistent North-South wage differen—

tial in the United States over much of
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this century is a prime example of the
slowness of equilibration. Yet, I am
trying to capture this phenomena with
only two decades of data. 1 suggest that
the span of data may not be up to the
task of isolating such a long run
phenomenon. In turn, this indicates that
cointegration equations may be catching
a sequence of medium term temporary
equilibria. In my opinion, the most likely
set of equilibria are those underlying
equation (6). This equation requires the
labor markets in regions [ and k be
jointly in equilibrium. Net labor migra-
tion between the regions would disturb
this temporary equilibrium, and there-
fore, it must be ruled out for equation
(6) to hold. Hence, equation (6) traces
out the set of temporary labor market
equilibria consistent with no net
migration from the rest of the United
States to the Los Angeles region. In the
long run, this leads to factor price
equalization.

The next step is to estimate the
cointegration equations. I use the Stock
(1993) dynamic OLS
procedure. The standard error of esti-

and Watson's

mate is calculated using the Newey-
West (1987) estimator of the spectral
density at frequency zero. Estimates are
presented in Table 4, with the t statis-
tics for each coefficient in parentheses.
The estimates of equation (6) are
presented in columns 1, 2, 3, 5, and 6.
The signs of variables USTOTAL,
USIND and SOCAL have the correct
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and are strongly statistically

The
result is that, with the exception of the

signs
significant. only disappointing
construction sector, the coefficients on
the variable USIND are not close to
unity, the value postulated in equation
(6). A t test of this hypothesis is given

in the first row of Table 5. I reject the
null hypothesis that the coefficient is
equal to unity for all sectors, save
construction.

The variable USNDEF

because of the importance of defense

is included

related jobs in the Los Angeles. The

Table 4. Cointegrating Regressions

Dependent variable
Independent| L1 2] [3) [4] [5] (61 7]
Variables LA LA LA U.s. LA LA Us.
Construction |Manufacturing] Trade Trade FIRE Services | Services
Constant 7.774 9517 6.074 -0.926 -1.204 -2.387 -12.717
(2.324) (11.583) | (10.628) | (-1.647) | (-2.135) | (-3.854) | (-9.830)
USTOTAL -2.302 ~-2.492 -1.414 0.564 -0.383 -0.290 1.871
(-3.699) (~17.942) | (-11.715)| (5520) | (-3.816) | (~2.748) (7.957)
USNDEF -0.085 0.118 0.002 -0.048 0.178 0.062 -0.044
(-0.904) (5.396) (0.092) | (-3.011) | (11.368) | (4.366) (-1.187)
USIND 0.999 0.676 0511 0.444 0513
(9.930) (17.828) (5.131) (14.120) | (18.410)
SOCAL 1.813 2.131 1.371 0.559 0.696 0.816 0.177
(3.825) (19.010) | (14.622) | (6.776) (8593) | (11.142) (0.933)
R 0.868 0.994 0.995 0.996 0.996 0.999 0.996

* t-values are in parentheses

Table 5. Hypothesis Tests

One Digit Sectors

Hypothesis Construction Manufacturing Trade FIRE Services
LA Industry Employment proportional to US Industry Employment:
_ -0.013 -8.547 -4.909 -17.771  -17.445
USIND=1 (0.990) (00000 (0.000) _ (0.000)  (0.000)
LA Industry Employment moves with ratio of Southern California to US aggregate employment:
_ -2.834 -12.743 0.361 -6.833 3.683
SOCAL+USTOTAL=0 (0.005) (0.000) (0719)  (0000)  (0.000)

LA Industry Employment moves with two ratios: Southern California to US aggregate
employment and US Industrial Employment to US aggregate Employment:

a3 20,628 15323 8463
SOCAL+USIND-USTOTAL=0 ;55 (0.000) 00000 (0.000)

8.915
(0.000)

* Probability values are in parentheses



close of the cold war has resulted in

severe employment reductions by
defense contractors in the Los Angeles
region. Many argue that loss of these
high wage, high skill jobs will have a
permanent effect on  employment
prospects in Los Angeles. The direct
effect of the employment reductions is
captured by the variable SOCAL, while
USNDEF measures the effect of
changing the proportion of defense
related jobs in the Los Angeles region
The USNDEF

variable is statistically significant for

(ie., a mix effect).

the manufacturing, FIRE and service
sectors. In each of these sectors the
mix effect of defense employment is
positive, but very small by comparison
with the direct effect. Thus, the popular
wisdom about defense cut-backs is
partially correct - the loss will affect
the long run attractiveness of the Los
Angeles region. However, this does not
imply that gains or losses in defense
sector jobs will permanently affect the
economic prospects of Los Angeles.
Other
changes in defense related jobs in ways

sectors may compensate for

which mitigate the partial effects
highlighted in the cointegration equa-
tions. I examine the total effect of
shock to USNDEF in the next section.

Two interesting hypotheses are
suggested by the estimated coefficients.
Both of these hypotheses suggest ratio
estimating

approaches for regional

employment which are far simpler than
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equation (6). The first hypothesis is
that employment in Los Angeles
depends on the ratio of the total labor
supply in Southern California to that in
the nation (i.e., 8; =238, ). This appears
to be approximately the case for the
construction, manufacturing and trade
sectors. However, they are not close
enough. The ¢t statistics for this
hypothesis are presented in second row
to Tabled. These show that I can reject
the hypothesis for all of the industrial
sectors. The second hypothesis is that
employment in Los Angeles depends on
two ratios: the proportion of national
employment in Southern California and
the proportion of national employment
in the designated industry. The hy-
pothesis requires that the sum of the
coefficients on SOCAL, USIND and
USTOTAL equal zero.

appears to be close to the case for

Again, this

several sectors. The F statistics for this
hypothesis are in the third row of Table
5. T reject this hypothesis for all of the
industrial sectors. In total, I conclude
that simple ratio approaches to esti-
mating regional employment are inap-
propriate.

The Johansen -tests show that the
trade and service sectors have two
equilibrium relations. However, these
two equations are not uniquely defined.
For these sectors, I identify the first
equation as equation (6) and the second
labor

equation as a reduced form

demand equation. To achieve this iden-



154

tification, I normalize the coefficient on
USIND to unity and coefficient on
LAIND to zero. These normalizations
make the labor demand equation and
equation (6) as triangular system of
equations. The estimates of the reduced
form labor demands for the trade and
service sectors are presented in
columns 4 and 7 of Table 4.

The reduced form labor demand
equations are functions of USTOTAL,
SOCAL and USNDEF. The variable
USTOTAL fills the role of the aggre-
gate labor supply variable 7, in
equation (5). It fills this role well as it
1s positive and statistically significant
for the both The SOCAL

variables measures the long run effect

sectors.

of increasing total Southern California
employment on national employment in
the trade and service sectors, while
holding the national labor supply fixed.
A positive value implies that Southern
Lalifornia has a stronger effect on
national employment in the sector than
other regions in the nation. I find that
this i1s the case for the trade sector, but
not the service sector. The coefficient
on SOCAL is statistically insignificant
for the service sector. As in equation
(6) the USNDEF variable catches the
differential of increasing defense related
employment while holding the national
labor supply fixed. The coefficient for
this variable i1s statistically significant
for the trade sector only. The negative
indicates  that

coefficient expanding

defense employment hurts employment
in the trade sector, although the effect
is very small.

5. Short Run Employment
Adjustments in Los An-
geles

In this

employment in Los Angeles responds to

section, I examine how
interregional disequilibrium in the short
and long run. 1 estimate an error
correction model (ECM) of the type
(1983) and

Engle and Granger (1987) and calculate

popularized by Granger
the impulse responses associated with
the ECM. Although many questions can
be examined

using this framework, I focus on
three: (1) How long does it take to
re-establish interregional equilibrium
following a shock to national or Los
Angeles employment? (i) Which em-
ployment shocks have a statistically
significant impact on employment in
Los Angeles? and (iii) Which employ-
ment shocks have a permanent effect
on employment in Los Angeles?

For each industrial sector, the basic

form of the ECM is

A= E(L)dx ,_+ Az, + pite, (7

where x, is the 5x1 vector of
endogenous variables included in the
cointegration  equation: USTOTAL,

USNDEF, USIND, SOCAL and LAIND.



(L) is a 5x5 matrix of lag poly-
nomials. The variable z,, is the »x1

vector of equilibrium disturbances

calculated from the cointegration

equations as Ix,.; where I is the

5xr matrix of cointegration vectors.
Correspondingly, A4 is a 5x7» matrix
measuring the speed of adjustment to
equilibrium. The elements of I are
those in Table 4. For the construction,
manufacturing and FIRE sectors, the

variable g, is a 5x1 vector of

deterministic components and e, is a

5x1 vector of innovations orthogonal
to the employment variables.

I use OLS to estimate the system of
equation (7). Because I place no restric-
tions on either E(L) or A, OLS yields
efficient estimates of the parameters. 1
use the estimated coefficients and
covariance matrix from equation (7) to

derive the MA( o) form of (7)

xi=vtet Ple 1+ Te, »+ ...
(8)

The estimation is performed using
the method developed by Lutkepohi
(1990) and Lutkepohl
(1992). The matrix ¥, is the impulse

and Reimers

response matrix for an innovation
happening s periods earlier. Row 1 and

column j of ¥, gives the consequence
of a one unit increase in the innovation
of the jth variable for the ith variable s
periods later. When MA( o) form is
derived from a covariance stationary

model, the impulse response matrices
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¥—) as However, when the
MA(e) form is

cointegrated model, such as the ECM

§—>00

based on a

(7), elements of ¥—cw as s—oo,

where some or all of the elements of
¥, may be nonzero. When the (ij)th
element of ¥, is zero, the one-time
shock to a variable j has a transitory
effect on variable i, while when the
(i,j)th element of ¥, is nonzero, the

one-time shock to a variable j has a
permanent effect on  variable i
(Lutkepohl and Reimers 1992, 70).

To ascertain how long it takes to
interregional  equilibrium
shock

variables, I find the time period when

re—establish
following a in one of the
¥, converges. Several definitions of
convergence are possible. I say that the
impulse responses have converged
when |¥,— ¥, ,I<z, where >0 is the
convergence tolerance. This is the usual
convergence criteria in computational
models. The

|¥.—¥.|<r, can not be used because

theoretical criteria,

¥. unknown and uncertain. That is,
¥, converges when changes in the
impulse responses are sufficiently small.
1 examine the speed of convergence by
using three tolerances of increasing
stringency: 1096, 5% and 1%. Results

are presented in the first three columns
of Table 6.
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Table 6. Time to Long Run Employment Equilibrium (months)

Full Dynamics Long-r}m
Dynamics
Tolerance 10% 5% 1% 1%

Construction 12 69 101 90
Manufacturing 56 72 110 41
Trade 18 69 134 120
FIRE 52 67 97 135
Service 15 26 47 85

* Convergence occurs when |¥,— ¥,_,|< tolerance.

The most striking result is that it
takes a long time to re-establish an
equilibrium. For the construction, man-
ufacturing, trade and FIRE sectors, it
takes 5-6 years (60-72 months) to
re—establish equilibrium following a
shock when I use a tolerance of 5% and
8-10 years (96-120 months) when I use
a tolerance of 1%. This is much longer
than the convergence of time for most
macroeconomic dynamics, which gener—
ally take 2-3 years to converge. Yet,
the long time to convergence was
expected. Inter-sectoral and inter-
regional labor migration is required to
institute interregional equilibrium and
migration is a notoriously slow proc-
esses. The service sector is an
exceptioh. It take only 2 years to
converge within a 5% tolerance and 4
years to converge within a 1% toler-
ance. Impulse response estimates
suggest that most of the adjustment to
equilibrium in the service sector is done
within the local labor market in Los

Angeles. The time it takes to the .

sectors to converge within the 10%
tolerance limit is a gauge of the
duration of primary effects from a
shock. The effects of the shock are
quickly felt in the construction, trade
and service sectors. Over 90% of the
effects of the shock occur within the
first 18 months. The manufacturing and
FIRE sectors take longer. The primary
effects of a shock are strung out over
approximately 4.5 years.

In the last column of Table 6, I give
the time to equilibrium when only the
long run forces are operating. These
times are determined by setting
E(L)=0, recalculating the impulse
response matrices ¥,, and repeating the
convergence experiments for the 1%
tolerance criteria. The  difference
between the times in the third and
fourth columns of the table shows the
effect of the short run employment
dynamics on the time required to
re—establish an  equilibrium.  This
comparison indicates that the short run
employment dynamics hinder long run



equilibrium for the construction, manu-
facturing and trade sectors, but assist
long run equilibrium for the FIRE and
service sectors.

Table 7 shows estimates of the
impulse responses for the five industrial
sectors. Because I am interested only in
the impacts on employment in Los
Angeles, the table contains just the
columns of the impulse response
matrices pertaining to Los Angeles
industrial employment. I calculate all
the impulse responses up to
convergence (1% level of tolerance) but,
to save space, I present those at an
annual frequency.

The estimates show that the long run
impulse responses are specific to an
industry. All the

manufacturing, experience a statistically

industries, except

significant, permanent change with
respect to a shock in one or more of the
variables in the system. I estimate the
standard errors of the impulse response
coefficients in the manner analogous to

the method derived by Lutkepohl and

Reimers  (1992). However, where
Lutkepohl and Reimers wuse the
cointegration vector estimated by

Johansen’s (1988, 1991) method, I use
the cointegration vector estimated by
Stock and Watson’s dynamic OLS
procedure and presented in Table 4.
This does not cause any problems as
Lutkepohl and Reimers’ Theorem 1

treats the cointegration vector as

essentially fixed.
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For the manufacturing sector, shocks
to USIND, SOCAL and LAIND produce
significant effects. The
effects are restricted to the first three
years after the shock, after which the

transitory

effects become statistically insignificant.

There is only one general result with
respect to the shocks to specific
variables. Shocks to USNDEF have no
significant permanent effect on employ-
ment for any industrial sector. This
should be interpreted as showing that
there is nothing inherently special about
defense jobs. The effect of increasing or
decreasing defense related jobs is
captured by the USTOTAL and SOCAL
variables.

A positive shock to aggregate
employment in the United States
(USTOTAL) has a statistically signifi-
cant effect on employment for the Los
Angeles construction (at the 10% level
of significance) and trade sectors. In
both sectors, these effects emerge in
the long run, after approximately 4
years, and indicate that an expansion of
national employment reduces the
employment in Los Angeles in these
sectors. Estimates show that a 1%
increase in USTOTAL reduces Los
Angels construction sector employment
by 7.8% and Los Angeles trade sector
employment by 2.8%. This effect is
predicted by the cointegration equation
(6) as a partial effect of expanding
labor supply in a competing region.
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Table 7. Impulse Responses on Los Angeles Employment

Unit Shock to

Effect on| Lag | USTOTAL | USNDEF | USIND SOCAL LAIND
1 0500 ~0.065 0.132 0572, 0609
12 9,940 0.081 0538 _ 1972 0.496"
24 -0.301 0.042 1202 3430°" -0.161
36 ~3298. 0.000 1.858"" 4354 -0.703
Construc-| 48 -5.273" -0.029 2211 402" ~1.049
tion 60 -6.442" -0.046 2414 5212" -1.251
72 ~7.103" -0.056 2.508." 5384 ~1.365
84 ~7469" -0.061 251" 5478;" 1428
9% ~7.780" -0.064 2625"" 5529" ~1.462
108 ~7.839 -0.066 2,644 5557 ~1.481
1 0,014 0.023 0.329™ 0503 079"
12 3015 0.044 -0.723 2502"" 0.827
24 6.006 -0.041 -1.491 2733" 0.668
2 G0 | o1 | —voss 5730 0o
4 9. -0. -2 . .
i‘“"‘.““fac 60 9711 -0.167 -9923 2720 0.638
uring 72 10.101 -0.181 -2.304 2721 0.635
84 10.334 ~0.189 ~2.352 2721 0.634
% 10473 -0.194 21381 2721 0.633
108 10555 -0.196 -91398 2721 0.632
120 10,605 -0.198 -2.408 2721 0.632
1 0415~ 0.003, 0315~ 0.119 0885
12 0.268 0119 1479 0.340 0.971
24 ~0.701 0144 2,387 -0.157 1.020
36 2,044, 0.138 2.957" -0.466 0.855
48 -3.108", 0118 3145 0535 0.621
60 -3627 0.097 3.050" ~0.441 0.434
Trade 72 -3648" 0.084 2.829" ~0.290 0.341
84 3379 0.079 2617 ~0.162 0.336
% 3046 0.082 2.488" -0.093 0.382
108 -2796" 0.867 2.452" -0.083 0.440
120 2686 0.092 2.482° ~0.110 0.484
132 2,604 0.095 2:539" -0.148 0.504
144 2768 0.096 2590 -0.178 0503
1 0.159 0.019 0.195 0214_ 0.894"
12 0.082 0.149" 3927 0715 0719
24 0371 0.220° 6.954' 1.160 0.297
36 -0.665 0.279° 8670 1.439 0.027
FIRE 48 -0.832 0.309 9599" 1601 -0.129
60 -0.923 0.325 10,089 1691 -0.216
72 ~0.971 0.334 10.344 1739 ~0.263
84 ~0.996 0.338 10475 1764 -0.287
% -1.010 0341 10541"" 1777 -0.300
108 1016 0.342 10574 1784 -0.306
1 ~0.409 ~0.004 0.203 0.428" 0.807"
12 ~0.120 0.063 1.075 1.807 0.218
Service 24 -0.444 0.069 1.213" 1.656." 0.239
36 0,619 0.064 1,059 1.432" 0.260
48 -0.668 0.058 0.934 1.331" 0.262

Note: Unnormalized Impulse responses.

* Significant at 10%,
** Significant at 5%.



In the model, expanding the labor
supply in a competing region is equiv-
alent to
income. This makes employment in the

expanding aggregate real
competing region more attractive than
employment in Los Angeles and results
in a reduction in the labor supply in Los
Angeles, as workers migrate to the
region with a higher standard of living.
Los Angeles had persistent in migration
over the period spanned by my data.
Hence, were my model predicts an
out-migration, this should be inter-
preted as a slowing of the rate of in-
migration. Equilibrium is re-reestab-
lished when reductions in the labor
supply to the
industry wages up enough to halt

industry force real

further migration. For this partial effect
to emerge as significant in the long run,
it must dominate the induced responses
in the other variables.

The SOCAL variable plays the same
role for the Los Angeles region as the
USTOTAL variable does for the United
States. It

income.

measures aggregate real
Consequently, the partial re-
sponse of increasing SOCAL is to
increase employment in any industry in
Los Angeles. The migration response
will be opposite that described for the
USTOTAL variable. SOCAL exert a
strong permanent effect on employment
in the construction and service sectors.
In the long run, a 1% increase in total
employment in Southern California

increases Los Angeles construction
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employment by 5.6% and Los Angeles
service employment by 1.3%. A shock
to SOCAL also
increases in employment in the manu-

induces transitory
facturing and FIRE sectors, but these
cease to be significant after three years.

While USTOTAL and SOCAL
measure the aggregate welfare in the
United States and Southern California,
respectively, the variables USIND and
LAIND directly reflect the interregional
labor. The model
predicts that a 1% increase in USIND
must be accompanied by a 1% increase
in LAIND for
maintained. This is also a requirement
for full
Estimates show that a positive unit

competition for

equilibrium to be

factor price equalization.
shock to USIND produces a significant
long run increase in LAIND for the
construction, trade and FIRE sectors. A
196 shock to USIND permanently
increases Los Angeles construction
employment by 2.6%, Los Angeles trade
employment by 2.6% and Los Angeles
FIRE employment by 10.6%. None of
the impacts equal unity. The t statistics
for null hypothesis that the long run
impulse response equals unity are:
construction, 1.88; manufacturing, -1.51;
trade, 2.45; FIRE, 1.73; and service,
-0.11. Thus, I can reject the null just
for the

conflicts with the my result in the

trade sector. This result

preceding section. There 1 rejected

strict proportionality between USIND

and LAIND in the -cointegration
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equations for all the sectors except
construction. It appears that propor-
tionality (or factor price equalization) is
a viable hypothesis for the complete,
long run impact of a shock to USIND.

A unit shock to LAIND generates
statistically significant transitory effects
on itself, but no significant permanent
effects arise. In all sectors, the tran-
sitory effects are confined to the first
year after the shock. This suggests that
markets quickly

the sectoral labor

adjust to maintain short run labor
market equilibrium. It is the inter—
sectoral and interregional equilibration

that take time.

6. Conclusion

The most important for residents of
whether the
region will return to its former health

Southern California is

after the many shocks to the region in
the past five years. The evidence shows
that local employment fluctuations from
floods and
earthquakes are largely transitory and

such events as fires,

quickly over. They are not exerting any
effect on employment in Los Angeles at
this time. The defense base closures
will have

permanent effects on employment in
Los Angeles only to the extent that
innovations in national defense related
employment are positively correlated
Southern

with iInnovations in total

California employment.

There is little cause for concern here.
Innovations in national defense employ-
ment are negatively correlated with
total Southern California employment
and the correlation is small, approx-
imately -0.05. Certainly, the workers in
the defense industries will be affected,
but there will cause no statistically
identifiable shift of long run aggregate
employment in Los Angeles. Greater
attention should be given to innovations
in aggregate US, and Southern Cali-
fornia employments. Positive shocks to
US total

reduce industrial employment in some

employment permanently
industrial sectors of Los Angeles, while

positive shocks to total Southern

California  employment  permanently
increase industrial employment in some
sectors in Los Angeles. Moreover, these
sources of shocks as substantial
uncorrelated: the average correlation is
0.08, and therefore, they will not cancel
each other out. There appears to be a
role for an interventionist industrial
policy in California which positively
shocks Southern California employment.
Policies which move jobs to California
of the

particularly attractive.

from the rest nation are

The evidence in this paper supports
the existence that an interregional labor
force equilibrium binding Los Angeles
to the rest of the nation. It shows that
some employment shocks permanently
effect employment prospects within the
Los Angeles region but relevant shock



varies by industry. Finally, it demon-
strates that adjustment to equilibrium
takes a long time, between eight and
ten years.

References

Barro, R. J. and X. Sala-i-Martin, 1992,
“Convergence”, Journal of Political Economy,
100(2):223--251.

Brown, S.J., N. E. Coulson, and R. F.
Engle, 1990, Non-cointegration and eco-
nometric evaluation of models of regional
shift and share, NBER Working Paper 3291,
Cambridge,MA.

Coulson, N. E. 1993, “The sources of sectoral
fluctuations in metropolitan area,” Journal of
Urban Economics, 33:76--94.

Coulson, N. E, 1995, “The sources of
fluctuations in the boston economy.” Journal
of Urban Economics, 38:74--93.

Dickey, D. and W.A. Fuller, 1979, “Distri-
bution of the estimators for autoregressive
time series with a unit root.” Journal of the
American Statistical Association, 74:427--31.

Engle, R. F. and C.W.J. Granger, 1987,
“Co-integration and error correction: Repre-
sentation, estimation, and testing.” Econo-
metrica, 55:251--276.

Fuller, W. A, 1976, Introduction to Statistical
Time Series, Wiley, New York.

Granger, C.W.J, 1983, “Co-integraton vari-
ables and error—correcting models,” Journal of
Econometrics, 2:111--120.

Hamilton, J.D., 1994, Time Series Analysis,
Princeton University Press, Princeton, NJ.
Park, H.S., 1996, Essays on the Application of
Time Series Anaysis to Regional Growth,
Unpublished Ph.D. Dissertation, University of

Southern California, Los Angeles.

Johansen, S., 1988, “Statistical analysis of
cointegration vectors,” Journal of Economic
Dynamics and Control, 12:231--254.

Johansen, S., 1991, “Estimation and hypothesis
testing of cointegration vectors in gaussian

161

vector autoregressive models,” Econometrica,
59:1551--1580.
Lutkepohl, H.,
time series analysis, Springer-Verlag, New
York.
Lutkepohl, H. and Hans-Eggert Reimers,
1992, “Impulse response analysis of cointe-

1991, Introduction to multiple

grated systems,” Journal of Economic Dyna-
mics and Control, 16:43--78.

Newey, W. K. and K. D. West, 1987, “A
simple positive definite heteroskedasticity and
autocorrelation consistent covariance matrix,”
Econometrica, 55:703--708.

Phillies, P.C.B. and P. Perron, 1988,
“Testing for a unit root in time series
regression,” Biometrika, 75:335--346.

Stock, J. H. and M. W. Watson, 1993, “A
simple estimator of cointegrating vectors in
higher order integrating systems,” Econo-
metrica, 61:783--820.

ABSTRACT

Inter-regional Employment Equilibrium
and Dynamics

This paper applies dynamic versions of shift
share models to a simple regional employment
model. It tests for the existence of a long run
interregional employment equilibrium and then
estimates the impulse response functions for each
employment series to determine which shocks are
temporary and which are permanent.

Key Words : vector autoregressive, error
correction, cointegration, impulse responses,
convergence



