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Abstract 
This paper investigates recent trends of per capita personal income in the state of Oklahoma to 
ascertain what if any long-run trends are exhibited. Standard theoretical analysis suggests that 
per capita incomes are expected to converge, especially across regions. However, recent research 
indicates that the national trend is one of the regional income divergences. The question posed by 
this paper is whether or not the per capita income in Oklahoma supports evidence of divergence. 
The data for 1969 to 2012 obtained from Department of Commerce, Bureau of Economic Analysis 
(BEA) are analyzed. These data are used to regionalize the state into five distinct county-based 
areas. Results suggest that Oklahoma exhibits a transitional pattern from convergence to diver-
gence during the period of study. The three objectives of this study are: 1) a test of the growth pole 
cycle theory; 2) an extension of previous analysis of Oklahoma regional income variation; and 3) a 
preliminary test of the impact of the 2008 recession on regional income variation. After identifica-
tion and analysis of the five substate regions, an overview of the growth pole cycle theory explain-
ing the hypothesized pattern is provided, followed by an exposition of the analytical methodology. 
The analytical results are twofold, first, a baseline analysis regressing variation on per capita in-
come and second, the inclusion of the unemployment rate. 
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1. Introduction 
This study investigates the variation of regional income within each of five multi-county regions that divide up 
the state of Oklahoma for the period 1969 to 2012. The objectives of this study are three-fold. First, it is as a test 
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of the hypothesized pattern of long-term development implied by the growth pole cycle theory in Amos [1] [2] 
that regional income variation diverges after a period of convergence. Second, it is to build upon and enhance 
the substate analysis of regional income variation undertaken for the state of Oklahoma using data from 1969 to 
2008 in Amos and Ireland [3]. And third, it is as a preliminary analysis of the potential impact of the 2008 
housing and financial market disruption on long-term regional income variation. 

The growth pole cycle theory and the implication for regional income variation have been subject to previous 
test, most recently in Amos [4]. Evidence suggests that regional income variation began diverging in the United 
State in the mid-1970s. However, individual states made the transition from convergence to divergence at dif-
ferent times, some early in the 1970s and other in later years, an expected result given that states progress at dif-
ferent rates. Evidence indicates that Oklahoma is among the lesser developed of the 50 states and thus its docu-
mented divergence within the latter portion of the time period of analysis provides not only a test of the hypo-
thesis but also the contention that states develop differentially. 

Previous analysis of regional income variation has been relegated to either the variation of regional income 
among states within the entire nation (Williamson [5], Amos [6]) or among counties within each state (Amos [4] 
[6]). This study examines regional income variation within counties that comprise sub-regions in a state, in this 
case, Oklahoma. This adds a new level of analysis to the study of regional income variation by recognizing the 
hierarchical internal structure of a state that is likely to exhibit a regional income variation pattern apart from the 
state pattern. 

The housing market collapse in 2008 and resulting financial and economic problems were quantitatively as 
severe and sustained as anything experienced in the United States since the 1930s Great Depression. The ques-
tion posed by this study is whether it also qualitatively affected the long-term development process and the ob-
served pattern of divergence. Previous work suggests that short-run economic instability can impact the meas-
ured variation of income among counties with states (Amos [7]). 

2. The Oklahoma Study Area  
Oklahoma joined the United States in 1907 and as an agrarian, resource based economy, has generally lagged 
behind the development of most other states. In 2012, Oklahoma per capital income was about 93% of the U.S. 
average. Oklahoma typically ranks in the bottom 10% of states for most measures of economic progress and de-
velopment, such as education and health care. Moreover, analysis of regional income variation in Amos [4] es-
timated that Oklahoma reached the transition from convergence to divergence in 1990, 15 years after the esti-
mated turning point of 1975 initially identified in Amos [6]. 

Like most states, Oklahoma can be separated into different substate regions, differentiated by culture, econo-
my, resources, and production. The counties included in the five substate regions used in this analysis are: 

Central: Canadian, Cleveland, Grady, Kingfisher, Lincoln, Logan, McClain, Oklahoma, Payne, Pottawatomie, 
and Seminole. 

Northeast: Adair, Cherokee, Craig, Creek, Delaware, Mayes, Muskogee, Nowata, Okfuskee, Okmulgee, 
Osage, Ottawa, Pawnee, Rogers, Tulsa, Wagoner, and Washington. 

Northwest: Alfalfa, Beaver, Blaine, Cimarron, Dewey, Ellis, Garfield, Grant, Harper, Kay, Major, Noble, 
Texas, Woods, and Woodward. 

Southeast: Atoka, Bryan, Carter, Choctaw, Coal, Garvin, Haskell, Hughes, Johnston, Latimer, LeFlore, Love, 
McCurtain, McIntosh, Marshall, Murray, Pittsburg, Pontotoc, Pushmataha, and Sequoyah 

Southwest: Beckham, Caddo, Comanche, Cotton, Custer, Greer, Harmon, Jackson, Jefferson, Kiowa, Roger 
Mills, Stephens, Tillman, and Washita. 

The Central Region contains Oklahoma City, the largest metropolitan area in the state and the center of gov-
ernment. The Northeast Region contains the second largest city, Tulsa. The other three regions—Northwest, 
Southeast and Southwest—have resource and agrarian based economies. In 2012, per capita income for Okla-
homa was $40,620. The two metropolitan—centric Central and Northeast Region’s per capita incomes were 
$42,411 and $42,011, respectively. The Northwest Region was the third most prosperous in 2012, coming in at 
$41,195. The Southwest Region lagged behind at $37,557 and the Southeast trailed all others at $33,197. The 
relative ranking of these five regions is generally consistent throughout the study period, 1969-2012. It is thus 
anticipated that the pattern of convergence to divergence would occur first in the Central and Northeast Regions, 
followed closely by the Northwest and later by the Southwest. The Southeast Region is then expected to exhibit 
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the pattern after the other four, if at all. 

3. State and Regional Trends 
Per capita personal income (PCI) in Oklahoma, while trending higher, has historically fallen short of that for the 
United States. As shown in Table 1, Oklahoma PCI has been between 80% and 95% of the U.S. PCI. Oklahoma 
PCI in nominal terms rose from $3329 in 1969 to a level of $40,620 in 2012. In like fashion, the U.S. PCI grew 
to a value of $43,735 in 2012 from a starting level of $3930 in 1969. However, Oklahoma PCI was 85% of the 
U.S. average in 1969, rose to 95% in 1980, fell back to 81% by 2000, then increased once again to 93% in 2012. 
As a major petroleum producer, Oklahoma PCI relative to the national average appears driven largely by the 
boom and bust of the oil market. Relative gains were achieved from 1969 to 1980, driven by surging oil prices. 
The bust in the oil market then led to the relative decline in Oklahoma PCI up to 2000. Higher oil prices in the 
past decade have also corresponded with relative gains in Oklahoma PCI. 

Table 2 presents annual growth rates by decade, in both nominal and real1 PCI for Oklahoma during the study 
period. For the overall period, 1969-2012, nominal PCI had an annual growth rate of 6%, with real PCI growing 
by just over 2%. The 1969-1980 period saw the biggest gains in both measures, over 10% for nominal PCI and 3% 
for real PCI. Both growth measures declined in subsequent decades. While nominal PCI exhibited the second 
highest annual growth rates in the 1980-1990 period at 5.38%, notably the inflation-adjusted real PCI had the 
lowest annual growth rate at 1.16%. 

Regional diversity within Oklahoma is indicated by per capita income values for each of the five regions pre-
sented in Table 3. The Central and Northeast Regions, with the two largest urban areas (Oklahoma City and  

 
Table 1. Income indicators.                                                                                         

 1969 1980 1990 2000 2012 

Oklahoma Nominal PCI $3329 $9578 $16,177 $24,802 $40,620 

U.S. Nominal PCI $3930 $10,150 $19,584 $30,587 $43,735 

Oklahoma/U.S. PCI Ratio 0.847 0.944 0.826 0.811 0.929 

Source: Calculated from Bureau of Economic Analysis, Department of Commerce, “Local Area Personal Income: Population and Per Capita Personal 
Income” CA1-3. 

 
Table 2. Decade compound annual growth rates (%).                                                                         

 1969-1980 1980-1990 1990-2000 2000-2012 1969-2012 

Oklahoma Nominal PCI 10.08 5.38 4.37 4.20 5.99 

Oklahoma Real PCI1 3.13 1.16 2.26 2.05 2.16 
1Inflation adjusted real per capita personal income levels were calculated using the GDP implicit price deflator (2009 base year) provided by the Bu-
reau of Economic Analysis. Source: Calculated from Bureau of Economic Analysis, Department of Commerce, “Local Area Personal Income: Popu-
lation and Per Capita Personal Income” CA1-3. 

 
Table 3. Oklahoma per capita incomes.                                                                                

Region 
Per Capita Income 

1969 1980 1990 2000 2012 

Oklahoma $3329 $9578 $16,177 $24,802 $40,620 

Central 3651 10,481 16,924 26,452 42,411 

Northeast 3456 10,041 17,125 26,172 42,011 

Northwest 3371 10,042 16,517 23,785 41,195 

Southeast 2363 7003 12,577 19,552 33,197 

Southwest 3221 8303 14,928 21,351 37,557 

Source: Calculated from Bureau of Economic Analysis, Department of Commerce, “Local Area Personal Income: Population and Per Capita Personal 
Income” CA1-3. 
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Tulsa, respectively), take turns at the top of the five regions throughout the 1969 to 2012 study period. Central 
PCI increased from $3651 to $42,411 and the Northeast increased from $3456 to $42,011 during this time. 
While the Northeast Region was slightly higher in 1990 ($17,125 versus $16,924), the Central Region was the 
leader during the rest of the study period. The Northwest Region closely matched these other two regions, with 
the exception of 2000. Northwest PCI increased from $3371 to $41,195. The two remaining regions, Southwest 
and Southeast, consistently came in at the bottom of the five regions. Southwest PCI increased from $3221 to 
$37,557 and the Southeast Region increased from $2363 to $33,197. 

Diversity is also evident from annual growth rates of PCI, by decade, presented in Table 4. Mirroring the 
state trend, all five regions had higher annual growth rates for the 1969 to 1980 period (between 9% and 10.4%), 
with subsequent decades coming in at lower rates. While the Central, Northeast and Southeast Regions followed 
the state trend of diminishing growth rates, the Northwest and Southwest Regions both saw lower growth rates 
in the 1990-2000 period than the 2000-2012 period. Notably, the Central Region, with the highest PCI had the 
lowest overall growth for the period (5.87%), while the Southeast Region with the lowest PCI also had the 
highest annual growth rate (6.34%). 

4. Housing Market Collapse of 2008 
The most severe economic and financial decline in the U.S. economy since the Great Depression of the 1930s is 
commonly attributed to the collapse of the housing market in 2007. According to the Bureau of Labor Statistics, 
the U.S. unemployment rate increased from about 5% in the first few months of 2008 to 10% in October 2009. 
And according to the National Bureau of Economic Research, while the contraction itself lasted 18 months, 
ending in June of 2009, the recovery lagged well behind that of other recessions occurring since the 1930s. As 
late as August 2014, 62 months into the expansion, the U.S. unemployment rate exceeded 6%. This study ex-
amines the possibility that the severity of this contraction affected the long-term regional income variation pat-
tern. 

5. Growth Pole Cycle Theory 
Economic growth and development is not a smooth, continuous process, but is characterized by temporal surges 
and spatial imbalances. The growth pole cycle theory discussed in Amos [1] [2] [8] provides an explanation of 
this process by combining the temporal aspects of long waves or long cycles originally discussed by Kondratieff 
[9] [10], Schumpeter [11] and van Duijn [12], with the spatial dimension of Perroux’s [13] growth pole analysis 
examined by Lasuen [14] and Hansen [15]. The growth pole cycle theory indicates that the economy traverses 
an approximate 50-year “polarization phase” followed by about a 50-year “spread phase”. Similar to the growth 
pole theory, this process involves a fundamental spatial dimension, however, with the added temporal dimension 
of the long cycle process. 

During the 50-year polarization phase, regional incomes diverge as economic activity, productive resources, 
and wealth are geographically concentrated. During the 50-year spread phase, regional incomes converge as 
economic activity spreads outward from the concentrated pole to the periphery. Kuznets [16] noted this pattern  

 
Table 4. Oklahoma growth rates.                                                                                      

Region 
Compound Annual Growth Rate (%) 

1969-1980 1980-1990 1990-2000 2000-2012 1969-2012 

Oklahoma 10.08 5.38 4.37 4.20 5.99 

Central 10.06 4.91 4.57 4.01 5.87 

Northeast 10.18 5.48 4.33 4.02 5.98 

Northwest 10.43 5.10 3.71 4.68 5.99 

Southeast 10.38 6.03 4.51 4.51 6.34 

Southwest 8.99 6.04 3.64 4.82 5.88 

Source: Calculated from Bureau of Economic Analysis, Department of Commerce, “Local Area Personal Income: Population and Per Capita Personal 
Income” CA1-3. 
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as the inverted-U of income inequality, in which increases in income inequality (divergence) are followed by 
decreases (convergence). Williamson [5] adapted the Kuznet’s inverted-U hypothesis to regional income varia-
tion. The working proposition for both variations of the hypothesis has been that the inverted-U is a one-time 
phenomenon. The growth pole cycle theory implies that the divergence-convergence pattern is an ongoing 
process, with convergence subsequently followed by another period of divergence, in the same way that stan-
dard, short-run business cycles exhibit repeated periods of expansion and contraction. As such, inequality related 
to the process of development is characterized more by a mathematical sine curve than a simple inverted-U 
(Amos [1]). 

The pattern of regional income inequality implied by the growth pole cycle theory is illustrated in Figure 1 
(Amos [4]), which extends the basic Kuznet’s inverted-U to an additional period of divergence. The convention-
al pattern of convergence is indicated for segment I, points a to b. The transition to a new period of divergence is 
found in segment II, points b to c. The subsequent period of divergence is then in segment III, points c to d. 
Presumably there is then a transition to convergence once again in segment IV, points d to e. 

The temporal dimension of this theory suggests that the Great Depression of the 1930s was a transition be-
tween the diverging polarization phase and the subsequent converging spread phrase. The spread phase, and 
convergence, then continued until the late 1970s or early 1980s, which marked the transition to a new diverging 
polarization phase. Evidence suggests that regional income variation is once again diverging (Amos [4] [17]).  

A key reason for periodic periods of divergence then convergence appears to be technological innovations 
that create major, society-wide structural changes. Previous development-inducing innovations include silicon- 
chip-based computers (the latter fourth of the 1900s), internal combustion powered automobiles (the latter fourth 
of the 1800s), and steam engine driven manufacturing and railroads (the latter fourth of the 1700s). In each case 
the production and subsequence diffusion of the technological innovation stimulates economic progress, bene-
fiting some regions more so than others, but also through a process that crosses decades. 

Because some regions benefit first, other regions clearly lag behind. In many cases, lagging regions benefit 
only when the divergence turns the corner to convergence. Throughout the 1900s, the state of Oklahoma typi-
cally lagged behind much of the rest of the country. Moreover, some regions within the state of Oklahoma 
tended to lag behind, not just the country, but also the average for the state. 

This study investigates not just regional income variation within the state of Oklahoma in its entirety, but also 
how five distinctive regions of the state (Northeast, Southeast, Northwest, Southwest, and Central), exhibit pat-
terns of regional income variation. That is, this study analyzes the variation of per capita income among the 
counties within each of the five regions. 

 

 
Figure 1. Hypothesize regional income variation.                                              
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6. Methodology and Data 
The key to this analysis is the measure of regional income variation initially specified in Williamson [5] and lat-
er estimated in Amos [4] [17]. It is calculated as: 

( )2
i r i r

w
r

Y Y p p
V

Y
Σ −

=  

where wV =  the weighted variation of regional income, iY =  per capita personal income in county i  of re-
gion r  (or the state), rY =  per capita personal income in region r  (or the state), ip =  population in county 
i  of region r  (or the state), rp =  total population in the region r  (or the state). This measure is estimated 
for each multi-county region and the entire state from the period 1969 to 2012. A higher (or increasing) value 
for wV  indicates greater income inequality (or divergence) and a lower (or decreasing) value indicates lesser 
inequality (or convergence). Moreover, no change in wV  suggests a period of stasis or alternatively a transition 
from convergence to divergence or divergence to convergence.  

Data used to estimate regional income variation are obtained from the Bureau of Economic Analysis. This 
data includes population and per capital income values for Oklahoma for each of the state’s 77 counties for the 
period 1969 to 2012. County data are then aggregated into population and per capital income values for each of 
the 5 multi-county regions to estimate regional income variation. 

Unemployment data are obtained from the Bureau of Labor Statistics, once again for the state and each coun-
ty. This data includes labor force and number unemployed for the period 1990 to 2012. Ideally unemployment 
data for the entire study period from 1969 to 2012 would be used in the study, but pre-1990 county numbers are 
not available. County data are also aggregated into labor force and number unemployed totals to estimate unem-
ployment rates for each of the 5 multi-county regions. 

6.1. Baseline Analysis 
Data are used to estimate two sets of equations. The first set of baseline equations regress regional income varia-
tion against income and income-squared for the period 1969 to 2012. Two alternative regression models are es-
timated: 

wV Yα β= +                                         (1) 
2

wV Y Yα β γ= + +                                      (2) 

where: wV  is the variation of per capita personal income among the counties in each region weighted by popu-
lation of the county, and Y =  region per capita personal income, measured in thousands (000s). Both equations 
are initially estimated using OLS, then re-estimated with a first order serial correlation adjustment using a 
maximum likelihood estimator when deemed necessary.  

Equation (1) captures the general trend correlation between per capita income and regional income variation. 
Equation (2) enhances this general trend by allowing for the possibility of a nonlinear relationship between the 
variables. The following general statements can be made about convergence-divergence behavior, although oth-
er specific cases do exist. Convergence is indicated if β  in Equation (1) is negative and significant and/or γ  
in Equation (2) is negative and significant. Divergence is then indicated if β  in Equation (1) is positive and 
significant and/or γ  in Equation (2) is positive and significant. The conventional Kuznet’s inverted-U is indi-
cated if β  is positive and γ  is negative in Equation (2). The onset of a “new” U, with the transition from 
convergence to divergence, is then indicated if β  is negative and γ  is positive in Equation (2).  

This study hypothesizes that between 1969 and 2012 each of the five Oklahoma regions, moved through the 
convergence phase of segment I, the transition phase of segment II, and into the divergence phase of segment III 
of Figure 1. A key bit of analysis involves an estimate of when each region reached the minimum point of seg-
ment II. The quadratic Equation (2) is used to estimate the level of per capita income in which convergence 
gives way to divergence using the simple formula: 2β γ− . 

6.2. Unemployment Analysis 
The second set of equations regresses regional income variation against income, income-squared, and the unem-
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ployment rate for the period 1990 to 2012: 

wV Y Uα β δ= + +                                      (3) 
2

wV Y Y Uα β γ δ= + + +                                    (4) 

where: wV  is the variation of per capita personal income among the counties in each region weighted by popu-
lation of the county, and Y =  region per capita personal income, measured in thousands (000s), and U =  re-
gion unemployment rate. As with the baseline analysis both equations are initially estimated using OLS, then 
re-estimated if necessary with a serial correlation adjustment.  

This analysis investigates the role that the housing market induced economic decline might have played in the 
long-term pattern of regional income variation. The question posed by this study is whether economy-wide fi-
nancial and economic problems disrupt this long-term trend. 

7. Analysis 
Figure 2 illustrates the pattern of regional income variation for each of the five regions and the state as a whole. 
The overall trend for the four-decade period exhibited by the six lines appears to be fairly horizontal, with a 
slight overall downward trend initially, but somewhat of an upturn in latter years. The Northeast Region, con-
taining the Tulsa metropolitan area, effectively mirrors the trend for the state, tracing a slight upward trend since 
the mid-1990s. The Central Region, containing the Oklahoma City metropolitan area, also generally mirrors the 
state trend, with the exception of a state peak in the late 1970s not seen in the Central Region. It also traces a re-
cent upward trend, also beginning in the mid-1990s. 

The Southeast Region traces an inequality pattern that increases up to the early-1980s, declines until the early- 
2000s then rises once again. The Southwest and Northwest Regions, although with a great deal of year-to-year 
fluctuations, exhibit general downward trends of reduced inequality until the mid-1990s. 

Taken as a whole, the five regions do exhibit general convergence throughout most of the study period, with 
an apparent pattern of divergence beginning in the mid-1990s and early-2000s. One question that arises from  

 

 
Figure 2. Regional income variation oklahoma and five regions: 1969-2012.                                                  
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this analysis, is how Oklahoma and its component regions compare with the rest of the country. Previous analy-
sis of all fifty states (Amos [4] [17]), suggests that the general convergence trend ended in the mid-1970s and 
that divergence continued at least up to the 2000s in several states. Previous analysis also suggests that Oklaho-
ma is one of several states that lagged behind the rest of the country. 

As such, if Oklahoma “bottomed out”, making the transition from convergence to divergence post mid-1970s, 
it would not be expected to exhibit a clear-cut pattern of convergence or divergence in the time frame of this 
analysis. The fact that signs of divergence are indicated in the early-2000s, suggests that Oklahoma made the 
convergence to divergence transition in the mid- to late-1990s. 

7.1. Baseline  
As noted previously, convergence is indicated if β  in Equation (1) is negative and significant and/or γ  in 
Equation (2) is negative and significant. Divergence is then indicated if β  in Equation (1) is positive and sig-
nificant and/or γ  in Equation (2) is positive and significant. The conventional Kuznet’s inverted-U is indicated 
if β  is positive and γ  is negative in Equation (2). The onset of a “new” U, with the transition from conver-
gence to divergence, is then indicated if β  is negative and γ  is positive in Equation (2). 

Results of the estimation are summarized in Table 5. Estimating Equation (1) for the state suggests a possible 
pattern of convergence. The β  coefficient is negative but statistically insignificant, with an R2 of 0.5889. 
However, the quadratic version of the model in Equation (2) seems to indicate a more definite outcome. The β  
coefficient remains negative and statistically significant, but with the inclusion of the quadratic term, the γ  
coefficient is positive and statistically significant, with an R2 now of 0.6584. These results suggest that the state 
of Oklahoma was most likely to make the transition from convergence to divergence during the study period. 

The focus of this analysis, however, is the differential patterns of income convergence or divergence that were 
experienced by the five regions of Oklahoma. Table 5 also presents estimates of Equations (1) and (2) for each 
region. Estimates of Equation (1) show negative values for the β  coefficient in the Central, Northwest, and 
Southwest Regions, with R2s of 0.5407, 0.3006, and 0.3846. However, only the Northwest Region is statistically 
significant. The Northeast and Southeast Regions both exhibit positive, but not statistically significant β  coef-
ficients, with R2s of 0.3804 and 0.8500.  

Further insight is garnered from estimates of Equation (2) for each of the five regions. All five regions mirror 
results for the state, with 0β <  and again 0γ > , consistent with expectations of making the transition from 
convergence to divergence over the study period. All coefficients are statistically significant at the 0.10 level or 
better, with the exception of β  for the Northeast Region and γ  for the Northwest Region. R2s for the five 
equations are 0.6540, 0.5302, 0.3233, 0.8686, and 0.6177.  

These regression results along with the graphical patterns in Figure 2 provide support for the growth pole 
cycle hypothesis of divergence after a period of convergence. The five regions individually appear to have 
moved from segment I, through segment II and into segment III of the augmented inverted-U curve in Figure 1. 
This raises the question: When did each region make the transition? Again using the simple formula 2β γ−  
(from Equation (2) optimization), the per capita income value in which the minimum turning point is reached 
can be estimated for each region.  

The estimated turning points of per capita income for the state and the five regions are presented in Table 6. 
The estimated minimum value for the state using the coefficients for Equation (2) is $18,677. Per capita income 
for Oklahoma was $19,144 in 1995, suggesting that the state reached the transition turning point from conver-
gence to divergence in the mid-1990s, about 20 years after that estimate for the country as a whole. The esti-
mated value for the Central Region is $20,728. This value is consistent with the mid-1990s as well, with per ca-
pita income in 1996 at $21,113. Surprisingly the Central Region lagged behind the state, if only by a year, when 
it is expected to lead the state.  

The Northeast Region is the only one reaching an estimated minimum value before the state, with a value of 
$13,874, consistent with an actual per capita income of $13,965 in 1986. Surprisingly, the least developed of the 
five regions, the Southeast Region, reached an estimated minimum value turning point only slightly after the 
Central Region. The $17,270 value is consistent with $17,691 actual per capita income in 1998. 

The two remaining western regions, Northwest and Southwest, achieved minimum values of $30,441 and 
$20,391 respectively. Both values place these regions after the turn of the century—2006 with an actual per ca-
pita income of $31,337 for the Northwest and 2000 with an actual per capita income of $21,351 for the South-  
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Table 5. Baseline regression results 1969-2012.                                                                          

Region 
(Estimated Equation) 

Intercept 
(t-statistic) 

Per Capita Personal 
Income (t-statistic) 

Per Capita Personal Income 
Squared (t-statistic) Durbin-Watson R2 

Oklahoma (1)d 0.2019 
(19.82)a 

−0.00054 
(−1.11) -- 2.1799 0.5889 

 

Oklahoma (2)d 0.2068 
(3.30)a 

−0.00706 
(−1.95)c 

0.000189 
(3.30)a 1.7169 0.6584 

 

Central (1)d 0.1342 
(15.79)a 

−0.00035 
(−0.93) -- 2.3497 0.5407 

 

Central (2)d 0.1522 
(3.06)a 

−0.00626 
(−2.30)b 

0.000151 
(3.55)a 2.0199 0.6540 

 

Northeast (1)d 0.2064 
(19.08)a 

0.00031 
(0.63) -- 2.1128 0.3804 

 

Northeast (2)d 0.1783 
(2.28)b 

−0.00505 
(−1.22) 

0.000182 
(2.91)a 1.5170 0.5302 

 

Northwest (1)d 0.1167 
(17.21)a 

−0.00063 
(−1.97)c -- 1.8361 0.3006 

 

Northwest (2)d 0.1276 
(12.52)a 

−0.00207 
(−1.84)c 

0.000034 
(1.32) 1.8387 0.3233 

 

Southeast (1)d 0.1094 
(3.37)a 

0.00105 
(0.60) -- 1.9253 0.8500 

 

Southeast (2)d 0.1499 
(5.44)a 

−0.00525 
(−1.69)c 

0.000152 
(1.94)c 1.8635 0.8686 

 

Southwest (1)d 0.1128 
(6.90)a 

−0.00059 
(−0.74) -- 2.1706 0.3846 

 

Southwest (2)d 0.1568 
(15.93)a 

−0.00783 
(−6.54)a 

0.000192 
(6.38)a 1.9037 0.6177 

 
a0.01 Significance Level; b0.05 Significance Level; c0.10 Significance Level; dSerial correlation correction with maximum likelihood estimator. 

 
Table 6. Estimated per capita income minimum value turning points.                                                       

Region Estimate PCI Year Actual PCI 

Oklahoma $18,677 1995 $19,144 

Central $20,728 1996 $21,113 

Northeast $13,874 1986 $13,965 

Northwest $30,441 2006 $31,337 

Southeast $17,270 1998 $17,691 

Southwest $20,391 2000 $21,351 

 
west. 

This analysis of Equations (1) and (2) along with the graphical analysis indicates that the state of Oklahoma 
and its five regions have quite likely all experienced divergence of regional income variation, albeit decades af-
ter the estimated mid-1970s turning point for the country as a whole, a result that is not unexpected. These re-
sults also support the hypothesis that substate regions, like states, move through the augmented inverted-U, at 
different times. One unexpected result is that the lesser developed Southeast Region lagged behind the state and 
Central Region by only a few years, while the two western regions exhibited a greater lag. 

7.2. Unemployment 
The possible impact of short-run economic instability, such as that resulting from the 2007 housing market col-
lapse, can be investigated with Equations (3) and (4), which add the unemployment rate to Equations (1) and (2), 
respectively. Expectations are that a higher unemployment rate would have a greater detrimental effect on those 
with lower incomes and thus increase income inequality. Because county unemployment data used to estimate 
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unemployment rates for the five substate regions are only available from 1990, this analysis focused only on the 
period from 1990 to 2012. As with the previous analysis, equations are initially estimated using OLS, then re- 
estimated with a one period serial correlation correction when necessary. Results for the state and the five sub- 
state regions are presented in Table 7. 
 
Table 7. Unemployment regression results 1990-2012.                                                                    

Region 
(Estimated 
Equation) 

Intercept 
(t-statistic) 

Per Capita Personal 
Income 

(t-statistic) 

Per Capita Personal 
Income Squared 

(t-statistic) 

Unemployment 
Rate 

(t-statistic) 
Durbin-Watson R2 

Oklahoma (1)d 0.1619 
(7.48)a 

0.00071 
(0.92) --  2.0302 0.3232 

 

Oklahoma (3)d 0.2290 
(11.38)a 

0.00039 
(0.80) -- −0.011683 

(−4.36)a 2.0528 0.6285 
 

Oklahoma (2)d 0.2520 
(1.70) 

−0.00970 
(−1.08) 

0.000222 
(1.68)  1.6150 0.4417 

 

Oklahoma (4)d 0.2577 
(4.27)a 

−0.00179 
(−0.41) 

0.000039 
(0.50) 

−0.011823 
(−4.46)a 2.0536 0.6376 

 

Central (1)d 0.0971 
(5.26)a 

0.00077 
(1.23) --  2.1729 0.3886 

 

Central (3)d 0.1318 
(5.61)a 

0.00079 
(1.30) -- −0.007744 

(−2.51)b 2.1388 0.4982 
 

Central (2)d 0.1795 
(1.49) 

−0.00079 
(−1.13) 

0.000171 
(1.76)c  1.7420 0.5044 

 

Central (4)d 0.1911 
(2.69)b 

−0.00384 
(−0.72) 

0.000078 
(0.87) 

−0.007225 
(−2.32)b 2.0661 0.5359 

 

Northeast (1)d 0.1749 
(6.88)a 

0.00122 
(1.40) --  2.0653 0.3364 

 

Northeast (3)d 0.2416 
(12.44)a 

0.00106 
(2.12)b -- −0.012080 

(−4.80)a 2.0704 0.6759 
 

Northeast (2)d 0.2774 
(1.67) 

−0.01128 
(−1.15) 

0.000267 
(1.93)c  1.4987 0.5145 

 

Northeast (4)d 0.2935 
(4.15)a 

−0.00277 
(−0.54) 

0.000066 
(0.75) 

−0.012238 
(−4.97)a 2.0465 0.6882 

 

Northwest (1)d 0.0961 
(8.41)a 

0.00009 
(0.22) --  1.9508 0.1755 

 

Northwest (3) 0.1326 
(9.41)a 

0.00011 
(0.39) -- −0.008543 

(−3.12)a 1.9031 0.3359 
 

Northwest (2) 0.0236 
(0.75) 

0.00573 
(2.39)b 

-0.000101 
(-2.34)b  1.5198 0.2249 

 

Northwest (4) 0.0680 
(2.30)b 

0.00492 
(2.46)b 

-0.000087 
(-2.42)b 

−0.007821 
(−3.17)a 2.1661 0.4926 

 

Southeast (1)d 0.0777 
(3.14)a 

0.00149 
(1.32) --  1.9099 0.5867 

 

Southeast (3)d 0.0651 
(2.08)c 

0.00151 
(1.62) -- 0.001939 

(0.52) 1.8954 0.6094 
 

Southeast (2)d 0.2451 
(7.72)a 

−0.01452 
(−4.87)a 

0.000341 
(5.24)a  1.8781 0.7932 

 

Southeast (4)d 0.2682 
(5.22)a 

−0.0160 
(−4.08)a 

0.000370 
(4.46)a 

−0.001220 
(−0.57) 1.8939 0.7957 

 

Southwest (1) 0.0432 
(5.76)a 

0.00197 
(6.57)a --  1.9940 0.6729 

 

Southwest (3) 0.0238 
(1.65) 

0.00209 
(6.95)a -- 0.003358 

(1.54) 2.1956 0.7076 
 

Southwest (2) 0.0823 
(2.67)b 

−0.00138 
(−0.54) 

0.000066 
(1.31)  2.1501 0.6986 

 

Southwest (4) 0.0428 
(0.76) 

0.00081 
(0.22) 

0.000025 
(0.35) 

0.002608 
(0.84) 2.1922 0.7095 

 
a0.01 Significance Level; b0.05 Significance Level; c0.10 Significance Level; dSerial correlation correction with maximum likelihood estimator. 
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As might be expected with only a subset of the original data period, the overall convergence-divergence trend 
identified previous is not readily apparent. Linear results in Equation (1) for the state and each of the five re-
gions indicate divergence, 0β > , but only the Southwest Region has statistical significance. R2s range from 
0.1755 to 0.6729. Estimates of the quadratic baseline equation for this shortened period provide slightly better 
support for the convergence-divergence transition. In all but two equations, the quadratic term is positive, 

0γ > , and statistically significant at the 0.10 level or better. In the other cases the Southwest Region γ  lacks 
statistical significance and the quadratic term is statistically significant in the Northwest Region but negative. 
R2s range from 0.2249 to 0.7932. 

Estimation of Equations (3) and (4) generally indicates an overall negative relation between the unemploy-
ment rate and regional income variation. In all but the Southeast and Southwest Regions, the unemployment rate 
coefficient is negative and statistically significant at the 0.05 level or better. The two southern regions display 
positive signs in three of the four equations but none of the coefficients are statistically significant. R2s range 
from 0.3359 to 0.7957. 

This analysis suggests that short-run instability does impact regional income variation. In particular, higher 
unemployment rates experienced after the 2007 housing market collapse has apparently disrupted the longer- 
term pattern of divergence, creating convergence and lesser income inequality. This result clearly warrants fur-
ther study, especially with other states and a longer time period. It also raises the question of whether the unem-
ployment rate variable, while on the surface an apparent detriment to those with lower incomes, might actually 
reflect a more fundamental process that differentially affected higher incomes during the 2007 downturn. 

8. Summary and Conclusions 
This analysis of the variation of county per capita income within the five substate regions of Oklahoma provides 
support for the hypothesized augmented inverted-U. The inverted-U pattern hypothesized by Kuznets [16] sug-
gests that regional income variation converges after a period of divergence, with no indication of what if any-
thing might occur after convergence. The growth pole cycle theory proposed by Amos [1] [2] implies that con-
vergence is followed once again by divergence. Previous work (Amos [4] [17]) identifies that divergence of per 
capita income variation at the state level begins in the mid-1970s, with some states, including Oklahoma, lag-
ging behind others.  

The graphical and regression analysis presented here is the first to investigate substate regional income varia-
tion. It supports previous results of differential lags in the per capita income divergence implied by the aug-
mented inverted-U. 

Moreover, inclusion of the unemployment rate in the regression analysis suggests a key role played by 
short-run economic instability in the longer-run development process. While the analysis period is necessarily 
shortened due to the lack of unemployment rate data, evidence suggests that further investigation into this rela-
tionship is warranted. 
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