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SPECIAL PUBLICATION SERIES

The Oklahoma Geological Survey’s Special Publication series is designed to bring timely geologic
information to the public quickly and economically. Review and editing of this material has been
minimized in order to expedite publication.

Cover Phofo:

The Oklahoma State Flag depicts an Osage Indian war shield
on a blue sky field. Small crosses on the buckskin face of the
shield suggest stars. Hanging from the edge of the shield are
seven eagle feathers. Crossing the shield are a calumet, including
a pipestone bowl and tassel, and an olive branch; they symbolize
peace among peoples.

The Flag was adopted in 1925 from a design by Mrs. George
Fluke, Jr. It was slightly changed in 1988 and again in 1991.

This publication, printed by the Oklahoma Geological Survey, is issued by the
Oklahoma Geological Survey as authorized by Title 70, Oklahoma Statutes,
1981, Section 3310, and Title 74, Oklahoma Statutes, 1981, Sections 231-238.
750 copies have been prepared at a cost of $6,996 to the taxpayers of the State
of Oklahoma. Copies have been deposited with the Publications Clearinghouse
of the Oklahoma Department of Libraries.



PREFACE

he State of Oklahoma has contributed uniquely to the history, traditions, resources, and

productivity of the United States. Within the brief time span of a century, Oklahomans
have created and sustained a diverse economy and a supportive human resource base that
have served to generate a positive image of the state nationally. As Oklahoma approaches
100 years of statehood, it is time to stand back and take stock of Oklahomans’ achievements
and future possibilities.

Oklahoma Resources is a snapshot in time, portraying the state’s assets at the close of the
1980s and the beginning of the 1990s. It was written and compiled to provide basic informa-
tion for planning in both private industry and state government. Each chapter evaluates a
different aspect of Oklahoma’s natural and man-made resources in light of the state’s histo-
ries and traditions, current business trends, and the public policies that have affected eco-
nomic growth.

TOPICAL ORIENTATION

The focus of this book is on the resources that have made Oklahoma what it is today.
Twenty-two authors have contributed chapters that include discussions of the state’s natural
environment, its people, energy, water, wheat farming, transportation and communication,
education, recreation, health care, forests and minerals, utilities and industries, environmen-
tal regulation, finance industries, the fine arts, and the cities and the land. A brief documen-
tation of the historic development up to 1989—in some cases where appropriate up to
1992—is included in most chapters. This is followed by inventories and assessments of cur-
rent conditions. Where appropriate, the chapters are concluded by a general analysis of
impact by current and past decisions and policies.

Each chapter in Oklahoma Resources reflects the individual approaches of its author(s). In
a sense, each can stand alone. The common denominator is the uniform technical structure
of the chapters and the design of the illustrations. Academic quotations have been sacrificed
for the benefit of a broad public, yet a complete list of references following each chapter will
guide the expert reader to the original data sources and to further information.
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The production of Oklahoma Resources was made possible through the combined efforts
of many talented individuals throughout the University system, the state, regional, and local
governments, and the private sector. Special recognition must be given, however, to certain
people. Governor Henry Bellmon helped conceive the idea for a comprehensive review of
Oklahoma's resource base at the conclusion of the first 100 years of the state’s history, and
has been especially supportive of all the fund-raising efforts. Continued endorsement by the
President’s office at the University of Oklahoma has helped secure broad support from the
public and private sectors.

The Kerr Foundation, Inc., Oklahoma City, provided major financial support for this
project. Other contributors were: the Oklahoma City Economic Development Foundation;
Kerr-McGee Corporation of Oklahoma City; The Williams Companies of Tulsa; Holden
Energy Corporation of Ardmore; Fowler Toyota Jeep/Eagle of Norman; Security National
Bank and Trust Co. of Norman; Oklahoma Natural Gas Co. of Tulsa; Public Service Com-
pany of Oklahoma of Tulsa; Oklahoma Gas and Electric Company of Oklahoma City; Mr. Ed
Barrett, geologist, Oklahoma City; The Spirit Shop of Normary; Mathis Brothers Furniture
Co., Inc. of Oklahoma City; Big Red Sports/Imports of Norman; and Sterr’s Groco. Inc. of
Norman.

This document would not have come to life without the Oklahoma Geological Survey’s
efforts to publish, Laura Madden’s and Barbara Taylor’s patient and skillful word process-
ing, Mike Sexton and Sue Kahre-Stradford's illustrations, and Nancy Hanks’ assistance in
technical editing.
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Oklahoma Resources

The Natural Environment

Michael Roark and Hans-Joachim Spdath

Executive Summary.—Oklahoma’s natural environment is characterized by diversity. Cli-
mate is the most important controlling factor in creating this diversity. In terms of precipita-
tion, Oklahoma’s climate is transitional between the aridity of the western United States and
the humidity of the East. Oklahoma is also often in transition between the cold of the North in
the winter and the heat of the South in the summer.

The variation in climate shapes the terrain, creating mesas and buttes in the west and
rounded hills in the eastern part of the state. Intensifying the contrasts in terrain are geological
structures: mountains in the southeast, hills in the northeast and southwest, and plains
throughout most of the state.

Vegetation and soils are directly affected by climate. The most important variable in the
biosphere is precipitation. Grasslands reflecting drier conditions characterize the state, espe-
cially the western half of the state, but significant areas are forested, particularly in the south-
east. Soil variation is directly affected by precipitation. Generally, the best soils for agriculture
are in the central section of the state, a transitional area between the soils derived from a hu-

CHAPTER |

mid climate in the east and soils formed from a western arid climate.

INTRODUCTION

Variety is the word to characterize
Oklahoma’s natural environment.
With the probable exception of Cali-
fornia, Oklahoma may have the great-
est environmental variation of any
state in the country. Nonetheless, for
most Americans, Oklahoma's envi-
ronment remains unknown. If any im-
age is formed, it is of the plains in the
central part of the state (Map 1.1). Yet
Oklahoma varies in terrain from rug-
ged mountains in the southeast to me-
sas in the Panhandle. The state has all
kinds of terrain surprises, such as the
granitic Wichita Mountains and the
living Pleistocene fossil forests in the
Caddo canyons. Can one imagine a
greater contrast than that between the
sand dunes of northwestern Okla-
homa and the bayou swamps of
southeastern Oklahoma? Oklahoma'’s
natural environment presents striking
images. Climate, bedrock, and vegeta-
tion have shaped these images.

CLIMATE AND THE
FOUR SEASONS
Oklahoma’s climate is fundamen-
tally transitional. Oklahoma's climatic

transitions are more than precipitation
changes from western Oklahoma’s
semiaridity (a BS climate, using Koep-
pen’s climate symbol) to eastern Okla-
homa’s humidity (Cfa). The state is
also transitional in temperatures be-
tween northern Oklahoma'’s periodic
continental winters (Dfa) and south-
ern Oklahoma’s subtropical summers
and winters (Cfa). Oklahoma is where
the regional climates of the West (BS),
North (Dfa), and South (Cfa) converge
and merge; one or more dominates in
a climatic year. This merging of cli-
mates in Oklahoma makes for chal-
lenge as well as for variety, since the
union of different air masses can pro-
duce tornadoes and dust storms.
Oklahoma’s climate is created by
air masses that move into the state
from remote source areas. In the win-
ter, Oklahoma is influenced by two
major air masses, continental Polar
(cP) and maritime Polar (mP). The
continental Polar air derives from two
sources, northern Canada and central
Siberia. The Siberian air mass is much
colder since the cold pole (i.e., the
coldest temperatures recorded) for the
northern hemisphere is in Siberia.

3

Cold Siberian air can change an Okla-
homa winter from cool and dry to bit-
terly freezing and snowy, bringing
blizzards to northern and western
Oklahoma.

The maritime Polar air originating
in the northern Pacific is initially more
moderate in temperature and is modi-
fied as it travels over the Rockies. The
effect of maritime Polar air is a cool
and dry season. This air contrasts con-
siderably to the blasts of cold conti-
nental air which plunge south from
Canada, over the Great Plains, to
Oklahoma.

In the spring and summer, mari-
time tropical air (mT) from the Gulf of
Mexico and continental tropical air
(cT) from the Sonoran desert of north-
ern Mexico dominate. The maritime
tropical Gulf air is warm and very hu-
mid and is the source of almost all of
Oklahoma’s moisture. The Pacific
maritime air rarely is a source of mois-
ture since it has lost so much humid-
ity as it passes over the western
mountains; it is important, however,
as a stimulus of weather systems—
fronts—that create conditions for the
northward moving Guilf air to precipi-
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Map 1.1 — General geology and physiographic areas of Oklahoma. Source: Gray and Galloway (1959).

tate. At times in the middle and late
summer, the maritime tropical air is
dominated by the Bermuda high-pres-
sure system from the mid-Atlantic,
and the result can be droughts. The ef-
fect of the Sonoran continental tropi-
cal air is that of a hot, dry furnace. It
heats up Oklahoma’s summers to well
above 100°F and can bring severe
droughts, particularly to southwest-
ern Oklahoma.

These constant air masses create
Oklahoma’s characteristic seasons:
cool, dry winters with periodic cold
blasts; quite wet springs with numer-
ous tornadoes and thunderstorms; hot,
dry summers; and cool, humid falls.

Precipitation and Evaporation

The most significant feature about
Oklahoma’s annual precipitation is
the decrease in levels from east to
west (Map 1.2). The decrease is from
an average of 50 inches per year in the
southeast to 15 inches per year in the
northwest. The extremes in precipita-
tion range from more than 80 inches

per year in the Ouachitas to slightly
less than 7 inches in the Panhandle.
The precipitation in Oklahoma has
a definite seasonality (Figure 1.1).
There are two periods of heavier rain-
fall followed by two seasons of drier
conditions. More rain falls in the
spring than in the summer, and there
is greater precipitation in the fall than
in the winter. The main cause of this
pattern is frontal activity, storm tracks
that shift north and south with the
upper atmosphere jet stream. In the
winter, the jet stream is farther south
so that southeast Oklahoma has the
most winter rainfall and less of a
minimum than the rest of the state.
During the summer, the jet stream
shifts to the north; northern Okla-
homa, particularly the Panhandle, re-
ceives a greater proportion of its rain
in the summer season. The greatest
precipitation occurs in the spring
when the jet stream is more likely to
pass over Oklahoma and warm, moist
Gulf air comes in contact with cool,
interior air. After a summer decrease,

rainfall increases slightly in the fall as
the Bermuda high pressure and So-
noran continental air leave Okla-
homa.

The season of least precipitation is
winter, December through February.
Many Oklahomans may not perceive
winter to be the driest season; they
would consider the late summer
months of July and August to be
drier. July and August appear drier
because of higher evaporation rates.
Since winter temperatures are much
lower, there is a lower evaporation
rate; the soil remains wetter and does
not dry out as in the summer.

In the winter, precipitation is in the
form of light rain or snow. The snow
cover typically lasts only a few days.
The wettest part of the state in winter
is the southeast, particularly the
Ouachita Mountains.

The main season of precipitation is
the spring, March through May. In
this season, moist warm air from the
Gulf of Mexico penetrates Oklahoma
and becomes unstable due to surface
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Map 1.2 — Average annual precipitation (in inches), 1970-79. Source: Pettyjohn
and others (1983), Gray and Galloway (1959).

heating and frontal activity. The result
often is thunderstorms and tornadoes.
The intensity of the rainfall is quite
different from winter showers. Sev-
eral inches of rain can fall within a
half-hour to an hour—the proverbial
“huckets” of rain. As in the winter, the
QOuachita Mountains receive the great-
est rainfall.

A relative decrease in precipitation
occurs in the summer, especially dur-
ing the months of July and August.
There is less precipitation in spite of
the tropical maritime air from the Gulf
of Mexico because of the dominance
of the Bermuda high pressure over
Oklahoma. This warm-core high pres-
sure originates from the central Atlan-
tic at 25°N latitude and extends over
the southeastern U.S. and into Okla-
homa in July and August. Most of the
precipitation in these months comes
from convectional thunderstorms cre-
ating a specific pattern of rainfall
rather than a general one. In other
words, one locality could receive sev-
eral inches of rain while nearby there
may be an utter drought.

The pattern of summer rainfall dif-
fers considerably from patterns in
winter and spring. The Ozark Moun-
tains, not the Ouachitas, are the wet-
test part of the state; the driest part is
the southwest, not the northwest or
the Panhandle. The lack of rainfall in
the southwest may be due in part to
Sonoran continental tropical desert air
penetrating the state from Mexico. For
the northern part of the state, espe-
cially the Panhandle, summer is the
wettest season because of the more
northerly position of the jet stream
and associated storm tracks.

In the fall, September and October,
there is an increase in precipitation as
the Bermuda high pressure moves
out. The increase is slight because the
tropical maritime air is not being
heated as it is in the spring, but it is
enough to break the drought of the
summer.

The pattern of precipitation in the
fall contrasts to that of the summer.
The driest part of the state is the Pan-
handle; the wettest areas are in the
eastern highlands.

Although snowfall is generally of
minor importance for most of the
state, it is significant in the Panhandle,
the driest part of the state. Snowfall is
often a major component in total Pan-
handle precipitation.

Oklahoma'’s snowfall season is pri-
marily November through April, but
snow has been reported in every
month of the year. The highest annual
levels are in the northwest and the
lowest are in the southeast: Boise City,

at a mean of 20.7 inches, receives the
most snow and Idabel, the least at a
mean of 2.1 inches. The annual snow-
fall pattern is the opposite of the an-
nual precipitation pattern, but it corre-
sponds to the temperature map. The
southern parts of the state, which
have more winter precipitation, do
not have much snow because the tem-
peratures are generally too high.

Temperature

Oklahoma has extremes in temper-
ature as it does in precipitation, a pat-
tern which often is typical of continen-
tal climates. The highest temperature
recorded was 120°F at Altus in south-
western Oklahoma (and at other
sites); the lowest temperature re-
corded was —27°F at Vinita in north-
eastern Oklahoma. In general, the
southwest and southeast are the
warmest parts of the state, having
mean temperatures of 63°F or 64°F.
The Panhandle, having a mean tem-
perature of 55°F or 56°F, is the coolest
region, a result of the combination of
higher elevations in the Panhandle
and cold front penetration patterns.
The eastern part of the state, particu-
larly the Ozarks, tends to be cooler
than the central part of the state be-
cause of the higher elevation, greater
precipitation, and resulting cloudy
days. It may not feel cooler in the
summer, however, because of higher
humidity.

Seasonality in temperatures is com-
mon in the mid-latitudes and, of
course, in Oklahoma. In January,
when the continental polar air mass
dominates the state, Boise City (in the
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western Panhandle) has the coldest
mean temperature at 34°F and Idabel
(in the extreme southeast) has the
warmest at 43°F. Isotherms—the lines
connecting points of equal tempera-
ture—have a northeast-southwest ori-
entation except in the southern part of
the state where the trend is east-west
(Map 1.3).

The greatest mean temperature var-
iation occurs in April. It varies from
54°F in the northern Panhandle to
64°F along the Red River. Again, the
isotherms have a northeast-southwest
orientation in the north and an east-
west orientation in the south. Higher
elevation is the primary cause of
colder temperatures in the Panhandle.

Mean temperatures vary little over
the state during the summer month of
July (Map 1.4). The Panhandle re-
mains the coolest part of the state; the
warmest region is the southwest
where Sonoran continental tropical air
often penetrates. Temperatures of
100+°F are common during the sum-
mer in Oklahoma. The southwest has
an average of 20-25 days a year when
the temperature reaches 100°F; many
of them occur in July and August.

The fall season is warmer than
spring. The temperature variation is
much greater in the fall than in the
summer; the greatest contrast is be-
tween the Panhandle and the Red
River region. In October, the Ozarks
in eastern Oklahoma are quite promi-
nent for being cooler than the rest of
the state. This probably is due as
much to precipitation and cloudiness
as to higher elevation.

Wind

Winds are a fundamental reality in
central and western Oklahoma where
the plains provide very little wind
break. The strongest winds blow in
March and April when there is shift-
ing from the continental polar air
mass of the winter to the tropical
maritime air mass of the summer.
Wind velocities are lowest in the sum-
mer because of the stability of the
pressure systems. Eastern Oklahoma
has the lowest wind velocities because
of the eastern woodland forest and
the relief of the Ozark and Ouachita
Mountains. In June 1951, Oklahoma
City recorded the highest wind veloc-
ity in Oklahoma, 87 miles an hour.
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Map 1.3 — Mean January temperature (°F), 1941-70. Source: Sutherland (1977).
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Map 1.4 — Mean July temperature (°F), 1941-70. Source: Sutherland (1977).

The high winds of central and western
Oklahoma are a potentially significant
energy source.

Thunderstorms and Tornadoes

Thunderstorms and tornadoes oc-
cur frequently in the state. Most of
them (75%) appear in April through
June (see Table 1.1 for monthly fre-
quency). Very few tornadoes (only
10%) form in the winter and fall sea-
sons. In the spring, conditions are ripe
for thunderstorms and tornadoes as
the warmer, maritime tropical air
mass from the Gulf of Mexico comes
into contact with the colder, continen-
tal or maritime Polar air masses.
When the continental Polar air mass
overrides the tropical maritime air,
cold air overhangs warmer air. The
lighter warm air rises through the
cold air layer and creates instability in
the process. If the cold air is very dry
and the rising air can not cool fast
enough, tornadoes form during this
period of instability.

Oklahoma has about 60 tornadoes
a year. Most of them are small and
have no serious effects. (See Table 1.2

for Oklahoma'’s ranking among states
with high annual tornado counts.)
Only a small number of tornadoes are
severe and, in some cases, have tracks
of more than 100 miles. The number
of deaths caused by tornadoes in
Oklahoma has fallen considerably
since 1962 because of better warning
and communication through televi-
sion and radio. Since about 77% of tor-
nadoes occur between 3 p.m. and
midnight, most people are at home
and near warning media. The evening
occurrence of tornadoes is a result of
the daytime heating of the atmo-
sphere. Most of the tornadoes (81%)
travel from the southwest and west.

Dust Storms and Droughts

Droughts and dust storms are also
features of Oklahoma'’s climate, which
is transitional in the U.S. between the
humid East and the arid West. In
some years, the aridity of the West
extends much farther to the east than
in other years, causing severe droughts.
The frequency of dry years, when
steppe climates (B) predominate, is
greatest in the Panhandle and the ex-
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Table 1.1 -- Monthly Frequency of
Tornadoes and Thunderstorms

Percentage of

Month Annual Total
January 1
February 2
March 6
April 21
May 37
June 17
July 6
August 3
September 3
October 1
November 2
December 1

Table 1.2 -- Top Ten States with
High Frequencies of Tornadoes,
1953-74

Number of Tornadoes

States per 100,000 square miles
1. Oklahoma 8.2103
2. Indiana 6.1901
3. Kansas 5.957
4. Florida 5.4908
5. lllinois 4.8692
6. lowa 4.5325
7. Mississippi 4.4289
8. Missouri 4.4030
9. Nebraska 41958
10. Louisiana 3.6778

Source: England, 1975.

Source: Kessler, Alexander, and Rarick, 1978.

treme southwest, but dry years are
also common throughout central and
western Oklahoma (Map 1.5). From
1931 to 1965, Kenton (in the Pan-
handle) had 27 dry years, and Hollis
(in the southwest) had 20. Eastern
Oklahoma'’s climate is classified as
humid, but it, too, has droughts, par-
ticularly in July and August.

Dry years fall into cycles separated
by more humid periods. During the
20th century there have been four ma-
jor cycles of dry years, the 1910s, the
1930s, the 1950s, and the 1970s (Figure
1.2). These periods follow each other
in 12-year intervals between peaks
and troughs. The period of the 1930s,
the “Dust Bowl” years, is the most fa-
mous. The drought began in 1933 and
ended in 1937. The years of 1934 and
1936 were the worst drought years in
the 1930s, and the Panhandle was the
area affected worst. The 1940s were a
time of humidity. The next sequence
of aridity began in 1952 and contin-
ued through 1954; the driest year was
1954. The 1950s actually were drier
than the 1930s, but dust storms and
human suffering were less severe be-
cause of better adaptation by people
to the environment.

Dry years recurred in the mid-1970s,
and on February 23, 1977, one of the
worst dust storms in 20 years occurred
in central Oklahoma. Dust in the air
was 20 times the state norm for sus-
pended air particles. Other dust storms
hit central Oklahoma in the winter and

Number of Years

spring of that year. Satellite photogra-
phy showed that most of the dust came
from the West Texas Llano Estacado,
an extensive area of open cropland
(created by irrigation from the Tertiary
Ogallala Formation). Other storms
originated in the marginally agricul-
tural section of eastern Colorado.

Climate and Economics

When considering the weather as a
resource, it is necessary to recognize
that it is very dynamic, a series of
transient events. Because day-to-day
weather is so variable, scientists, engi-
neers, planners, and others interested
in the weather concern themselves
with climatology—the study of long-
term, established patterns in the
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Map 1.5 — Number of dry years in Oklahoma, 1931-65. Source: Taylor (1966).
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weather. When sufficient weather
data is available, informative climatol-
ogies can be developed. Thanks to
strong state support and local exper-
tise, Oklahoma maintains a huge me-
teorological data base from which val-
uable climatologies have already been
derived. These climatologies can as-
sist in many decision-making proc-
esses. Information about patterns in,
for example, precipitation, wind en-
ergy, solar energy, and temperature
can guide people with questions vital
to business ventures, such as:

* What is the likelihood of my crop
getting enough precipitation during
its growing stages?

¢ Is Oklahoma's solar energy suffi-
cient to be a feasible alternative for
our large, conventionally climate-con-
trolled buildings?

* How many days per month will
my employees be able to work out-
doors without encountering freezing
temperatures?

Oklahoma has a unique combina-
tion of basic and applied meteorologi-
cal and climatological expertise that
includes the professionals and re-
sources of the Oklahoma Climatologi-
cal Survey (OCS), the National Severe
Storms Laboratory (NSSL), Bergey
Wind Power, the Cooperative Insti-
tute for Mesoscale Meteorological
Studies (CIMMS), the University of
Oklahoma Meteorology Department,
and private firms. These organiza-
tions serve as leaders and deliver spe-
cific climate-related information to
enterprises in Oklahoma.

VEGETATION AND SOILS

Vegetation and soil types in Okla-
homa obviously reflect the character
of the state’s climate, which is transi-
tional between the humidity of the
East and the aridity of the West and
varies in temperature from the conti-
nental temperatures of the North to
the subtropical temperatures of the
South. The result is a mingling of
plant and animal species from quite
different communities. In Oklahoma,
many plant and animal species are at
the limits of their ranges. Oklahoma is
the western limit for many eastern
plants and animals and the eastern
limit for many western flora and
fauna. It is also the northern limit for
southern plants and animals and the

southern limit for northern plants and
animals. This gives to Oklahoma an
ecologic character which almost no
other state in the country has. “Di-
verse,” “contrasting,” and “unusual”
are adjectives which describe the
state’s biosphere. It is not easy to char-
acterize the state simply. In general,
however, eastern Oklahoma is for-
ested; central Oklahoma has both
grasslands and woodland savannahs;
and western Oklahoma is a grassland
with fingers of woodland extending
along the rivers or sandy soils (Map
1.6). In essence, Oklahoma is an eco-
logical province between forests in the
East and grasslands in the West. The
transition is due to precipitation varia-
tion, not temperature extremes.

The diversity of Oklahoma’s bio-
sphere is a product of the mingling of
four major communities: the Northern
Hardwood Forest, composed of such
trees as oak, hickory, maple, elm, ash,
sycamore, walnut, beech, and dog-
wood; the Southern Forest, composed
of pines, oak, hickories, bald cypress,
gums, and magnolias; the Rocky
Mountain Forest, which includes a va-
riety of pines and junipers; and the
Southwestern Forest of the Edwards
Plateau of Texas, which is composed
of the Texas redbud, Mexican mul-
berry, and Mexican juniper. From these
four communities, fourteen different
vegetation types have been identified.

Despite this diversity of plant spe-
cies, two trees are dominant in Okla-
homa’s forests and woodland savan-
nahs, the post and blackjack oaks.

Their total area (17,628 square miles)
is greater than that of all other types
of forests combined (12,253 square
miles). Of Oklahoma’s 77 counties, 65
have post and blackjack oaks. In terms
of percentages and frequency, the oak
is Oklahoma's true state tree. However,
since forests and woodlands account
for only 24% of the surface area of the
state, grass is the state’s true plant.

A number of factors, such as tem-
perature, elevation, humidity, edaphic
or soil conditions, and precipitation,
influence the location of vegetation
types in Oklahoma. Precipitation, the
most crucial environmental variable,
ranges from an average of 50 inches in
eastern Oklahoma to 15 inches in the
western Oklahoma. Soil conditions
also exert a tremendous influence. In
an area with the same amount of pre-
cipitation there may be a grassland or
woodland, depending on the soil.
Shale and limestone, which form fine-
textured soils, tend to have grasses;
sandstone, which forms coarser soils,
normally is forested until the precipi-
tation level reaches 18-21 inches per
year. The trees themselves have a sig-
nificant microenvironmental influ-
ence; by lowering soil temperatures,
the shade protects the soil from the
desiccating effects of the wind. The
role of precipitation can be modified
greatly by microclimatic influences.

Three major environmental factors
that influence the formation of soil
types are bedrock, climate, and topog-
raphy. In the Ozarks, much of the soil
is derived from limestone; it tends to

GRASSLANDS
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SAVANNAH AND WOODLANDS
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Map 1.6 — Grassland, savannah, and woodland
types found in Oklahoma. Source: Gray and Gallo-
way (1959).
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be rich and moderately deep on the
level surfaces and thin and covered
with chert on the hill slopes. In the
Ouachita Mountains, the soils on the
mountain sides are produced from a
bedrock of sandstone and are thin and
rocky. The poorly drained valleys
have soils derived from shale. To the
west of the Ozarks in northeastern
Oklahoma, fine-textured soils are cre-
ated from limestone and shale. To the
west of the Neosho Lowland, the bed-
rock changes to sandstone and the soil
becomes sterile and sandy; it supports
an oak/hickory savannah.

The most fertile soils in Oklahoma
are found in the Great Plains west of
the central section of the state. These
fertile western soils differ from each
other by the varying amounts of cal-
cium or alkaline salts which accumu-
late in the subsoil. The more western
soils have higher levels of calcium be-
cause lower precipitation does not
leach the plant nutrients. The soils
tend to be dark-reddish brown in
color until one reaches the Panhandle.
There the soil becomes lighter in color
because of the higher accumulation of
salts. In many areas that have western
soils, hardpan is a problem. Hardpan
is a zone of compaction that develops
in the soil at the depth of water pen-
etration. It stops deep root penetration
and thus tends to promote grass
growth rather than tree growth.

LANDFORMS
The landforms of Oklahoma are
also a study in contrasts. They vary in
general terrain conditions, in rock
types, and in structure. Twelve land-
form regions are herein recognized by
the authors.

Ozark Uplift

In northeastern Oklahoma, the
Ozarks extend into the state from Mis-
souri and Arkansas. The uplift has a
dome structure with its center in the
St. Francois Mountains of eastern Mis-
souri. In Oklahoma, the Ozarks can be
described as having two different
natural landscapes or regions: the
Springfield plateau and the Ozark rim
(or Boston Mountains).

The Springfield plateau has the to-
pography of a dissected plateau. The
rock layers are nearly horizontal, but
the landscape does not appear level

because streams have cut deep, steep-
sided valleys separated by broad, flat
divides. The rocks in this region are
mainly limestone and chert. Chertis a
white, very hard mineral that occurs
within limestone beds and commonly
remains as a residue after the lime-
stone has been eroded or dissolved;
the chert residue typically is several
feet thick and it mantles the hills and
slopes. Because limestone is soluble, it
contains many caves, sinkholes, and
springs. These springs most often are
found along steep hillsides in deep
valleys. The chert mantle rock acts like
a sponge, absorbing water from No-
vember to April and discharging it
during dry periods in the summer.
The water flows through rock joints
downward and laterally until it meets
a barrier, most commonly imperme-
able shale, that forces the water to
move laterally into the valley. The
water has few impurities and quality
is very high. Because of these ground-
water reserves and runoff in a rocky
land, the streams in this region often
are crystal clear, quite in contrast to
waters in many areas of Oklahoma.

The Ozark rim, also called the Bos-
ton Mountains (a term more generally
applied to the southern rim of the
Ozarks in Arkansas), differs from the
Springfield plateau in that it has a
much more rugged topography. The
southern and western rims of the
Ozarks are cut by several northeast-
trending faults. A broken landscape of
steep escarpments is formed by fault
blocks consisting of hills capped by
resistant sandstone. Deep stream val-
leys that parallel the faults have
formed in the more easily eroded shale
and limestone. The highest elevations
are 1,550-1,621 feet, mainly to the
southeast near the Arkansas border.
The elevation is generally lower to the
west and the north. Base relief (the
difference between the top of a ridge
and the base) often appears signifi-
cant, because the valleys typically are
50—400 feet deep. Without doubt, this
is a region of low mountains, rather
than a tableland of rolling hills. This
region merges into the hill and valley
belt of the Arkansas Valley.

Arkansas Valley
The Arkansas Valley lies between
the Ozark uplift and the Ouachita

Mountains. Most of the Valley is a low
plain, about 500-600 feet high, but
there are several prominent synclinal
mountains and mesas, particularly
south of the Arkansas River. Cavanal,
Sans Bois, Sugarloaf, and Poteau
Mountains rise to 1,500 feet or more
above the plain. They have a strong
linear character and an east-west
trend. The tops of the mountains are
typically broad and flat, and the sides
are very steep; they have the appear-
ance of buttes or mesas.

The process by which the Arkansas
Valley hills formed is significant in
understanding several other geomor-
phic (landform) features in the natural
landscape of Oklahoma. Climates have
alternated from semiarid grasslands
to humid woodlands over the last
10,000 years. The alternating climatic
sequences have had geomorphic in-
fluences. In such a climate sequence,
hills are formed with flat summits,
topped by caprock (erosion-resistant
rock); slopes are steep, and very few
slopes have intermediate angles. So
the similarity of the Arkansas Valley
hills to mesas of the western U.S.A.
may not be accidental. In the Arkan-
sas Valley, the more resistant sand-
stones now cap the synclinal hills; the
semiarid climate that prevailed in the
area during the Altithermal Interval
(approximately 2,000-5,000 B.C.)
helped shape the hills into mesas.

Ouachita Mountains

The Ouachita Mountains have the
most rugged topography and the
greatest relief in the state. They extend
from Little Rock, Arkansas, to Atoka,
Oklahoma, and rise to their greatest
heights near the Oklahoma/ Arkansas
border at Rich Mountain (elevation,
almost 2,700 feet). Rich Mountain is
one of several long and sinuous ridges,
including the Winding Stair and Kia-
michi Mountains, that are topped by
resistant sandstone separated by shale
valleys. In this northern part of the
Ouachitas there is a virtual duplica-
tion of the structure and topography
of the Appalachian Ridge and Valley
district.

This Ridge and Valley section of
the Ouachitas has several parallel lin-
ear ridges with east-west trends. The
topography has influenced the stream
drainage; rivers (such as Kiamichi
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River) begin near Arkansas, flow west
through the valleys, and then curve
to the south and flow into the Red
River.

The Ouachitas change character
farther to the southeast; there they can
be identified separately as the novacu-
lite uplift. The novaculite uplift, ex-
tending from Little Rock to Glover,
Oklahoma, has much older rock and a
more highly complex topography. The
height of ridges is lower, but the ele-
vation is more variable than in the
Ridge and Valley province farther
north, and knobs are prevalent. The
line of the horizon is much more
broken.

Between the novaculite uplift and
the coastal plain, a small section of the
Athens piedmont extends from Ar-
kansas into Oklahoma to about the
Mountain Fork River. The Athens
piedmont is comparable to the Appa-
lachian Piedmont. The topography is
formed by relatively low east-west
ridges; the highest has an elevation in
excess of 1,200 feet. A very pronounced
trellis drainage pattern is formed by
the ridges.

Coastal Plains

South of the Ouachita and Ar-
buckle Mountains is the northwestern
extension of the Coastal Plain of the
Gulf of Mexico. The lowest elevation
in the state (287 feet) is found in this
area, near the Arkansas border. The
relatively smooth topography has
northward-facing escarpments formed
by resistant limestones. Most of the
sandstones, shales, and limestones in
the area are soft and produce reddish-
yellow soils; erosion damage has
formed numerous gullies.

Prairie Plains

The Prairie Plains extend from
Kansas and Missouri into northeast-
ern Oklahoma, flanking the Ozark up-
lift. Two distinct subregions have
been identified for the area: the Neo-
sho Lowlands and the Claremore
Cuesta Plains. The Neosho Lowlands
have a smooth rolling topography
with isolated, rounded knob hills.
These round hills, 100-200 feet high,
resemble buttes with flat tops. As in
the Arkansas Valley, this landscape
feature is, in part, a product of the cli-
mate alternating from semiarid to hu-

mid, and, in part, a product of a resis-
tant cap rock.

The Claremore Cuesta Plains are
the beginning of a landscape form, the
cuesta, which characterizes much of
central Oklahoma. A cuesta is a ridge
with a gentle dip slope on one side
and a steep slope or escarpment on
the other. In profile, the ridge would
be asymmetrical. In the Claremore
Cuesta Plains, rock layers dip to the
west and create a stair-step topog-
raphy. The escarpments capped by
limestone and sandstone face to the
east, whereas the gentle slopes dip to
the west. Shale forms the broad val-
leys that separate the cuesta ridges.

Rivers dominate much of the land-
scape; several of them converge as
tributaries of the Arkansas. Several
reservoirs, such as Lake O’ the Chero-
kees (Grand Lake) and Oologah Lake,
have been created in the area to utilize
the large quantities of water.

Sandstone Hills

The boundaries of the eastern
Sandstone Hills are not distinct from
the surrounding regions; the Sand-
stone Hills merge into the other areas,
particularly the Central Redbed
Plains. The topography of the Sand-
stone Hills is rugged; many sand-
stones form steep escarpments, and
the shales weather rapidly. The relief
varies 300-400 feet between the hills
and valleys. The shale lowlands in
this region are less extensive than in
the area to the east. The escarpments
generally are so strewn with boulders
that farming is precluded. These
ridges are so densely forested with
blackjack and post oaks that they
were called the Cross Timbers by
early settlers who had to traverse the
area during their westward migration.

In the northern section, the Sand-
stone Hills are synonymous with the
Chautauqua or Osage Hills. These
sandstone escarpments have a dis-
sected topography, with numerous
narrow steep valleys that have relief
of 200 feet.

To the west of the Chautauqua or
Osage Hills is the Northern Limestone
Cuesta Plains region, the southern ex-
tension of the Flint Hills of Kansas.
The chief difference between this area
and the one to the east is that the cues-
tas are formed by limestones instead

of sandstones. In the Oklahoma exten-
sion of the Flint Hills, the relief is gen-
erally much less; grassy plains domi-
nate the landscape.

Central Redbed Plains

The largest landform region in
Oklahoma is that of the Central Red-
bed Plains, a rolling lowland. Relief is
generally no more than 50 feet. The
rivers have cut broad valleys with
gentle sides. This region extends from
central Kansas to central Texas, with
the section in Oklahoma having the
widest extent. Bedrock consists of soft
shales and thin sandstones that form
only low escarpments. The most strik-
ing feature of the bedrock and soil is
the bright red color. At times, it is al-
most lurid in its blood-red color and
in sharp contrast with the greens of
spring vegetation.

Arbuckle Upland

The Arbuckle upland, in south-
central Oklahoma, is the remnant of a
very old mountain-building process.
The surface extent of the uplift is 65
miles long and 30 miles wide. The
central core of the Arbuckles is gran-
ite, which is surrounded by steeply
dipping limestones, shales, and sand-
stones. The dip locally is so steep that
the strata are vertical or overturned.
Differential erosion of these steeply
dipping limestones has formed a
“tombstone topography.” The exposed
white limestone beds are aligned in
fairly straight courses and give the im-
pression of a vast cemetery.

Topography in the Arbuckle up-
land is generally flat or level, even
though there are a few deep valleys or
canyons. The uplift is divided by the
Washita River canyon into two sec-
tions; the western part is called the
Arbuckle Hills and the eastern part,
the Arbuckle Plains. The western Ar-
buckle Hills present the definite ap-
pearance of an upland; the northern
escarpment has relief of 400 feet. The
greatest relief, of about 450 feet, is
along the bluffs of the Washita River
canyon. The Washita River is unusual
because it flows from the Redbed
Plains and crosses an isolated upland.
It is an excellent example of a super-
imposed stream. In an earlier geologic
period, the river flowed over uniform
sediments that had buried the upland;
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eventually, when the Arbuckle uplift
was exposed, the river cut a canyon
through the mountains.

Much of the drainage in the lime-
stone part of the region is under-
ground, and sinkholes are frequent.
Many of the surface streams have
waterfalls; Turner Falls is the most
widely known. The water in the re-
gion dissolves calcium carbonate as it
flows underground. When the water
surfaces and flows over a waterfall,
the calcium is precipitated as traver-
tine. Artesian water is found locally,
caused by aquifers dipping beneath
impermeable formations. Many of the
springs, such as those near Sulfur,
have highly mineralized waters.

Great Plains Broken Lands

In this complex region there are
several physical landscapes based on
different rock types and erosion proc-
esses. The region embraces most of
the western quarter of Oklahoma, ex-
cluding the Wichita Mountains and
the High Plains. Common to the dis-
tinct landscapes is their general “west-
ern appearance”; in this region, one
feels that the West begins. The region
has buttes and mesas, sand dunes, the
mysterious Caddo canyons, and white-
gypsum caprocks. Grasslands domi-
nate because of the increasing aridity
as one moves west, and the whole
landscape opens up as low humid-
ity gives the atmosphere greater clar-
ity and creates the big skies of the
West.

Three lines, or zones, of gypsum
hills have been identified in the Great
Plains Broken Lands: the Cimarron,
the Weatherford, and the Mangum
Gypsum Hills. The Cimarron Gyp-
sum Hills (150-250 feet high) result
from the greater resistance of gypsum
to erosion. Because the rock layers are
nearly horizontal, the gypsum cap-
rock creates long detours around val-
leys, and extensive canyons are formed
as a result. The most pronounced gyp-
sum-capped escarpment is oriented to
the northeast, overlooking the Cim-
arron River. In some areas, linear,
narrow escarpments and badlands
(highly eroded area of gullies), ra-
vines, and ridges are present in the
interbedded shales and gypsums. The
most noted gypsum escarpment in
northwestern Oklahoma is Glass

Mountains, so named for the selenite
gypsum crystals which sparkle like
glass fragments. Gypsum pieces are
scattered on the slopes of the underly-
ing shale since gypsum is more ero-
sion resistant. The greatest relief of the
buttes is about 250 feet.

Karst features (i.e., caves, sink-
holes, and caverns) are associated
with the gypsum formations. The best
example of a gypsum cave is Ala-
baster Cavern, formed by the dissolu-
tion of soluble gypsum. Vertical
movement of ground water through
fractures and joints dissolved the gyp-
sum and created one of the largest
known gypsum caves in the world.

The other areas of gypsum hills
(Weatherford and Mangum districts)
have landforms and karst features
very much like those in the Cimarron
Gypsum Hills.

Several sand dune belts and salt
plains are present in the Great Plains
Broken Lands. The sand dune belts
generally are found on the north side
of the Salt Fork, Cimarron, North
Canadian, Canadian, and North Fork
Red Rivers. The sand is windblown
from the modern river channels, or
from the channels formed in earlier
periods. Most of the sand dunes have
been stabilized by grass, and the land-
scape has a hummocky appearance.
In some areas, however, the dunes
have no grass cover; there they are
active and can migrate. The sand
dunes are 25-75 feet high and have
steep leeward slopes and gentle wind-
ward slopes; in profile they are asym-
metrical. Since the prevailing winds
are from the south and southwest, the
steeper, leeward sides of active dunes
face north, and the dunes migrate to
the north. Migration of active dunes is
slowed or halted by grass cover. Once
stabilized, the dunes are rounded by
water erosion. Little Sahara State
Park, near Waynoka, is famous in
Oklahoma for its sand dunes.

Salt plains are associated with sev-
eral of the sandy alluvial plains along
the western rivers. The major land-
scape features of the salt plains are
their flatness and the thin crust of
white salt that covers the surface after
several dry days. The salt is derived
from salt beds deposited during Per-
mian time. Ground water dissolves
the salt and forms a saturated brine

that flows from several springs in
western Oklahoma. The greatest effect
of this salt is degradation of water
quality downstream from the salt
plains on the Salt Fork, Cimarron, and
Elm Fork Red Rivers. Some commer-
cial use is made of the salt at Big Salt
Plain on the Cimarron River.

The bedrock in the Western Sand-
stone Hills is soft, red sandstone
which forms gentle slopes and a roll-
ing terrain. Steep-walled canyons,
called the Caddo canyons, are cut
through the sandstone hills. The
maple forests at the bottoms of these
canyons are remnants of hardwood
forests that covered the plains during
Pleistocene time.

Several buttes, such as Ghost
Mound, Lone Mound, and Rock Mary,
rise above the generally level terrain.
Rock Mary in Caddo County is the
most famous; its distinctive skull
shape served as a landmark for wagon
trains moving west. Many of the
Caddo buttes are capped by an ero-
sion-resistant layer of dolomite.

The Western Sandstone Hills
merge into the Western Redbed Plains.
The gently rolling Plains are distin-
guished by the characteristic red color
of the soil, which is derived from
weathering of the underlying red
shale and sandstone bedrock.

Wichita Mountains

Rising above the plains and low
hills of southwestern Oklahoma are
the Wichita Mountains. The Wichita
Mountains, which formed in the Early
Pennsylvanian Period, are the oldest
mountains in the Great Plains. They
can be characterized as granite moun-
tains, but they also contain outcrops
of rhyolite, gabbro, and limestone; the
mountain range has an east-west
trend. The highest peaks (up to 2,475
feet elevation) are in the east; Mt. Scott
(elevation, 2,464 feet) has the greatest
relief, 1,100 feet. The granite blocks
were covered by Permian deposits,
and only in more recent geologic times
have they been exhumed. One conse-
quence of this burial is that in some
areas, particularly in the west, the
mountain tops almost appear as is-
lands because they are isolated from
each other by the later-deposited Red-
bed Plains. The Wichitas Mountains
are the uppermost level of an under-
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ground mountainous terrain that ex-
tends into the Panhandle of Texas.

High Plains

The High Plains region of Okla-
homa occupies the northwestern sec-
tion of the state, particularly the Pan-
handle. The High Plains region, which
extends from Texas to South Dakota,
is a mantle of sandy alluvium and
windblown sediments deposited by
rivers flowing eastward from the
Rocky Mountains. This Tertiary allu-
vial deposit is called the Ogallala For-
mation. Underlying much of the
Ogallala is “fossil” ground water
which accumulated in the Pleistocene
and now is being depleted by irriga-
tion use for crops. A noted feature of
the High Plains is the region’s uni-
form flatness. The level appearance is
somewhat deceptive, however, since
the land slopes generally to the east.
Another feature is the caprock, a sub-
soil deposit of caliche. It is, however,
much less noticeable in the High
Plains region than farther south in the
Llano Estacado.

The High Plains have few surface
streams since the precipitation soaks
into the Ogallala Formation, but there
are depressions scattered throughout
the High Plains. These shallow de-
pressions most likely formed as blow-
outs, caused by wind erosion. Okla-
homa’s sequences of alternating cli-
mate, from humid to arid conditions,
may be causal factors in forming these
depressions. Leaching in wetter peri-
ods dissolves the calcium-carbonate
cement of the soil, and during the arid
period wind erosion forms the blow-
outs. In a few areas, depressions are
sinkholes produced from dissolution
and subsidence.

Raton Mesas

The Raton section, in the western-
most edge of the Panhandle, is an area
without the Tertiary mantle of the
Ogallala Formation. The prominent
landscape features of the area are me-
sas and tablelands, which formed
from erosion-resistant rock units.
Black Mesa is the best known; it has
the state’s highest elevation (4,973
feet). Black Mesa is the easternmost
extension of a larger mesa, the Mesa
de Maya, which exists mainly in Colo-
rado. The caprock for Black Mesa is

basalt formed from a lava which was
extruded by a volcano whose remnant
is called the Black Buttes in eastern
Colorado. The lava from the volcano
flowed down a valley into Oklahoma.
The valley became a hill after stream
erosion removed the surrounding,
less resistant rocks.

CONCLUSION

Oklahoma’s natural environment
is composed of many contrasting fea-
tures. Climate has played the key role
in creating the physical variety in the
state’s landforms, vegetation, and soils.
Oklahoma is a unique land that
we need to better understand and
protect.
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Population and the Labor Force

Karen Selland* and John McGraw
with assistance from Binita Sinha

Executive Summary.—Although Oklahoma’s population grew rapidly in the 1800s and
early 1900s, its population density still is less than the national average. More than half of the
state’s population lives in the five metropolitan areas, Oklahoma City, Tulsa, Lawton, Enid,
and Ft. Smith (which is shared by Arkansas). The state is predominantly white, but its Native
American population is second largest in the country. The state’s total minority population
(including Hispanics) is 19.01% of the population as a whole. The minority population (with
the exception of the Native American segment) also lives primarily in the state’s metropolitan
areas. Oklahoma, with a 1990 population of approximately 3,145,000, ranked fifth among its
neighbors and 28th in the nation in population size.

Beginning with the Land Run in 1889, Oklahoma’s population growth has fluctuated. The
land runs, migration to the Sun Belt, the “baby boom,” the “ocho effect,” and the “oil boom”
all caused phenomenal increases in the state’s population. However, the infamous Dust Bowl
of the 1930s and the “oil bust” from late 1982 to 1986 ravaged the state’s economy, and each
caused a mass exodus of Oklahomans. It is estimated that more than a third of the state’s
population left between 1930 and 1960, due to the Dust Bowl and its aftermath. Between 1970
and 1980, Oklahoma gained more than 241,000 migrants; it gained another 204,000 between
1980 and 1983. Since 1983, due to plummeting petroleum prices, the state has consistently lost
population to outmigration.

The slow population decline due to outmigration is not expected to continue. Projections
show that average annual net migration over the decade 1990-2000 should be about 5,000. In
addition, a healthy rate of natural increase throughout the decade is anticipated. The combi-
nation of migration and natural increase should add more than 280,000 persons to the state’s
population by 2000, under a medium migration assumption.

The population of Oklahoma, like that of many other states in the nation, is aging. The
median age for Oklahomans, which was 33.2 in 1990, is projected to increase to 37 years by
2010. Yet, even with this substantial increase, the median age for Oklahomans will continue to
be less than that of the total U.S. population. One of the most important consequences of the
predicted aging of the population is the change in the composition of the labor force. In order
to keep up with the employment demands of the baby-boom generation, the labor market has
had to expand with each successive cohort of workers. The movement through the labor
market of this generation will have important ramifications for employment and retirement,
as well as effects on the Social Security system.

A second important consequence of an aging population is its impact on the education
system. Despite continued population growth throughout the rest of the century, there will be
an uneven distribution of children and young adults, which will force constant adaptation by
schools.

Finally, revolutionary change is in store for the state as a result of the increase in the num-
ber of elderly citizens. The entire elderly population (age 65+) is projected to increase 26% by
2010. However, the segment of those aged 75+ will increase 44%, and the population aged 85+
will increase 93%. A large population of elderly people raises difficult questions about respon-
sibility for their welfare, especially since financial and health difficulties are often associated
with old age.

This chapter stresses that Oklahoma’s demographic processes and social and economic life
are closely interrelated. Recognition and study of present and future demographic character-
istics will aid policy makers in their efforts to develop more informed and effective policies.

*Deceased.
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INTRODUCTION

This chapter will trace Oklahoma'’s
population growth and provide basic
facts and figures about its population.
It will examine the components of
population change (natural increase
and net migration) and give special
emphasis to the potential changes in
the age composition of the state’s pop-
ulation. It will also compare Okla-
homa’s recent growth with that of
other states in the region (the states
surrounding Oklahoma). The chapter
will present a picture of the state’s cur-
rent and projected growth. Finally, it
will review some of the implications
of projected changes for the social, eco-
nomic, and political climate of the state.

POPULATION SIZE, DISTRIBUTION,
AND RACIAL CHARACTER

Relatively complete documenta-
tion of Oklahoma’s population
growth exists back to the land runs
which began 100 years ago. Almost
overnight, these events brought thou-
sands of migrants into the state. There
are no state birth or death records
available prior to 1920, but it is very
likely that high rates of natural in-
crease (about 30 births per 1,000
people) also contributed to the state’s
rapid population growth. Oklahoma'’s
1890 population of 259,000 tripled in
only 10 years and then doubled to 1.4
million by statehood (1907). It took
another 69 years, however, (from
statehood to 1976) for the population
to double again.

During the 1970s, the population in
Oklahoma grew at rates unequaled
since the 1920s and increased by more
than 18%. Oklahoma'’s population in-
crease reflected a nationwide move-
ment of people to the Sun Belt. The
overall population growth during
1980-90 was 4%.

Oklahoma'’s population density is
less than the national average. In 1990,
Oklahoma had 1.9% of the nation’s
total land area, but only 1.7% of the
total U.S. population. The state’s pop-
ulation density was 45 persons per
square mile compared to 68 persons
for the nation. In population size,
Oklahoma is currently ranked 28th,
after being surpassed by Colorado
and Arizona in the 1990 census.

The population of the state is dis-
tributed largely among the urban ar-

eas (Map 2.1). More than half of the
state’s population lives in the five
metropolitan areas, Oklahoma City,
Tulsa, Lawton, Enid, and Ft. Smith
(which is shared with Arkansas). The
14 counties comprising the metropol-
itan areas in the state made up 57.99%
of the state’s population in 1990.

Oklahoma is primarily urban,
about 68%, but less so than the na-
tion, which is about 75% urban. In
this context, urban refers to the num-
ber of persons living in urbanized ar-
eas or, outside urbanized areas, in cit-
ies and towns with populations of
2,500 or more. Still, 12 counties in the
state are totally rural (they have no
communities as large as 2,500) (Map
2.2). Only 9 counties have a very high
proportion of urban population, 76%
and above.

By race, the state is predominantly
white. The nonwhite or minority races,
including Hispanic, comprise 19.01%
of the total state population (Figure
2.1). Native Americans are the second
largest group in the state (7.84%), fol-
lowed closely by blacks (7.36%). Na-
tionally, Native Americans comprise
less than 1% and Asian and Pacific Is-
landers, 1.6%, of the total population.
The racial category of Asian and Pa-
cific Islanders is a relatively small
group in the state (1.03%).

The Hispanic population is catego-
rized as an ethnic group rather than a
race. It composes more than 6% of the
nation’s population and 2.74% of the
state’s population. Persons of “Spanish
origin,” the Census Bureau’s designa-
tion for Hispanic heritage, can belong
to any race.

Number of Persons

l:l 3,301 — 9,999 k\\\

g 10,000 ~ 24,999

§ 25,000 — 49,399
50,000 — 99,999
& 100,000 — 600,000
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\

City Locations
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W Tulso

® Lawton
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Map 2.1 — Oklahoma population by county, 1990. Sources: U.S. Bureau of the
Census (1990a); Center for Economic and Management Research (1992).
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Map 2.2 — Percentage of urban population (living in communities of 2,500 or more)
in Oklahoma by county, 1990. Sources: U.S. Bureau of the Census (1990a); Cen-
ter for Economic and Management Research (1992).
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Figure 2.1 — Oklahoma population by race, 1990. Source: U.S. Bureau of the

Census (1990a).

Including Hispanic with other mi-
nority groups, the state’s total mi-
nority population is 19.01% of the en-
tire population, compared to a U.S.
total nonwhite population of 19.70%.
Oklahoma’s minority population lives
mainly in metropolitan areas, with the
exception of the Native American
population. However, the eastern and
southwestern portions of the state
have higher proportions of minorities
than the rest of the state (Map 2.3).
Adair, Cherokee, Okfuskee, Caddo,
Comanche, Harmon, and Tilman
Counties have among the highest per-
centages of minority population (32%
and above).

THE DYNAMICS OF
POPULATION CHANGE

Changes in both the size and com-
position of a population always occur
as the result of a complex interaction
between the two components of pop-
ulation change, natural increase and
net migration. Natural increase sim-
ply refers to the total number of live
births in a population minus the total
number of deaths. Net migration, on
the other hand, refers to the number
of persons moving into a particular
area minus the number of persons
moving out. The volume of net mi-
gration is affected both by “internal”
migration (movement from state to
state within the nation) and by inter-
national migration.

Substantial changes in fertility and
mortality rates typically are gradual
over time and, therefore, generally are
slow to bring about population
changes (the 1944 fertility rate was 2.5;

in 1957, 3.8). Even when accelerations
in fertility occur—as during the baby
boom when rates moved from aver-
age to high fertility in 12 years—the
effects of an increased population on
the schools and labor force are de-
layed. Migration, on the other hand,
can change rapidly and produce im-
mediate short-term, as well as long-
term, effects on the labor force, the
sale of consumer goods, housing, and
the education system.

In turn, variations in all three rates
—fertility, mortality, and migration—
result from a complex interplay with a
variety of social, economic, and demo-
graphic factors. For example, fertility
rates are sensitive to female labor
force participation, age at first birth,
and marriage and divorce rates. Mor-
tality rates, on the other hand, are
largely determined by the level of
health care, environmental quality
and safety, and general health habits.

Finally, factors such as economic
growth, employment opportunities,
and quality of life influence migration
patterns.

In order to fully understand the
process by which population size
changes, it is necessary to analyze
each component of population change
individually. Figure 2.2 shows the
birth, death, and net migration rates
over the period 1920-90. Because no
annual migration rates are available
prior to 1940, the migration compo-
nent in the graph appears flat from
1920 to 1940. The shaded area between
the birth rate and death rate portrays
natural increase, the amount by which
the population would grow were
there no migration.

The graph shows that the death
rate in Oklahoma has remained rela-
tively stable, while both migration and
birth rates have fluctuated. In the
1920s, for example, the high birth rate
and small positive net migration pro-
duced a relatively rapid population
gain. By the late 1920s, however, birth
rates plummeted, reaching a low of
16.8 births per 1,000 women in 1929.
Fertility rose again during the 1930s
and early 1940s and accelerated rap-
idly after World War IL. In 1947, the
birth rate reached 23.3 births per 1,000
women; a record 53,000 babies were
born in that year. This was the begin-
ning of the baby boom, 1946-64.

It was the large natural increase in
the decades between 1930 and 1960
that helped offset the large numbers of
persons leaving the state during the
same period. In those three decades,
Oklahoma lost nearly 900,000 persons
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Map 2.3 — Percentage of minorities in Oklahoma by county, 1990. Source: U.S.
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20

Oklahoma Resources

Table 2.1 -- Components of Population Change for Oklahoma, 1920-87

Components Change per 1,000 Population in Base Year
Beginning Natural % Change Due
Population Change Increase Net Migration Natural to Positive Net
Time Period (000's) (000's) (000's) (000's) Total Change Increase  Net Migration  Migration

1920-30 2,028 368 294 74 18.1 14.5 36 20.1
1930-40 2,396 -60 226 -285 -2.5 94 -11.9 0
1940-50 2,336 -103 286 -388 94.4 12.2 -16.6 0
1950-60 2,233 95 314 -219 4.3 14.1 -9.8 0
1960-70 2,328 231 217 13 9.9 9.3 0.6 5.6
1970-80 2,559 466 173 241 18.2 6.8 9.4 51.7
1980-87 3,025 247 179 68 8.2 59 2.2 275

Sources: U.S. Bureau of the Census
Data Center (1988).

(n.d.); Oklahoma State Employment Security Commission (1988); and Oklahoma State

to the Dust Bowl and its aftermath.
More than one-third of the state’s
population moved away. The total
population of the state, however, de-
clined by only 68,000 persons, a loss of
less than 3% (Table 2.1). Although fer-
tility subsequently dropped in the
1960s and 1970s and reached a new
low of 15.3 births per 1,000 women in
1973, migration remained strong and
accounted for half of the state’s
growth (52%) in the 1970s.

Fertility remained low throughout
the 1970s and early 1980s, yet, in 1982,
the largest number of births in state
history (nearly 59,000) was recorded.
The number of births jumped because
of the large number of baby-boom
women entering their childbearing
years (the “echo effect”). The rela-
tively large number of young adults
moving into the state during the 1970s
and early 1980s also increased the
number of potential mothers. The
number of young women in the state
was so large that even the increased
rates of delayed marriage, divorce,
and childlessness, together with the
low fertility rate, did not stop the ris-
ing number of births.

Oklahoma Migration Trends:
1950-90

Migration in Oklahoma has fluctu-
ated over the last 40 years. From 1950
to 1960, the state lost more than
218,000 persons to migration; it then
gained more than 13,000 persons be-
tween 1960 and 1970. In the 10 years
between 1970 and 1980, Oklahoma
gained more than 241,000 migrants; it
gained another 204,000 between 1980
and 1983. Since 1983, however, the
state consistently has been losing pop-

ulation to outmigration. In the mid-
1980s, Oklahoma had higher outmi-
gration because of the decline in its
economy caused by losses in the
mining, construction, and financial
sectors.

To understand these variations in
the state’s migration patterns, it is
helpful to examine the connection be-
tween economic conditions and
large-scale population movements.
Population losses in Oklahoma be-
tween 1950 and 1960 reflected a stag-
nant and, at times, declining state
economy. Consequently, many resi-
dents of Oklahoma probably were
forced to seek employment opportu-
nities, or higher wages, outside the
state. The slow but steady economic
growth in the state between 1960 and
1970 turned this situation around and
brought a small inflow of migrants to
the state. Next came the extraordi-
nary increase in the price of petro-

30

leum in the 1970s, which rapidly ac-
celerated the state’s economic growth.
As a result, thousands of jobs were
created, and there was a large influx
of migrants to the state. A substantial
downturn in the mining (including oil
and natural gas) industries began in
1982, however; because of the subse-
quent drop in employment, the state
has been losing population to outmi-
gration again.

Comparison to Other States
in the Region

During the past 60 years, Okla-
homa’s population has grown less
than half as fast as the nation’s. More-
over, state growth has been much
more erratic, ranging from a low of
—4.4% change in the 1940s to a high of
18.2% in the 1970s. Over the same pe-
riod (1920-80), the nation’s growth
was lowest, 7.2%, during the Depres-
sion (1930-39) and highest, 18.5%, in
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Figure 2.2 — Components of population change for Oklahoma, 1920-90. Sources:
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Figure 2.3 — Percentage change in population of Oklahoma and selected states, 1950-90. Sources: Oklahoma State Data
Center (1988); National Center of Health Statistics (n.d.); U.S. Bureau of the Census {n.d.); Bogue (1985); Center for Economic

and Management Research (1992).

the 1950s during the height of the baby
boom. Prior to 1970, state growth rates
were consistently lower than national
rates; between 1970 and 1983, state
growth rates were consistently higher
than national rates. However, the
overall growth rate for Oklahoma
during 1980-90 was 3.97%, which was
much below the national average of
9.8% during the same period.

In terms of population size, Okla-
homa, with a 1990 population of
about 3,145,000, was ranked fifth
among its neighbors and 28th in the
nation. Texas, third-largest state in the
nation, continued to dominate the re-
gion with its enormous population. Its
population is approximately the same
as that of Oklahoma, Arkansas, Colo-
rado, Kansas, and Louisiana com-
bined. Oklahoma’s population growth
from 1950 to 1990 was fairly erratic
(Figure 2.3).

Within the region, strong natural
increase over the last three decades
has caused state populations to grow
or has moderated large population
losses from outmigration. In all states
in the region, natural increase de-
clined from 1950 to 1980. This decline
was due both to the high fertility of
the baby boom and to the subsequent
fall in fertility in the 1970s and 1980s
(Figure 2.4).

Fertility, as measured by the total
fertility rate (total births per 1,000
women of childbearing age), has been

more moderate in Oklahoma than in
other states. It neither expanded as
fully during the 1960s nor contracted
as much in the 1970s and 1980s. While
the state’s fertility was below that of
the country from 1950 to 1970, it was
10% above by 1980. All states in the
region, with the exception of Colo-
rado, had higher fertility than the na-
tion in 1980.

Oklahoma’s 1980 total fertility rate
was 2,022, slightly below the replace-
ment level of 2,100 (or, as commonly
expressed, 2.1 per woman). Still, it
was higher than the U.S. fertility rate,
which dropped 41% from 3.1 in 1950
to 1.8 in 1980. Texas, Louisiana, and
New Mexico had higher fertility rates
than Oklahoma in 1980, largely be-
cause all three states have a propor-
tionately larger nonwhite population
than Oklahoma. The fertility rate for
nonwhites is consistently higher than
that for whites. In Oklahoma, for
example, Native Americans have a
crude birth rate 20% higher than the
white rate, while the black rate is 45%
higher. Oklahoma, Texas, Louisiana,
New Mexico, and Arkansas all have
similarly high numbers of births to
teen-agers.

Fertility has been on decline both
nationally and in the state. In 1960, the
fertility rate in Oklahoma per 1,000
women aged 15-49 was 3,419; it
dropped to 2,370 in 1970 and contin-
ued to decline. In 1980, the fertility

rate among the same age group was
1,1991; it declined to 1,967 in 1990. Be-
yond 1995, fertility is calculated to de-
cline in Oklahoma by 0.05% annually.
The pattern of migration to the re-
gion changed tremendously over the
period 1950-80. Combined net migra-
tion for the eight states for the period
1950-60 was negative; approximately
546,000 more persons left than came
to the region. By the 1960s, however,
this large outflow had slowed; only
85,000 more persons left than entered
the region. A complete turnabout was
evident by the 1970s as the region
gained more than 2.5 million mi-
grants. However, even during the
1970s, Kansas and Missouri continued
to lose population to outmigration.

OKLAHOMA MIGRATION,
DEMOGRAPHIC AND ECONOMIC
IMPACT: 1975-80

Of the three components of popula-
tion change, migration has the greatest
potential to change both the size and
composition of a population rapidly.
Migration affects the size of a pop-
ulation by simply adding to, or sub-
tracting from, the total number of per-
sons. Compositional changes, on the
other hand, occur because migration
tends to be a highly selective process.
That is, migration typically adds to, or
subtracts from, a population, very dis-
tinctive types of people. Generally,
people who migrate are more likely to
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Figure 2.4 — Total fertility rates for Oklahoma and selected states, 1950-80.
Source: Oklahoma State Data Center (1988).

be young, relatively well-educated, and
to possess more job-related skills than
people who do not migrate.

Changes in the size and composition
of a population are closely related to
changes in economic conditions. For
example, an area experiencing substan-
tial economic growth will naturally at-
tract people seeking new or better em-
ployment opportunities. The resulting
inmigration may restructure the area’s
population by changing not only its
size but also its composition. The
inmigration itself may stimulate eco-
nomic growth further and, thereby,
contribute to continued economic and
population expansion.

In contrast, residents of an econom-
ically depressed, or declining, area may
be forced to relocate in search of em-
ployment or higher wages. A large
outmigration eventually may lead to
further declines in the economy by de-
pleting the labor pool of its most skilled
and productive members. This in turn
may reduce tax collections and lower
consumer spending, which contributes
to a downward spiral in the economy
and additional population losses.

The search for new or better em-
ployment opportunities is one of the
primary motivations underlying the
decision to move. As a result, migra-
tion tends to redistribute the labor
force from areas with surplus labor to
those with shortages. In Oklahoma'’s
case, the rapid expansion of the oil
and gas industries during the latter
part of the 1970s brought unprece-
dented economic growth. Thousands
of new jobs were created, and there
was a massive inflow of people seek-
ing better employment.

Although it is impossible to ascer-
tain the precise impact migration has
on the economic and demographic
characteristics of an area, it is possible
to determine the characteristics of mi-
grants and, thereby, estimate the
changes that occur. By knowing the
socioeconomic characteristics of mi-
grants, one can gain insight into the
causes and consequences of their
movement.

The focus in this section is on the
characteristics of Oklahoma migrants
during the period 1975-80 and on
analysis of the demographic and eco-
nomic impact of their movement.
Data used in this section were ob-
tained from answers to the 1980 Cen-~
sus question about place of residence
on April 1, 1975. Although these data
are somewhat dated, they are the only
available data that provide detailed
information on the characteristics of
migrants as well as their points of ori-
gin and destination. This detail makes
it possible to identify and characterize
inmigrants and outmigrants, as well
as net migrants.

Origin, Destination, and Volume
of Oklahoma Migrants

It is important to remember that
migration is always a two-way proc-
ess. As some migrants depart a partic-
ular location, other migrants arrive. In
Oklahoma'’s case, while nearly 266,000
residents left the state between 1975
and 1980, almost 424,000 persons from
other states and countries moved to
Oklahoma during the same period.
Thus, the net gain from migration for
the state in this period totaled more
than 157,000 persons.

About 14% of the state’s 1980 pop-
ulation entered Oklahoma between
1975 and 1980. Among neighboring
states, this proportion ranked second
only to Colorado’s 21%. Colorado also
ranked first among Oklahoma’s
neighbors in the proportion of the
population that were outmigrants
(14.6%). Oklahoma was fifth; only
8.8% of its population left the state
between 1975 and 1980. In absolute
numbers, Texas had the most net mi-
grants, more than 900,000; Colorado
was second, followed by Oklahoma.

Oklahoma gained population from
all four regions of the nation as well as
from abroad. Like most of its neigh-
bors, about 10% of Oklahoma'’s in-
migrants were from abroad. Texas,
with its large Hispanic population, at-
tracted 19% of its inmigrants from
outside the country. The majority of
Oklahoma’s inmigrants came from
the South. The next largest group of
inmigrants came from the North-
Central region, followed by the West
and the Northeast. Oklahoma'’s neigh-
bors provided 41% of its inmigrants.

Outmigrants from Oklahoma did
not move evenly throughout the na-
tion. About half migrated to the
South, one-fourth to the West, and
one-fifth to the north-central states.
Fewer than 10,000 people from Okla-
homa moved to the Northeast. Half of
Oklahoma’s outmigrants moved to
neighboring states. Texas, the most
frequent destination for Oklahoman
migrants, received more than 75,000
persons, or about 29% of all Okla-
homa outmigrants. Second was Kan-
sas, which received more than 19,000
(7.3%), followed by Arkansas, which
received nearly 17,000 (6.2%). Califor-
nia was the only noncontiguous state
to which a significant number of
Oklahomans moved, 24,000 (9.2%).

Oklahoma gained more net mi-
grants from the north-central states
(42%) than from any other region.
That is, Oklahoma was more attrac-
tive to migrants from the North-Cen-
tral region than vice versa. Next were
the western states (which contributed
28% of the total net migrants to the
state), the southern states (18%), and
finally, the Northeast region (13%).
Among the individual states, Califor-
nia contributed the largest number of
net migrants (24,000). Kansas contrib-



CHAPTER 2: Population and the Labor Force

23

uted nearly 9,000 and Missouri, more
than 7,000 net migrants. The largest
flow of migrants occurred between
Oklahoma and Texas (76,800 inmi-
grants and 75,800 outmigrants), but
Oklahoma gained only a total of 1,000
net migrants from Texas.

Oklahoma received 429,000 inmi-
grants between 1980 and 1983; nearly
75% came from Missouri, Kansas, Cal-
ifornia, Arkansas, Colorado, Illinois,
and Michigan. During the difficult
period 1983--86, QOklahoma recorded
negative migration; a majority of the
outmigrants moved to Texas, Califor-
nia, Florida, Arkansas, and Missouri.

In 1991-92, Oklahoma had a posi-
tive net migration. In 1992, approxi-
mately 17,000 people moved into the
state.

Demographic and
Socioeconomic Characteristics
of Oklahoma Migrants

There was a very strong relationship
between age and migration. In Okla-
homa, young adults 20-34 years of age
were the most likely to move. The high
rates of mobility within this age group
reflect the many life changes and expe-
riences which accompany early adult-
hood. These are the years in which
large numbers of people are complet-
ing their formal education, entering the
military or labor market for the first
time, marrying and beginning families.
These episodes often include or require
a change in residence.

More than 178,000 persons aged
20-34 years moved into the state
between 1975 and 1980, which ac-
counted for 42% of all inmigration. At
the same time, more than 120,000
young adults (45% of the outmigra-
tion stream) left the state. Neverthe-
less, Oklahoma’s net gain of young
adults totaled more than 57,000.

Although the people who left the
state during this period were some-
what better educated than those who
entered, it should be noted that, com-
pared to the state’s total population, a
larger portion of the net migrants had
at least a high school diploma. This
represents a substantial gain in hu-
man capital. In addition, Oklahoma
was relatively competitive in compar-
ison with neighboring states. Kansas
and Missouri actually had net losses
of persons with four or more years of

college while gaining a disproportion-
ate number of persons with less than a
high school education. Oklahoma also
fared better than Arkansas in attract-
ing persons with at least some college
education and /or advanced degrees.

The state had a substantial net gain
of about 65,000 economically pro-
ductive individuals aged 16 years and
older. Of these, 28,000 were in white-
collar occupations and 37,000 held
blue-collar jobs, which accounted for
43 and 57% of the net migration, re-
spectively. Among the individual cat-
egories of occupations, the less-skilled
blue collar category containing ma-
chine operators, fabricators, and la-
borers topped the list for net migrants
with 21%. This is not surprising be-
cause many of the new jobs which
spun off from the oil and gas indus-
tries required these skills. Other cat-
egories with large gains included pre-
cision production (17%) and service
occupations (16%).

A comparison of the proportion of
migrants employed in the different
labor-force categories with the pro-
portion employed from the total pop-
ulation (16 years and older) shows
that a slightly lower percentage of net
migrants were employed—56% of the
total population versus 53% of the net
migrants. Yet, only 2.2% of the 121,000
net migrants older than 16 were un-
employed, which was quite similar to
the 2.4% figure for the state’s total
population.

Given the net gain of economically
productive individuals from migra-
tion, it is at first surprising that migra-
tion did not have a more positive im-
pact upon the state’s income profile.
Oklahoma gained persons in all in-
come categories, but more than one-
fifth had incomes below $3,000 per
year. In 1979, the poverty level for a
single person living alone was $3,700.
Since income generally increases with
age and people who migrate tend to
be younger, we would expect the in-
come of migrants to be somewhat
lower. Those entering the state, how-
ever, had a lower average income
($7,500) than both the population at
large ($7,600) and those who left the
state ($8,200).

Migration between 1975 and 1980
produced no substantial changes in
the racial or ethnic character of the

state’s population. With a few small
exceptions, the racial and ethnic com-
position of both inmigrants and out-
migrants was quite similar to that of
the state’s population. Overall, the
state gained 129,400 whites, 10,300
blacks, 8,300 Asian and Pacific Island-
ers, 4,200 Native Americans, and 9,000
Hispanics (who can be of any race).
The Asian and Pacific Islander gain of
5% of net migrants and the Hispanic
gain of nearly 6% were greater than
their respective proportions in the to-
tal population while whites and Na-
tive Americans were slightly under-
represented.

In short, the movement of thou-
sands of individuals and families dur-
ing the late 1970s not only increased
Oklahoma’s population, but also
changed its character. While migration
between 1975 and 1980 did not bring
large numbers of affluent individuals
to the state, it did bring individuals
who were generally young, relatively
well educated, and economically ac-
tive. Oklahoma benefited by expand-
ing its labor force with experienced and
relatively well-trained individuals.

PROJECTED FUTURE GROWTH

By making certain assumptions
about future trends in fertility, mortal-
ity and migration, we can calculate
“population projections,” which are
predictions of the future population
size. Because of uncertainties in pre-
dicting future changes in the popula-
tion components, it is desirable to cal-
culate more than one series of projec-
tions. The projections used in this
chapter were calculated for the state
and counties under three different
sets of migration assumptions: high,
medium, and low. The series of pro-
jections calculated under high migra-
tion assume atypically high rates of
migration. Medium migration as-
sumes a moderate gain from migra-
tion, and low migration assumes no
population gain at all from migration.
The Oklahoma Department of Com-
merce projections assume a high net
migration of 15,000 per year, medium
net migration of 5,000 per year, and a
low net migration of 0 net migration.
Three series of projections present a
reasonable range for future popula-
tion trends. One series, typically the
projections calculated under the me-
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dium assumption, is designed as the
most probable series.

Oklahoma’s Present and Future
Population Growth

This section discusses future re-
gional growth and compares Okla-
homa’s projected growth with that of
other states in the region. It includes a
brief discussion of the alternative sce-
narios possible under the low and
high assumptions. The projections
used in this section, however, are not
from a single unified projection study.
Rather, state-derived projections from
most of Oklahoma’s neighbors were
used. All of these state-generated pro-
jections were completed after the re-
cent economic recession and with full
recognition of the trouble in the min-
ing sector.

Although the recent outflow of mi-
grants from Oklahoma has led to a
slow population decline over the last
several years, this trend is not ex-
pected to continue. Projections show
that average annual net migration
during the decade 1990-2000 should
be about 5,000 persons. Although this
is somewhat smaller than the 1.2%
annual increases characteristic of the
1970s and the 1% annual increase for
the decade of the 1980s, it neverthe-
less represents a relatively substantial
population gain from migration. A
healthy rate of natural increase (a total
of more than 228,000 persons) during
the 10-year period (1990-2000) is an-
ticipated. Combined with migration,
this will add more than 278,000 per-
sons to the state’s population.

The only variation in the series of
projections is related to assumptions
about the future course of migration
in Oklahoma. Although some demog-
raphers prepare projections incorpo-
rating changes in fertility and mortal-
ity, these projections assume that
these two rates will remain relatively
stable through the year 2010. Under
the medium assumption, the state
would maintain a relatively low level
of migration (approximately 5,000 per
year). Since fewer young adults and
young families are expected to enter
the state, the rate of natural increase is
expected to decline. Thus, Okla-
homa'’s total population should reach
approximately 3.6 million by the year
2010. If, on the other hand, net migra-

tion falls to a lower level than antici-
pated, Oklahoma’s population may
reach only 3.4 million. Finally, if Okla-
homa has a larger net migration than
expected (15,000 a year) the state’s
population could total 4.0 million.

The potential range of migration
patterns also affects our predictions of
Oklahoma’s age structure. According
to projections, the age group 18-64,
which approximates the working age
population, is most sensitive to varia-
tions in migration. Under the medium
migration assumption, there would be
more than 2.3 million persons in this
age group by the year 2010. If Okla-
homa fails to attract as many migrants
as expected, however, the population
18-64 years old would total about 2.2
million. Under the high migration as-
sumption, however, there would be
approximately 2.6 million persons in
this age group.

The variation in the numbers of
persons aged 0—4 and 5-17 is depen-
dent upon the migration patterns of
their parents. For example, if more
young families move into the state
than anticipated, the number of chil-
dren 0-17 years of age would natu-
rally exceed our medium projection of
nearly 852,000 by the year 2010.

Finally, the number of elderly per-
sons (65+) in the year 2010 will also
depend upon the level of migration.
Although the projections for this age
group appear quite similar under all
three assumptions, the differences
have profound implications for the
state. Requirements for medical, resi-
dential, and institutional care are sen-
sitive even to small changes in the
number of elderly.

Since migration is so closely linked
to the health of the state’s economy as
well as to the amount and type of com-
petition among the states, it is difficult
to determine the precise level of future
migration to Oklahoma. At present,
however, the medium migration as-
sumption seems most reasonable.

Projected Regional Growth

Without exception, all states in the
region are expected to grow. Texas,
with more than 20 million persons by
the year 2000, will remain the largest
state in the region by far. It will have
almost half the total population of the
entire eight-state region. New Mex-

ico’s population (<2 million) will re-
main the smallest. During the next
decade and a half, Colorado, Texas,
and New Mexico will remain the re-
gion’s fastest growing states with av-
erage annual growth rates signifi-
cantly higher than Oklahoma'’s 1.2%.

The states in the region that con-
tinue to attract more migrants than
they lose will grow at a more rapid
pace. Without another baby boom,
states that fail to attract migrants will
grow more slowly. Within the region,
Colorado alone has maintained a high
rate of migration since 1960; it is un-
likely to be able to maintain this rate
in the 1990s.

COMPOSITIONAL CHANGES

The composition of a population
by age is of primary importance in
many types of planning, particularly
school enrollment, health care deliv-
ery, labor force, and potential voter
participation. Moreover, the popu-
lation’s age structure is crucial to a
number of social and economic vari-
ables. For example, age has a funda-
mental effect on subjective attitudes
and beliefs as well as on objective
characteristics such as income, occu-
pation, and group membership. This
section outlines how the proportion of
Oklahoma's total population in each
age cohort is expected to change over
the next 30 years, what factors are re-
sponsible for changes, and what im-
pact these changes are likely to have,
particularly for the state’s labor force,
its educational system, and its elderly
citizens.

To understand how a population
has arrived at its present age structure
and to project what changes may oc-
cur in the future requires an analysis
of the three components of population
change: fertility, mortality, and migra-
tion. To begin with, fertility rates
change over time and produce differ-
ent age group, or cohort, sizes. A sud-
den rise in the number of births, for
example, increases the proportion of
young persons in the population and,
thereby, can shift its age structure
downward. On the other hand, a sud-
den drop in the fertility rate reduces
the proportion of young persons in
the population and shifts the age
structure upward.

Life expectancy also affects a pop-
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ulation’s age composition. If, on the
average, individuals survive to move
into older age groups, they increase
the proportion of older persons in the
population. On the other hand, if a
population’s life expectancy is low
(such as in developing nations), fewer
individuals survive to move into
older age groups and the proportion
of elderly is small.

Finally, someone who migrates
subtracts one individual from his age
group in one location and adds one to
his age group in another location.
Since people who migrate are typi-
cally young, a large inmigration can
rapidly increase a population’s pro-
portion of young people. In short,
both immediate and long-term fluc-
tuations in fertility, mortality, and mi-
gration rates are reflected in the age
composition of a population.

Oklahoma’s Age Composition

As measured by the median age,
the population of Oklahoma, like that
of many other states in the nation, is
aging. Median age is a statistical mea-
sure which refers to the age at which
half of the population is younger and
half is older. The median age for Okla-
homans, which was 30.1 in 1980 and
33.2in 1990, is projected to increase to
37 years by 2010 (Table 2.2). Yet, even
with this substantial increase, the me-
dian age for Oklahomans will con-
tinue to be less than that of the total
U.S. population, which is projected to
increase from 30 to 39 years.

The state’s population is aging as a
result of a combination of two factors.
First, the fertility rate in Oklahoma
has been declining since the late 1960s.
In other words, the average woman is
having fewer babies than she used to.
As the number of children being born
decreases, the proportion of older per-
sons in the population increases. Sec-
ond, the eldest of the individuals born
during the baby boom are now enter-
ing their forties, and the sheer number
of people in this age group resultsin a
higher median age.

One way to represent the age struc-
ture of a population graphically is by
a population pyramid, like the one
shown in Figure 2.5, which displays
the distribution of the 1990 state pop-
ulation and the projected distribution
of the 2020 state population (under a

medium migration assumption). The
pyramid consists of stacked bars with
each bar representing the number of
males and females born within a par-
ticular period. The scale at the bottom
of the period shows the proportion of
males and females in each age group.
Typically, the youngest age groups

have the largest bars while the bars |

become smaller as age increases.
Any significant change in the age

structure of a population can be ex- |

pected to produce a variety of social
and economic changes. These changes
can range from shifts in consumer be-
havior patterns to alterations in the la-
bor force. Following a discussion of the
labor force in Oklahoma, this section
will point out some of the social and
economic implications of probable
changes in Oklahoma's age structure.

Labor Force
The labor force in Oklahoma has
grown rapidly and has become pro-
portionately younger and more fe-
male in the past two decades. Table
2.3 provides a summary of the state
labor force for 1960-90. While popula-

Table 2.2 -- Median Age for
| Oklahoma and the U.S., 1980-2010

Census Projections
1980 1990 2000 2010
United
States 30.0 329 36.5 39.0
Oklahoma 30.1 332 35.4 37.0

[ Projections are based on 1980 data.

Sources: U.S. Bureau of the Census
(1990a,b) and Oklahoma State Data
Center (1988).

tion grew 26% from 1960 to 1990, the
size of the labor force increased by
78.8%. The civilian labor force grew
most rapidly during the 1970s as the
baby-boom generation entered the
employment market.

The proportion of the population
in the labor force climbed steadily
over the period, from 50.2% in 1960 to
65.1% in 1987, largely due to the in-
creased participation of females in the
labor force. Female participation rose
very rapidly from 30.4% in 1960 to
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60 - 64
55 - 59
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45 - 49
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Figure 2.5 — Age and gender composition of Oklahoma population, 1990 and
2020. Source: Oklahoma Department of Commerce (1993).
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Table 2.3 -- Employment Status of Oklahoma's Noninstitutionalized
Population by Sex, 1960-90

Labor Force Participation Rates (%)

Civilian Labor % Growth in
Year Force (000's) Labor Force Both Sexes Male Female
1990 1,470 8.6 62.5 71.5 6§3.5
1980 1,343 38.7 59.7 73.5 47.2
1970 968 17.8 55.4 73.8 39.3
1960* 822 5.0 50.2 73.7 30.4

* Date for Total Civilian Labor Force Participation based on persons between the ages of 14

and 64 (all others 16-64).

Sources: Oklahoma State Data Center (1988) and U.S. Bureau of the Census

(1990a).

55.8% in 1987. However, it remained
considerably lower than male labor-
force participation, which was re-
markably stable over the time period,
at approximately 75% of the male,
noninstitutional, civilian population.

Labor-force participation fluctu-
ated with age. Only about half of the
adolescents (ages 16-19), who usually
are still dependent and attending
school, were in the labor force. The
female participation rate flattened
from age 20 to age 40, and then de-
clined. Male participation, on the
other hand, continued to rise after age
20, remained high from ages 25
through 49, then declined rapidly to
levels more similar to those of fe-
males. At age 60, however, males still
had as high a participation rate as the
highest female levels.

Whites in Oklahoma comprised the
largest portion of Oklahoma'’s civilian
labor force in 1990 (86.8%). Other
races’ proportion of the labor force
was commensurate with the size of
their populations. Labor force partici-
pation rates varied somewhat by race,
but the differential by race was not as
large as that by age and gender (Table
2.4). In 1990, whites and Hispanics
had a higher rate (95.2% and 91.6%,
respectively) than other races, while
Native Americans in the state had the
lowest rate (87.6%). In the previous
decade (i.e., 1980), white males and
females had the largest differential in
labor-force participation rates, 28.2%.
The smallest differential, 12.4%, was
between black males and females. (In
general, black women are more likely
to be in the labor force than females of
any other race, and black males have
lower participation rates than males
of all other races.) The services-pro-

ducing sector is the largest employing
sector in Oklahoma; it employs more
than 20% of the state’s workers (Fig-
ure 2.6). The services and trade sec-
tors, together, employed about 46.7%
of the total workers in 1990. Employ-
ment in the manufacturing sector was
relatively low, at 14.1%, while the
mining and construction sectors em-
ployed 3.6% and 3.3% of the workers,
respectively.

From 1960 to 1980, there was not
only an expansion in the size of the
labor force, but also a change in the
relative size of each industrial sector.
The services sector expanded, largely
due to increases in educational and
health services. The services sector
grew from 22% of all employment to
27%. Nationally, manufacturing de-
clined in importance, from 31% of em-
ployment to 22%, but in Oklahoma
this sector increased from 13 to nearly
17%. In addition, the national mining
sector fell slightly, from 1.3 to 1.1%,
but it increased in Okiahoma from 4.5
to 5.0%. In Oklahoma, as well as in the
nation, retail and wholesale trade, con-
struction, and public services remained
stable over the period. In both Okla-
homa and the nation, agriculture de-
clined sharply. In Oklahoma, it fell
from 9.4% to 3.8% of total employment.

Implications of a Changing
Labor Force

Perhaps one of the most important
consequences of the coming shift in
Oklahoma’s age structure will be
changes in the labor market. Changes
in the size of the labor force can be es-
timated through projections of the
population within the working-age
range (18-64). Of course, not everyone
within this range is actually working.

Therefore, projections of labor-force
participation based on projections of
the working-age population are likely
to be overestimated.

As the baby-boom cohort aged,
each successive wave of workers en-
tering the labor force increased the
pressure on the labor market to ex-
pand. Table 2.5 provides data that
show that the working age population
is projected to expand to more than
2.3 million by 2010, an increase of
30.4% from 1980. The increase, how-
ever, will not be distributed equally
across the age cohorts. The most dra-
matic increase will occur in the 45-54
age group, which is expected to in-
crease by almost 84%. The propor-
tions of the population aged 35-44,
and 55-64 are expected to grow by
41% and 53%, respectively. By con-
trast, the population of younger work-
ers (ages 18-34) is expected to grow
by only 0.9%.

These shifts have important ramifi-
cations for employment and retire-
ment prospects. Because of their years
of work experience, larger numbers of
those in the prime age groups (45-54)
should both improve the quality of
the state’s labor force and heighten
productivity. However, also because
of their large numbers, this age group
may find that there will not be enough
management and higher level jobs.
Turnover in the higher positions will
decrease, and advancement will be-
come a longer and more difficult proc-
ess. However, if the incentives for
early retirement of current retirement
policies are maintained, the labor
force may not be large enough to meet
demand.

Of equal importance is the impact
of an aging population on the Social
Security system. At present, the num-
ber of people in the labor force ex-
ceeds the number of those receiving
Social Security benefits. However,
when people born during the baby
boom reach retirement age (beginning
in 2010), the demands on the Social
Security system may produce severe
strains between this large group and
the smaller number of younger work-
ers who will have to finance the sys-
tem. In other words, the retired baby
boomers will be dependent upon a
much smaller group of workers to
keep the Social Security system sol-
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Table 2.4 -- Employment Status of Oklahoma's Noninstitutionalized Population by Race and Sex, 1960-1990

Labor Force Participation Rates (%)

Civilian Labor Force % Growth in Labor

Race Date (000's) Force Both Sexes Male Female
White 1990 1,357 17.6 95.2 — —
1980 1,154 30.3 59.4 74.2 46.0
1970 886 16.3 55.8 76.9 373
1960* 762 55 51.5 73.5 30.4
Black 1990 89 15.6 88.7 —_ —
1980 77 479 58.9 65.8 534
1970 52 133 518 62.1 441
1960** 46 -5.6 48.6 64.0 36.3
Native American 1990 73 15.9 87.6 — —
1980 63 123.8 56.6 69.0 45.4
1970 28 974 48.1 60.4 337
1960** 14 43.3 374 547 21.0
Hispanic 1990 24 143 91.6 —_ —_
1980 21 85.6 62.7 76.4 49.0
1970 1 — 57.8 78.7 38.7
1960** —* - —_ — —
Asian & Pacific 1990 21 200 95.0 — —
Islander 1980 8 — 57.2 67.8 49.6
1970 - — —_ —
1960** — — —_ — —
* _. Indicates that the information for the cell is not available.

» Data for Total Civilian Labor Force Participation based on persons b

etween the ages of 14 and 64 (all others 16-64).

Sources: Oklahoma State Data Center (1988) and Center for Economic and Management Research (1992).

vent. As Social Security taxes may
have to increase dramatically, the
younger workers may reject the obli-
gation.

Although the aging of the state’s
labor force may create employment
difficulties for the baby boomers, the
situation should benefit younger
workers. The proportion of younger
workers (born during the “baby
bust”) will comprise a steadily declin-
ing share of the total working-age
population. The number of those in
the entry-level working group, 18-24
years old, is projected to decrease by
about 6% from 1980 to 2010. In 1980,
this group comprised 22% of all 18-64
year olds but will account for only
16% in 2010. The population aged 25—
34 will also grow at a declining rate.

There is considerable controversy
about the ultimate impact that the de-
cline of young workers will have on
the labor force. On the one hand,
many experts believe there will be a
severe shortage of entry-level work-
ers, particularly in the near future.
The decline in growth rates for these
cohorts no doubt will mean fewer
people competing for the available
jobs. In fact, employers, now accus-

tomed to an abundance of workers
eager for any kind of work, may have
to offer improved benefits and in-
creased salaries or wages in order to
compete successfully for employees
from the smaller pool of available
workers. If, indeed, there is a short-
age, the businesses most likely to be
hurt will be those, such as the service
industries, that traditionally have re-
lied on young, low-wage workers.

Other experts, however, believe
that a number of intervening factors
will offset the decline in the entry-
level population. For example, ad-
vances in technology and automation
may reduce the number of workers
necessary to perform some tasks.
Moreover, the entry of women into
the labor force may accelerate and,
thus, help to avert any labor shortage.
Finally, increases in the typical retire-
ment age, along with inmigration,
may also contribute workers to the la-
bor force.

Implications for School and
College Enroliment
Usually the education system is
first to feel the impact of a changing
age structure in the population. As

members of the baby-boom cohort
reached school age, educational facili-
ties were strained to provide adequate
space for the huge number of new stu-
dents. Between 1950 and 1970 alone,
the number of school-aged children in
the state increased by 26% and
crowded classrooms, created a short-
age of teachers, and outdated existing
facilities. As a result, secondary, and
later some upper-level, schools were
forced to expand both in physical size
and in the number of faculty. But as
the baby boomers moved out of the
system and fertility rates declined, the
demand on the education system less-
ened. School enrollments dropped;
the number of teachers was cut and
some programs were curtailed.
Projections show that the elemen-
tary school population, aged 5-13,
will have grown from about 413,000
in 1980 to about 422,000 by 2010, a
growth of 2%. This overall growth
rate, however, will have fluctuated
substantially over the three decades.
There will be a small increase between
1990 and 2000 (only about 2%) be-
cause of the movement of the young-
est of the baby-boom females out of
the most productive child-bearing
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ages, 20-24. Between 2000 and 2010,
the 5- to 13-year-old group will actu-
ally decline by 8%.

The impact of this overall increase
on Oklahoma’s elementary school
system will vary. The 11% increase of
the elementary population between
1980 and 2000 will require a substan-
tial increase in the number of elemen-
tary teachers and may require an ex-
pansion of school facilities. The de-
cline in the size of this population be-
tween 2000 and 2010, however, will
have just the opposite effect. Once
again, the demand for teachers will
decrease. On the positive side, how-
ever, we could expect an improve-
ment in the student-teacher ratio if
teachers are not laid off. Moreover,
the total dollar amount spent by the
state on education may decrease with-
out any corresponding decrease in the
quality of education.

The high school population (aged
14-17), on the other hand, is expected
to decrease only slightly by 2010. The
1980 figure of 208,000 is expected to
decline to a 2010 total of about
199,000. Again, the rate of growth will
fluctuate.

Although many factors, such as tu-
ition costs, family income, and em-
ployment prospects, are involved in
the decision to attend college, the size
of the traditional college-age popula-

Services - 23.3%

Fin., Ins., & Real Estate - 5.0%

Table 2.5 -- Number and Percentage of Working Population
(Ages 18-64) for Oklahoma and the U.S., 1980-2010

Census Projections
1980 1990 2000 2010
Number % Number % Number % Number %
Oklahoma 1,794,300 59.3 1,884,365 60.0 2,163,356 61.6 2,339,695 63.8
uUs. 137,241,000 60.6 153,853,610 61.8 167,154,000 62.4 180,047,000 63.9

Sources: U.S. Bureau of the Census (1990a) and Oklahoma State Data Center

(1988).

tion (18-24) can provide an indication
of likely higher education enrollment.
The college-aged population is pro-
jected to decrease from about 402,000
persons in 1980 to about 372,000 in
2010, a decline of 7%. It is unclear
what effect this will have on higher
education enrollment in the state. Col-
leges have been fairly successful in at-
tracting older students to supplement
their enrollments.

Implications of a Growing
Eiderly Population

One truly revolutionary change in
store for the age structure of Okla-
homa’s population is the dramatic in-
crease projected for the number of el-
derly. It has profound implications.
Increases in longevity, in conjunction
with declines in fertility, may shift pri-
orities further towards the welfare of

Manufacturing - 14.1%

Construction - 3.3%

Mining - 3.6%

= Transportation,

I Pub. Utilities - 5.7%

Trade - 23.4%

Agricultural employment not included.

Figure 2.6 — Oklahoma’s distribution of employment by industry, 1990. Source:
Oklahoma State Employment Security Commission (1992).

the elderly. Governmental leaders and
policy makers will be forced to pay
increasing attention to the need for
hospital and nursing home care, re-
tirement housing, recreation, rehabili-
tation, and adequate in-home support
services for the elderly. Both state and
federal governments probably can ex-
pect increases in the amount of money
needed for transfer payments and
various services to the elderly.

Oklahoma’s elderly population
(age 65+) has grown consistently since
1950. In 1970, this age group formed
11.7% of the total population, while in
1980 and 1990, it constituted 12.4%
and 13.5% of the total population, re-
spectively. The elderly population is
expected to grow faster than the rest
of Oklahoma'’s population. By 2010, it
will have increased to a little more
than 473,000 (Table 2.6). The popula-
tion aged 75 and older, however, will
increase by 44%, and the population
aged 85 and older will increase by
93%. The corresponding increases na-
tionwide will be even greater.

As the elderly population contin-
ues to grow, more and more pressure
will be placed on health care facilities.
Persons living past age 75 are likely to
face a succession of illnesses that re-
quire medical attention and often hos-
pitalization. This could become a criti-
cal factor in health care planning, es-
pecially in the next century when
large numbers of baby boomers move
into the over-75 age bracket. In fact, if
the elderly continue health-care use at
the present rate, it could place strains
on the state’s economy. In order to
control costs of health-care services
provided to the elderly, the system by
which the health care is financed and
delivered will have to be reevaluated.

A related, and potentially more se-
rious problem, is the probable in-
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Table 2.6 -- Number and Percentage of Elderly in Oklahoma and the
U.S., 1980-2010
Census Projections
1980 1980 2000 2010

Number % Number % Number % Number %
Oklahoma
65+ 376,100 12.4 424213 13.5 443,104 126 473,032 129
85+ 33,981 1.1 45848 1.5 59,109 1.7 65566 1.8
us.
65+ 25,549,000 11.3 31,241,831 12.6 34,882,000 13.039,362,000 14.0
85+ 2,240,000 1.0 3,080,165 1.2 4,622,000 17 6,115000 2.2

Sources: U.S. Bureau of the Census (1990a) and Oklahoma State Data Center

(1988).

crease in the number of elderly who
are disabled and, therefore, require
residential or institutional care. Of
course, the number that will require
institutional care depends on a num-
ber of factors. If, however, current liv-
ing-arrangement patterns and income
levels for this group persist to the year
2010, then increased stress on health
care facilities can be expected. Finally,
since women tend to live about seven
years longer than men, many women
can expect to spend a number of years
at the end of their lives without a
companion and, possibly, without ad-
equate resources. In 1980, for exam-
ple, nearly 85% of women aged 85 or
older lived alone; only 34% of men in
the same age group lived alone. In
1980, elderly women (age 65+) living
alone had the lowest median income
of all elderly, only $3,937.

As mentioned earlier, considerable
strain will be placed on the Social Se-
curity system early in the next cen-
tury. In 1985, there were about 366,000
elderly drawing Social Security ben-
efits in Oklahoma. If we assume simi-
lar proportions in 2010, there will be
more than 460,000 elderly receiving
Social Security.

CONCLUSION

This chapter has detailed some of
the projected changes in the size and
composition of Oklahoma’s popula-
tion from 1980 to 2010. Some of the
implications for the social, political,
and economic climate of the state
have been examined for their poten-
tial in aiding governments, busi-
nesses, private agencies, and commu-

nity organizations in the process of
policy formation. Throughout the
chapter, emphasis has been placed on
the close relationship between demo-
graphic processes and the social and
economic life of the state. It follows,
then, that social or economic policies
formulated without taking demo-
graphic factors into account will be
incomplete and ill-formed policies.
Even in the absence of specifically
formulated population policies, the
state may have a myriad of de facto
policies that unintentionally affect de-
mographic processes and population
growth. For example, the recruitment
of industries and new business, while
not directly controlled by the state,
does affect future population growth
and migration to an area, as do local
zoning and building codes, the loca-
tion of highways, and the develop-
ment of recreation areas. Fertility and
mortality may be affected indirectly
by policies such as support of family
planning, allocation of transfer pay-
ments, maternity leave policies, sup-
port of medical research, and the avail-
ability of affordable child care facilities.
Such policies may increase fertility and
decrease mortality and, thus, enlarge
population because they make raising a
family and saving a life easier.
Changes in the size and composi-
tion of Oklahoma'’s populations have
important consequences for the state’s
labor force. In order for the Oklahoma
economy to prosper, it must have an
available labor force that is both ad-
equate in size and properly trained.
This chapter identifies two possible
scenarios. On one hand, there is a pos-

sibility, sometime late in this century,
of a labor shortage, particularly for
businesses that rely heavily on
younger workers. Such a shortage
would occur if fertility and migration
gains remain low. However, unex-
pected population gains from migra-
tion, increased labor-force participa-
tion among women, and delayed re-
tirement may offset this shortage.

Changes in the composition of the
population also affect the education
system. Despite continued growth in
the population throughout the rest of
the century, there will be an uneven
distribution of children and young
adults. Education leaders should pre-
pare for these future compositional
changes, which will force constant
adaptation by our schools.

The dramatic increase projected for
the number of elderly citizens has
profound implications for the state. A
large population of elderly people
raises the difficult question of respon-
sibility for their welfare, especially
since financial and health difficulties
are often associated with old age. If
state and local governments assume
wider responsibility, there could be
substantial strains on their respective
economies. In order to control the
ever-increasing costs of health care
and to maintain high-quality care, a
substantial restructuring of the system
by which health care is financed and
delivered is needed.

The demographic and economic
forces that are shaping Oklahoma cur-
rently will affect social and economic
institutions for years to come. Identi-
fying and studying demographic
characteristics will help policy makers
to develop more informed and effec-
tive policies.
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Oklahoma Resources CHAPTER 3

The Outlook for Energy

Edward J. Pugh

Executive Summary.—Historically, Oklahoma has been one of the nation’s major produc-
ers of oil and gas, not only fueling the state’s economy, but also substantially contributing to
the economic welfare of the country. Under favorable economic conditions and with posi-
tive, progressive policy initiatives by federal and state government, Oklahoma has the oil
and gas resources to continue its strategic contribution to national economic health.

As an oil producing region, Oklahoma is in an advanced stage of maturity, but there are
decades of substantial production life remaining. Exploration will continue to add to
Oklahoma'’s energy resource base, and advanced technology may contribute to greater levels
of recovery. More than two-thirds of Oklahoma’s oil production is from stripper wells. The
viability of these wells, and their protection from early abandonment, is important not only
for current production but also for ultimate oil recovery in the future through application of
more advanced technology.

Oklahoma'’s energy future may well rest with its vast natural gas resources. It is estimated
that about 20% of the nation’s yet-to-be-discovered, onshore natural gas is in Oklahoma.
Oklahoma currently ranks third in gas production and fifth in the number of natural gas
wells in the nation; it produces more than 12% of the country’s gas.

Along with oil and gas extraction, petroleum refining and natural gas processing have
been important energy sector activities in Oklahoma. Oklahoma also has an extensive pipe-
line network, spanning more than 40,000 miles, for delivery of in-state and out-of-state crude
oil, petroleum products, and natural gas.

In addition to vast oil and gas resources, Oklahoma has substantial coal resources—an
estimated 2.3 billion tons of net recoverable coal reserves minable under current conditions.
Of this, some 500 million tons may be produced from surface mining, more than 275 million
tons of which are of low-sulfur quality. Historically, coal production in Oklahoma has been
small in comparison to that of many other producing states, but there is the potential for sub-
stantially increased activity.

In addition to its substantial conventional fossil fuels base, Oklahoma has the resources to
become a substantial producer of alternative energy based on coal, heavy oil, tar sands, the
sun, solid waste-to-energy, biomass, and cogeneration. Energy conservation and manage-
ment will continue to play a significant role in extending the life of Oklahoma'’s conventional
fossil fuels base.

Energy research is also important to Oklahoma's future. Oklahoma is moving toward es-
tablishing itself as a major world center for energy research. The National Institute of Petro-
leum and Energy Research and other private research facilities already are operating
throughout the state. The Oklahoma Geological Survey is the state’s official energy and
minerals research agency. The state’s public and private institutions of higher education,
particularly the University of Oklahoma, Oklahoma State University, and the University of
Tulsa, also are centers for energy research. Of special significance are two new facilities, the
$50 million Sarkeys Energy Center at the University of Oklahoma and the $46-million Noble
Center for Agriculture and Renewable Resources at Oklahoma State University.

An evaluation of Oklahoma’s assets reveals a potentially promising future for energy in
Oklahoma. The most positive indicators for a healthy energy sector are Oklahoma'’s re-
sources—fossil fuels reserves, the expertise and dedication of Oklahoma'’s energy industries
and productive work force, the massive transportation infrastructure, the capability for alter-
native fuel development, and progressive state energy and economic policies. Still, under
current world circumstances, Oklahoma and other producing states are vulnerable. Respon-
sible national policy is essential to providing stability.

33
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INTRODUCTION

The United States has entered a
new period of economic transition. By
the year 2010, energy technology and
consumption may change signifi-
cantly due to increased scarcity of
conventional energy resources and
the higher costs for energy supplies
needed to fuel the national economy.
These developments may well place
hardships on certain sectors of the
economy and geographic regions of
the country. A vigorous federal effort
will be needed to provide an impetus
for the recovery of the oil and gas in-
dustry and to nurture the expansion
of coal production. Also necessary
will be the development of new tech-
nologies for the recovery of fossil fuel
resources, research and development
focused on alternative energy sources,
and continued conservation. A posi-
tive, comprehensive national energy
policy is necessary to achieve eco-
nomic stability and national security
in the 1990s and beyond. Only
through efficient planning and man-
agement will state government and
the energy industries be able to ad-
equately meet the energy demands of
the future.

This chapter focuses on the energy
resources of Oklahoma, historical
trends, inherent capabilities, and pros-
pects for the future. Oklahoma has
been, and will continue to be, a major
producer of oil and gas as well as a
small, but potentially important, pro-
ducer of coal. Due to a cluster of in-
terrelated factors, Oklahoma is in an
advantageous position to contribute
significantly to unconventional oil
and gas production, synthetic fuels,
renewable energy resource develop-
ment, cogeneration, energy conserva-
tion, and energy-related research. The
following sections discuss specific en-
ergy resources, energy demand and
consumption, specific components
of the energy industries, research ca-
pabilities, national and state energy
policies and regulations, plus pros-
pects for Oklahoma's energy future.
First, an overview of historical trends
in energy resource production, the
potential for further energy devel-
opment, and the impacts of govern-
mental policies and regulations on
Oklahoma’s energy sector will be out-
lined.

HISTORICAL OVERVIEW AND
THE ENERGY OUTLOOK
FOR OKLAHOMA

Oklahoma’s energy and agricul-
tural resources historically have been
the foundation of the state’s economy.
Since the 1960s, the nonenergy/non-
agricultural sectors of the economy
have grown rapidly, substantially di-
versifying the economy. Still, Okla-
homa’s energy resources will continue
to be a primary economic factor in the
development and well-being of the
state far into the next century.

Energy resoutces are the most vol-
atile factor in Oklahoma’s economic
equation. In its variety of sources and
forms of use, energy is a critical and
strategic resource subject to manipula-
tions of supply, demand, and price,
often with painful consequences for
producers, suppliers, and consumers.
Without international agreements to
provide energy supplies and price sta-
bility, long-term predictions are diffi-
cult. Since the late 19th century,
booms, fevers, panics, and depres-
sions, interspersed among variable
periods of stability, have been the rule
rather than the exception for the
world’s fossil fuel industries.

Numerous scenarios for Oklaho-
ma’s energy and energy-related eco-
nomic future have been formulated.
Top energy experts give differing pre-
dictions about the state’s energy fu-
ture, but there is a common thread of
agreement—Oklahoma’s energy fu-
ture may be assured by a combination
of the following factors: (1) the state’s
remaining vast energy resources, (2)
private and public commitments to a
healthy energy industry, (3) the vast
production and transportation infra-
structure, (4) the expertise and dedica-
tion of the state’s energy industry and
businesses, (5) a favorable regulatory
environment, and (6) emergent en-
ergy research capabilities.

Still, these positive indicators for a
potentially bright energy future are
dependent upon many factors beyond
control. Oklahoma is more than ever a
part of the international economy and
is strongly affected by events that al-
ter the world’s energy sources, such as
the Arab oil embargo in 1973, OPEC
price and supply manipulations, lev-
els of foreign oil imports in the 1970s,
the Iranian Revolution, the Persian

Gulf War, and new worldwide explo-
ration and production. Although all of
these events directly involved oil,
crude oil and refined petroleum prod-
ucts, there were implications for all
energy sources: crude oil, natural gas,
coal, synthetic fuels, renewable re-
sources, and energy conservation.
These events influenced energy policy
on the national level and state govern-
ment and energy industry responses.
Future events also will have an impact
on Oklahoma's energy industries and
economy.

Oil and Gas

Although the situation is stabiliz-
ing and improving to some degree,
Oklahoma is currently on the down
side of the most recent boom/bust
cycle which began after the 1973 Arab
embargo. Crude oil and gas prices
gradually rose from 1973 to 1979, fol-
lowed by substantial price increases
through 1982 and a subsequent grad-
ual decline of prices to 1986, when
prices fell drastically. Although still
variable, prices rebounded, stabilized,
and improved somewhat in the 1987-
90 period. Coal prices also increased
during the 1970s, but there has been a
weakening in recent years due to do-
mestic oversupply and slightly re-
duced demand. Due to the common
capability to switch fuels, supply and
price (aside from federally mandated
energy policies) were the primary de-
terminants of industrial and utility
energy use over this period.

Assuming that technology and pol-
icy will not substantially shift the U.S.
economy’s dependence on fossil fuels
to alternate sources, Oklahoma'’s en-
ergy resources hold considerable po-
tential for development well into the
next century. The most promising en-
ergy resource for both the short and
long term is natural gas. Of the na-
tion’s “to-be-discovered,” onshore
natural gas, 20% is estimated to be in
Oklahoma, primarily in the Anadarko
and Arkoma basins. Due to aggres-
sive production and transportation
sectors, Oklahoma has gradually in-
creased its domestic share of the na-
tion’s energy market to 12%. Current-
ly, about 60% of Oklahoma’s natural
gas production is exported by exten-
sive interstate pipeline networks. The
existing infrastructure could handle
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substantially increased production
and shipments in response to greater
demand. The ratio of the state’s natu-
ral gas reserves to production is in-
creasing but will come into balance in
a few years due to reductions in ex-
ploration and drilling since 1985.

Oklahoma has an estimated 127
trillion cubic feet (Tcf) of gas yet to be
discovered. Allowing for modest in-
creases in current demand and pro-
duction, this represents more than 60
years of potential production. The na-
tion’s present “gas bubble,” or sur-
plus, may be absorbed by the market
in the near future. A national trend
toward increased exploration and
production to meet increasing de-
mand and improve reserves suggests
that natural gas supply and demand
may be in relative balance by the mid-
1990s. Natural gas prices should grad-
ually increase during the next few
years and, in the face of shortage,
should encourage increased drilling
activity in the mid-1990s. The decade
of the 1990s should be a rebounding
period for natural gas producers and
the gas industry overall. Efforts should
be made to seek new gas markets and
to extend distribution networks.

An important new initiative—to
encourage energy-intensive industry
to locate in Oklahoma in order to take
advantage of existing resources and
cogeneration facilities—could assure a
surge of industrial development. Such
a measure would add substantial
“value” to Oklahoma’s raw energy re-
sources by providing increased em-
ployment, payroll, and tax-generated
revenue. At the same time, new in-
dustry would be assured (1) relatively
low-priced and abundant energy, (2) a
highly productive labor force (for
which Oklahoma is known), and (3)
access to the nation and the world by
well-developed water, land, and air
transportation systems. The economic
multiplier effect of this value-added
concept would be a substantial added
benefit to the state’s economy.

Natural gas has become Oklahoma's
premier energy resource; both its pro-
duced value and reserve value far ex-
ceed that of crude oil. From 1973 to
1983, gas gross production taxes were
the fastest growing source of state rev-
enue. Declines have occurred during
the past few years, but increased

prices and demand may rejuvenate
this source of revenue.

Natural gas demand and supplies
are moving gradually toward a criti-
cal balance due to a greatly reduced
level of drilling activity, low spot-
market prices, a lack of long-term con-
tracts, rapid gas depletion in some
fields, the adverse effects of the Fed-
eral Tax Reform Act of 1987, substan-
tially reduced outside investment cap-
ital, continuing corporate bankrupt-
cies and reorganizations, and mixed
Federal policy and regulation. Once
shortages occur, consumers may
switch fuels or seek Canadian gas,
while domestic gas producers will be
gearing up for a relatively rapid in-
crease in activity.

At prices above $8/Mcf, liquified
natural gas becomes competitive, and
foreign imports increase. Whether
there will be a natural gas shortage
during this decade is yet to be seen.
There are adequate domestic re-
sources, but they must be developed
to be available. Only improved prices
will stimulate the exploration and
production needed to maintain a
stable balance between supply and
demand. For adequate activity in the
natural gas industry to occur, gas
prices need to equal replacement costs
plus a reasonable rate of return. A
price increase or decrease of $1/Mcf
of gas means billions of dollars of in-
creased or decreased value and the
gain or loss of hundreds of millions of
dollars in local and state tax revenues.
The state could assist in improving its
own economy by establishing a coop-
erative venture with the private sector
to create gas and coal marketing pro-
grams. Considerable potential for new
markets exists, especially for gas, both
out-of-state and in-state.

A promising indicator in 1990 was
the increase in Oklahoma’s natural
gas production. The value of gas in-
creased, although prices were down.
The Petroleum Information Corpora-
tion’s prediction of a gas price in-
crease in 1988-89, up from $1.46 per
million cubic feet (MMcf) in 1987, was
premature. A major joint venture by
two private companies to further ex-
pand eastern Oklahoma’s gas export
capability is another promising sign
for the natural gas industry.

The future is not quite as clear for

Oklahoma’s petroleum liquid re-
sources—crude oil, and condensate.
Oklahoma, as an oil-producing re-
gion, is in a stage of advanced matu-
rity and has a large number of oil
wells producing at very marginally
economic levels. The average Okla-
homa oil well produces only about 4
barrels of oil per day. More than 70%
of Oklahoma'’s crude oil production
comes from these stripper wells (pro-
duction of less than 10 barrels of oil
per day), which number more than
73,300 or 89% of all Oklahoma oil
wells. This places Oklahoma in a very
sensitive position with regard to mar-
ket circumstances and to national and
international policies. The stripper
well economy is extremely vulnerable
to adversities which, if severe and
prolonged, may cause temporary
“shut-ins,” premature abandonment,
or plugging, and, thus, the permanent
loss of a substantial resource.

No one drills for a stripper well.
Stripper wells usually result from the
aging of more productive wells. The
number and aggregate production
volume of Oklahoma stripper wells
make them a major resource from the
standpoint of value and governmental
revenues. In 1990, thousands of strip-
per wells were shut-in (to wait for im-
provement in oil prices), and more
than 2,000 wells were permanently
abandoned and plugged. Stripper
well production currently represents
about 70% of the produced value of
oil in Oklahoma. Their critical impor-
tance to the state’s economy is clear.
Oklahoma’s oil production future,
from enhanced oil recovery, lies in its
large producing oil fields, which are
dominated by stripper welis. Every
incentive and initiative to preserve
stripper well production should be
pursued.

The Interstate Oil and Gas Com-
pact Commission’s study of enhanced
oil recovery (EOR) potential in Okla-
homa indicates that 880 million to 1.5
billion additional barrels of oil may be
recoverable from Oklahoma’s known
reservoirs. At current production lev-
els, this could add 7-14 years of pro-
ductive life to the state’s oil resource
base. Increased prices and incentives
are essential to EOR, which requires
long lead times and substantial invest-
ments.
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Oklahoma’s oil future lies primar-
ily with technology for improved con-
ventional and enhanced oil recovery
production. Continued developmen-
tal drilling will add production and
reserves, but both reserves and pro-
duction will decline rapidly without
the discovery of new fields and pro-
duction zones through extensive ex-
ploratory drilling. Additions to petro-
leum reserves from new fields have
been limited in recent years. Even in
1985 reserve additions from new fields
contributed only 2%, or 3 million bar-
rels, to reserves.

Record drilling activity during the
boom period, 1980-83, was required
to maintain a relatively balanced pro-
duction-to-reserve ratio for oil. In 1990
only 870 oil wells were completed, a
very low level of activity. A substan-
tial improvement in the drilling activ-
ity picture is not expected to occur
unless prices increase. It takes a price
of at least $25 per barrel to stimulate a
drilling activity of 4,000-5,000 new
wells per year.

By 1995, oil production is estimat-
ed to be in the 85-100 million barrels
per year range; a fall to slightly lower
levels by the year 2000 is anticipated.
Since a difference of $1 in the price of
oil may equate to a $134 million value
and $9 million in state gross produc-
tion tax collections, the importance of
price to the state’s economy is quite
apparent.

Many circumstances can affect price.
As world oil demand increases and
OPEC continues to capture a larger
market share, a high level of produc-
tion capacity centered in OPEC could
result in rising prices. A myriad of
possible events could cause tempo-
rary disruptions in oil supply and,
thus, increased prices. Lower prices
may result if certain members of OPEC
decide not to limit production to their
quotas or if certain non-OPEC pro-
ducers substantially increase produc-
tion. It should be remembered from
the 1973 Arab embargo, the Iranian
Revolution oil cutoff of 1979, the 1986
OPEC-manipulated “oil glut,” and the
Irag-Kuwait conflict that it takes only
a small oil shortage or surplus to cre-
ate market responses that result in sub-
stantial price increases or reductions.

The fossil fuels industries of Okla-
homa are gradually easing out of a

severe depression that began with a
steady decline in oil and gas prices in
the 1982-85 period. The economic re-
cession was well-entrenched in Okla-
homa before the abrupt decline in
prices in late 1985. Overextension and
high positive speculation based on
high oil and gas prices resulted in a
substantial degree of leveraging by
many exploration and production
firms. To meet the demand of a record
level of investment in exploration and
production, the oil field service indus-
try expanded between 1980 and 1983.

Between 1979 and 1983 the state’s
economy flourished. Oklahoma had
never experienced better economic
times. Declining oil prices in 1982, fol-
lowed by declining gas prices in 1984,
were foreboding signs to investors,
creditors, and the industry. The un-
precedented collapse of Oklahoma
City’s Penn Square Bank, which had
extended credit to independents in
the oil and gas business and sold the
loans to upstream banks in other
states, created a shock wave and sig-
naled a financial crisis for the state.
Huge assets disappeared and severely
disrupted business. The effect of the
collapse on Oklahoma’s economy was
as much psychologically as economi-
cally real. Out-of-state financial insti-
tutions were affected. Investors and fi-
nancial institutions became apprehen-
sive about the stability of oil and gas
investments. Yet, in spite of gradually
declining prices, the level of drilling
activity remained high until the
abrupt oil price collapse in late 1986.

Following the 49% drop in the
price of oil, the industry contracted.
Earnings were down $451 million, a
19% drop. Business starts declined
29% and business failures rose 67%.
This decline in activity substantially
reduced revenues from the gross pro-
duction tax, and from personal and
corporate income taxes; it also had
adverse effects on the ad valorem tax
base. For the oil and gas industry,
1986 was a year for readjusting priori-
ties and strategies for the future; 1989-
90 witnessed the lowest level of drill-
ing activity since 1973.

That period of severe economic in-
stability now lies in Oklahoma’s past.
For several years, a high percentage of
the oil and gas industry’s cash flow
was diverted to service debt. Outside

investment capital has been extremely
limited recently. Oil and gas prices
have stabilized somewhat and show
signs of improvement. Drilling costs
are at a near low and efficiency is im-
proved. With more stability, return on
investment can be more credibly de-
termined. Innovative marketing of gas
is taking place in an increasing gas-to-
gas competitiveness. Emphasis is on
proved undeveloped reserves result-
ing in a high well /success ratio. Cash
flow appears on the increase and adds
to internal resources for gradual in-
creases in activity. Bankruptcies have
leveled off, and for many companies
debts and liabilities are structured for
more progressive programs. Survi-
vors of the shake-up are regrouping
and reformulating strategies for a
more productive future. Drilling econ-
omies in Oklahoma appear very fa-
vorable. Drilling activity will remain
relatively depressed, however, until
the confidence of external investors;
especially institutional investors, is
regained. The 1990s will provide new
opportunities for Oklahoma’s oil and
gas industry and associated busi-
nesses, especially for natural gas ex-
ploration, production, and marketing.
If crude oil prices rise toward the $25
per barrel mark, oil well drilling will
accelerate and the proportion of wild-
cat and exploratory activity will in-
crease. New enhanced oil recovery
projects also may be developed.

Coal

Oklahoma has large recoverable
coal reserves, strippable and under-
ground, of both steam and metallurgi-
cal quality. Currently, steam coal is
the primary marketable commodity;
there is limited domestic demand for
metallurgical coal. An estimated 7.2
billion tons of coal underlie 24 coun-
ties in eastern Oklahoma. Under pres-
ent conditions about 2.3 billion tons of
net recoverable coal reserves are min-
able; about 500 million tons are ex-
tractable by surface mining. Of the to-
tal minable reserves, 687 million tons
are of the low-sulfur type (less than
1%), 120 million tons of which can be
surface-mined.

The future for the coal industry in
Oklahoma is complicated by uncer-
tainties related to the larger outlook
for energy. Still, the potential for a
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prosperous future exists. Coal pro-
duction has increased substantially in
the U.S. since 1973 due to federal poli-
cies encouraging its use as a substitute
for oil and natural gas in electric pow-
er plants and in large industrial boil-
ers. This pattern of increased produc-
tion has been reflected in Oklahoma.
Historically, Oklahoma coal produc-
tion remained at high levels between
1977 and 1982, the period of highest
sustained production for the state.
Production peaked in 1978 and 1981
at more than 5.7 million tons; more
than 99% of production was from sur-
face mining operations.

After 1982 the gradual reduction in
coal usage to about 3 million tons in
1986 and only 1.6 million tons in 1990
was due to several conditions: a na-
tional oversupply of coal; lower prices
at home and internationally; an abun-
dance of cheap, low-sulfur western
coal; the effects of the federal Surface
Mining Control and Reclamation Act;
and internal production problems.

Moderate lead times and large cap-
ital investments are needed to devel-
op the coal industry, which histori-
cally has been dominated by small in-
dependent producers, noted for being
both effective and responsible opera-
tors. Oklahoma coal mining has faced
adversities associated with thin seams
and large overburdens. Production of
high-sulfur coal has added to the mar-
ket limitations, but Oklahoma coal has
a very high BTU value. A substantial
portion of the reserve is of low-sulfur
quality.

During the past 15 years, electric
utilities have been major consumers of
Oklahoma coal. In 1986, in the face of
production declines and economic
problems, the State Legislature en-
acted legislation requiring Oklahoma
electric power generating utilities to
use at least 10% Oklahoma coal by
BTU value. This state law was struck
down recently by federal court. While
in force, it provided a substantial mar-
ket for Oklahoma coal. Oklahoma coal
is also marketed out-of-state for
blending coal and for use in industrial
boilers; and it is exported internation-
ally. Oklahoma coal is excellent for
steam or coking and is competitively
priced, but the Oklahoma coal indus-
try seems to need a better strategy for
marketing. The formation of a market-

ing consortium or cooperative of
small operators is being considered.

Oklahoma coal has a major impact
on local economies in eastern Okla-
homa. At the high production level of
5 million tons per year, the industry
could employ about 1,700 workers di-
rectly at a payroll of about $49 million.
It also would support indirectly the
employment of another 3,000 with a
resource value of about $140 million
($28 per ton), and it would generate
about $1 million in state severance
taxes. In 1986, when about 3 million
tons were produced, about $6.4 mil-
lion was paid in royalty to mineral
owners.

A positive factor in the future of
Oklahoma coal production is Okla-
homa’s excellent transportation infra-
structure—rail transport, trucking,
and particularly the McClellan-Kerr
Navigation System which opens the
coal region to the Mississippi water-
way. For the long term, Oklahoma coal
may have great potential for gasifica-
tion and liquefaction, cogeneration,
and synthetic fuels production. The
realization of that potential is some
years into the future and is very de-
pendent upon the future circum-
stances surrounding conventional fos-
sil fuels. Oklahoma has a substantial
coal, heavy oils, and tar sands resource
base which can provide the basis for a
prosperous synthetic fuels industry.
Significant substitute fuels can also be
derived from the state’s biomass and
solid waste. Several waste-to-energy
projects are in the development stage,
and the state and industry have sev-
eral biomass-to-energy projects.

There is tremendous potential for
Oklahoma’s coal resources to provide
the basis for economic growth; only
the apex of coal resources has been
exploited. Huge bituminous and met-
allurgical deposits remain to be pro-
duced, but require large capital in-
vestments by sophisticated mining
companies. A myriad of issues are of
concern, including the development
of adequate markets and the strict
state and federal environmental,
health, and safety regulations that add
to the costs of mining. Companies
must have adequate financial re-
sources and trained personnel to pur-
sue a successful venture in the coal
industry.

Energy Conservation and
Alternative Energy Sources
Since the late 1970s, energy conser-

vation has become an accepted way of
life, not only in Oklahoma but
throughout the nation. Oklahoma
supports a strong energy manage-
ment program for state government
as well as an awareness program for
industry, business, and the house-
hold.

During the on-going “oil glut” and
“gas bubble,” investment in synthetic
fuels and substitutes for conventional
fossil fuels have been discouraged. As
these oversupply situations moderate
and shortages and interruptions oc-
cur, greater emphasis will turn to syn-
thetic fuels, nonconventional substi-
tutes, and renewable resources. Fur-
ther research and development and
commercialization will be prerequi-
sites before these new energy re-
sources can contribute substantially to
the nation’s energy source mix.

Oklahoma, because of its geo-
graphical situation, has considerable
potential to develop the use of solar
energy. The potential for wind power
development is very high in western
regions of the state.

An overview of the issues facing
the energy industries of Oklahoma re-
veals a potentially promising future.
Oklahoma is blessed with vast energy
resources and a commitment by state
government and private industry to
pursue the ultimate recovery of those
resources. The potential for develop-
ing a well-balanced economy based in
part on Oklahoma'’s energy resources
is clear. The state has not only the re-
sources and the commitment but the
valuable experience and infrastruc-
ture necessary to build a solid, stable
energy sector, and to extend present
productivity and innovative change
well into the next century.

Oklahoma Energy Demand
and Consumption

Oklahoma is a major energy ex-
porter and supplier of crude oil, natu-
ral gas, petroleum products, and proc-
essed natural gas and coal. In 1989,
Oklahoma ranked 23rd in total energy
consumption in the U.S. and 10th in
consumption per capita. Oklahoma
consumed a little over 1.6% of the to-
tal energy used in the country.
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Table 3.1 -- Oklahoma Energy Consumption by Source, 1960-89

Petroleum Products

Net

Asphait Hydro- Interstate

Natural & Road Aviation Distillate Jet Kero- Lubri- Motor Residual electric Sales of

Coal Gas Oll Gas Fuel Fuel sene LPG cants Gas Fuel Other Total Power Elect.

Year Thousand Billion Mililion
Short Cubic Kilowatt

Tons Feet Thousand Barrels Hours

1960 77 308 2,034 559 2,618 2,853 431 6,433 661 22,707 1454 7,880 47,630 705 -3,602
1965 30 468 3,586 713 2,877 3,389 945 7,654 679 25,815 851 8,548 55,057 825 -4,992
1970 7 597 4,598 409 5,584 4,318 1,103 9,618 622 32,521 807 9,123 68,703 1,406 -18,720
1971 7 612 5,227 381 5477 4,316 886 9,167 752 33,714 617 8,531 69,068 1,383 -16,497
1972 7 630 4,842 360 7,944 4,085 678 9,706 805 35754 1,418 8,833 74,425 1,447 -15283
1973 175 612 5,049 353 8,951 3,965 656 9,677 1,075 37,437 1,499 9,369 78,031 3,761 -20,440
1974 181 660 5,506 336 8,849 3,948 494 9,087 1,029 36,997 1,216 8,971 76,433 3,590 -22,527
1975 23 669 5,675 284 9,449 3867 328 9,342 810 38,470 641 9,074 77,940 2945 -21,278
1976 73 760 4,728 300 11,856 3,967 263 9,490 900 49,477 672 9,855 91,508 1,541 -22,589
1977 675 767 4,646 331 12,965 4,183 241 9,508 1,355 41,903 781 9,847 85,760 1,749 -18,667
1978 2,463 770 4,385 351 14,513 4,750 256 10,179 1,456 43,763 1,028 9,666 90,347 1,763 -24,551
1979 3,382 825 4,662 307 14,560 4,564 645 8,437 1,523 41,279 888 9,696 86,561 2323 -27,074
1980 6,046 722 4,826 328 12,125 4,900 342 8,967 1,356 39,633 732 9,296 82,505 1,315 -28,040
1981 9,048 671 3,353 268 15,488 5,009 302 7,145 1,301 41,673 741 5733 81,013 1,122 -16,937
1982 11,781 677 3,436 155 14,512 5,911 461 8,073 1,186 43,409 676 5,193 83,012 2,090 -15,902
1983 12,629 629 4,332 121 16,589 5,974 120 8,122 1,242 42,921 516 6,151 86,088 2,500 -15,915
1984 13,254 653 3,003 188 17,992 7,017 117 8,619 1,324 41,808 489 5,359 86,106 2,339 -10,634
1985 13,602 587 4,003 217 18,377 5,870 174 10,513 1,234 42,160 262 4,955 87,765 3,980 -5137
1986 12,395 554 3,281 250 13,948 5,942 77 7,497 1,207 40,569 472 5212 78,455 2,951 -10,680
1987 13,476 596 2,729 179 13,960 7,440 56 6,422 1,364 38,642 346 5,946 77,084 2948 -14,994
1988 15,006 589 3,564 172 14,916 7,224 80 6,103 1,316 38,857 710 7,077 80,019 2,045 -13,986
1989 15,006 595 2,750 165 14,762 9,239 129 6,770 1,343 38,870 499 7,367 81,900 2,392 -16,358

Source: U.S. Department of Energy (1990).

For 1989, Oklahoma’s consump-
tion per capita was more than 22%
above the national average. From
1973 through 1989, the average an-
nual energy consumption growth rate
for the United States was 0.6% while,
at 1.5% annually, Oklahoma had one
of the highest growth rates among the
lower 48 states. (Alaska had the high-
est, at 7.2%.) Oklahoma also had one
of the highest growth rates in energy
use per capita. Oklahoma’s demand
for energy has continued to grow in
recent years in contrast to a trend in
most states toward a leveling off or
declining demand. The state’s current
mix of energy sources is dominated
by natural gas and petroleum prod-
ucts; however, there is a substantial
growth in the demand for coal.

Since 1960, there has been a con-
tinuing reduction in demand for
natural gas and petroleum products
and a sharp increase in the use of
coal. Hydroelectric power is an im-
portant supplemental source, and
Oklahoma continues to be a net ex-

porter of electricity.

Petroleum products in greatest de-
mand are motor gasoline, diesel fuel,
and other distillate fuels. Liquified pe-
troleum gas consumption has been
substantial, about 6% of total petro-
leum product consumption. Demand
for jet fuel, lubricants, asphalt, and
road oils has also increased substan-
tially. Consumption of aviation gaso-
line, kerosene, and residual fuel has
decreased.

In Oklahoma, the industrial sector is
the largest consumer, followed by
transportation. The residential and
commercial sectors also have large de-
mands. These demand patterns by sec-
tor are similar to national trends in
consumption. The electrical power
generation sector depends most on
coal, followed very closely by natural
gas. More than 90% of Oklahoma’s coal
use is by electrical generation facilities;
only about a third of the state’s natural
gas demand is from that sector. Table
3.1 indicates the trends in energy con-
sumption by source.

The residential sector depends pri-
marily on natural gas and electricity
for energy, but about 6% of residential
energy comes from propane. The com-
mercial sector chiefly consumes elec-
tricity, natural gas, and propane; the
industrial sector’s major demand is for
natural gas and a variety of petroleum
products. The electric utilities con-
sume primarily coal and natural gas
but use about 5% hydropower. The
transportation sector demands a wide
variety of petroleum and natural gas
products, dominated by motor gaso-
line and diesel fuel.

Consumption of natural gas and
petroleum products has declined in
recent years. There have been major
declines in demand for natural gas in
the electric utility and industrial sec-
tors; the biggest declines in demand
for petroleum products have been in
the industrial and residential sectors.
Electricity use is up considerably, as is
the demand for coal, which is used
primarily by the electrical generating
sector.
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OKLAHOMA'’S CRUDE OIL AND
NATURAL GAS RESOURCES

Oil Production

Cumulative crude oil production in
Oklahoma through 1990 was 12.7 bil-
lion barrels. The highest crude oil pro-
duction, more than 277 million bar-
rels, occurred in 1927 early in the his-
tory of the state’s oil industry. Since
then, there have been four peak peri-
ods of production centered around
1937, 1956, 1967, and most recently,
1984, when 168 million barrels were
produced. The production of 112 mil-
lion barrels in 1990 indicates a gradu-
al decline from the peak in 1984. Of
the total production in 1990, about 8%
(9 million barrels) was condensate/
gas liquids. In 1966, 19% of total pro-
duction (about 42 million barrels) was
condensate. Over the past 25 years,
condensate’s share of overall petro-
leum liquid production has declined
gradually, leveling off since 1982. Fig-
ure 3.1 shows the trend in liquid pe-
troleum production since 1918. The
condensate/gas liquids will continue
to be a substantial portion of overall
petroleum liquids production from
currently producing reserves.

In 1990 Oklahoma had 81,667 pro-
ducing oil wells and an average pro-
duction of about 3.8 barrels/day per
well, down from 7.9 barrels in 1971. In
1990 Oklahoma crude oil and conden-
sate production was 4.1% of the total
U.S. production, down from 7.9% in
1966. Oklahoma ranks sixth nationally
both in crude oil production and in
condensate production. The number
of producing oil wells by county and
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Map 3.1 — Producing oil wells by county, 1990. Source: Oklahoma Corporation
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Map 3.2 — Crude oil production by county, 1990. Source: Oklahoma Corporation

Commission (1991d).

the distribution of crude oil produc-
tion by county is shown in Maps 3.1
and 3.2, respectively.

The actual number of producing oil
wells in Oklahoma has fluctuated
over the past 25 years. There were
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Figure 3.1 — Oklahoma liquid petroleum production, 1918-91. Source: Oklahoma

Corporation Commission (1992).

81,477 in 1966; 71,657 in 1975; 102,935
in 1985; and 81,667 in 1990. The 1990
total was 14.5% of all producing oil
wells in the U.S. and the second-larg-
est state total (behind Texas); Okla-
homa had many more producing oil
wells than any foreign country. Okla-
homa ranks 19th in the nation in
crude oil production per well per day.
Figure 3.2 shows Oklahoma produc-
tion per well per day from 1966 to
1990.

More than 70% of Oklahoma’s
crude oil production in 1990 was from
stripper wells. According to the Na-
tional Stripper Well Survey by the In-
terstate Oil and Gas Compact Com-
mission in January 1991, 73,345 of
Oklahoma’s 81,667 producing oil
wells (about 89%) were classified as
stripper wells and had an average
daily production per well of 2.94 bar-
rels of crude oil. Yet, stripper well
acreage under lease in 1990 accounted
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Figure 3.2 — Oklahoma oil production, barrels of oil per well per day, 1966-90.
Source: Oklahoma Corporation Commission (1991a).

for only about 17% of producing acres
(about 1.33 of 7.65 million) and only
7% of all leased acreage, productive or
nonproductive. Its stripper well pro-
duction makes Oklahoma the leader
in secondary recovery production.

Oklahoma has numerous small oil
fields and 11 giant fields. Historically,
the giant oil fields have been the heart
of the state’s oil activity, and they con-
tinue to provide a substantial portion
of the state’s total production. In re-
cent years these giant fields have pro-
duced about a third of the state’s over-
all crude oil, and they will continue to
be major contributors to future pro-
duction, particularly secondary and
enhanced recovery production.

Of Oklahoma’s 77 counties, 66 were
producing crude oil in 1990. The top
six producing counties were Carter,
Stephens, Osage, Garvin, Grady, and
Creek Counties, all producing more
than 4 million barrels annually and
accounting for about 69% of the state’s
total production for 1990. Most re-
gions of the state have at least one
major oil-producing county. Major oil
production is focused around Carter,
Garvin, and Stephens Counties in the
far south-central sector of Oklahoma;
Pontotoc County in the southeast;
Seminole and Pottawatomie Counties
in the east-central section of the state;
Creek, Pawnee, Noble, and Osage
Counties in the northeast; Kingfisher
and Major Counties in the north-cen-
tral sector; Texas County in the Pan-
handle; and Caddo and Grady Coun-
ties in the west-central and southwest
parts of the state.

The average oil production per
well in Oklahoma in 1990 was about
3.9 barrels/day or about 1,500 bar-
rels/year. Relatively new wells in all
producing counties have much higher
production rates, and wells in several
newly explored and developed coun-
ties also have considerably higher
production rates. The average produc-
tion rate in Grady County is 18.9 bar-
rels/day per well and in Texas County,
11 barrels. Production averages in
Oklahoma and McClain Counties are
10.8 and 10 barrels/day per well, re-
spectively. In relatively newly devel-
oped counties, production averages
soared: Custer, 56 barrels/day per
well; Washita, 55; Murray, 33; Beck-
ham, 24; Roger Mills, 20; and Harmon,
16. Four of these counties are in west-
central Oklahoma, not previously
considered a major oil-producing re-
gion. These and other western coun-
ties are prime for future development
and exploratory activity, which may
establish the west as a major oil pro-
ducing region in the state.

Oil Reserves
Oklahoma’s reserves of crude oil
and total liquid hydrocarbon peaked
in the mid-1950s. Oklahoma’s oil re-
serves declined 51% between 1966
and 1990, down from more than 1.5
billion barrels to 734 million barrels.
Reserves also declined in the neigh-
boring states of Texas, Louisiana,

New Mexico, and Kansas.
A very important measure of fu-
ture promise is the amount of annual
production of a resource in relation-

ship to its reserve. The percent of
crude oil production-to-reserves has
remained relatively constant over the
past 24 years. It has fluctuated from
15.2% production-to-reserves in 1966
to alow of 13.2% in 1975 and 1976 and
back up to 14% in 1990. The 1990 fig-
ure indicates a total reserve produc-
tion life for crude oil of 7 years, about
the same as in 1966. This comparison,
however, is misleading: although the
production-to-reserves ratio was
about the same in 1966 as in 1990, ac-
tual crude oil production dropped
substantially. Almost twice as much
crude oil was produced in 1966 as in
1990.

Gas liquid production-to-reserves
in 1990 also was similar to what it was
in 1966, but the recent pattern of pro-
duction of gas liquids differs from
that of crude oil. The percent of gas
liquids production-to-reserves almost
doubled in the 1970s but declined
drastically throughout the 1980s. The
increase through the 1970s reflected
not higher production but a decrease
in reserves. There was a sharp in-
crease in reserves during the early
1980s. Actual production of gas lig-
uids declined from about 41 million
barrels in 1966 to 12 million barrels in
1983. In 1990, production was at about
9 million barrels.

In 1990, stripper well reserves were
53% of Oklahoma's crude oil reserves
and were the second largest stripper
oil reserve in the nation. Oklahoma’s
stripper well reserves were 627 mil-
lion barrels in 1975. They increased to
more than 648 million barrels in 1979
and remained relatively level until a
sharp decline of 522 million barrels in
1985. They declined even further, to
391 million barrels, in 1990. For 1990
primary production reserves for strip-
per wells was about 193 million bar-
rels of crude oil and 198 million bar-
rels of secondary reserves, represent-
ing 49% and 51% of total stripper well
reserves, respectively.

The percentage of stripper oil pro-
duction-to-reserves was 20% in 1990,
which indicates a production life of
less than 5 years. Still, new reserves
will be added continuously as more
productive crude oil wells decline in
production and become stripper
wells. On the average, 3,700-5,000 oil
wells are reclassified as stripper wells
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each year; 1,100-1,500 stripper wells
are taken out of production perma-
nently by abandonment or plugging.
Some 2,008 oil wells were taken out of
production in 1990. Figure 3.3 shows
the importance of stripper wells to the
oil reserves of the state.

Natural Gas Production

Oklahoma is the third-largest natu-
ral gas producing state in the U.S. and
produced 12.3% of the nation’s natu-
ral gas in 1990. Between 1966 and
1990, Oklahoma’s share of national
production increased from 8.2%.

The highest level of annual natural
gas production in Oklahoma occurred
in 1990 when more than 2.2 trillion
cubic feet (Tcf) were produced.
Oklahoma’s natural gas production
has increased more than 300% since
1950 (22% just since 1975). The in-
crease has been gradual: from 482.6
billion cubic feet (Bcf) in 1950, to 1.1
Tcf in 1962, to 1.7-2.1 Tcf annually
since 1970. Future production may be
higher.

Natural gas production is both
from oil wells (associated gas) and
from gas wells. In 1990 oil wells con-
tributed about 16% of the total natural
gas produced, and gas wells contrib-
uted more than five times as much.
Historically, oil wells contributed a
larger share; for example, in 1966, oil
wells accounted for 29% of the state’s
natural gas production. Figure 3.4 in-
dicates the trend in Oklahoma’s natu-
ral gas production since 1950.

By the end of 1990, Oklahoma had
24,110 producing natural gas wells,
with an average production of about
211 Mcf of gas/day per well. This pro-
duction figure was down from 1971,
when production per day per well
was 480 Mcf. The number of produc-
ing natural gas wells increased gradu-
ally from 1966 to 1981, from 7,841 to
16,994. In 1982, there was an abrupt
increase to 20,742. The number
reached 23,647 in 1984 and dropped to
19,174 by 1987. Oklahoma has wit-
