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The economic and social development of 
Oklahoma has been directly related to abun­
dant energy supplies at relatively low prices. 
As a nation, the economy has shifted, in a rel­
atively short period of time, from a position of 
abundant, low-cost energy to one of potential 
supply disruptions and sharply rising energy 
prices. Oklahoma's economy, like the econom­
ies of all states, depends on the use of large 
amounts of energy and its position as a major 
net producer of oil and gas creates additional 
current and future energy policy choices revolv­
ing around incentives for energy production, for 
location of energy consuming industries, or for 
conservation of certain sources of energy. 
Future revenues to producers and to the state 
and future costs to energy consumers will be 
affected by these choices. But state policy mak­
ers lack sufficient information, for analysis of 
these alternative energy choices. 

The objective of this study is to develop a com­
prehensive energy information system and to 
integrate this information into a dynamic sim­
ulation model for purposes of evaluating alter­
native energy choices. Research and de­
velopment studies need to be accorded much 
higher priorities in an effort to provide the level 
of information required for effective policymak­
ing in energy related matters. Such research 
information is vital for decision-making by 
planners involved in agriculture, industry and 
government activities. 

An Energy-Based State Simulation Model 

Input-Output model interrelationships of 
social accounts has the advantage of providing 
an organizational framework and a set of con­
sistency checks that are difficult to achieve 
with other models. The model used here is pat-
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terned after the Iowa model by Maki, Suttor 
and Barnard (1966) which was later applied to 
Oklahoma (Doeksen, et al., 1971). The present 
model differs from previous models by the addi­
tion of a comprehensive energy account to allow 
evaluation of alternative energy choices for the 
state of Oklahoma. The model simulates the 
Oklahoma economy from 1972 to 2000. 

The Oklahoma simulation and input-output 
model is composed of five major social accounts: 
(1) transactions account, (2) capital account, (3) 
human resource account, (4) government 
account, and (5) energy account. These 
accounts comprise the information and data 
base for the simulation and input-output 
model. Energy sources are classified as natural 
gas, petroleum products, coal, and electricity. 
All the energy statistics by sector are developed 
from secondary data for the benchmark year of 
1972. The principal source of information on 
energy use by energy source for Oklahoma is 
taken from Irving Hoch (1978). Data on produc­
tion of petroleum products, natural gas, and 
coal are obtained from the U.S. Bureau of Mines 
(1977), and quantities of electricity produced 
are obtained from the Edison Electric Institute 
(1976). Physical quantities of energy produc­
tion are converted to British Thermal Units 
(BTUs). The base year of 1972 represents the 
pre-energy price increase era. Energy use coef­
ficients may have changed significantly from 
the base year and would continue to change 
over any projected time period. However, input­
output models using secondary data sources are 
limited by the available 1972 U.S. technology 
study (U .S. Bureau of Economic Analysis, 
1979). 

The structure of the simulation model is 
recursive involving 119 major equations for a 
given year. There are four main parts in the 
model which include: (1) estimating final 
demand, (2) determining sector output, (3) proj-
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ecting state economic variables and (4) project­
ing state energy requirements and trade. 
Specification of the model starts with projection 
of components of final demand including per­
sonal consumption expenditures, private capi­
tal formation, change in business inventories, 
net exports, federal government purchases for 
national defense and non-defense, and state 
and local government purchases. The second 
step in model formulation includes determina­
tion of sector output of two groups, namely the 
non-energy "demand determined" output sec­
tors and the energy "supply determined" output 
sectors, following procedures used by Ekholm, 
Schreiner, Eidman, and Doeksen (1970). Third, 
sector output estimates are utilized to derive 
state economic projections including income, 
employment, government revenues and 
expenditures, and gross state product. Fourth, 
projected output of the non-energy sectors, 
direct energy requirements of the processing 
sectors, direct energy requirements of house­
holds and government and projected production 
of state energy are used to determine state 
energy utilization and trade by energy source. 
Finally, impact analyses compare alternative 
growth rates in energy production and efficien­
cies in energy utilization with baseline 
projections. 

Basic Model 

The simulation model presented in this study 
is formulated around an input-output model. 
The disposition of output in the basic input-out­
put framework is generally stated as: 

X=AX+Y 
where: 

X represents ann x 1 column vector of gross 
output (outlay) for each endogenous sector 
(i = 1-----n). 

A represents an n x n matrix of technical 
coefficients in which aii = 

~ 
xj 

Y represents ann x 1 column vector of sales 
to final demand for each sector 

Empirical application in this basic model to a 
given economy provides measures that can be 
used to estimate sectoral impacts resulting 
from changes in sector final demands. The 
standard solution to the input-output system is 

X = (I-A) - 1Y where the Leontief inverse, (1-
A) - 1, represents the total requirements or 
direct and indirect coefficients matrix and "I" 
represents ann x n identity matrix. Total sec­
tor outputs are hence a function only of final 
demands of each sector. The traditional input­
output model can be used to project sector 
energy requirements and trade. Energy trade is 
defined as the difference between energy use 
and production. The consumption of each 
energy product can be computed from: 

C =EX+ Fe 
where: 

C represents a vector of energy consumption, 
X represents a vector of energy production 

levels, 
E represents a matrix of sectoral energy 

coefficients, and 
Fe represents a vector of final energy 

consumption 
From the basic input-output analysis the stand­
ard solution to the model is: 

C = E (1-A) - 1 F + Fe 
where F is a final demand vector. Hence, the 
expression E(I-A)- 1 produces energy consump­
tion per unit of final demand. For the energy­
based simulation model presented in this study, 
the processing sectors have been separated into 
two groups: the demand determined by non­
energy sectors, and the supply determined 
energy sectors. 

Disposition of Output 
The energy-based state simulation model 

consists of five final demand sectors and 81 pro­
cessing sectors of which 77 are demand deter­
mined non-energy sectors and four are supply 
determined energy sectors. Output of non-ener­
gy sectors is assumed to follow the standard 
input-output solution and are thus, a function 
of final demand. Output of the energy sectors is 
independently determined and fed into the sim­
ulation and input-output model. To identify the 
structure of this system, the disposition of the 
output equation is partitioned into submatrices 
representing the demand determined non­
energy sectors and the supply determined 
energy sectors. Using the subscript "1" for out­
put of the non-energy sectors and the "2" for 
output of the energy sectors, the system for the 
disposition of output can be written as follows: 
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where Aiis are the partitions of the direct coef­
ficients matrix, Xs are the sector outputs, Ds 
are final demands without trade and Ts are net 
trade. The system for the disposition of output 
can be rewritten as two equations, the first rep­
resenting the disposition of output for the 
demand determined non-energy sectors meas­
ured in dollars, the second representing the dis­
position of output for the supply determined 
energy sectors measured in energy units of 
BTU (British Thermal Units): 

x, = A" x, + A,2 x 2 + D2 + T, 
X2 = A21 X, + A22 X2 + D2 + T 2 

The output of the supply determined energy 
sectors, X2, is exogenous. It is predetermined 
and not affected by the level of output of the 
demand determined non-energy sectors, X,. 
The two matrix equations are solved independ­
ently on the basis of final demands (D, + T,) 
and D2, and the predetermined energy sector's 
output, X2. Given as exogenous data, A11 and 
A12 as parameters of the model, and (D, + T,) as 
the final demand for the demand determined 
sectors, the solution for the output of the non­
energy sectors can be derived from the equation 
for the disposition ofX1:1 

X, = (1-A") - 1 A,2 X2 + (1-A") - 1 (D, + T,) 
Assuming a linear relationship between 

energy use and output level, disposition of out­
put of the supply determined energy sectors, X2, 
is now fully known with energy trade as a 
residual: 

T2 = (I-A22) X2 - A2, X, - D2 
Energy trade by energy source, T2, is the resid­
ual between estimated energy requirements 
and energy production. The submatrices A21 
and A22 represent the direct energy require­
ments by energy source of the demand deter­
mined non-energy sectors and the supply 
determined energy sectors, respectively.2 
Direct energy requirements of final demand are 
estimated for households, federal government 
(for defense and non-defense), and state and 
local government (for education and others). 

The simulation model used a number of 
parameter ratios and growth rates which pro­
vide much of the driving force for the model. 
Improvements in the estimation of these 
parameters should lead to overall improvement 

of the simulation model. Ratios used in the 
model are generally point estimates derived 
from 1972 base year data (Ghebremedhin, 
1981). Rates of growth as used in the model are 
estimated using time series data and a logarith­
mic exponential function. The 1972 state trans­
action matrix is constructed from the national 
technical coefficients based on the location quo­
tient technique as developed by Schaffer and 
Chu (1968). 

Empirical Results of the State Energy 
Simulation Model 

This section presents results of the simula­
tion model. Evaluation with the model is lim­
ited at this time to analysis of trends in energy 
production, consumption, and trade with fur­
ther use projected in areas of state energy policy 
analysis. A baseline projection of energy pro­
duction, consumption, and trade from 1972 to 
2000, is presented first. Second, a 25 percent 
increase in the rate of growth of fossil fuel pro­
duction (or 25 percent decrease in the rate of 
decline) is compared to the baseline projection. 
Third, a 25 percent increase in energy use effi­
ciency by the year 2000 for the final demand 
sectors is compared to the baseline projection. 

Baseline Projection 
Baseline projections of state energy produc­

tion, consumption, and trade by energy source 
in trillion BTUs from 1973 to 2000 are pre­
sented in Table 1. Production of petroleum 
products is projected to decrease by 1.05 percent 
annually, whereas natural gas production is 
projected to decrease only marginally, 0.06 per­
cent annually. Electricity production is 
assumed to be endogenously determined in the 
model with a small proportion of total electric­
ity available for export to neighboring states. 
This export proportion is held constant at the 
1972 level. Thus, total energy production is 
projected to equal 3,226,895 billion BTUs in 
2000 compared to 3,258,327 billion BTUs in 
1973, decreasing by 1.0 percent during the sim­
ulated period of time. Natural gas is projected 
to decrease from 1,863,607 billion BTU to 
1,834,147 billion BTUs over the 1973 to 2000 
period. Coal is projected to increase from 58,784 
billion BTUs in 1973 to 143,476 billion in 2000 
and electricity from 106,693 billion BTUs in 
1973 to 324,530 billion in 2000. These assumed 
rates of growth in production of crude petro­
leum, natural gas, and coal are quite arbitrary 
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and are expected to be highly influenced by fac­
tors exogenous to Oklahoma. 

Total state energy consumption is projected 
to equal 2,909,946 billion BTUs in 2000 com­
pared to 1,047,555 billion BTUs in 1973. Con­
sumption of petroleum products is projected to 
increase from 325,259 billion BTUs to 
1,019,641 billion over the 1973 to 2000 period, 
natural gas from 643,329 to 1,638,116 BTUs 
and coal from 1,885 to 4,339 billion BTUs. Elec­
tricity consumption is projected to increase 
from 77,082 billionBTUs in 1973 to 247,849 bil­
lion BTUs in 2000. 

The projected increase in energy consump­
tion for the state is substantial, equalling a 178 
percent increase over the 27 year period. For 
comparative purposes, the 1950 to 1977 period 
showed an increase of 124 percent for the U.S. 
as a whole. The baseline projections assumed 
the same efficiency of energy use to output as 
existed in the base year, 1972. Substantial 
energy use efficiencies have occurred with 
increased energy costs and are expected to con­
tinue over the projected period. Thus, the base­
line projections are expected to be gross over­
estimates of energy consumption for Oklahoma 
but useful for comparative analysis as shown in 
the following sections. 

Oklahoma experiences a declining net 
energy surplus in which total state energy 
trade is projected to equal316,948 billion BTUs 
in 2000 compared to 2,210,772 billion BTUs of 
energy surplus in 1973. The decline in net 
energy trade is due to the projected decline in 
natural gas and of petroleum products produc­
tion and increased consumption of total energy. 
Oklahoma is projected to have a deficit of 
94,899 billion BTUs of petroleum products in 
2000 compared to a surplus of 904,091 billion 
BTUs in 1973, and a surplus of 196,030 billion 
BTUs of natural gas in 2000 compared to a sur­
plus of 1,220,278 billion BTUs in 1973. The net 
coal trade is projected to increase from 56,899 
billion BTUs in 1973 to 139,137 billion BTUs in 
2000. The surplus in electricity is projected to 
increase from 29,505 billion BTUs in 1973 to 
76,681 billion BTUs in 2000 and represents 
marginal exports of electricity to neighboring 
states. 

Increased Energy Production 
Higher energy prices should stimulate 

increased activity in energy exploration and 
development in Oklahoma and increased 

energy production. Effects of events that are 
not reflected in the historical trend are not 
included in projections provided by the Okla­
homa simulation model. These events, whether 
economic or non-economic, may have consider­
able impact on energy production, consump­
tion, and trade. Further, increased energy 
production is expected to have impacts of state 
economic variables such as employment, 
income, and government revenues and 
expenditures. 

The impact of a 25 percent increase in the 
growth rates (or 25 percent decrease in the rate 
of decline) of petroleum products and natural 
gas production on employment, personal 
income, and energy trade is presented in Table 
2. For instance, total employment is projected 
to increase by 1,042 in 1980 over the baseline 
projection, 2,036 in 1990, and 2,606 in 2000. 
Total personal income is projected to increase 
by $9,745,000 in 1980,$23,199,000 in 1990, and 
$36,259,000 in 2000. Total energy trade is proj­
ected to increase by 24,210.8 billion BTUs in 
1980 and 71,285.8 billion BTUs in 2000. Trade 
in petroleum products is projected to change by 
23,915.3 billion BTUs in 1980 and 69,431.0 bil­
lion BTUs in 2000. Natural gas is projected to 
increase by 362.7 billion BTUs in 1980 and 
2,086.2 billion BTUs in 2000. Marginal 
decreases in energy trade for coal and electric­
ity occur due to direct and indirect effects of 
increased production of petroleum and natural 
gas. 

The impact of a 25 percent increase in the 
growth rate of coal production on total employ­
ment, personal income, and energy trade is pre­
sented in Table 3. Total employment is 
projected to increase by 109 in 1980, 353 in 

TABLE 2 

Changes in Employment, Personal Income and Energy 
Trade as a result of25 Percent Increase in the Growth 

Rates of Petroleum Products and Natural Gas Production, 
Oklahoma 

Change Change in Total 
in Total Personal Change in 

Employment Income Energy Trade 
Year (Number) (1972 Dollars) (Billion BTUs) 

1975 370 3,242,000 9,515.6 
1980 1,042 9,745,000 24,210.8 
1985 1,625 16,701,000 37,611.6 
1990 2,036 23,199,000 49,897.2 
1995 2,374 29,883,000 61,082.2 
2000 2,606 36,259,000 71,285.8 
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TABLE3 

Changes in Employment, Personal Income and Energy 
Trade as a Result of 25 Percent Increase in the Growth 

Rate of Coal Production, Oklahoma 

Change Total 
in Total Personal 

Employment Income Energy Trade 
Year (Number) (1972 Dollars) <Billion BTUs) 

1972 25 239,000 1,496.0 
1980 109 1,072,000 4,777.2 
1985 215 2,341,000 9,336.3 
1990 353 4,281,000 15,555.7 
1995 537 7,220,000 23,918.3 
2000 775 11,539,000 35,044.3 

1990, and 775 in 2000. Total personal income is 
projected to increase by $1,072,000 in 1980, 
$4,281,000 in 1990, and $11,539,000 in 2000, in 
1972 prices. As a result of the assumed increase 
in coal production, total state energy trade is 
projected to increase by 4,777.2 billion BTUs in 
1980 and 35,044.3 billion BTUs in 2000. This is 
the net effect of an increase in coal production 
and a marginal decrease in energy trade from 
petroleum products, natural gas, and electricity 
due to direct and indirect effects associated 
with increased coal production. 

Increase Energy Use Efficiency 
Energy efficiency in the final demand sectors 

is assumed to increase by 25 percent in the year 
2000 compared to the efficiency in the 1972 base 
period. The results are presented in Table 4. 
Total energy trade is projected to increase 
29,242.9 billion BTUs in 1980 and 269,164.9 
billion BTUs in 2000. Trade is projected to 
increase in petroleum products by 16,110.5 bil­
lion BTUs in 1980 and 148,306.6 billion BTUs 
in 2000, natural gas by 9,901.3 billion BTUs in 
1980 and 91,126.9 billion BTUs in 2000, and 
electricity by 3,231.1 billion BTUs in 1980 and 
29,731.5 billion BTUs in 2000. Since energy 
production is not affected by the proposed 
change, energy consumption is expected to 
decline by equal amounts as indicated for 
energy trade in Table 4. 

Policy Implications and Conclusions 

Before the recent energy boom in Oklahoma, 
the trend in total energy production was on a 
decline with petroleum products showing more 
than a one percent annual decrease. Economic 
growth in Oklahoma has increased energy con-

TABLE4 

Changes in Energy Trade as a Result of 25 Percent 
Increase in Energy Efficiency in the Final Demand 

Sectors, Oklahoma 

(Billion BTUs) 

Petroleum Natural Electricity 
Year Plloducts Gas & Hydropower Total 

1975 4,927.0 3,028.0 988.3 8,943.6 
1980 16,110.5 9,901.3 3,231.1 29,242.9 
1985 32.738.8 20,115.6 6,563 .9 59,412.3 
1990 57,361.4 35,248.7 11,501.3 104,111.4 
1995 94,011.6 57,767.6 18,848.2 170,627.3 
2000 148,306.6 91 ,126.9 29,731.5 269,164.9 

sumption substantially. An energy-based sim­
ulation model was developed to project the 
results of these trends and provide baseline 
data on energy production, consumption, and 
trade to the year 2000 (Table 1). These results 
assume 1972 levels of energy use efficiency. 
Under these conditions, Oklahoma remains a 
net exporter of energy by 2000 but only at about 
15 percent of the 1973 level of exports. 

The recent surge in state energy exploration 
and production has added a great deal of eco­
nomic activity to the state. Changes in energy 
price policies and future growth in energy 
demand are uncertain and the effects on state 
economic activity are difficult to predict. The 
simulation model was used to determine the 
impact of a 25 percent increase in the rate of 
growth of petroleum products and natural gas 
production by the year 2000. Employment is 
expected to increase over the 1972 base period 
by about 2,600 people, total personal income by 
$36,000,000 and energy trade by 71,000 billion 
BTUs. With the present energy boom, Okla­
homa far exceeds these assumed rates of change 
in petroleum and natural gas production. In 
fact, the assumed rates still show a decline in 
state production from these energy sources. The 
model, however, could trace the impact of var­
ious alternative growth rates. 

The energy simulation model was also used 
to show the impact on energy trade of an 
assumed 25 percent increase in energy use effi­
ciency for the final demand sectors by the year 
2000. Final demand accounted for more than 25 
percent of total energy consumption in Okla­
homa for 1972. The assumed increase in effi­
ciency in energy use allowed an additional 
269,165 billion BTUs to be traded by the year 
2000. This quantity equals about 12 percent of 
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the amount of energy traded by the state in 
1973 and allows for about an 85 percent 
increase in total energy trade in 2000, assum­
ing the baseline projections. Increased effi­
ciency in energy use should allow for sub­
stantial increases in future energy trade for the 
state. 

The search for alternative energy choices is of 
great concern at the present time. With higher 
energy prices, more options exist now than ever 
before in meeting energy needs. Such options 
include coal, nuclear, biomass, solar, geother­
mal, oil shales, tide, wind and gasohol. These 
alternative energy sources are becoming more 
feasible with increased energy prices. The 
impact of the development of these alternative 
energy sources on the economy of Oklahoma is 
a critical importance. The present energy infor­
mation system should be useful in assessing 
these impacts. 

The assumptions involved in the present sim­
ulation model and the lack of more current data 
for many components of the present data base 
limit the usefulness of results for definitive pol­
icy analysis. Inability of the model to adjust the 
changes in energy prices, as well as other rela­
tive price changes, does not allow much confi­
dence to be placed on predictive power. Lack of 
current energy-to-output relationships and 
projected trends in these relationships grossly 
over estimates energy consumption. However, 
the logic of an energy balance sheet for an 
energy producing state such as Oklahoma and 
the consistency checks provided by input-out­
put should prove useful in analyzing alterna­
tive energy choices. 

FOOTNOTES 

1A11 represents direct requirements from the non-energy 
sectors per unit output of non-energy sectors ($/$) and A,2 

represents direct requirements from non-energy sectors per 
unit output of the energy sectors ($/BTU). 

2A2, represents direct energy requirements from the 
energy sectors per unit of output of the non-energy sectors 
(BTU/$) and A22 represents direct energy requirements 
from the energy sectors per unit of output of the energy sec­
tors (BTU/BTU). 

REFERENCES 

1. Doeksen, Gerald A. and Dean F . Schreiner. A Simula­
tion Model for Oklahoma with Economic Projections 
from 1963-1980. Bulletin B-693. Stillwater: Oklahoma 
State University, Agricultural Experiment Station, 
1971. 

2. Edison Electric Institute. Statistical Yearbook of the 
Electric Industry. Washington, DC, 1976. 

3. Ekholm, Arthur L., Dean F. Schreiner, Vernon R. Eid­
man and Gerald A. Doeksen. Adjustments Due to a 
Declining Groundwater Supply: High Plains of Okla­
homa and Texas. Bulletin T-142. Stillwater: Oklahoma 
State University, Agricultural Experiment Station, 
1976. 

4. Ghebremedhin, Tesfa G. "A Social Accounting System 
and Simulation Model for Analyzing Alternative 
Energy Choices for Oklahoma and Projecting Economic 
Variables from 1972 to 2000." <Unpublished Ph.D. Dis­
ertation, Library, Oklahoma State University, 1981.) 

5. Hoch, Irving. Energy Use in the United States by State 
and Region (A Statistical Compendium of 1972, Con­
sumption, Prices, and Expenditures) . Washington, DC: 
Research Paper R-9, Resources for the Future, 1978. 

6. Maki, Wilbur R., Richard E. Suttor, and Jerald R. Bar­
nard. Simulatin of Regional Product and Income with 
Emphasis on Iowa, 1954-74. Ames: Iowa State Univer­
sity, Agricultural Experiment Station Bulletin 548, 
September 1966. 

7. Schaffer, William A. and Kong Chu. "Non-Survey Tech­
niques for Constructing Regional Interindustry 
Models." The Regional Science Association Papers, 23: 
83-101, November, 1968. 

8. U.S. Department of Commerce, Bureau of Economic 
Analysis. "The Input-Output Structure of the U.S. Econ­
omy, 1972." Survey of Current Business, Vol. 59, Wash­
ington, DC, April 1979. 

9. U.S. Department of the Interior, Bureau of Mines. Min­
erals Year Book 1975 (Area Report Domestic), Washing­
ton, DC, 1977. 




