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ABSTRACT

REGIONAL ANLAYSIS OF AN URBAN AND RURAL ECONOMY IN THE STATE
OF OREGON: A COINTEGRATION APPROACH

Throughout regional literature the debate of the relationship of diversity and
stability is abundant. Various indices have been devised to measure these two economic
phenomena and are analyzed with regression techniques or input-output models. This
dissertation will present another method to test their relationship using Johansen's (1988)
multivariate cointegration technique. This procedure is conducted on two regional
economies, the Portland Metropolitan Area (PMA) and Southwest (SW) Region, within
the state of Oregon. These two economies were chosen because of the urban and rural
nature of the PMA and SW respectively. This defining difference will indicate each
economies differing levels of diversity and resulting stability.

Within each regional system a new and statistically valid aggregation scheme
based upon pairwise cointegration is used. This scheme enables unique characteristics of
each economy to be illustrated and analyzed, which enables the study to be more
accurate. Pairwise cointegrated aggregation reveals that previous techniques have
considerable biases as the aggregates fail to maintain the properties of their individual
components. The combination of this technique with the analysis of the Vector Error
Correction Mechanism of each cointegrated system provides a test to verify whether

correct aggregation and specification have taken place.
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Each economy’s relative diversity and stability is revealed within their respective
cointegrated systems and persistent profiles. The cointegrated system illustrates diversity
through the number of common trends. Persistent profiles enable an analysis of stability
to be conducted by analyzing how quickly an economy returns to long run equilibrium
after the introduction of a system wide shock. These results combined with impulse
response functions lead to policy recommendation for both economies to improve upon

their diversity and stabililty.

Scott England

Department of Economics
Colorado State University
Fort Collins, Colorado 80523
Summer 2002
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CHAPTERI

Introduction

The relationship between economic diversity and stability has been a heavily
debated topic over the last 70 years. This dissertation extends the study on this issue by
analyzing regional economies using cointegration to test the relationship. Cointegration
has been adopted from macroeconomic theory recently and has the potential to improve
regional analysis. Most empirical studies aggregate data using the easily obtained one
digit Standard Industrial Classification code. I propose a new aggregation technique
based on pairwise cointegration that creates aggregates free of statistical biases. This
combination of statistically valid aggregation and cointegration analysis to test the
diversity/stability relationship is invaluable.

McLaughlin (1930) and Tress (1938) originated the debate of diversity and
stability. McLaughlin analyzed manufacturing industries in large metropolitan areas to
determine the level of concentration and therefore the level of diversity. Tress used a
refined, or ogive, index to measure diversity in large metropolitan areas. Since these
studies many improvements have been made enabling regression analyses and input-
output studies to be conducted.

The two economies analyzed within this dissertation are the urban area of the

Portland Metropolitan Area (PMA) and the rural area of the Southwest (SW) Region in
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the state of Oregon. The findings show that the PMA is more diversified and stable
relative to the SW Region.

Chapter II summarizes two areas of regional literature. First is the area of
diversity and stability. The second is the progression of cointegration analysis within
regional economics. Studies analyzed within the first area include those of McLaughlin
(1930), Tress (1938), and others containing cross sectional, time series, and input-output
techniques. Various different diversity and stability indices are also explored.

The development of cointegration within the regional literature is reviewed by
showing the progression of this technique. Early studies used Vector Autoregressive
(VARSs) models that had to be first differenced to appropriate[sr analyze nonstationary
variables. VARSs can be transformed into Vector Error Correction Models (VECMs) if
cointegration exists, which implies that a linear combination of the nonstationary forms a
stationary relationship revealed through the residuals. This progression illustrates the
potential cointegration possesses to more accurately model regional economies.

Chapter III presents the difference between stationary and nonstationary data and
the transformation from a VAR to VECM is illustrated. From the VECM the Maximum
Likelihood (ML) procedure of the Johansen multivariate cointegration technique is
discussed. The ML technique enables estimates of the cointegrated relationships to be
uncovered, as well as, the number of cointegrated relationships that exist. Persistent
profiles conclude the chapter, which represent a statistical technique that can be applied
to cointegrated systems to analyze movements within the cointegrated vectors (CIVs).

Chapter [V introduces the unique features of the two regional economies,

followed by an introduction of possible aggregation techniques. These methods are
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shown to contain biases as they fail to maintain the characteristics of the individual
sectors within the aggregate. The statistically valid method of aggregation, pairwise
cointegration, is shown to overcome this failing. Pairwise cointegration implies that each
sector within an aggregate is cointegrated with every other sector, thereby guaranteeing
the aggregate maintains the features of each individual sector.

Chapter V presents the diversity and stability relationships for both the PMA and
SW Region. Indices from regional literature are used to establish each economy’s
diversity and stability followed by the cointegration and persistent profiles explanation of
the two phenomena. Policy recommendations to increase the SW Region's ability to
absorb economic shocks are made from this analysis combined with generalized impulse
response functions.

Chapter VI concludes the discussion of diversity and stability emphasizing the
value of using cointegration for regional analyses. Recommendations for future research

are also made.
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CHAPTERII

Literature Review

2.1. Introduction

This chapter presents a survey of the literature on two components within regional
economics. The first section deals with diversity and stability, and the second reviews
regional cointegration.

The debated relationship between diversity and stability is presented through a
variety of works within the regional literature. Support for the hypothesized relationship
that an economy with greater diversity has greater stability dominates the literature. A
variety of indices for both diversity and stability have been used and placed into either
simple regression models or input-output models to verify their relationship. The initial
works of McLaughlin (1930) and Tress (1938) are presented first followed by the various
diversity and stability indices and modeling techniques.

Cointegration has become more prevalent within the regional literature over the
past decade. This technique has been used to improve forecasts, test the theory of basic
and non-basic sectors, and to verify structural relationships between industries. This
increased forecasting efficiency is shown in the literature through comparison of Vector
Autoregressive (VAR) models and Vector Error Correction Models (VECMs). These
two methods of analyzing nonstationary data are presented followed by the benefits

cointegration provides to regional economics.
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2.2. Economic Diversity and Stability

Economic diversity and stability has been a heavily debated topic within regional
economics for the last 70 years. A diversified economy is one characterized by a variety
of economic activities and is dependant upon "(1) the number of different economic
activities and (2) the evenness of distribution across these activities” (Malizia and Ke,
1993). Greater economic activity enables an economy to absorb layoffs from one sector
lessening the tendency of wide fluctuations in unemployment within the region. This is
in essence stability, or the "absence of variation in economic activity over time" (Malizia
and Ke, 1993). The greater the number of industries that exist within an economic area.
the less dependency there is on any one industry, which can potentially enable an
economy to experience overall growth even when some industries perform poorly.' For
this reason the theory of greater diversification leading to greater stability exists. The
encouragement of growth in many different sectors decreases an economy's dependency
upon a limited number and promotes diversity.

The original works on diversity and stability were conducted by McLaughlin
(1930) and Tress (1938). Since these initial works additions and improvements have
been made, but there is still an inability to test the causal relationship. Improvements
have come in the form of increased modeling capabilities with regression analysis and
input-output models. McLaughlin's and Tress' works are presented first with the later
works concluding this section of the literature review. The categories of the later works
are based on their tool of analysis: simple regression and cross sectional analyses (pooled

regression analysis), and input-output models.

! This concept is similar to the idea of portfolio diversification within the financial world.
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Original Works of McLaughlin and Tress

McLaughlin (1930) analyzed industrial concentration of manufacturing in large
metropolitan areas. Two measures for concentration are used: the first is the percent of
total manufacturing employment represented by the five largest industries in the area; and
second by the 20 largest industries. The scale of these industries was determined by a
muititude of factors that ranged from the value of their products to the number of wage
earners in the industry. The determination of the degree of concentration was used as a
proxy for diversity by determining the portion of employment controlled by the largest
industries. To make the connection between diversity and stability McLaughlin analyzed
how the industries responded to cyclical as well as seasonal fluctuations. He concluded
that there is evidence of a relationship between the “degree of concentration and the
severity of cyclical, as well as seasonal, fluctuations,” in employment stability
(McLaughlin, 1930, p. 148).

Tress (1938) calculated diversity using his refined or ogive index. This index
looked at the percentages of employment controlled by industries within an economic
region adding them together at each stage of production where lower values indicate
greater diversity. Along with this calculation he made the observations that an optimal
economy is one that is diversified. These observations run similarly to those of
McLaughlin in that an area dependant upon too few industries runs the risk of high
unemployment. Tress concludes by stating that economies need to diversify, but further

research needs to be conducted before any sound policy recommendations can be made.
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Instability and Diversity Indices

Several different indices have been used to measure diversity and stability. To
illustrate these a sample are described: two that measure instability, and five for
diversity. Each of these seeks to find the most logical method to quantitatively analyze
its respective economic phenomenon.

Conroy (1972) introduced a coefficient of variation to measure instability:

Z=(N-DY(F, ~E)AT?), )

where Y, is the actual level of employment, ¥, the predicted level of employment, ¥
represents the average level of employment over the studied time period, and N equals
the number of industrial sectors. The number of observations is denoted, T. The
predicted level of employment, ¥, , was derived with a quadratic time trend equation,
Y=by+bt+bt, t=1.T. (2.2)
Conroy's formula stresses the importance of growth in employment, emphasized in the
quadratic growth as Y, is preferred over ¥, "to reflect the variance around a growth trend

rather than absolute variance over the time period” (Jackson, 1984, p. 106).
Kort (1981) uses a similar instability index to test the hypothesis that as an
economy increases in size (ie. employment growth), it becomes more stable. This

relationship is verified through use of his Regional Economic Instability (REI) index.

REL =[Z ((E, -E,)/E,)*/ (T-2]", 2.3)
where E; s total quarterly employment adjusted for seasonality for region i at time ¢,

E, is an approximation of the long-run growth trend in employment in region i at time ¢,
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and T is the frequency of the data used. The predicted values of employment in Kort's
index were derived from a linear approximation of the long run growth rate.

Both of these indices take on greater values as instability increases, which occurs
when predicted levels of employment deviate from actual levels of employment. Values
of predicted and actual employment levels that are closer together give the perception of
a more stable economy. The predicted values of employment, for both indices, are
created from rigid models that do not allow changes in functional form over time which
restricts them to predetermined paths, however. These two methods therefore do not
have the capabilities to fully capture changes in the growth rates of employment.

The diversity indices have been more abundant than those for instability. Five
diversity indices are presented here: ogive, entropy, portfolio, national average, and
percent durable. Each of these indices attempt to more fully capture the true level of
diversity of the economy analyzed.

Tress (1938) introduced the ogive index:
N
Ogive Index = ) (X; - I/N)/(I/N). Q4

N represents the number of sectors in the economy, and X; is the portion of economic
activity for the ith sector. This index for diversity is a goodness of fit measurement and
can be used in comparison to the benchmark, 1/N (Siegel, et al., 1995). A completely
diversified economy takes on the benchmark value, which represents an equal percentage

of employment in each sector, and yields an ogive value of zero (Siegel, et al., 1995).
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The entropy index is an index borrowed from the natural sciences and is "based
on the second law of thermodynamics - the entropy law," (Siegel, et al., 1995, p. 265).
Theil (1972) adopted this measurement into the economic world and, like the ogive
index, this measurement identifies an ideal economy as one that has equiproportional

employment in all sectors of employment. The entropy formula is:
k
Entropy; = ) (Ey Ei) In (E/ Eg) 2.5)
1

where i is the ith region, j the jth industry, k the total number of industries in the ith
region, Ej is employment in the jth industry in region £, and E; is the total employment in
region i (Malizia and Ke, 1993). This index ranges from zero to the natural log of k when
specialized and completely diversified, respectively. As the values of the entropy
increase the economy is identified as more diversified.

The portfolio measurement of diversity is an idea adopted from the financial
literature. Introduced by Markowitz (1952), portfolio diversification is the notion of
hedging risk. Risk can be hedged when investments are undertaken in a wide
arrangement of assets. This is in an attempt to maximize the expected return on
investments and minimize the variance of the return (Attaran and Zwick, 1987). This is
the same idea behind portfolio measurement of diversification. Risk with an economy

would be periods of high unemployment, which can be hedged against with less reliance

upon any specific industry.

* *According to the entropy law, every time energy is transformed from one state to another there is a loss
in the amount of available energy. The equilibrium state occurs when entropy reaches a maximum, and
there is no longer free energy available to perform additional work. This occurs when energy is distributed
as uniformly as possible, subject to whatever constraints exist,” (Mohan, 1979, p. 87-93).
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Conroy (1974) took this idea from the financial world and applied it to regional
economics where each sector of employment is a separate investment and all sectors the

portfolio (Siegel, et. al., 1995). The variance of the portfolio is calculated from:

Var= YW VARG) + Y. YW, COV(K, X). )

-t =t el e
W; and W; represent employment in the ith and jth sectors, VAR(X;) is the variance of the
ith sector, and COV(X;, X;) the covariance of the ith and jth sectors (Siegel, et al, 1995).
As the portfolio value increases diversity decreases implying a low value is desired.

The national average index for diversification is based completely on mimicking
the national economy. The optimal industry mix is achieved when a regional economy
has the same percentage of employment in all industries as the national economy. This
index therefore represents a goodness of fit measure with the national average as its

benchmark (Siegel, et al, 1995).

Data for the region and nation are required to calculate this index.

N - _
National Average Index =) (X;- X,)*/ X, , @7

i=]

where X; is the ith sector’s share of employment within the region and X’ is the ith
sector’s share at the national level. From this equation it is obvious that the more closely
the region reflects the nation the lower the value obtained, therefore the greater the
diversification.

The percent durable diversity index is "assumed to be an indication of that
region's reliance on export income," (Jackson, 1984, p. 104). To quantify this index
simply divide employment in the durable goods industries, Ep, by total employment in

the region, Er.

10
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Percent Durable = Ep/Er. (2.8)

As this value increases diversity decreases, which implies greater regional dependency
upon the export sector(s). Export sectors are influenced by exogenous factors such as
national economic changes, so reliance upon these sectors more easily introduces national
shocks into the regional economy. Fluctuations in the national economy cause
fluctuations in employment for these sectors as they produce products with a high income
elasticity of demand. A recession can therefore lead to a large change in employment
levels if an area is highly dependant upon these sectors (Jackson, 1984).

These indices have their positive and negative aspects. The ogive and entropy
indices provide an easy computational approach to diversity, as they provide an easily
identifiable range focused on the variety of industries rather than the type of industries.
Attaran and Zwick (1987) claim the entropy index is more flexible and analytical,
because of its scientific applications, than the other indices presented. The entropy index
can also be decomposed to reveal interindustry diversification (Attaran and Zwick, 1989).

In contrast to the above indices the portfolio measurement seems to reveal greater
explanatory power when used in regression analysis (Siegel, et al. 1995). This
measurement of diversity can also reflect structural composition, through intra and
intersectoral employment (Jackson, 1984). Portfolio analysis is also able to break away
from the belief that equal employment in all industries is ideal, as shown in the ogive and
entropy indices. This measure, however, does not measure diversity independent of
stability and therefore cannot be used to test their causal relationship (Siegel, et al, 1995).

The national average index defines an economy that replicates the national

economy as ideal. This is the best definition that can be provided because there is no true

11
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economy that has an ideal Ievel of diversification. A regional economy cannot model
their economy around the national economy, because regions are more limited in their
production capabilities. Regions develop around their unique characteristics that enable
them to create comparative advantages. The national average index can therefore be seen
to ignore region specific characteristics (Siegel, et al, 1995). Another limiting factor this
index has is that it cannot incorporate changes that occur to the national economy
(Attaran and Zwick, 1987). This reveals the inability of this measurement to determine
whether the regional economy is becoming more or less diversified (Attaran and Zwick,
1989).

Lastly, the percent durable index provides an excellent way to visualize where
downturns in the national economy can most damage any regional economy. This
measurement, however, provides a narrow analysis of the economy focused only on
employment in the durable sectors. This combined with the actualization that the
measure implies an optimal mix of durable and nondurable employment for every

regional economy exists makes this index's importance small (Jackson, 1984).

Later Research on Diversity and Stability

McLaughlin (1930) and Tress (1938), take the approach of first analyzing
industries that are by nature more unstable and second how these industries are affected
by cyclical fluctuations within the economy. Their approach leads to biased results
because of the narrowly defined focus sectors, and therefore do not encompass the
interrelatedness of the industries which may actually promote increased stability.

Including all employment avenues would more fully validate the theory in regards to a

12
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specified economy. This is what is primarily done with later research, as all employment
except that in agricultural is usually included. Agriculture is oftentimes discarded
because of its natural volatility.

Later research considers a greater array of employment opportunities in the
defined economic regions to conduct a more complete analysis. These studies use a
variety of models from simple regression and cross sectional analysis, and input-output
models. Oftentimes simple regression and cross sectional are pooled together enabling a

dynamic analysis across regions to be conducted.

Pooled Analyses

Regression analysis has been used to determine the sign, magnitude, and
significance of the relationship between diversification and instability. These analyses
differ as to what is included in the regression as some include additional explanatory
variables, or other measurements of instability, such as employment or income growth.
The results of these have varied in the strength of the relationship as seen in the
significance levels and R%s (Siegel, et al., 1995). These results can validate the
hypothesized relationship, but still leave room for further improvements.
To highlight the pooled analysis the following five articles are briefly summarized:
Jackson (1984), Wundt (1992), Smith and Gibson (1988), Kort (1981), and Malizia and
Ke (1993)".

Jackson analyzed employment data for the state of Illinois excluding the sectors
of agriculture and government. He concluded, through use of various diversification

measures, that the theory fails to hold for the state of lllinois. This is based on the results

3 See also Gratton (1979), Brewer (1984), and Attaran and Zwick (1989).

13
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of his regression analysis in which the relationship of diversification and instability were
posttively related in most cases, which is the opposite of what theory predicts.

Basically, Jackson regressed average growth rates, or a time trend growth of
employment, against the different diversification measurements: portfolio, ogive, percent
durable goods, and national average indices. These contradictory results, although
discouraging, highlight the importance of the level of aggregation placed on the data, as
well as its quality. The data sensitivity illustrated with the conflicting results indicates
the importance of data limitation issues. Jackson's study may have been victimized by
small sample bias, as well as, seasonal bias due to use of 18 annual observations
measured in the month of March.

Wundt (1992) conducted a similar study on the state of Connecticut. Wundt used
employment figures for manufacturing employment at the two and three digit Standard
Industrial Classification (SIC), and conducted a series of regressions on various diversity
indices. Within this study the theory of increased diversity was found to increase
stability for each of the indices. The t-statistics on the regression results were almost all
significant and the R’s were much stronger than in previous studies, with a high of 0.829
and 0.922 for analysis using the three and two digit SIC, respectively. The stronger
results seen in the more highly aggregated data (going from the 3 to 2 digit) is foreseeable
as conceptual problems can be masked with greater aggregation (Wundt, 1992). Itis
important to note, however, that analysis done on the most disaggregate level is the most
beneficial for policy implications.

Smith and Gibson (1988) conducted their study on nonmetropolitan counties in

the state of Idaho using annual data over 11 years. They used the same indices for

14
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instability and diversity as Kort (illustrated in the next section): the Regional Economic
Instability and entropy indices. These values were regressed in five different regressions,
each with different independent variables, and were all found to support the theory. The
inclusion of the agricultural and mining industries as additional independent variables, in
some of the regressions, added to instability. This indicates that extractive industries
should not be industries that an economy chooses to develop around.

Kort emphasizes that the size of the economic region analyzed is important to
know so that heteroskedasticity can be avoided. This issue was previously indicated in
terms of how city size influences the degree of diversification, but not the problems of
heteroskedasticity.* Kort follows the study of Thompson (1965) and attempts to explain
why smaller statistical areas have a wider range of instability than larger areas. The
explanation for this observation is that greater levels of diversification increase the
similarities of regional economies to the national economy and therefore reduces their
susceptibility to local shocks.

Kort used four diversity indices (entropy, ogive, national average, and percent
durable) and an instability index based on a time trend, and analyzed 106 standard
metropolitan statistical areas (SMSAs). The data was quarterly from 1967 to 1976 on all
nonagricultural employment. After calculation of the indices for each of these areas
regressions were run to quantify the relationship across the SMSAs. All regressions,
except the one with the percent durables index, yielded the hypothesized relationship.
The R?s improved dramatically after correcting for heteroskedasticity, and the regression
with the entropy index performed the best. Kort's success indicates that with appropriate

econometric techniques some data problems can be alleviated.

* See Rodgers (1957), Thompson (1965), Clemente and Sturgis (1971), and Marshall (1975)
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Malizia and Ke (1993) found more conclusive evidence for the theory than Kort.
The nee;d for greater evidence can be easily seen from the previous works above as
contradictions have occurred. Malizia and Ke emphasize not only the need for diversity
within an economic region but also competitiveness. Competitiveness, as mentioned
previously by Isard (1956), Vining (1946), and Thompson (1965), and diversity are both
needed to create a stable economy as these two elements act as the main stabilizers. With
competitiveness comes specialization, however, which is the opposite recommendation of
previous works. Specialization leads to agglomeration as spillover effects and supply and
demand linkages are felt and established from the competitive industry, such as the
computer industry in the Silicon Valley. A major point to méntion is that an economy
can still be diverse if sufficiently large enough to have numerous industries in which it
specializes. This aspect of course necessitates a major metropolitan area.

Malizia and Ke used quarterly data from 1972 to 1988 at the two digit SIC for 255
metropolitan statistical areas (MSAs) and county metropolitan statistical areas (CMSAs).
They use the same index as Kort for instability and use the entropy index for diversity.
Along with this model they also include the use of an unemployment model to provide a
comparison to instability. Further explanations were gained by the inclusion of
demographic statistics and dummy variables as additional independent variables in the
regressions. The dummy variables were used to represent the regions analyzed. Also
included with the entropy measurement for industrial diversification was another entropy
measurement for occupational diversification. Both models, instability and

unemployment, yielded the correct signs on the industrial diversification variable.
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The conclusions drawn from this study are that increased diversity does indeed
lead to greater stability, but so too does having multiple specializations. The later aspect
enables a more homogenous labor force to develop, which enables the unemployed to

more easily become reemployed.

Input-Output Studies

To further capture interindustry linkages other studies have used input-output (I0)
analyses.” Within these studies portfolio theory is sometimes incorporated in attempts to
analyze growth and stability impacts of diversification (Siegel, et. al. 1995). Wagner and
Deller (1998) built further upon the idea of interindustry linkages through a scalar
measurement of economic structure. This enabled them to create a new diversity index
incorporating both interindustry linkages and size of the regional economy.

Siegel et. al. (1995), compare the variety of diversity indices that exist and then
make the argument that IO models are the best method to represent the relationship
between diversity and stability. Their study highlights the work of Cho and Schuermann
(1980), Gilchrist and St. Louis (1991), Berck et. al. (1992) and Wundt and Martin (1993).
They emphasize the need to break the economy into export and local, or basic and
nonbasic, industries. The rationale is that the growth stems from the export sectors as
they act as injectors. The authors, therefore, push that the demand for these export goods
and services be the predictor of growth and stability. The value of modeling an economy
with an IO model is that the performance of the region can be modeled as a function of its

industrial structure (Siegel, et al. 1995).

% Cho and Schuerman (1980), Wundt and Martin (1993), Siegel, Alwang, and Johnson (1994, 1995), and
Wagner and Deller (1998).
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Wagner and Deller (1998) construct three scalar measurements to more
adequately model various regions. The regions in which they study are at the state level
due to greater data availability and that policies predominately get implemented at this
level. The scalar measurements capture the economies’ structure in terms of their
production, consumption, and trade relationships, which requires an IO model. The first
scalar measures the size of the economy through comparison of the endogenous
industries within the studied economy to a hypothetical base economy. The second scalar
measures the level of imports to quantify the degree of importation and resulting leakage.
The third scalar measures the interindustry linkages that exist. These three scalars, when
analyzed together, create a new measurement for diversity which incorporates the size
and degree of interindustry linkages.

The conclusion of their study is to have multiple specializations within an
economy, which is the same result of Malizia and Ke (1993). This element of their study
has implications with policy recommendations, and that is the necessity for both
horizontal and vertical integration. This type of development strategy encourages the
creation of value added production and establishment of agglomerations.

Within the literature the disagreement has not been about the relationship that
exists between diversification and instability, but the empirical results. These
discrepancies are primarily caused due to four areas of data sensitivity identified by
Wagner and Deller (1998): (1) sample sizes are small; (2) over aggregation of data sets;
(3) measurements of diversity and stability; and (4) overly simplified statistical methods.

Heteroskedasticity also has to be recognized as a potential reason for these anomalies as
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recognized by Wasylenko and Erickson (1978), where highly specialized cities appear
stable and diverse cities unstable.

A time series model seems most appropriate to fully displays the time dynamics
between the calculated indices. The initerindustry linkages of the IO model, however,
provide a powerful linkage in understanding the intimacies of an economy. A
combination of these two aspects would create a much improved method of modeling an
economy, as well as, being able to test the diversity/stability link. Cointegration is an
econometric technique that would enable both of these aspects to be implemented within
one model, as cointegration enables long run equilibriums to be derived. These
equilibriums represent the time dynamics between sectors, and an economy in
equilibrium is one that is in a stable state. The act of maintaining that equilibrium would

be the characteristic of stability, which as diversity increases should become easier.

2.3. Regional Cointegration

The studies outlined in this section demonstrate the use of Vector Autoregressive
(VAR) models and Vector Ermror Correction Models (VECMs) at the regional level.
These modeling techniques enable the analysis of nonstationary data to be conducted. If
the nonstationary data are cointegrated then a VECM is used instead of a VAR leading to
improved forecasts.

LeSage and Reed (1989) devised a dynamic location quotient to better represent
industries that are considered as basic (export) and nonbasic (local). Industries identified
as basic have a large percentage of their output exported out of the local economy,

whereas non-basic industries produce primarily for the local economy. These non-basic
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sectors can respond to changes in the basic sectors, however. Location quotients are used
to identify which classification each industry belongs by comparing the percentage of
employment in the regional industry to the national economy.® Since the national
economy is considered self-sufficient any local economy that has a greater percentage of
their labor force employed in a specific industry must produce at least partially for export
(LeSage and Reed, 1989).

Their location quotient was used to analyze eight metropolitan areas within the
state of Ohio. After placement of the sectors into basic and nonbasic sectors they were
decomposed into three variables: non-durable manufacturing, durable manufacturing,
and non-manufacturing. These variables were modeled using a VAR process to enable
impulse response functions to be conducted, which enabled predictions of future
movements within these industries to be made. These predictions represented an
improvement over previous studies that failed to incorporate the dynamic approach to the
determination of basic and nonbasic industries (LeSage and Reed, 1989). This paper
presented the methodology for the establishment of dynamic relations, which provided
the groundwork used in LeSage's later studies that incorporate cointegration.

Two later works by LeSage (1990a, 1990b) implemented the use of the dynamic
calculation of the location quotient plus cointegration. The main objective of both of
these studies was to compare the forecasts from traditional VARs to VECMs.

The first study concluded that with the existence of cointegration VECMs out
perform VAR models by 20 percent. When cointegration does not exist these results are

reversed. This study used monthly labor market data at the two and three digit Standard

¢ Other derivations of the location quotient exist, such as, using the state as the benchmark or use of income
instead of employment.
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Industrial Classification (SIC) level for 50 Ohio industries. From these industries five
were found to be nonstationary by both the Dickey-Fuller and Augmented Dickey-Fuller
tests for unit roots, but were not found to be cointegrated (LeSage, 1990a).

The second study built a stronger case for the value of cointegrated models at the
regional level. The objective was to establish that a long run relationship between basic
and nonbasic sectors in order to validate the use of cointegration. LeSage continued the
study he began with Reed (1989) and used the same data on the eight metropolitan areas
within the state of Ohio. Three variables durable manufacturing, non-durable
manufacturing, and non-manufacturing were once again used and one cointegrated
relationship was found. This relationship enabled the use of a VECM to make forecasts.
The value of the increased accuracy of predictions from a VECM representation over a
VAR becomes greater as number of forecast periods increase. The main contribution of
this study is that the

error-correction mechanism methodology employed here

allows traditional static export-base theory to be extended

to a time-series framework that incorporates both long-run

equilibrium relations and short-run dynamic interactions

between local and export employment (LeSage, 1990b, p. 321),
which provides the justification to use cointegration to analyze regional economies and
issues.

Shoesmith (1992) attempted to prove through cointegration that state, regional,
and national employment follow similar patterns. The existence of cointegration would
provide another method that could be used to analyze aggregate economic data besides

gross domestic product. These relationships were tested through analysis of each state’s

employment to verify if cointegration exists with any other state. The results indicated of
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the 3422 possible pairs only 69 revealed any evidence of cointegration. There was
evidence, however, that national employment does granger cause employment at the state
and regional levels (Shoesmith, 1992).

The lack of cointegration found between these three employment distinctions is
discouraging, especially given their causal relationship. The study does, however,
provide further evidence that VECM models out perform VAR models in terms of
forecast accuracy when cointegration exists. When cointegration does not exista VAR
model in first differences is best (Shoesmith, 1992).

Brown, Coulson, and Engle (1992) examined monthly employment data from
Philadelphia from 1975-87 using cointegration. Through location quotients they
aggregated the data into basic and nonbasic sectors, and created a simple two variable
cointegrated system. This system provided a unique method to test whether the series is
indeed aggregated into their correct classifications accomplished through the
normalization requirement of the Johansen technique and analysis of the speeds of
adjustment (Brown, et al, 1992).

The normalization requires that a unique variable exist in each cointegrated
vector, in this case there was only one so it was easily accomplished. But the choice of
which series to normalize around presents an interesting analysis. The VECM
representation of a cointegrated system can be used to examine the speeds of adjustment.’
These speeds of adjustment, when combined with the cointegrated coefficients, determine
the speed in which the cointegrated vectors return to equilibrium. Along with the speed,

the series responsible for reequilibrating the vector can also be determined. This

7 Modeling short run dynamics should in fact be modeled using the VECM with its ability to represent
partial adjustments (Engle and Granger, 1987 and Sasaki, 1963).
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combined with basic and nonbasic theory suggests that the non-basic sectors respond to
local disequilibrium and force a return to equilibrium while basic sectors should be
unresponsive. The regional literature supports this theory, which indicates that the non-
basic sector should be the one that is normalized to determine its structural relationship to
the basic sector (Brown, et al, 1992). This analysis becomes more complicated as the
number of variables increase, but with just two the distinction of which variable to
normalize around does not matter. This idea of basic and non-basic theory combined
with cointegration is the main contribution of this work.

Shoesmith (1995) used Johansen's multivariate test for cointegration to expand
the number of variables analyzed. This study verified increased proficiency in a
cointegrated model's VECM representation over that of a VAR when cointegration exists
(Shoesmith, 1995).

Shoesmith analyzed data from the United States and the four states of New York,
North Carolina, Texas, and Vermont in separate models. The state models were
comprised of five variables: real gross national product (GNP), implicit price deflator for
GNP, three-month Treasury bill, state employment (without agriculture), and state real
personal income. This system represented a major leap from the simple two variable
system analyzed by Brown, Coulson, and Engle (1992). Johansen and Juselius (1992)
also estimated a five variable system, but it was conducted at the national level. There
was very little evidence of cointegration among these variables in each of the four states
(Shoesmith, 1995). This result may discourage the use of cointegration at the regional
level, but it should not as the multivariate process attempted here represented a

significant increase in difficulty.
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Phillips and Chang (1995) used Shoesmith's (1995) approach of Johansen's
multivariate cointegration techniques to study the Texas economy. They used four
variables in their study: relative wages, Texas employment, United States employment,
and a lead indicator variable from the state itself. Among these variables it was found
that one cointegrated vector existed, which justified use of a VECM model to predict
Texas employment (Crane and Nourzad, 1998).

Crane and Nourzad (1998) followed up on the studies of Shoesmith (1995) and
Phillips and Chang (1995). Their study used the multivariate cointegration technique to
analyze manufacturing employment in Milwaukee, Wisconsin. Data used in this study
consisted of: local manufacturing employment, nominal local manufacturing wage,
United States manufacturing wage, the Consumer Price Index, a dummy variable, and a
lead indicator variable. Like Phillips and Chang only one cointegrated vector was found,
but it provided insight into the structural relationship between those variables as the "link
between the local and national labor markets," (Crane and Nourzad, 1998, p. 192). The
long run implications of the model indicated by its forecast capabilities are seen with the
knowledge of the structural relationships.

The success of cointegration within the last two works provides justification for
this technique for regional analysis. The final models derived are often more complex
than the initial works and yield even greater forecasts. The main contributions of these
cointegrated models are the potential of establishing links between industries within the
economy, and ability to capture time dynamics through long run equilibriums. These two

contributions from the use of cointegration make it a valuable tool to use at all levels.
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CHAPTER III

Mathematical Approach to Cointegration and Persistent Profiles

3.1. Introduction

This chapter presents the mathematical representation of cointegration and
persistent profiles. Transformation of a vector autoregressive (VAR) model into vector
error correction model (VECM) must be conducted first, however. This transformation
enables Johansen's multivariate technique for deriving maximum likelihood estimators
(MLEs) of cointegrating vectors (CIVs) to be performed. The VECM provides the
speeds of adjustment matrix, a. When a is combined with the cointegrated coefficients,
the B matrix, a stationary outcome results and cointegration exists. After the equations

for the MLEs have been illustrated, the math of persistent profiles is illustrated.

3.2. Cointegration

Cointegration is a statistical method used to determine long run relationships
between two or more nonstationary series, which have infinite means and variances
shown in equations (3.1) and (3.2):

EX)= np and EXwi)=(at+l)n @3.1)

Var(X) =nc® and  Var(Xe) = (n+1)o?. (32)
These characteristics reveal the series as non-mean reverting and they tend to drift

upward (or downward) over time. Figure 3.1 illustrates a randomly generated
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nonstationary series, X,, and a stationary series, DX,. X is integrated to the first degree,

I(1), or must be first differenced to be made stationary, while AX is stationary.
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Figure 3.1. Nonstationary (X;) and Stationary (DX,)
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Cointegration identifies stationary relationships between nonstationary series
through cointegrating vectors (CIVs). These stationary combinations identify long run
equilibriums, which are formalized through this definition,

"The components of the vector x, are said to be [co-integrated] of order d, b,

denoted x;~ CI(d,b), if (i) all components of x, are I(d); (ii) there exists a

vector a (#0) so that z, = ax, ~ I(d-b), b> 0. The vector « is called the [co-

integrating] vector,” (Engle and Granger, 1987).

Equation (3.3) illustrates a simple two variable cointegrated relationship,

BiX-pY=¢, (3-3)

where B, and B, are the cointegrated coefficients and ¢ the stationary series representiilg

departures from long run equilibrium.

Johansen Method

To illustrate Johansen's multivariate cointegration technique a nonstationary VAR
process, X,, must be defined and transformed into a vector error correction (VEC)
representation. This transformation separates the stationary and nonstationary
components. X is illustrated in equation (3.4) as an AR(2) process;

Xe = [ Xyt + [2Xea + &; where &~ (0, 5.2). (3.4)
Subtracting X,.| from both sides leaves;

Xe-Xe1 =TI Xe1 - X1 +2 + 5,
which can be rearranged into

AX; =T - DX + T Xi2 &, (3.5)
where [ = an identity matrix. Next add and subtract (T - [)X;., from the right hand side;

AXi= ([ - DX + @1 - DXz - (T - DXz + X2 + 6,

placing like terms together yields;
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AX; =1 -DAXp + 2+ -DXea + & (3.6)
Respecifying (T - I) as IT; and (T2 + ['; - I) as Iy (3.6) can be rewritten as;

AX, =T AX, +IoXe2 + & (3.7
Equation (3.7) reveals the stationary component, AX,.;, and the nonstationary component,
Xea-

Il = af', contains the speeds of adjustment matrix, a, and the matrix of the
cointegrating coefficients, B. X yields a stationary outcome and therefore it can be
seen that together they form a CIV. This same process can be conducted for any order
VAR, as illustrated with a VAR(K) in equation (3.8);

AXe = IMAX + TRAX e + ot T AX ey + TIoX ek + €, (3.8)
where

[=Xi-Land IIp= (i + o+ ..+ T - D). (3.9)

The Johansen procedure calculates equation (3.9) using maximum likelihood by
means of a concentrated log likelihood function which maximizes the parameters ITj,
which will be illustrated following the presentation of Banerjee, et al. (1993). This is
accomplished through a series of regressions which break down to ordinary least squares
regressions of, "AX; + afy'X . on the lagged differences” (Johansen, 1988, p. 134),
illustrated below.

The process starts with the log likelihood function, L, which is maximized
through the parameters [T;. With IT=af’ it can be seen that the attained estimates are in
terms of a and B, along with the variance/covariance matrix, Q. The log likelihood

function
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L=Tn/2)log2I1—(T/2) Iong! -/ Z)ie,'Q"e, . (3.10)
1

which is concentrated to yield the maximum likelihood estimates.

First concentrate L with respect to Q,
T
BLIGQ=T"Y ee,, (.11)
1
which reduces to the sum of squared residuals (SSR)
- T
Q= ¢'e,)/T. (3.12)
I

The I(0), or stationary variables from (3.8) must now be removed to focus on the IT,
matrix. This requires further concentration of L with respect to IT;...IIi.; accomplished
through the ordinary least squares mentioned. These regressions give the residuals, Re;

and Ry,. To illustrate let

Qe = (AX 1, AX e+ 1), (3.13)
and
k-t ~»
Ry, =AX, -3 TIAX,, - (3.14)
=l

Identifying q; and Ry allows the concentration procedure to proceed by identifying IT; ...

|§

" - T T
@1 -TT )= Xaa WX g™ G.15)
=]

1=l

Ri; can be seen to equal;

k-1 -

R,=X_,~Y D,ax,,, (3.16)
=l

enabling
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- - T T -1
Dy Dy = XN 9.4 - 317

=}

The log likelihood function, L(IT),now reveals dependency only upon Ry and Ry,

T
LA =k, —(T72) [OE{Z(ROI —TIR, X(R,, ~ IR, ) (3.18)

=i

N

T
S; =T"Y R,R,", wherei,j=0,k (3.19)
=l

Combining equation (3.18) with (3.19) enables L(IL) to be rewritten as

LAT) =ky — (T /2)l0g|Sy, — 1S,y — Sy, [T+I1S,, IT}. (3.20)

Imposing the restriction I1 = af' transforms L(IT) into L(,B) in which oy and ()
can be estimated using the SSR, equation (3.12). This is accomplished by taking the
derivative of (3.12) with respect to o.. The SSR must first be redefined in terms of Sq; and

Si:- Taking the square of the error term, &, displays the SSR:

€= So - affSi (3:21)
€' = (Soc - aBSi)(Ser - afSiy)’ (3.22)
€€’ = Sor'Sor - 2SSk + B’ BSiSicr- (3.23)

Taking the derivative as stated above gives,

dee/da=-2SuPSk + 20B'BSkSi = 0 (324
a (B) =- SaBE'SuB)-1. (3.25)

Equation (3.25) can be plugged into (3.20) to gain Q. To gain this estimate replace IT

with its equivalent af' and plug into equation (20) wherever a appears to get,
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L(B) =ko - (T/2)log| Soo - (SoxB)(B'Skol/B'SiiB - (SokB)(SBYB'SusB + [SorB/BSuxB]
(B'Su:B) [SoxB/B'SwB] |- (3:26)

Focusing on what is inside the absolute value symbol, reduces (3.26) to,

L(B) = Soo - [SoxBB'Sko + SorBSoxB -SoxBSoxB/B'SuxB, (327
which can be further reduced by factoring out Sef'Sko-

L(B) = Soo -[ SoxBP'Sko(l + 1 - 1)}/B'SuB , (3:28)
which is equal to,

Q(f) =Sw- SubBSub)-18Sis- (3.29)

The estimates for a and Q have been calculated holding the parameter  constant.
These estimates, along with [1, have now been transformed into their reduced form

equations. This process requires further analysis of equation (3.29).
Q(ﬂ) = I B'Skip l'l l Soeo l l B'SiiB - B'SkoSo0-1SoxP l (3.30)

Q(ﬂ ) must be maximized with respect to B to eliminate Seo, which is similar to
minimizing the generalized variance ratio:

| B'(Sx - SxoSoo-1Sa)B |/| B'Swi |- (3.31)
Limited information maximum likelihood implies B'Sixp = 1. This restriction enables the

problem to be treated as a Lagrangian function, where B'(Skx - SkoSoo-1Soi)B is maximized

subject to B'SiB =1. This step provides
| B'(Sk - SkoSoo-1Saw)B | - @[trace(B'Swp - D], (3.32)

where ¢ is the Lagrangian associated with the constraint. Equation (3.32) is solvable by
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the generalized eigenvalue form,
(ASis: - Sk0Soc-1Sex)B = 0. (3.33)

This result is derived from the theory of canonical correlations.® If equation
(3-33) is rewritten to incorporate the eigenvalue matrix, B, accomplished by pre-
multiplication by §, then Sy; becomes diagnolized to an identity matrix. This procedure
can therefore be seen to incorporate the identity restriction, §'Sif = I, and transform
Sk0Sa0-1Sex to the matrix of eigenvalues, A. This can be seen to have introduced, 2,
restrictions into the system. If the individual eigenvalues, A;, within A take on the form,

A =1 +y; and B'(Six - SkoSoo-1Sox)B = B'Ski*P, then (3.33) becomes,

(1 + w)[B'(Skx - SkoSeo-1Sar)B]- ' (3.33)
Solving (3.33") gives,
Hi = B'Si*B/ B'SixB, (3349)

which reveals that the smallest value of the ratio yields the largest y; and therefore the
largest eigenvalue.
Returning to the eigenvalue matrix, A, and solving for the reduced form

equations:

A, =ﬂSkOS(;0ISM ﬂ . (3.35)

A, represents the r largest elements of the eigenvalue matrix, or the significant

Ly

eigenvalues. Using the maximum likelihood estimator oy () =- SoxB(B'Swp)” and the

restriction B'Si = I, equation (3.35) can be reduced to,

A =qf'Seqr» andA,, =p'So'°[ p- (3.36)

® Details can be found in Anderson (1958).
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These two equations define all the eigenvalues within the matrix, A. The A,.r equation

~ A

(3.36) represents the eigenvalues that are not significant, and O represents oy for these

omitted eigenvalues.
The significance of the eigenvalues can be tested through the Maximum

Eigenvalue (Ana) and Trace (Aace) tests;
Amac (nr+1) = - TIn(l- 4,,,) (3.37)
Awace(t) =- T Zin(1- Z,). (338)
These tests determine the number of significant eigenvalues and indicate how many
unique relationships exist within the cointegrated system. The determination of r

accomplishes the second part of the definition for cointegration defined by Engle and

Granger (1987).

~

With the eigenvalues defined the final step for the reduced form equations for oy .

rS

(). and [T can be conducted by combining their original forms
a(B) =-SuB(B'SuB)”, (339)

Q( ) =St - SoxB(B'SkB)'B'Sxo. (3.40)

with IT = af’ and the identity restriction. This reduces to

A a

a=-Sp: (3.41)

A A

Q=Sw-qa' 2nd (3.42)

| ) ™ ﬂ ﬂ B (3.43)
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As can be seen equation (3.41) depends upon the optimization of B, while (3.42) and

(3.43) do only indirectly (Banerjee, et al., 1993).

3.3. Persistent Profiles

The underlying aspect of persistent profiles is the use of the difference between
the conditional variance at time t and t-1. The presentation of persistent profiles follows
that given by Pesaran and Shin (1996) and Lien and Root (1999). Take, X, anmx 1

vector process that is first difference stationary, represented by
AXe=p+ Y ALE, fort=12,.T. (3.44)
=0
pis an m x 1 column vector, A; is a matrix of m x m where the diagonal elements have
been normalized, L is a lag operator and €, is m x 1 and is distributed with a mean of zero

and a constant non-singular variance-covariance matrix, Q. For X, to be cointegrated a

matrix © of order m x r must exist that when combined with X; yields a stationary vector

of rx 1, Z, where Z; = ®'X;. The long run multiplier equals, A(1)= Y 4, with a rank of
=0

m - 1, where r equals the number of cointegrated vectors. If @'A(1) =0, then the
necessary and sufficient condition for cointegration exists. Taking equation (3.42) and

applying Beveridge and Nelson's (1981) decomposition yields,
Xi=u+ Z[Bi - AD)]e..; (3.45)
=0

where =W+ 1+ A(l)e

Bi=Ag+ A +..A;
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This enables Z, to be written as,
Z=o'w+e'Y B, - (3.46)
=0

The impulse response approach proceeds using the Choleski decomposition of the
variance-covariance matrix, Q. This approach does not provide a unique analysis since
the decomposition is itself not unique. A system wide shock would provide the
uniqueness that these individual shocks do not produce. To conduct this shock it must be
based on the change in the conditional variance of X, as mentioned previously, and on the
cointegrated system Z. The series of equations (3.47) to (3.50) illustrates this procedure:

Hy(n) = Var(XeuqlLi1) - Var(Xesneilli-1) (3.47)

Hy(n) = Var(Zillet) - Var(Zen-illi1) (3.48)
where [ is the information known up to the t-1 time period. These equations reveal that

Hy(n) = B.QB, and (349)

H,(n) = ©'B,Q2B,'o, (3.50)
where B are the coefficients from the VECM, o represents the cointegrated coefficients,
and Q is the Choleski decomposed variance/covariance matrix. These last two equations
have statistical properties, which reveal that the system wide shocks are now invariant to
the orthogonalization of &,. This is because Hy(n) gets increasing large and H,(n)
converges to zero as n—c. The persistent profile is obtained through h,(n), which isa
normalization of H(n):

h(n) = Hx(n)/ Hy(0) = (0'B,QB, ‘@) BQB' forn=0, 1, 2, ... @3.51)

Initially h ;(n) equals unity when n = 0, and converges to zero as n—. The number of

time periods that this process requires, n, would reveal the time taken to regain the
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system’s long run equilibrium. Equation (3.51) is the process that is witnessed with the

persistent profiles illustrated in the empirical results chapter.
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CHAPTERIV

Aggregation of the Two Economies

4.1. Introduction

The two economies analyzed in this dissertation are the Portland Metropolitan
Area (PMA) and the Southwest (SW) Region. Characteristics of these two economies are
illustrated to reveal their different industrial structures. Aggregation of economies using
the one digit SIC leads to sectors such as manufacturing, retail, and services that may not
be statistically appropriate. The aggregation scheme makes use of a series of pairwise
cointegration tests, which place the industries identified at the two digit Standard
Industrial Code (SIC) into a logical and statistically legitimate grouping. This
aggregation technique groups sectors based on statistical commonalities and therefore
yields sectors free of aggregation biases. Unique characteristics of an economy can be
identified with this technique that are oftentimes overlooked with other aggregation
schemes. These unique traits suggest that analyses conducted at the state level are
usually too aggregated to identify these regional differences. This chapter concludes with

the presentation of the aggregated sectors within the two economies.
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4.2. The Regional Economies of the PMA and SW Regions

The PMA and the SW Region represent an urban and rural economy, respectively,
and were chosen because of their different degrees of diversification. The PMA should
reveal greater diversity and stability relative to the SW Region due to its urban nature.
These two economies reside in the same state but are geographically separate and have
built their economies on different emphases.

Despite being geographically separated they do have similarites: both have the
same climate and access to ports. The climate of the two areas is relatively wet as both
are on the west side of the Cascade Mountains distinguishing them from the eastern side
of the state which is fairly dry. The access to water transportation facilities provides the
second piece of common ground. The PMA has the Port of Portland along the Columbia
River that runs into the Pacific Ocean and the SW has multiple ports with direct access to
the ocean. These two aspects create a more controlled environment to study the effects of
diversification and stability in these two areas.

The PMA, located in the northwest portion of the state, consists of five counties
that border the state of Washington: Clackamas, Hood River, Multnomah, Washington,
and Wasco.® The four counties in the SW Region are located along the Rouge River in
the southwest region: Coos, Curry, Jackson, and Josephine.'® The differences in their
industrial characteristics are presented below in a series of graphs, Figures 4.1 and 4.2.

Quarterly data was acquired from the Oregon Department of Labor from 1976 to

1998 to conduct this analysis. The graphs below illustrate the 10 sectors identified at the

? Shumberger, et al (1992) defined the PMA and the SW regions along with five others when they
conducted a study for the Federal Government analyzing the effects of the Northwest Forest Plan in
response to the Northern Spotted Owl controversy.

' A map of the state of Oregon highlighting the highway and interstate systems can be found in
Appendix A.
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one digit SIC; Agriculture, Construction, Finance-Insurance-Real Estate, Government,
Manufacturing, Mining, Retail, Services, Transportation-Communication-Utilities, and
Wholesale. These graphs reveal the general characteristics of each economy through

their relative employment levels over time.""

Portland Metropolitan Area (PMA)

Figure 4.1 demonstrates that the PMA has undergone many changes from 1976 to
1998. The greatest structural change can be seen in the role of services, as employment
within this sector has increased from 23% to 32%. While services increased in
importance the Manufacturing sector fell from 16.6% to 12.9% of total employment.

Agriculture increased, but still makes up only 1.2% of overall employment. The
majority of agricultural jobs within the PMA are administrative given the urban nature of
the area. Mining, which is similar to agriculture in that most jobs are administrative,
enjoyed a relative boom in employment through the early 1980s that reached a maximum
of 2.3% in 1983.

Construction reflects the booms and busts that occurred over this time as it rose
through the end of the 1970s and hit a low during the 1982 recession. Since this low it
has been on an upward trend except for a brief decline in the early 1990s. Construction
ended with roughly 5.9% of total employment in 1998.

Wholesale and Retail are both decreasing throughout this study, which can be
partially explained by the boom in the high technological sectors within the PMA. The

declines have been relatively small, however, as this regional economy offers a large

'! Relative employment is calculated taking the employment in an industry divided by the total employment
within that region, therefore creating a percentage of total employment.
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Figure 4.1. Relative Employment in PMA
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variety of retail options for the rest of the state as well as people from Washington.
Oregon;s lack of a sales tax attracts shoppers from Washington and other non-residents,
which can lead to a large amount of export money brought in from the retail sector.

TCU and Government have also declined in importance. TCU's decline started
after 1982 when it attained a high of 6.1% and ended with 5.3% of total employment in
1998. Government's relative employment began at 14.8% in 1976 and ended at 10.2%.
FIRE decreased through most of the study period with the biggest decline occurring after
the 1982 recession. This decline continued until 1994 and has been on an upward trend
since.

A major change which the graphs do not reveal is the surge in the high
technological industries. These industries are: computer and office machinery,
electronic equipment, instruments and related products, and software and data processing
services. The first three are within manufacturing and the last is housed in services.
These high technology industries, while not new to the PMA, have experienced huge
increases since 1992 (ODL, Portland PMSA). These industries provide employment in
high income professions and attract highly skilled labor to the PMA.

These technological industries combined with the geographical location of the
PMA make it an attractive area for companies to locate. They can take advantage of the
skilled labor force and the transportation services in the PMA making supply and demand
linkages easy to make and maintain. The later is made possible because the PMA lies
along the Interstate 5 corridor, has the state's major airport, and the Port of Portland along

the Columbia River.
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Southwest Region (SW)

The SW Region has some of the highest timber density in the Pacific Northwest
region. This aspect has linked the economy to the timber industry both directly and
indirectly. The decline of the timber industry since the 1950s, and the Northwest Forest
Plan of 1992 have had noticeable effects in the SW. The direct effect of the timber
industry can be seen in the employment levels of forestry, and lumber and wood
manufacturing. Forestry is located within Agriculture at the one digit SIC, and lumber
and wood is in Manufacturing. Indirect effects can be seen in the booms and busts of the
economy as a result of the price of timber and the evolution of the economy around its
comparative advantage of timber cultivation.

Analysis of the relative employment in this region, as seen in Figure 4.2, reveals
an economy with changes within its industrial structure. Manufacturing has declined in
importance while the Services sector has increased. Most of the loss in manufacturing
has been felt by the lumber and woods sector, due partially to the mandated timber cut
reductions, as it fell from 81.9% of manufacturing employment to 49.5%. Manufacturing
overall fell from around 19.5% to 11.2%, while Services increased 19.2% to 30.6%.

Agriculture increased throughout but the percentage of the forestry makeup
declined. Forestry started at roughly 40% of total agricultural employment and ended at
about 24.5% in 1998. Agriculture increased from 2.1% to 2.5% while most of the other
sectors saw a decline in importance.

Mining oscillated between 2.1% and 3.2%. These swings can be interpreted
similarly to those found in the timber industry as both are highly responsive to the price

of their respective resource. When prices are high employment levels increase as does
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Figure 4.2. Relative Employment in SW Region

the amount extracted. This large supply incidentally reduces next year’s price and leads to

a fall in employment, which makes mining a volatile industry.
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Construction in the SW felt the effects of the 1982 recession as employment fell
to a low of 4%. After 1982, however, the relative employment increased with only a few
downturns and ended at 6.3%.

Wholesale has been on a downward trend since 1991, but ended at about the same
level as it started, 3.1%. Despite Wholesale's similar importance at the beginning and
end it was another volatile sector. Wholesale attained a high of 3.6% in 1978 followed
by a low 0f 2.7% in 1986. Retail grew from 18.9% to 21.9% but has fallen in importance
since 1994. The increase in the Retail sector may be a result of the displacement felt in
the timber industry, as retail provides low skill employment opportunities for an area
dominated by lower skilled workers.

TCU, FIRE, and Government all declined over the study period. TCU rapidly
declined from its high of 5.3% in 1985 to 4.4%. FIRE revealed a similar story as it
decreased from a high of 8.3% in 1982 to a low of 5.7% in 1994, but has been on an
upward trend since. Government has been on a continual downward trend from its start
of about 19% to an end of 13.2%.

Similar to the PMA, the SW Region has access to ports making water
transportation a valuable industry. Most of the areas within this region are not close to
the interstate system, however, making transportation to other areas in the state more
difficult. This difficulty results in a decreased ability to service supply and demand
linkages and therefore is less attractive to potential companies. This aspect along with
the fact that the area is dominated by lesser skilled industries makes the area less

diversified.
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4.3. Aggregation Methods

The data collected for the two economies represents 92 observations. This data
covers employment in 74 and 69 sectors for the PMA and SW Region, respectively. The
process of aggregating these sectors is vital because improper aggregation will yield
inadequate representations of individual components. When the effects of dominant
sectors dwarf smaller sector the aggregate is biased. Biases can be prevented if the
aggregate preserves the properties of each individual component.

Traditionally, aggregation has been conducted using the sectors identified at the
one digit SIC code. This method reduces the number of sectors to the 10 sectors
introduced in the last section, which is a significant decrease, -but still may not be enough.

The need for a relatively small number of variables within a cointegrated system
can be traced back to previous literature. The most complex system analyzed with
cointegration is that of Johansen and Juslieus (1992), who analyzed only five variables
and estimated two cointegrated vectors (CIVs).!! The use of a small number of variables,
and therefore a small number of CIVs, maintains an easier interpretation of the
cointegrated system.

Another possible aggregation method would be to follow the work of Brown,
Coulson, and Engle (1992) who aggregate all the series into two sectors, basic (export)
and non-basic (local). Aggregation in this form requires, as a first step, a determination
of whether sectors are basic or non-basic. This calculation can be made from a location
quotient (LQ). Once the LQ has identified the two groups aggregation is easily

accomplished. This aggregation scheme takes care of the problem of too many variables

"' Also see Brown, Coulson and Engle (1992), Crane and Nourzad (1998), LeSage (19902 and 1990b),
Phillips and Chang (1995), and Shoesmith (1992) who also analyze only a few variables.
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that the traditional one digit SIC could not, but still leads to biases as the aggregate
obviously masks the characteristics of the individual sectors.

A third approach to aggregation of an economy is a method suggested by Gonzalo
(1993) and Ghose (1994). They propose that any aggregation scheme should find
evidence of cointegration between the sectors aggregated. Their method implies that
aggregation free of estimation bias occurs when cointegration exists among the I(1)
variables. When cointegration exists there is at least one common trend that links all the
variables under consideration for aggregation. The existence of common trend(s)
maintains the nonstationarity of the variables within the system (Gonzalo, 1993). When
this is found the aggregated variable is comprised of the samé properties of the individual

sectors and therefore any bias disappears asymptotically (Ghose, 1994).

Common Trends and Pairwise Cointegration

Before identifying the sectors that this cointegration aggregation scheme
suggested, a discussion and mathematical representation of common trends must be
presented. This presentation is necessary to understand the statistical validation of the
aggregation scheme. The existence of a common trend between two variables indicates
that the variables have the same data generating process (DGP). Variables with the same
DGP can be seen to behave similarly over time and when added together they do not
mask each other’s individuality. This implies that when variables are cointegrated they
are simply scalars of one another and the process of aggregation preserves each sectors’

characteristics.
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This idea of common trends suggests proper aggregation takes place only when
all sectors within an aggregate are pairwise cointegrated. Pairwise cointegration implies
sector A is cointegrated with sector B, B with C, and A with C. The law of transitivity
cannot be assumed to exist, however, as cointegration only finds long run relationships.

The aggregation of the two regional economies was based on this idea of pairwise
cointegration. The mathematical representation of common trends is presented below
through a two variable model. This presentation illustrates the actual tests conducted on
the various series within the economies and reveals the needed validation for the
aggregation conducted.

The discussion on common trends follows Enders (1995) presentation.
Cointegration exists between two or more [(1) series when some linear combination of
the series results in a stationary outcome. The series are then seen to be related by their
common trend(s). A two variable vector, X,, illustrates this idea, where x; = (y; z))’. The
equations for y; and z, are as follows:

Yi=HUnTEyn @4.1)

4= Uz + €Zy, 4.2)
where p; =a random walk (or the trend component for variable i in time t)

& = the stationary component of variable i in time t.

Even though y, and 2, are both I(1) cointegration is not guaranteed. Cointegration
necessitates when some combination of nonzero parameters are applied to y,and z; a
stationary outcome results. These parameters for the two variable model] are B, and B».
Once these two parameters are applied the random walk components for y; and z offset

one another and yield the stationary components €, which imply
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Bty + B2ua=0. (4.3)
Equation (4.3) holds for all t if and only if

Hye = -B2pz/B1, 44)
which occurs if the random walk components are of the same DGP or are identical when
use of a scalar is implemented.

An illustration using the two variable system above is now presented. Since, it
has been shown in equation (4.4) that the random walk components are identical up to a

scalar, one can be used to represent both, y,, making the equations for y:and z,

Vi=HteEqn (4.5)

L= tEn (4.6)
where

He = Het + Eq 4.7)

u; is based solely on past values of itself plus a random error component. The
combination of (4.6) and (4.7) yields

Ye-Ze=He T Ep - te - €2Zpn (4.8)
leaving

Yi-Z4 = & 4.9)
Equation (4.9) is simplified as the two error components have been combined into one, &,
and reveals that the two I(1) variables have been linearly combined to create a stationary
outcome.

Equation (4.9) illustrates that y, and z are pairwise cointegrated enabling them to
be added together. When this is done the properties of the nonstationary component of

both series have been maintained, and can be represented as 2p,. This idea has been
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illustrated through use of the Spanish aggregate farm price index (Martin-Alvarez et. al.,
1999) and United States forestry prices (Jung et al., 1997)."> Both of these studies
concluded that past aggregation with these indices have created statistical violations
because of the lack of cointegrated relationships. A conclusive result of these papers is
that the proper level of aggregation takes place when "all components of the series are
pairwise cointegrated” (Martin-Alvarez et al, 1999). This verifies that a properly

aggregated variable must have all components cointegrated with one another.

4.4. Aggregation of the Two Regional Economies

The industries within the PMA and SW Region were first separated into basic and
non-basic sectors using LQs and then aggregate according to pairwise cointegration. LQs
identify the distinction of each sector through a calculation of their propotional
employment:

LQ = (EyE)/(Estate /Estare)- (4.10)
Where Ej; is employment in region i for industry j, E; is total employment in the region.
Esuaej is employment in the state for industry j, and Eqg is total employment for the state.
An LQ value less than one indicates a non-basic (local) sector, while a value greater than
one is a basic (export) sector. Non-basic sectors are sectors that exist to satisfy local

demands and basic sectors are more export oriented.

2 Using the study of Jung, et al (1997), this idea of common trends and cointegrated variables is confirmed.
Their study consisted of analyzing the composite forestry product price index through use of cointegration.
They ran tests on various stumpage prices to verify if one stumpage price could be used as a proxy for all
species of trees. Cointegration was used to test this hypothesis. Their finding was that not all stumpage
prices analyzed were pairwise cointegrated with the other prices so an aggregate price would be an invalid
procedure. A second test examined one species of tree's stumpage, log, and lumber prices to see if they
were cointegrated. Both tests resuited in [ittle to no cointegration amongst the different prices, thereby they
concluded that the use of regionally disaggregated prices would be the best approach when analyzing the
forestry sector.
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The determination of these two sectors is important because of the behavior of the
two within a local economy. The non-basic sectors are those that respond to changes
within the immediate vicinity while basic sectors respond to state and national factors
outside the local economy. Given this aspect and the interpretation of cointegrated
systems it is necessary to determine the nature of the sectors modeled. LQs were
essential in providing the first direction toward the aggregation of the variables, which
follows the work conducted by Brown, Coulson, and Engle (1992).

After calculation of the LQs for both regions it was determined that a value
greater than one would be used to divide the sectors into predominately non-basic and
basic sectors. This decision was made on the basis that the PMA dominates the LQ
analysis and therefore biases the PMA economy to one of greater export oriented sectors
than would otherwise occur. The value of the LQ chosen was 1.4 for the PMA and 1.29
for the SW Region.

The choice of the division between basic and non-basic was determined partially
due to the sectors identified. Within the SW Region three sectors existed above one to
1.29 with values from 1.03 to 1.08, which did not seem strong enough to warrant
treatment as solely export. The Forestry sector existed at 1.29 and was the first that could
be indicated as a strong export sector with Miscellaneous Retail second at 1.41. The
determination of Forestry’s 1.29 value as the first export sector was based on the SW
region having one of the highest densities of timber within the state of Oregon. This
alone should indicate the Forestry sector as basic. After these adjustments to the LQ

analysis were made, and adding in the Federal Government to each, there were 33 export
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sectors within the PMA and eight in the SW. This split of the sectors provided the first
direction as to how the aggregation should take place.

After defining the sectors as basic and non-basic the aggregation scheme turned to
pairwise cointegration tests and economic theory. The tests used to identify evidence of
cointegration were the Maximum Eigenvalue (Agax) and Trace (Agace ) tests that analyze
the eigenvalues, or characteristic roots. The formulas for these are:

Amax (r,r+1) = - T In(1- Ahat) (4.11)

Awace(t) = - T Zin(1-Ahat;). (4.12)
The s are eigenvalues found from the determinant of the variance/covariance matrix of
residuals. This matrix must have a rank less than full for the existence of cointegration.
The number of cointegrated vectors, r, found from these tests is equivalent to the number
of significant eigenvalues, which at most can be one with two variables. Results that
indicate that r = 1 validates the aggregation of those variables because pairwise
cointegration exists.

The method of pairwise cointegration broke away from the traditional use of
sectors identified at the one digit SIC because cointegration is not preserved in these
sectors. The flaw of the traditional method led to use of economic theory to place the
sectors together that had perceived relationships. These aggregated sectors are unique to
each identified economic area in which data is collected because of the lack of uniformity
across regions, so even the sectors in the PMA and SW regions are different. The actual

sectors created along with their individual components are presented in Tables 4.1 and

4.2.
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Sectors in the PMA

The sectors created through the aggregation technique in the PMA are: AGMN,
CRE, LOCMR, SVRET, MSCEX, and SVEXP." The first four are non-basic sectors
and the last two basic. AGMN contains six sectors in agricultural and mining minus
agricultural services, which is located in SVRET. These six sectors were all pairwise
cointegrated with one another providing statistical justification for the placement of these
within one aggregate.'* Economically, the relationship between the agricultural sectors
can be understood as well as the mining sectors in isolation of each other. The placement
of these together requires recognizing the nature of the jobs that would exist in the
metropolitan area as primarily white collared, whereas in a more rural area they would be
blue collared oriented.

CRE consists of construction, real estate, building materials, and utilities.
Construction is composed of three industries, which were all pairwise cointegrated with
the sectors within CRE except general and special construction were not with commercial
real estate. The three real estate sectors were strongly cointegrated with the others but
not completely. Building materials was completely cointegrated with all the sectors and
utilities were cointegrated with all but holding offices. This combination of industries
was established because of the similar employment patterns one would see in
construction and real estate as they both react similarly to economic stimuli. Building
materials would react similarly as well. The addition of utilities in this aggregate was

done because as created structures increase so too does the need for utility services.

® It is impossible, with so many sectors, to get all of them to be pairwise cointegrated so some biases will
exist in the estimation of the parameters. The actual cointegration tests for both the PMA and SW region
can be found in the appendix.

" The results of the individual pairwise cointegration tests can be found in Appendix B.
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Table 4.1. Aggregated Sectors for the PMA

AGMN. MSCEX SVEXP
Agricultural Production - Crops Apparel and Accessory Stores Business Services
Agricultural Production - livestock Apparel and Other Textile Products Communication
Forestry Chemicals and Allied Products Education Services
Metal Mining Depository Institutions Federal Government
Nonmetallic Minerals (Fucls) Electric and Electronic Equipment [nsurance Agents Brokers and Service
Oil and Gas Extraction Engineering and Management Services Insurance Carriers
Fabricated Metal Products Legal Services
CRE Furniture and Fixtures Museums, Gardens and Zoos
Building Material and Garden Supplics Industrial Machinery and Equipment Nondepository Institutions
Comb. Real Estate Instruments and Related Products Securities Commodity Brokers/Services
Electric, Gas and Sanitary Services Leather and Leather Products
General Building Contractors Misc. Manufacturing Industries SVRET
Heavy Construction Contractors Miscellaneous Services Agricultural Services
Holding Offices Paper and Allied Products Amusement and Recreation Services
Real Estate Petroleum and Coal Products Eating and Drinking Places
Special Trade Contractors Primary Metal Industries Fishing, Hunting and Trapping
Rubber and Refated Products _Food Stores
LOCMR Textile Mill Products Health Services
Auto Dealers and Service Stations Transportation by Air .
Auto Repair. Services and Garages Transponation Equipment Hotels and Other Lodgings
Food and Kindred Products Transportation Services Local Government
Furniture and Home Furnishing Stores Water Transportation Membership Organizations
General Merchandise Stores Wholesale Durable Goods Motion Pictures
Local and Interurban Transit Wholesale Nondurable Goods Personat Services
Lumber and Wood Private Houscholds
Miscellaneous Repair Social Services
Maiscellancous Retail State Government
Printing and Publishing
Stone. Clay and Glass Products
Trucking and Warchousing

LOCMR consists of 12 sectors that were determined as primarily local

manufacturing and retail. These series, through their LQs, are perceived as satisfying
local demand, which can be further understood through the realization that on average
42.3% of the state's population resided within the PMA. This aggregate revealed strong,
but not complete, pairwise cointegration. The relationships of these industries are hard to
theorize due to the sectors representing different stages of the production process;
manufacturing, retail, and services. Statistically, however, the aggregation is justified

and these sectors have little to do with the last local sector, SVRET.
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SVRET closes out the final 14 non-basic sectors in the PMA, which is comprised
of a variety of services and some retail. These sectors did not demonstrate complete
pairwise cointegration but were cointegrated enough to provide justification for their
aggregation. The relationship between the service oriented industries can be justified
from their previous grouping together under the SIC approach. The addition of
agricultural services, hunting guides, and state and local government, which are also
service jobs to the SVRET sector seems economically sound. The last two industries are
eating/drinking places (restaurants) and food stores. The restaurant industry is also
perceived as service oriented lending economic validation for placement within this
group and food stores are grocery stores from which restaurants would purchase some of
their needs.

The two export sectors, MSCEX and SVEXP, are made up of the sectors
identified as basic. The 23 industries within MSCEX are mainly manufacturing; along
with wholesale and a few retail and service sectors which would not normally be
perceived as export industries. Since Oregon has no sales tax and the PMA borders the
state of Washington it is an attractive shopping location pushing some of these sectors
that are normally local to become export. The PMA also provides a wide variety of retail
experiences for the rest of the state, which may not be available in their respective
economies. The individual components were pairwise cointegrated at an acceptable
level, with some completely pairwise whole and others only limitedly. There was,
however, enough overlap between the series to place them together.

Nine of the 23 industries in MSCEX were not in manufacturing. Transportation

equipment is economically related to transportation services and water and air
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transportation, which are within this aggregate. Apparel at both the manufacturing and
retail levels were placed in MSCEX. Wholesale's, both durable and nondurable,
placement here with the manufacturing industries seems plausible. Depository
institutions, engineering, and miscellaneous services needed to be placed here because
they were not cointegrated with any other sectors.

SVEXP consisted of 10 export sectors from the remaining services that were in
abundance within the PMA. These industries are easily identified as basic given that the
majority of the state's business takes place within the PMA. The placement of these
sectors together is economically sound due to their similar white collar descriptions.
Nondepository institutions and the insurance sectors, however, did not fall into complete

pairwise cointegration, but it was felt this was their proper placement.

Sectors in SW Region

In the SW Region seven sectors were created: BLUESV, WHTSV, MSCSV,
CREAL, MAN, WR, and EXPORT. The first six are non-basic and the seventh the only
basic sector, which are presented in Table 4.2. The economic logic behind the first two is
based upon the nature of the jobs that exist within those industries. BLUESV consists of
the 14 sectors that would be thought of as blue collar oriented by the job descriptions
within its individual sectors. The pairwise cointegration results yielded strong but not
full cointegration among these industries. Similarly, WHTSV are the industries that are
white collar oriented. Other sectors can be seen as either blue or white collar in nature,
but these had the strongest pairwise cointegration results and were therefore placed in

their respective aggregates.
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Table 4.2. Aggregated Sectors for the SW Region

BLUESV MSCSV CREAL
Agricultural Services Agricultural Production -Crops |  Electric, Gas and Sanitary Services
shmusement and Recreation Agricultural Production - General Building Contractors
Auto Repair, Services and Garages | Chemicals and Allied Products :T‘i’;&m‘““‘ Contractors
Communication Depository Institutions R:al g Offices
Hotels and Other Lodgings Insurance Carriers Spec TI md= c
Local and Interurban Transit Local Government ‘::'al e Contractors
Miscellaneous Repair Nondepository Institutions
Miscellaneous Services State Gov Apparel andAoossory>Smrs
Motion Pictures Auto Dealers and Service Stations
Personal Services Building Material and Garden Supplies
Private Households MAN mgs“‘d Drinking Places
ransportati ipmen Apparel and Other Textile tores
;nspoz:: 5::;:5 ‘ Elmd"@mm ) Furmniture and Home Furnishing Stores
ectric ectronic
Trucking and Warchousing Equipment General Merchandise Stares
Eabricated Metal Products Wholesale Durable Goods
WHTSV Food and Kindred Products Wholesale Nondurable Goods
Business Services Fumiture and Fixtures
. A Industrial Machinery and EXPORT
Education Services Equipment
Engineering and Management " ents and Related Federal Government
Sesvices Products Fishing, Hunting. Trapping
Health Services Forestry
Insurance Agents Brokers and Leather and Leather Products 4 Wood
Service Misc. Manufacturing Industries | [Lumber an Products
Legal Services Printing and Publishing Metal Mining
Membership Organizations Rubber and Related Products Miscellancous Retail
Muscums, Gardens and Zoos Stone, Clay and Glass Products |  Transportation by Air
Securities Commodity Textile Mill Products Water Transportation
Brokers/Services
Social Services

MSCSYV holds nine sectors that could have either gone in the blue or white collar
categories but were not cointegrated with the sectors in those categories, but were
amongst themselves. This sector does not contain any service sectors as identified by the
SIC but all of these industries, except for a couple, are essentially service oriented.

CREAL holds the construction, real estate, and utilities industries. This sector is
similar to CRE within the PMA model, except that commercial real estate does not exist
separately from real estate in the SW data and building materials was placed in WR.

MAN consists exclusively of manufacturing industries within the SW economy.

The pairwise cointegration for this aggregate was the best of any large grouping as almost
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every sector exhibited pairwise cointegration. Five sectors did not display complete
pairwise cointegration: electric and electronic equipment, instruments and related
products, industrial machinery and equipment, rubber and related products, and
miscellaneous manufacturing. These five overlapped considerably amongst themselves
and exhibited strong pairwise cointegration with the other sectors in MAN.

WR has all of the wholesale and retail industries except miscellaneous retail,
which is an export sector in the SW Region. The placement of wholesale and retail
together makes economic sense because they represent different stages along the
production process to the final consumer. Their existence in the same aggregate directly
links these industries together as they share similar employment patterns.

EXPORT consists of only a few sectors within the SW Region due to the rural
characteristics of the economy. The sectors within the counties of the SW produce
primarily for the consumption of the local residents. This bears truth in these areas,
because anything that is not produced within their economy is purchased from the more
urbanized Willamette Valley or the PMA. These two areas are responsible for an
overwhelming majority of economic activity within the state. This phenomenon leaves
little for the more rural counties to produce other than what is needed locally. The eight
sectors that are export oriented could have been ascertained with some familiarity of the
region. The cointegration tests revealed they could all be aggregated together without a

bias as they were completely pairwise cointegrated.
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CHAPTERV

Empirical Results

5.1. Introduction

This chapter reveals the Portland Metropolitan Area (PMA) as more diverse and
stable relative to the Southwest (SW) Region. This phenomenon is illustrated through the
Entropy and Regional Economic Instability (REI) indices introduced in the literature
review chapter. The nonstationarity of the aggregated sectors are discussed followed by
the cointegrated systems of the two economies. The basic/non-basic theory is tested for
the PMA and SW Region through their Vector Error Correction Models (VECMs). Their
stability is analyzed with persistent profiles. Impulse response functions for the PMA

and SW Region conclude the chapter, which are used for policy recommendations.

5.2. Diversity and Stability of the PMA and SW Region
Diversity and stability are compared in the PMA and SW Region using the
Entropy and REI indices. The Entropy index quantifies the level of diversity through the

following formula:
k
Entropy; = )_(Ey Ej) In (Ev Ey), .1
1

where i refers to the ith region and j is the jth industry, £ is the total number of industries

in the ith region, Ej; is employment in the jth industry in region i and E; is the total
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employment in region i (Malizia and Ke, 1993). The entropy value takes on larger values

as diversity increases.

Figure 5.1 shows the PMA as more diverse as it has greater entropy values for

each of the years studied. An important observation, however, is that the PMA has been

fairly constant in terms of overall diversity while the SW Region has been continually

improving. The behavior of the SW's diversity is not an unexpected outcome because an

underdeveloped area must ultimately become more diversified. Failure to diversify leads

to obsolescence as industries become outdated. The maximum entropy value for each of

these economies in any given year is 4.304 for the PMA and 4.234 for the SW Region.

3.8

3.7
3.6 -
3.5 |
3.4
3.3
3.2 ]

3.1

P
-’
———
-

e o e e e e

PMA

-
-
——

. e

—PMA —-—-SW

Figure 5.1. Entropy values for the PMA and SW Region, 1976-1998
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The REI index was used to analyze relative stability of the PMA and SW Region:
REL = [Z (Eic- B/ Euad)® / (T 21" (52)
E; is total quarterly employment adjusted for seasonality for region / at time ¢, E;; is an
approximation of the long-run growth trend in employment in region i at time £, and T
equals four as the data is quarterly. Values of the REI index increase as instability

increases, therefore a low value is desirable. These values are reported in Figure 5.2.
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Figure 5.2. REI Values for PMA and SW Region

The instability index indicates that the PMA economy is more stable relative to
the SW Region, in all years except, 1983, 1985, 1989, and 1997. Distances in those years
ranged from a maximum of 0.03 in 1985 to a minimum of 0.0001 in 1989. These values

were calculated from the difference in the predicted and actual employment levels. Years
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of high cyclical unemployment would therefore create a large instability value, which is

seen more frequently in the SW Region.

5.3. Specifying and Analyzing the PMA and SW Regions

The Augmented Dickey-Fuller (ADF) Test was used to test the
stationarity/nonstationarity of the sectors within the economies. *> The results of these
tests for the aggregated sectors in the PMA and the SW Region are presented in Tables
5.1 and 5.2; the results indicated all aggregated sectors are nonstationary.'

Table S.1. Augmented Dickey-Fuller Tests for the PMA, 10 Lags

Variable ADF:Intercept ADF: Intercept & ADF: None
Trend
LOCMR -0.26 2.73 1.31
CRE 0.19 -1.94 1.43
SVRET 0.48 -2.76 242
AGMN -1.06 -2.28 1.88
MSCEX 0.98 -1.49 2.05
SVEXP 1.62 -0.58 2.69
Critical Values: Intercept Intercept & Trend None
1%: -3.5121 1%: -4.0742 1%: -2.5915
5%: -2.8972 5%: -3.4652 5%: -1.9442
10%: -2.5855 10%: -3.1589 10%: -1.6178

'3 Consider the relation y, = a,y,; + u. Ifa, = 1, then the series is I(I) but if 2,< I, then the series is I(0).
Subtracting y..; from both sides results in Ay, =YY, +u,, where y=a, - 1. Ify =0, then the series is non-
stationary and if y <0, then the series is stationary. Dickey and Fuller used simulations to generate the
distribution of y since the t-distribution gave biased results. A more general version of this test allows
for lagged rates of change, ZAy,; to capture persistence in the series. This is referred to as the
Augmented Dickey-Fuller (ADF) test and has the form, Ay, =YY, + £Ay,; +u, The Dickey -Fuller (DF)
statistic and the Augmented Dickey-Fuller (ADF) statistic refers to the t-statistic fory.

'* The ADF results for the individual sectors can be found in Appendix C.
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The determination that these series are nonstationary is concluded from the
calculated values presented in the table relative to the critical values. The ADF test
imposes a null hypothesis of nonstationarity versus the alternative hypothesis of
stationarity. The decision rule follows: if the absolute calculated value is lower than the
absolute critical value then the series is nonstationary while absolute calculated values
that are greater reveal stationary series.

The appropriate model choice, Intercept and Trend, Trend, or None is determined
through an F-test. The test indicates whether the unrestricted model (Intercept and
Trend) is preferred to the two restricted models (Intercept or None). The F-test proceeds
through a calculation that is distributed as an F(r,T-k), where r equals the number of
restrictions imposed, T-k the number of observations minus the number of regressors in
the unrestricted model. These results indicate that the appropriate ADF models in the

Table 5.2. Augmented Dickey-Fuller Tests for the SW Region, 7 Lags

Variable ADF:Intercept ADF: Intercept & ADF: None
Trend
BLUE -0.52 222 1.95
WHITE 226 -0.69 3.42
MISC -0.48 -1.86 1.28
MAN -0.65 -3.31 233
CREAL -0.18 -2.02 0.81
WR 0.06 222 1.86
EXPORT -2.14 242 -0.90
Critical Values: Intercept Intercept & Trend None
1%: -3.5092 1%: -4.0700 1%: -2.5906
5%: -2.8959 5%: -3.4632 5%: -1.9440
10%: -2.5849 10%: -3.1578 10%: -1.6178
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PMA were Intercept and Trend for all but SVEXP which should be modeled as None.
Within the SW Region the Intercept and Trend model is correct for all except EXPORT
which required the Trend model."”

The lag length for the two economies was chosen according to the Akaike
Information Criteria (AIC) and the Schwarz Bayesian Criterion (SBC) tests, which
minimize the sum of squared residuals. These tests indicated that 10 lags should be used
in the PMA and seven in the SW Region.

After determination of the lag length, the number of vectors was determined by
identification of the number of significant eigenvalues. A. The Maximum Eigenvalue
(Amax) and Trace (Aqace) Tests were used to determine these,

Amax (LeFl) = - TIn(1- 4,,) (5.3)
Awace(T) =- T Eln(1- 2,). (5.4)
The results of these tests are presented in Tables 5.3 and 5.4.

Table 5.3 illustrates the test results for the PMA where four eigenvalues were
found to be significant. The null hypothesis of less than four cointegrated vectors (CIVs),
r. was rejected in favor of the alternative hypothesis of at least four CIVs. As is common
in this test, one vector was rejected in favor of two vectors, two vectors were rejected in
favor of three, and finally three vectors were rejected in favor of four. The PMA model
was estimated using unrestricted intercepts and no trends.

Within the SW Region the process was repeated and six significant eigenvalues
were found. These tests proceeded exactly like those of the PMA, except the model was

estimated without trends or intercepts.

7 The results of the F-Tests for both the PMA and SW Region can be found in Appendix C.
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Table 5.3. Maximum Eigenvalue and Trace Tests for the PMA

Test Ho/Ha 95% Critical Value 90% Ceritical Value Calculated Value
Maximum Ho: r<4 21.12 19.02 31.66
Eigenvalue Ha:r=4
Trace Ho:r<4 31.54 28.78 40.86

Ho: r24

Table 5.4. Maximum Eigenvalue and Trace Tests for the SW Region

Test Ho/Ha 95% Critical 90% Critical Calculated Value
Value Value
Maximum Ho: r<é6 11.03 9.28 10.82
Eigenvalue Ha: r=6
Trace Ho: r<é6 12.36 10.25 13.78
Ha: r>6
PMA Cointegrated System

The Johansen multivariate cointegration technique requires a normalization
process to be conducted in order to estimate the system. This requirement forces the
cointegrated system to have a unique variable in each of the CIVs to enable an analysis of
the individual relationships. The determination of which variables to normalize around is
based upon economic theory. Regional literature heavily emphasizes that a distinction
be made between basic and non-basic sectors. The sectors within these two regional
economies have been aggregated according to this literature. Knowledge of the behavior
of these sectors would suggest that the non-basic sectors be normalized around, which is
the method used by Brown, Coulson, and Engle (1992).

Within the PMA there were four aggregated sectors which represented non-basic
sectors and there were four CIVs identified by the Maximum Eigenvalue and Trace Tests.
Since these two findings are equal, given the previous discussion, these non-basic sectors

were normalized. This is seen in the cointegrated system, Table 5.5 where these sectors
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have coefficients of unity in their respective CIV."® The values in parentheses are the
standards errors, which reveal that the non-normalized (basic) sectors are all significant at
least at the 10 percent level.

Table 5.5. PMA Cointegrated System

LLOLOCMR, -2.0MSCEX, + LO7SVEXP, =€&oomg (53)
(31) (:43)
1.OCRE, - 1.84MSCEX, + .173SVEXP, = ecreqy (5.6)
__(09) (:08)

1.OSVRET, - 2.13MSCEX, + .84SVEXP, = &svreryy 5.7
(48) (42)

1.OAGMN, - 4.46MSCEX, + 2.57SVEXP; =Etaganvg (5.8)
(1.29) (1.07

LOCMR - local manufacturing and retail sectors

CRE - construction, real estate, and building materials sectors
SVRET - local services and retail sectors

AGMN - agriculture and mining sectors

MSCEX - miscellaneous service oriented export sectors
SVEXEP - service export sectors

The individual equations furnish considerable insights into interrelationships
between sectors. The system enables an analysis of the relationships of the non-basic
sectors, LOCMR. CRE, SVRET, and AGMN. to the basic sectors, MSCEX and SVEXP.
For illustration consider equation (5.5), the LOCMR vector, which describes how local
manufacturing and retail employment is related to employment in the MSCEX and
SVEXP sectors. The negative coefficient on MSCEX implies that LOCMR and MSCEX

employment move together to maintain the stationarity of € ocmr(y Over time. As

'® Obtaining the above structure involves several steps. The unconstrained cointegrating vectors, which
proved to be the final system, created a 6x4 matrix and identification requires that at least one unique
variable exist in each vector. In the case of the PMA, the unique variables are the four locally determined
sectors. Johansen (1995) imposes a triangularization of the unconstrained matrix such that the upper 4x4
component is an identity matrix. This results in basic sectors being present in each of the four vectors, but
it is necessary to evaluate the statistical significance of these variables in each vector. Johansen refers to
this maximum likelihood procedure as imposing over-identifying restrictions and the objective is whether
the log of the likelihood function changes significantly as additional restrictions are imposed. Since the
restrictions are contained in the null hypothesis, the concern is with the probability of a type II error and
therefore, Johansen uses a minimum of'a 0.15 probability value to accept a series of restrictions. In the
cases presented in this paper none of the restrictions imposed were statistically significant leaving the
models in their unconstrained forms.
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employment expands in the export sector additional earnings flow into the economy,
which creates increased demand for local goods and a subsequent expansion of
employment in LOCMR. This parallel growth in these two sectors contributes to the
stationarity of the disequilibrium residuals, £ ocMrg)-

SVEXP enters equation (5.5) with a positive coefficient, implying that
employment in this sector and LOCMR are inversely related. To maintain the
stationarity of the disequilibrium residuals, growth in one requires a decline in the other.
The interpretation of this relationship is that these sectors compete for workers, which
would be true if the jobs in these sectors have similar skill requirements. Inspection of
the industries within these two aggregated sectors shows a lack of similarities between
job descriptions, however. It is more plausible that the SVEXP sector crowds out the
local sectors forcing them to contract. The other three vectors in the system can be seen

to have the same directional relationships but with differing magnitudes.

SW Region Cointegrated System

The cointegration procedure was repeated for the SW Region in which the
Maximum Eigenvalue and Trace tests indicated six vectors existed. There were also six
local sectors within this economy leading the normalization process to be conducted
around them. The cointegrated system is presented in Table 5.6. The values in
parentheses are the standards errors, which show that the non-normalized sector,
EXPORT is significant in each CIV at the one percent level.

The individual equations can be interpreted similarly to those in the PMA system.

The EXPORT sector enters each equation with a negative coefficient implying that a
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Table 5.6. SW Region Cointegrated System

1.0BLUE, - 1.01EXPORT, = &arurg G9)

1.OWHITE, (-.(:?34E)(PORT,= EwHITED (5.10)
1.OMISC, - 1.%;?7@0&11 = Enscn 5.11)
1.0MAN, -(é%gcpoar, = Enang (.12)
I.OCREAL[( .??36E)(PORT. = ecreAL (5.13)
1.OWR, -(lbgg(ézr)’okr, = Ewrey (5.14)

BLUE - blue collared sectors

WHITE - white collared sectors

MISC - miscellaneous blue and white collared sectors

MAN - manufacturing sectors

CREAL - construction and real estate sectors

WR - wholesale and retail sectors

EXPORT - miscellaneously identified export sectors (includes lumber and wood products and forestry)

direct relationship exists between the non-basic and basic sectors. This suggests that
there is a parallel growth and decline pattern displayed in these sectors that lead to

stationary disequilibrium residuals.

5.4. Speeds of Adjustment

The robustness of the derived cointegrated systems can be further verified by the
speeds of adjustment indicating that the basic and non-basic sectors move as theory
would predict. Regional literature hypothesizes that local or non-basic sectors should
adjust to clear their markets when a state of disequilibrium exists. The export or basic
sectors should be unresponsive to disequilibrium conditions at the local level, as they are
determined exogenously. Basic sectors can sometimes be seen to respond to
disequilibria, however, as they still have major local components. An accurate

representation of an economy would yield results that behave as described above. This
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means that if sectors identified as non-basic are seen as unresponsive to disequilibrium an

improper aggregation or imprecise geographical definition of the local economy has

probably occurred.

Analysis of the speeds of adjustment can be conducted through use of the VECM

representation of the cointegrated system. The Tables 5.7 and 5.8 present the estimates

of the general VECM equation for the two economies:

AX; =TLAX: + [hAX g + .ot Tt AX ey + TIpX i + €, (5.15)
Table 5.7. Speeds of Adjustment for PMA
Variable ELOCMR(t-I) ECRE(e-1) ESVRET(t-1) EAGMN(D) |
ALOCMR -0.56* 0.36 0.54* 0.02
(0.29) (0.23) (0.28) (0.04)
ACRE L0.97%** 3.43%** 1.88%** 3.85%**
(0.34) (0.00) 0.07) (0.00)
ASVRET 2. ]2%%* 0.86** -2.49%** 1.42%**
(0.05) (0.40) (0.02) (0.17)
AAGMN -0.54 2.01%*%* 1.91%%* -5.60%**
(0.60) (0.06) 0.07) (0.00)
AMSCEX -0.90%** 321 *** 0.98%** _1.34%%*
(0.38) (0.00) (0.34) (0.19)
ASVEXP -0.23 1.30%+* 0.32 -0.96%**
(0.82) (0.21) (0.76) (0.35

Notes: a) Standard errors are in parantheses
b) ***significant at 1%, **significant at 5%, * significant at 10%

[lustrated in the VECM for the PMA all local sectors are seen to respond as
theory would predict. This is verified by the significance of the estimates along the main
diagonal of the upper 4x4 cells within table 5.7. CRE, SVRET, and AGMN are all
significant at the five percent level while LOCMR only at the 10 percent. The
coefficients of the VECM not only have to be significant to reveal the proper movement
to reequilibrate their CIV, but they also need to have the opposite sign than what existed

in the cointegrated system. All four of the local sectors come in with a positive sign in
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the cointegrated system and a negative sign within the VECM thereby passing both levels

of the test.

The two export sectors MSCEX and SVEXP have significant coefficients

implying some responsiveness to disequilibrium. MSCEX entered the cointegrated

system with negative values across the four CIVs, so to clear a vector it must come in

positively. MSCEX is positive in the CRE and SVRET (2™ and 3™) vectors and negative

in LOCMR and AGMN (1% and 4"*) vectors. This means that MSCEX clears the second

and third vectors and causes further disequilibrium in the first and fourth vectors.

SVEXP came in positively in the cointegrated system, and the VECM reveals a positive

value for the second and third vector, and negative in the first and fourth vector. SVEXP

was not significant in LOCMR and SVRET so does respond to disequilibrium within

these vectors. SVEXP does move to reequilibrate the fourth vector and cause further

disequilibrium in the second.

Table 5.8. Speeds of Adjustment for SW Region

Variable

EBLUE(t-1) | EWHITE(t-1) EMIsC(t-1) EnAN(-1) ECREAL(t-1) EWRe-1) |
ABLUE -4.46*%** 2.71%%* 1.80%** 0.19 -1.88%** 2.70%**
(0.00) (0.01) (0.08) (0.85) (0.07) (0.01)
AWHITE 1.96%** -1.88%%* | -1.04%** -0.87* 0.37 0.63
(0.06) (0.07) (0.31) (0.39) (0.71) (0.53)
AMISC -0.31 0.04 -2.32%%* -1.06*%* | 1.30** 1.55%*
(0.76) (0.97) (0.03) (0.30) (0.20) (0.13)
AMAN 2. T1%** 1.47%** -0.69 5.79%%% | 22.49%%* | _1.09%**
(0.01) (0.15) (0.50) | (0.00) (0.02) (0.28)
ACREAL -0.61 1.97%%* -0.51 <2.26%** | -3.01%** 1.13%**
(0.54) (0.06) (0.61) (0.03) (0.01) (0.27)
AWR 0.27%** 0.12%** 0.03 -0.21%** | -0.10%** -0.16*
(0.11) (0.04) (0.05) (0.05) (0.02) (0.09)
AEXPORT | 0.91*%** 2.10%** 2. 5]*** -3.2Q%** 303%* -1.95%**
037 (0.04) (0.02) (0.00) (0.00) (0.06)
Notes: a) Standard errors are in parantheses
b) *** significant at 1%**significant at 5%, * significant at 10%
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The sectors in the SW Region can be seen to respond similarly to those in the
PMA. All six of the local sectors are significant: BLUE, WHITE, MISC, MAN, CRE
are significant at one percent, and WR significant at 10 percent. These values are seen
along the main diagonal, or the upper 6x6 cells in Table 5.8. The sole basic sector,
EXPORT, is also significant in each of the vectors at the one percent level. EXPORT is
positive in the first three vectors and negative in the last three. Since EXPORT entered
the cointegrated system with negative values across the vectors, it cleared the first three
and caused further disequilibrium in the last three vectors.

The movement of the export sectors in the two models, both with clearing and
creating further disequilibrium, is contradictory to the theory regarding the behavior of a
basic sector. The economic rationale for these occurrences can be explained by the fact
that even though the sectors are identified as basic they still have major non-basic

components, which do react to local conditions.

5.5. Persistent Profiles

The method of persistent profiles allows the speed and volatility in which a
cointegrated system returns to its long run equilibrium to be inspected after the
introduction of a system wide shock. This shock is introduced through the conditional
variances at time t and t-1 of the sectors within the cointegrated system by applying a
positive one standard error disequilibrium increase to each equation. Persistent profiles
enable a unique result to be found, which does not depend upon the ordering of the
sectors or the chosen Choleski decomposition. The methodology of persistent profiles

originated with the works of Lee and Pesaran (1993) and Pesaran and Shin (1996).
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The profile iltustrates how quickly a shock runs its course within a system by
calculating the length of time required to reestablish its long run equilibrium. An
economy that is more stable should readjust more quickly and have smaller fluctuations
within their cointegrated vectors. Therefore persistent profiles can be used to test
stability and show that a more diverse economy has a quicker reequilibration process.

For example, consider the cointegrated vector for BLUE, equation (5.9) in the SW
system,

1.0BLUE - 1.02EXPORT, = epLuE() - (5.9)
A shock equivalent to one standard error of the variance egyyg(, is applied to (5.9), which
forces the vector out of equilibrium. The state of disequilibrium forces the responsive
sector(s) to reequilibrate the vector, to which, as indicated in the VECM, both BLUE and
EXPORT respond. The persistent profile maps out this vector's efforts to return to its
long run equilibrium from the shock. The length of time required to return to equilibrium
reveals the persistence of the shock. A system wide shock would apply a similar shock to
the rest of the cointegrated vectors. The combination of all vectors together would reveal
the sectors indirect relationships through the export sectors and the relative stability
within the system.

The final equations for the persistent profiles, from Chapter IV, are shown in
equations (5.16) to (3.18):

Hy(n) = B,QB,' and (5.16)

Hy(n) = 0'B.QB'w. 5.17)

B in these two equations represents the coefficients from the VECM, o the cointegrated

coefficients, and Q is the Choleski decomposed variance/covariance matrix. Dividing
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(5-16) by (5.17) normalizes the responses of the vectors to the shock and reveals that the
shock eventually dies out as n — . This process is seen in equation (5.18) where n
equals the number of periods required to reestablish an equilibrium value

h,(n) = H(n)/ H,(0) = (0 BaQB,'©)/ BQB' forn=0,1, 2, ... (5.18)

Persistent Profiles for PMA

The persistent profile for the PMA is illustrated below through a series of two
graphs, Figures 5.3A and 5.3B. Each figure reveals the response of two of the
cointegrated vectors to shocks in their respective equations. All of the CIVs begin at a
value of one in to, representing the normalized one standard error. The remaining time
periods reveal the speed at which these two sectors return to their long run equilibriums,
which is indicated by a value consistently below 0.01 standard errors (Lien and Root,
1999).

Figure 5.3A reveals LOCMR as more responsive thar CRE, but attaining its long
run equilibrium quicker. The stationary outcome derived in these two vectors occurs
because the shock eventually dies out. The speed at which this is done in each vector can
be seen in the relationship between the coefficients from the VECM and cointegrated
system. LOCMR initially responds to the positive shock with a reduction in employment
followed by an increase. This pattern repeats itself until the seventh quarter after which it
declines until the 12™ quarter and has limited fluctuations until it attains its long run
equilbrium in the 33" quarter. CRE's employment level declines immediately after the
shock until the 5™ quarter and has limited volatility until the 41% quarter where its long

run equilibrium is attained.
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Figure 5.3A. Persistent Profile for PMA; LOCMR and CRE

100

Figure 5.3B. Persistent Profile for PMA; SVRET and AGMN

Figure 5.3B contains the persistent profiles for the last two CIVs in the PMA,
SVRET and AGMN. These two CIVs are affected similarly to the shock as the
employment patterns mirror each other. Their employment levels decline after the initial
shock until the 3™ quarter and increase afterwards until the 6®. After the 12" quarter the
fluctuations for SVRET become limited within a small range until the 33™ quarter where

it is in long run equilibrium. AGMN never really attains its long run equilibrium defined
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by Lien and Root (1999), of 0.01, but does attain a level of stability at 0.05 standard
errors from the 41% quarter.

The persistent profiles for the PMA are summarized in Table 5.9. This table
illustrates the significantly different ranges that were previously illustrated: 1%to 12%,
13" to 35™, and 36™ to 100™ quarter. Each CIV reveals a similar pattern, but the
magnitudes of how many standard deviations from zero are slightly different. The first
three CIVs attain their long run equilibriums by the end of the 35 quarter, while AGMN
never reaches this level.

Table 5.9. Summary of the PMA's Persistent Profiles, Displayed in Ranges

CIV/Quarter | 1to12 13t0 35 36+
LOCMR 0.027t0 094 | 0.01 to 0.11 0t00.01
CRE 005t0093 {00i100.22| 0t00.01
SVRET 0020124 | 0.1t00.14 01t00.01
AGMN 0.19t L.I1 | 0.041t00.15 | 0.02t00.07

SW Region Persistent Profiles

The SW region consists of seven sectors and six cointegrated relationships, which
are illustrated in a series of three graphs, Figures 5.4A through 5.4C. These CIVs are:
BLUE, WHITE, MISC, MAN, CREAL, and WR. These vectors never attain a consistent
value of 0.01 standard errors or less, but like AGMN in the PMA system, do attain levels
that reveal limited fluctuations. These limited fluctuations can be interpreted as relative

stabilization within this system.
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Figure 5.4A reveals both BLUE and WHITE with frequent fluctuations in
employment from the initial shock at tp. Employment levels decrease and increase
without an identifiable trend until the 17 quarter for BLUE and 33" for WHITE, where
they exhibit a downward trend through the 60" quarter. After this quarter the fluctuations
range between 0.04 to 0.09 for BLUE and 0.07 to 0.13 for WHITE. These ranges

indicate their relative stability but not an attainment of their long run equilibriums.

Figure 5.4A. Persistent Profile for SW; BLUE and WHITE

Figure 5.4B displays the vectors MISC and MAN stabilizing, but not at values
less than 0.01. These two vectors mirror each other in decreases and increases but not in
magnitudes. MISC begins a downward trend by the 17" to 18® quarter while MAN does
not decrease until the 30™. By the 55™ quarter both have limited changes in employment
and appear relatively stable. MISC ranges between 0.05 and 0.09, while MAN has an
upper bound of 0.055.

The last of the persistent profiles, Figure 5.4C, shows CREAL and WR with

similar patterns of employment changes, which began a downward trend around the
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Figure 5.4B. Persistent Profile for SW; MISC and MAN

17" quarter. This trend for both continues until a relatively stable state is attained around
the 60™ quarter. At this point CREAL ranges between 0.02 and 0.035 and hits a low of
0.008 at quarter 67, but does not remain there as it continues with an upward bound of
0.08. WR comes close to 0.01 fluctuating from 0.016 to 0.10 standard errors after the

59% quarter.
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Figure 5.4C. Persistent Profile for SW, CREAL and WR
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Comparison of the CIVs themselves from the two regions individually would be
difficult due to the differences in aggregation. Analysis of the individual sectors they
represent, however, can be compared in relative volatility and speed in which they return
to equilibrium. This can be done because of the statistically valid aggregation of the
pairwise cointegration technique. These comparisons across the two economies illustrate
less volatility and quicker reequilibration in the PMA than the SW. This result is an
indication of the PMA's greater diversity and stability, which enable it to more easily
absorb the shock.

Table 5.10 summarizes the persistent profiles from the SW Region. Similar to
Table 5.9 the profiles are broken down into various ranges. Within the SW the patterns
did not reveal significant breaks so they are broken into four ranges each equaling 25
quarters. The six CIV all reveal similar patterns with differing magnitudes that do not

reach a long run equilibrium.

Table 5.10. Summary of the SW Region's Persistent Profiles, Displayed in Ranges

CIV/Quarter | 1 to 25 26toS0 |[S1to75 | 76+

BLUE 0.08t00.60 | 0.12t00.39 | 0.05100.18 | 0.03t00.15
WHITE 0.17100.70 | 03510 0.83 | 0.10t00.34 | 0.06 t0 0.13
MISC 0.11t0047 | 0.1110028 | 0.02t00.13 | 0.02 t0 0.10
MAN 0.07t00.58 | 0.06t00.26 { 0.03t00.12 | 0.01 10 0.05
CREAL 038t 093 | 0.10t00.42 | 0.02t00.08 | 0.01 t00.06
WR 0.10t00.85 | 0.11t00.59 | 0.02t00.12 | 0.02 t0 0.10
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A comparison of the variances of the persistent profiles for the PMA and SW can
be conducted through a difference of variance test, summarized in Table 5.11. This test
is easily calculated from the following equation,

o’/oy’ ~ F(m-1, n-1). (5.19)

The degrees of freedom for the numerator and denominator will be equal in this case
because the variances will be analyzed over the same time periods. The periods analyzed
were determined from the PMA model as this system provided distinct breaks in the
profiles.

Table 5.11. Difference of Variance Test
Quarter | PMA | SW | Feaic | Frable Ho H, Decision

Lto12 | 0.1133 | 00272 | 4.1627 | 225 |PMA=SW | PMA>SW | Reject Ho

13 to 35 | 0.0021 | 0.0170 | 8.1937 | 1.76 | PMA=SW | PMA<SW | Reject Ho

36 to 68 | 0.0001 | 00112 15556 | 1.61 | PMA=SW | PMA<SW Reject Ho

69 to 100 | 00 | 00007 | 186076 | 1.61 | PMA=SW | PMA<SW | Reject Ho

Table 5.11 reveals that in the categories identified the PMA has a smaller variance
than the SW except from the first to twelfth quarter. The first time period is more volatile
in the PMA due to the greater magnitude of the shock, but these wide oscillations quickly
die out as indicated by the remaining three time periods. This table reinforces the greater
stability of the PMA economy. All table values are at an a of 10% and all calculated
values represent averages of the CIVs over the specified time periods. These differences
can be explained by the greater slackness that would exist in a rural economy versus
urban. Within urban economies unemployed and therefore reemployed workers can be

more easily absorbed as jobs in other sectors can be more easily found. Rural areas that
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experience wide swings in unemployment are indicative of economies where commuting
opportunities to surrounding areas for employment are limited.

The SW Region can improve its diversity and stabilty if certain sectors are
manipulated to mimic those in the PMA. This can be done by scaling down the
employment of the same sectors in the PMA to fit within the SW Region. Of course
these simulations change the nature of the sectors in the SW to that of the PMA so the
previous cointegrated relationships no longer exist, however some useful information can
still be obtained. For example, if the SW Region mirrored the PMA’s Wholesale/Retail
sectors the system can be seen to be much more stable, as revealed in Figures 5.5A and
5.5B.

The three CIVs are BLUE, WHITE, and MISC. All three of these have much
more limited fluctuations and attain relative stability much quicker. As before, these
were still widely volatile until the 30™ to 40™ quarters, whereas after introduction of the

PMA structure these vectors are relatively stable by the 30™. The stability with the initial
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Figure 5.5A. Persistent Profile for the SW Region with PMA’s WR Structure
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analysis did not come until a2 minimum of the 40™ quarter for MISC and 60™ for the other

0 25 50 75 100

Figure 5.5B. Persistent Profile for the SW Region with PMA’s WR Structure

The other three CIVs, CIV4 to CIV6, are MAN, CREAL, and WR. The greater
speed of reequilibration and lack of volatility is more apparent in these, as the wide
swings are completely finished by the 30" quarter and relative stability is attained by the
40", In the previous analysis MAN behaved similarly, but did not attain its relative
stability until the 50" quarter. CREAL and MAN are drastically improved with the
introduction of the PMA structure as they were not in a similar stability as revealed in
Figure 5.4C until the 60™ quarter.

The economic rationale for the results in Figures 5.5A and 5.5B is that greater
employment stability has been attained. This occurs because the PMA has a much more
stable employment level in these two major sectors, retail and wholesale. The relative
stability of the WR sector before and after the introduction of the PMA structure reveals a
26% improvement in stability as indicated by its smaller variance. Prior to the

introduction the average change in WR employment, counting both increases and
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decreases, was 0.96% versus 0.71% afterwards. Even though the growth rate is less after
the introduction the greater stability exists as smaller swings in employment levels are
realized. The number of increases and decreases in the employment level prior to the
change was 43 and 49, respectively, and 66 and 26 afterwards.

Table 5.12 summarizes the persistent profiles after introducing the structure of the
PMA’s wholesale/retail industries. This table illustrates a much more stable economy
than Table 5.10 as the CIVs respond less widely to the shock. Comparison of the
variances

Table 5.12. Summary of the SW’s Persistent Profile After the Introduction of the
PMA'’s Wholesale/Retail Structure

CIV/Quarter | 1 to 25 26t050 |S1te75 |76+

BLUE 001t00.72 ]| 0.06t0 0.21 | 0.04t0 0.08 | 0.04 to0 0.09
WHITE 0.13t01.01 { 0.14t0048 | 0.12100.18 | 0.10t0 0.15
MISC 0.12100.59 | 0.03t00.22 | 0.02t00.07 | 0.02to0 0.05
MAN 0.11t0 052 | 0.05t0 020 | 0.03 t00.07 | 0.03 t0 0.04
CREAL 024t01.05) 0.04t00.16 | 0.051t00.06 | 0.03 10 0.06
WR 0.12t00.59 | 0.04t0 0.19 | 0.03 t0 0.05 | 0.03 to 0.05

Table 5.13. Difference of Variance Test Between SW Before and After Introducing

PMA’s Wholesale/Retail Structure

Quarter | SWgaerore | SWaster | Feate | Frabte Ho Hy Decision
1to 25 0.0240 0.0287 1.1958 1.70 | SWg=SW, | SW, >SWp | Fail to Reject Hp
26 to S0 0.0100 0.0029 | 34795 1.70 | SWp=SW, | SW, <SWp Reject Hg
Sito75 0.0019 0.0002 | 113850 | 1.70 | SWg=SW, | SW, <SWp Reject Hp
76 to 100 0.0007 0.0001 | 5.4903 1.70 | SWa=SW, | SW, <SWp Reject Ho
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over these time periods shown in Table 5.13 indicates the same conclusion as all average
variance values for each CIV is either not significantly different or is less after the

introduction of the new structure.

5.6. Impulse Response Functions

Impulse response functions are another approach that can be used to analyze the
PMA and SW regions. These functions, which originated within VAR analysis, are
applied to the cointegrated system through its VECM representation. Impulse response
functions are similar to persistent profiles in that a one standard error shock is introduced,
however this shock is applied to only one variable within the VECM. This enables an
analysis of how each individually shocked sector affects the system. Use of this
procedure enables an analysis to be conducted which isolates the affect of each
aggregated sector making it possible to identify which sector creates the largest positive
response in total employment. This fact makes this approach valuable in terms of policy
implications, and when combined with persistent profiles can yield valuable policy
directions.

Within the PMA, for example, the variable SVEXP can be shocked by its
standard error, which initially increases employment within SVEXP. After the initial
quarter the relationship that SVEXP has with the non-basic sectors, AGMN, LOCMR,
and SVRET creates changes in their employment levels. The relationship that these
sectors have with SVEXP and the other basic sector MSCEX enable changes to occur in
all variables within the system, and it is this interaction that allows a shock to ripple

throughout the entire economy.
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Basic sectors, which are affected directly from stimuli outside the economy,
represent new money into the local economy. This new money represents the initial
point in the multiplier process. Non-basic sectors, however, do not have this multiplied
effect because these sectors are simply recycling existing money. Given this the basic
sectors have the potential to have greater impacts on the local economy.

Both basic and non-basic sectors have impacts on the local economy, because
both have large portions of their employment levels determined by local conditions. This
aspect implies both types of sectors should be analyzed through impulse response
functions; however the interpretations of these responses are different. Basic sectors
create the multiplied effect suggested above, but non-basic sectors reveal population
growth in response to the shock. This interpretation can be derived from economic base
theory which states, "basic sectors are the driving forces for the economy; service [non-
basic] sectors are just a derivative" (Nijkamp, Reitveld, and Snickbars, 1986). This piece
of information implies that only the basic sectors need to be analyzed.

Shocks to the two export sectors in the PMA, MSCEX and SVEXP, yield
multipliers of 1.29 and 0.58, respectively. These values imply for every job created in
MSCEX an additional 0.29 jobs are created elsewhere in the economy for an overall
increase of 1.29, while in SVEXP 0.42 jobs are lost elsewhere creating an overall
increase of 0.58. The derivation of these multipliers was accomplished through analysis
of the generalized impulse response values and applying them as growth rates to the last
quarter of data, 1998:4. This process was repeated for all impulse values that were
significant as indicated by their standard errors. After all significant changes were

incorporated the overall change in total employment was calculated and compared to total
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employment in 1998:4. The difference in the two total employment values was divided
by the initial increase in the shocked sector to reveal the multiplier.

The multipliers reveal that the shock to MSCEX had a positive impact while
SVEXP contracted the local economy. Within the cointegrated system, it can be seen,
that MSCEX comes in with a direct relationship while SVEXP is inverse. The
explanation of these relationships is that a direct relationship creates a muitiplied effect as
growth in MSCEX leads to growth in the non-basic sectors, and growth in SVEXP takes
workers away as competition exists for workers within the same job pool. These
multipliers therefore agree with the results from the cointegrated system.

This process was repeated to analyze the effect of the EXPORT sector in the SW
Region. The analysis revealed a multiplier of 1.74, implying for every job introduced
within these sectors an additional 0.74 jobs were created elsewhere. EXPORT, like
MSCEX in the PMA, had a direct relationship with the other sectors in the SW

cointegrated system leading to the positive impact on the SW economy.

5.7. Policy Implications

The implications of the persistent profiles and impulse response functions suggest
the following growth strategies. For the PMA, the economy should focus on boosting the
sectors within the aggregate MSCEX. Within this sector are many manufacturing
industries, including the high technology industries; electric and electronic equipment,
and instruments and related products. Greater growth in these industries, which the PMA
has developed an agglomeration, would lead to greater growth as these represent high

skill/high paying jobs. Transportation industries are also in MSCEX and increased
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transportation would give people alternatives to personal transportation. Greater mass
transit systems would decrease congestion and make the conducting of business easier as
delivery vehicles would have less trouble navigating streets in business districts.

In the SW Region, the industries within the EXPORT sector need to be
encouraged, which contains the forestry and lumber and wood industries. Given the
political environment that surrounds these industries the recommendation that the
EXPORT sectors be encouraged does not imply that more timber cultivation take place.
The encouragement of secondary manufacturing, which lumber and wood products
represent, has been strongly encouraged since 1992. Further encouragement for growth
in this sector would be the recommendation from this analysis. To stimulate this sector
more timber resources need to be used, which can take place from importing logs rather
than increasing local cutting.

The other sectors within this variable, such as the fishing/hunting/trapping
industry, represent a true comparative advantage that should be further exploited.
Increased awareness of the opportunities provided within the SW need be made through
local government intervention. The other two main sectors to encourage growth in are
the transportation by air and water. Given the SW's port access an export subsidy can be
used to encourage greater shipping and airline usage by businesses.

Transportation is probably of the greatest importance to improve within the SW
Region as the cities and towns are fairly wide spread throughout the region. Increasing
the ease in which individuals could travel from city to city would enable workers to

commute to where jobs are located. This could be accomplished through increases in
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public transportation, which could enable people to access jobs in more than the
immediate area.

These aggregated sectors will give each respective economy the biggest increase
in total employment as indicated by the multipliers. This does not necessarily imply
greater stability, however. To increase stability an economy needs to have multiple
specializations, as suggested by Malizia and Ke (1993). The PMA has agglomerative
forces and therefore specialization within computer manufacturing industries which
should be further exploited. This is not the only major sector within MSCEX, however,
as other manufacturing and wholesale industries are present. All of these industries do
have a commonality of producing products with more stable demand functions, which
naturally creates greater stability.

Another point to make is that the PMA is the major source of economic activity,
so as the export sectors expand there will be increased demand for the other more local
sectors from the PMA as well as adjacent economies. This natural gravitation towards
growth in the local sectors in response to the boosts in the export sectors will also create
greater stability.

The SW’s primary need is to generate greater economic activity in the area, which
can most easily be accomplished through increases in the EXPORT sectors. Increases in
these industries’ importance will, as in the PMA, naturally lead to increased importance
of the local sectors. Greater stability will also be attained as the economy focuses on the
production of goods with stable final demands. This activity will lend itself to greater

stability throughout the economy.
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CHAPTER VI
Conclusions

Within this dissertation cointegration has been used to aggregate sectors, analyze
regional economies, and test the diversity/stability theory through persistent profiles.
Each of these elements gives justification for greater use of cointegration at the regional
level. Persistent profiles combined with impulse response functions provided unique
policy recommendations for the two areas studied: the Portland Metropolitan Area
(PMA) and the Southwest (SW) Region.

Pairwise cointegration was used to aggregate industries identified at the two-digit
Standard Industrial Classification (SIC) code into a small number of sectors. The created
sectors were vastly different from those indicated by the traditionally used one-digit SIC,
which proved to be statistically invalid. This pairwise technique enables the aggregated
sectors to truly represent their individual components and identify unique regional
characteristics.

The PMA and SW Region represented two regional economies within the state of
Oregon. The considerable differences between these economies as illustrated by the
number of aggregated sectors and their components suggests state wide analyses are too
broad. State wide studies would not have been able to uncover the unique characteristics
of the SW Region as the state is dominated by the PMA. The process of uncovering
these traits led to the different construction of the cointegrated systems and ultimately to

differing policy recommendations.
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The cointegrated systems created from the aggregated sectors illustrate the
diﬁ‘ereﬁces between the two economies. These differences manifest themselves in the
relationships between the basic and non-basic sectors as well as the components of these
sectors. The PMA consisted of six aggregated sectors with four representing non-basic
sectors, and the SW Region had 7 sectors with which six were non-basic. These multiple
sector models allow a more accurate analysis to be conducted as the individual
relationships can be fully developed.

The use of persistent profiles provided the validation that the PMA was more
stable than the SW Region. This technique introduced a system wide shock into each
regional system to illustrate their abilities to absorb the disruption. The urbanized PMA,
with greater diversification, was able to more quickly return to equilibrium in response to
the shock. The relative speed and ease that the PMA was able to re-attain equilibrium
revealed its greater stability.

Impulse response functions were used to indicate which sectors have the biggest
impact on each economy. These functions introduced a shock to only one sector and
analyzed the responses of all the sectors within the system. The total effect of the shock
was calculated by adding all of the responses together to create a multiplier. The sectors
with the biggest impact were then used to provide policy recommendations, which

differed in the two economies.
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Appendix A

Map of Oregon Illustrating the Freight System
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Table Appendix B.6. Pairwise Cointegration Tests for PMA’s AGMN
AGMN oil mnnon metatmn | forest aglive
[ agerops | Max | 21.66 | 11.86 10.99 | 41.94 | 15.97
Trace | 23.94 { 19.68 16.89 | 50.563 | 24.64

lag 5 1 2 1 1
| aglive Max | 16.06 | 9.96 11.82 | 47.79
Trace | 17.04 | 18.36 16.74 | 56.88
Lag 4 1 3 1
forest Max | 26,17 | 27.34 | 2591
Trace | 28.77 | 33.80 29.36
Lag 1 1 1
metalmn | Max | 14.36 | 10,32
Trace | 15.82 | 18.08

Lag 8 6
manon_| Max_ | 20.06

Trace | 22.65

Lag 1

-uoissiwiad noyum pauqiyosd uononpoidas Joyund “teumo JybuAdoo auy jo uolssiwiad yum paonpoiday

¥01

Critical Value:
Maximum Eigenvalue at 95% = 14,88 Trace at 95% = 17.86
A190% = 12,98 at 90% = 15,75

Max = Calculated value under the Maximum Eigenvalue Test
Trace = Calculated value under the Trace Test

Lag = Number of lags required to find evidence of cointegration
No = not cointegrated (values shown are for one lag)

* These critical valucs and definitions are the same for all pairwise tests for the PMA and SW Region,



Table Appendix B.7. Pairwise Cointegration Tests for the SW’s WHTSV

WHTSV social | securities | museums | member | legal insag | heaith | engine | educ
business | Max | 14.15 | 1560 5.01 445 | 1462 ] 17.08 | 1442 | 625 | 22.58
Trace | 14.18 | 15.66 5.20 461 | 1487 | 1723 | 1490 ] 6.42 | 22.96
Lag | 10 8 No No 3 S 3 No 1
educ Max | 1691 | 13.75 1748 | 1844 | 1247 | 16.23 | 17.54 | 1566
Trace | 17.08 | 15.29 17.88 | 1861 | 17.81 | 16.27 | 23.63 | 16.35
Lag| 1 3 1 1 1 1 1 1
| engine Max | 514 | 1578 | 35.14 | 15.18 | 1363 | 3.28 | 10.84
Teace | 5.34 | 17.61 3589 | 15.72 | 1647 | 3.77 | 12.34
Lag | No 8 1 1 2 No No
health Max | 18.88 | 15.20 13.76 | 13.61 | 18.01 | 13.22
Trace | 20.15 | 17.06 15.02 | 14.08 | 19.21 | 13.75
Lag 1 2 4 4 1 1
insag Max | 6.61 13.76 3.68 3.80 | 14.25
Teace | 7.05 | 14.68 4.30 4.19 | 14.28
Lag | No 7 No No 2
| Tegal Max | 13.55 | 14.78 15.89 | 13.07
Trace | 14.20 | 24.39 1789 | 13.67
Lag 2 1 2 3
member Max | 5.76 | 14.59 | 2865
Trace | 597 | 14.73 | 29.18
Lag | No 7 1
museums | Max | 6.69 | 13.07
Trace | 6.82 | 14.10
Lag | No 7
securities Max | 14.17
Trace | 14.17
Lag 6
Table Appendix B.8. Pairwise Cointegration Tests for the SW’s CREAL
CREAL castspec | reai holding | cnstheav custggx_‘
utils Max | 1488 | 1425} 742 | 32.11 | 16.65
Trace | 16.05 | 15.52 | 10.05 | 34.83 | 20.37
Lag 11 No 1 9
ensteen | Max | 14.66 | 12.11 ] 13.23 | 39.82
Trace | 15.43 | 18.71 | 14.07 ) 41.85
Lag 9 8 9
custhev | Max | 43.04 | 24.89 | 22.88
Trace | 43.49 | 26.36 | 28.21
Lag 1 1 1
holding | Max | 1647 | 13.43
Trace | 17.61 | 14.07
Lag 10 3
real Max | 10.95
Trace | 16.50
Lag 8
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Table Aggendlx B.9. Pairwise Cointegration Tests for the SW’s WR

Table Appendix B.10. Pairwise Cointegration Tests for the SW’s MSCSV
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MSCSV | MSCSV | stateg | nondep | localz | inscarr | deposit | chems | aglive
| agcrops Max | 15.30 | 14.73 | 55.33 | 13.29 | 1266 | 12.35 | 21.45
Trace | 24.96 | 17.57 | 65.20 | 14.58 | 16.39 | 17.46 | 31.00
1 3 1 2 2 2 1
aglive Max | 1490 | 13.28 | 54.31 | 13.74 | 15.74 | 10.41
Trace | 20.78 | 17.91 | 60.16 | 14.54 | 18.41 | 16.09
La 1 7 1 7 8 3
chems Max | 15.87 | 12.56 | 58.41 | 14.57 | 13.07
Trace | 20.92 | 17.14 | 63.90 | 16.37 | 17.04
Lag 1 4 1 12 4
deposit Max | 29.83 | 14.82 | 73.64 | 13.33
Trace | 33.21 | 17.71 | 76.88 | 14.93
Lag 1 5 1 8
inscarr Max | 36.20 | 16.45 | 75.23
Trace | 37.37 | 17.97 | 76.36
Lag 1 4 1
localg Max | 79.90 | 52.14
Trace | 84.39 | 54.49
1 1
nondep Max | 20.25
Trace | 22.21
Lag 1

WR wholnon | wholdur | retgen | retfurn | grocery | eat build auto
appret Mn 29.35 | 20.55 | 21.81 | 17.10 | 26.77 | 3259 | 20.91 | 27.41
Trace | 4428 | 20.72 | 22.79 | 20.02 | 29.11 | 37.58 | 22.81 ] 28.43
Lag 1 1 1 1 1 1 1 1
auto Max | 35.13 | 1769 | 34.09 | 3465 | 13.70 | 2447 | 3.66
Trace | 35.68 | 17.70 | 35.65 | 36.57 | 13.95 | 2447 | 5.77
Lag 1 9 1 1 4 3 No
retbuild | Max | 33.46 | 1343 | 13.27 | 993 | 4.25 | 16.98
Trace | 33.77 | 13.86 | 14.06 | 11.91{ 6.17 | 19.52
Lag 1 1 2 No No 12
eat Max | 45.76 | 13.92 | 38.99 | 20.19 | 15.21
Trace | 4944 | 1535 | 41.85 | 25.14 | 18.98
Lag 1 7 1 1 1
| grocery | Max | 30.66 | 15.32 | 14.16 | 9.83
Trace | 32.96 | 17.73 | 18.26 | 16.24
Lag 1 4 1 4
retfurn Max | 26.81 | 16.06 | 17.61
Trace | 30.95 | 16.55 | 17.61
Lag 1 4 4
retgen Max | 27.29 | 13.45
Trace | 28.93 | 13.86
Lag 1 11
wholdur | Max | 29.67
Trace | 29.83
Lag 1
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Table Appendix B.11. Pairwise Cointegration Tests for the SW’s EXPORT

EXPORT

EXPORT

water

miscret

metaimn

1&w

forest

fish

 fedg

Max

25.72

air
27.71

30.28

25.78

26.50

32.51

42.67

Trace

34.12

28.75

54.89

30.09

27.90

53.23

57.21

1

1

1

1

1

1

1

fish

a3

13.54

14.40

20.34

14.23

13.55

19.58

Trace

22.36

15.23

30.38

18.72

14.77

34.84

1

1

1

1

1

1

forest

)

31.35

42.74

51.50

25.34

26.33

Trace

37.64

43.94

58.02

29.26

27.60

1

1

1

1

1

1&w

Max

18.00

13.16

64.86

13.19

Trace

19.10

13.37

66.36

14.31

1

4

1

10

metalmn

Max

20.39

13.16

33.76

Trace

23.22

14.42

37.18

1

12

1

miscret

Max

49.87

32.40

Trace

56.26

33.24

1

1

air

Max

15.10

Trace

16.55

1
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Appendix C

Augemented Dickey-Fuller Tests and F-Tests for PMA and SW Region
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Table Appendix C.1. Augmented Dickey-Fuller Tests for the PMA

Trend & Trend &

Sector Inter Trend | None | Sector inter Trend | None
agcrops 057 -227| 1.54 | lumber 277} -208] -14
| aglive -3.25| -1.91| -0.79 | manapparel 234 | -221) -234
| agserv -067| 196| 272 | manfood -18} -1.29| 002
air 0.32] 238] 296 | manmisc -1.17| -146| 0.01
amuse -1.02 1.6 | 229 | mantext 406| -3.51| -1.65
appareliret -203| 029! 152 | member -1.89] 041 1.68
auto -184| 1.63| 2.85 | metalfab -16}] -1.75] -0.06
autorep -1.79 | -2.12| 0.57 | metalprimary 263] -1.81] 0.13
business -145| 125 2.3 | minemetal 263| -238]} -2.07
chemicals =129 | -1.74 | -0.03 | minenonmetal 277 ] -193}| -0.71
cnstgen -1.53} -0.12 ] 0.77 | miscrepair 046 | -144| 1.03
cnstheavy 209 -0.75] 0.22 | miscret 212} 002] 274
cnstspec -1.551 0.31] 1.52 | miscserv 2291 097§ -1.27
comb 265 -3.91| 4.21 | motion -1.72! 046 14
comm -3.36 | -241| 0.08 | museums -2.99 09 152
depository -1.93 | -0.67 1 | nondeposit -1.02| -1.27| 041
eat 219 | 0.76| 247 | oil 2231 -1.57 ] -1.16
educational -2.54 1.68 2.8 | paper 257 | -1.77 | -0.96
electric -1.65| 0.36{ 1.47 | personal -1.7) 049 1.68
| engineer -235) -0.38| 0.52 | petrol 249 249 -11
fed -2.18 ] -1.77 | 0.88 | printing 095 -0.88] 257
fish -3.03 | -0.85] -0.52 | priviHs -192] -1.08| 1.03
foodRET -1.9 -1.3] 1.19 ] real 224 1.03] 1.92
forestry 2.64 ] -1.86| -0.26 | retbuild 2231 -0.12] 0.79
furnitureman -1.55] 138 2.4 | retgen 243 | -1.93] 0.03
furnitureret -2.084 052 1.01} rubber -1.76] 059| 1.56
health 2421 022 232 | securities -1864§ -0.11] 1.73
holding 06| -169| 1.88 | social -1.71 088 176
hotel 023 | -169| 1.88 | state -1.01} -1.56| -0.67
industrial 267 | -148| 0.04 | stone -2.4 -1.5 0.3
insagents -1.74 1.2 ] 3.08 | transequip 2.15] -0.55| 046
inscarriers -3.09| -028| 1.54 | transerv -2.96| -0.39| 2.08
instruments -2.25| -1.86 ] -2.41 | trucking -0.82| -2.06 1.1
leather -1.86 | -1.07| -0.13 | utils 241| -1.77| 064
| legal 2731 -1.77] 0.53 | water -2 -1.57| 0.05
focal 1671 -042 ] 1.99 | wholdur 222 | -0.18] 1.32
{ocaltrans -3.36 ] -1.14} 1.79 | whoinon -0.38 2.12 ] 3.51
Critical Values: Trend & Intercept Intercept None

1%: -4.07 1%: -3.51 1%: -2.59

5%: -3.47 5%: -2.90 5%: -1.94

10%: -3.16 10%: -2.59 10%: -1.62

Ho: Series is:Nonstationary

Ha: Series is Stationary

If Absolute Calculated Value > Absolute Table Value = Reject Hg

If Absolute Calculated Value < Absolute Table Value=> Fail to reject Ho
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Table Appendix C.2. Au

ented Dickey-Fuller Tests for the SW Region

Sector Trend & Inter | Trend | None | Sector Trend & Inter | Trend | None
| agcrops 29| -303| 123} legal 232 254 1.51
| aglivestock 221} 191} 0.79 | local -167| -061] 0.86
| agserv -184 1 -0.26 1.5 | localtrans 299} -091] 061

air -1.38] -0.52 0.7 | lumber -2.54 -151] -1.74

amuse 036] 264| 4.48 | manapparel 2381 163} 048

apparel -2.15 25| 1.02 | manfood 202} -203} -0.05

auto 211) 0.75] 1.75 | manfurniture 351} -1.56 0.09

autorep -2.39 | -0.19| 2.09 | mantextiles 26141 -201!} -1.53

buildret -1.55| -0.15| 0.97 | member -162| 055] 1.78

business -1.15] 0.09] 2.07 | minemetal -328 | 222} -1.74

chemicals -3.58 | -2.74 | -0.93 | minenonmetal -1.67}) -043] 1.01

cnstgen -2.36 | -1.66 | -0.28 | miscman -185] 061] 191

cnstheavy -1.97 | -1.52| 0.07 | miscrep -1.12| -152| 0.17

cnstspecial 0.09| -1.57| 1.02 | miscret -1.63 1.11 3.6

comm -2.32 -1.8 | -0.52 | miscserv 2.39| -1.12] -144

deposit 222 -1.71| 046 | motion -1586} -1.03} 037

eat 241} -024| 163 | museums -1.73| -0.33| 0.51

educational -0.51 1.71] 3.38 | nondep 225| -1.31| -0.72

electronic -1.68 | -1.54 | -0.07 | personal -1.39 0.88 | 0.87
| engineer -1.98 | -042 0.6 | printing -2.27 0.8 ] 186

fabmetal -1.82 | -0.17| 1.42 | privateHHs 244 | -1.31} 0895

fed 2.68 | -248 | -0.04 | real -1.81 0.27 | 3.17

fish 2.7 -2.8 | -0.28 | rubber -2.03| -1.21 0.5

food 129 -1.25 2 | securities -2.31| -0.67 1.3

forestry 103 -021| 2.02 | social 063 404} 4.75

furniture 2591 -0.83| 0.62 | state -149{ 021]| 1.95
| genret 217 ] 0.18} 1.94 | stone 216} 023} 171

health 2.06| 054] 3.24 | tranequip -2.52 -1.2] 0.62

holding -1.99 0.1] 1.54 | transerv 255) -024] 1.15

hotel -1.22 | -1.34| 0.62 | trucking -149| -155]| 062

indmachine 229 | -2.35] -0.03 | utils -2.62 -1.51 023

insagents -1.31] 0.72] 1.89 | water 243 | -0.53 | -1.63

inscarriers -1.75] -0.57 | 1.02 | wholdur -161} -0.01] 0.95

instruments -1.821 062! 1.65 | wholnondur 436| -394] 061

leather 419 | -2.77| -1.96

Critical Values: Trend & Intercept Intercept None

1%: -4.07 1%: -3.51 1%: -2.59
5%: -3.47 5%: -2.90 5%: -1.94
10%: -3.16 10%: -2.59 10%: -1.62

Ho: Series is Nonstationary

Ha: Series is Stationary

If Absolute Calculated Value > Absolute Table Value = Reject Ho

If Absolute Calculated Value < Absolute Table Value=> Fail to reject Ho

112

Réproduced with permission of the copyright owner. Further reproduction prohibited without permission.




F-Tests for the ADF Tests for PMA and SW Region

Ho: Restricted Model is Preferred

Ha: Unrestricted Model is Preferred
If Feaicutated > Franie = Reject Hp

If Fcaiculated < Frabie = Fail to reject Ho

Featcuimed = [(SSRr - SSRy)/r}/[SSRu/(T-k)] ~ F(r, T-k)

SSRR = sum of squared residuals of restricted model

SSRy = sum of squared residuals of unrestricted model

r = number of restriction imposed in restricted model

T = number of observations

k = number of parameters estimated in the unrestricted model

PMA
Used Frapie(1,68) for tests between Intercept & Trend and Trend = 2.75 at 10%
Used Franie(1,69) for tests between Trend and None =2.75 at 10%

AGMN: Fcalcutared = 3.68 => Reject Hp = Intercept & Trend
CRE: Fcalcutaed = 5.32 = Reject Ho = Intercept & Trend
LOCMR: Fealcutmed = 7.85 = Reject Ho = Intercept & Trend
MSCEX: Featcutaed = 4.67 = Rejcct Ho = Intercept & Trend
SVRET: Fcaiculaed = 8.11 = Reject Ho = Intercept & Trend

SVEXP: Fcatcutaed = 0.41 = Fail to Reject Ho = Trend (Now check if None is
preferred)
SVEXP: Fcaicutaed = 0.82 = Fail to Reject Ho = None

SW Region
Used Frapie(1,74) for tests between Intercept & Trend and Trend = 2.75 at 10%
Used Frapie(1,75) for tests between Trend and None =2.75 at 10%

BLUE: Fcaiculated = 5.95 = Reject Ho = Intercept & Trend
WHITE: Fcalcutaed = 4.75=> Reject Ho = Intercept & Trend
MISC: Fcalculaed = 4.12 = Reject Ho = Intercept & Trend
MAN: Fcaicutared = 7.88 = Reject Ho = Intercept & Trend
CREAL: Fcaiculated = 7.38 = Reject Ho = Intercept & Trend
WR: Fcalcutaed = 6.93 = Reject Ho = Intercept & Trend
EXPORT:  Fcaicutaed = 1.36 = Fail to Reject Ho = Trend (Now check to see if None
is preferred)

Fealculated = 4.26 = Reject Ho = Trend
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