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Introduction 

Since the end of 1981, oil prices have been falling in 
both nominal and real terms. As measured by therefmers' 
acquisition cost of crude oil, nominal oil prices fell about 
$10 per barrel between 1981 and 1985. Another decline 
of nearly $14 per barrel occurred between the fourth 
quarter of 1985 and the second quarter of 1986. These 
declines reversed the general trend of rising oil prices 
experienced during the 1970s. 

There are several channels through which these oil 
price fluctuations influence the economic performance of 
energy producing states. Direct effects are experienced in 
the oil and gas industry as production, drilling, and explo­
ration activities change. These changes produce indirect 
and induced effects in other sectors, the magnitude of 
which depends on the extentto which the state's economy 
is integrated around oil and gas. Additional influences are 
transmitted through channels that are related to changes in 
the level and composition of macroeconomic activity. 
Factor intensities may also be affected. 

The purpose of this paper is to identify several of the 
key channels through which oil price fluctuations affect 
the economies of energy producing states and to estimate 
the size of these effects for several selected states. These 
estimates are used to assess the role of fluctuating oil 
prices in the selected states' recent economic performance 
and to provide an indication of near-term future trends. 

In the next section, the historical trends in oil prices 
are presented along with several measures of state eco­
nomic performance for Colorado, Oklahoma, and Wyo­
ming. The extent of both sectoral diversity and integration 
around oil and gas differs substantially across these states 
and therefore provides a rich set of experience on which to 
estimate the range of impacts that fluctuating oil prices 
can have at the state level. 

In the section on model specification, the various 
channels of influence are identified and a small-scale 
model is specified to incorporate the key channels. In the 
section on empirical methodology, the data and econom­
etric methodology are presented and discussed. In the 
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section on estimated equations, the econometric estimates 
are presented and analyzed. The implications for state 
economic performance are discussed in the final section in 
the context of recent performance. 

Overview of Historical Peformance 
Oil Prices 

In the frrst quarter of 1973, the refmers' acquisition 
cost of crude oil (composite of domestic and imported) 
stood at $4.88 per barrel. Within one year, the per barrel 
cost had increased to $8.24 and represented the frrst of two 
oil price shocks that would occur over the period 1974 
through 1981. After another year had passed, the refiners' 
cost was at $9.83. The cost continued to rise steadily 
through 1978, and by the frrst quarter of 1979 was at 
$13.41 per barrel. During the course of 1979, the second 
oil price shock was initiated. By the frrst quarter of 1980, 
the refmers' cost had climbed to $25.93 per barrel. The 
cost per barrel peaked (on a quarter! y average basis) in the 
first quarter of1981 at $36.54. In eight years, the nominal 
dollar cost of crude oil had increased by almost 650 
percent-representing a compound annual growth rate of 
over28 percent in nominal terms. In real terms,' oil prices 
had advanced by almost 300 percent, or at a compound 
annual growth rate of over 18 percent. 

Oil prices began to decline in the second quarter of 
1981. By the second quarter of1983, the refmers' cost was 
at $28.61 per barrel in nominal terms. On a quarterly 
average basis, the cost fluctuated in the $28-29 per barrel 
range until 1985, when it moved within the $26.50 to 
$27.00 range. By the second quarter of 1986, refiners' 
cost had fallen to about $13 per barrel. In real terms, the 
price of oil in the second quarter of 1986 was 28 percent 
of its value in the frrst quarter of 1981. 

State Economic Performance 

The economic performance of Colorado, Okla­
homa, and Wyoming during the 1970s and 1980s was 
influenced significantly by behavior of oil prices. As 
shown in Tables 1, 2, and 3, the growth rate for mining 
employment2 was typically very high in these three states 
in 1973 and 1974, the frrst oil price shock period, and also 
during 1979-81, the second oil price shock period. During 
the interim period, growth in mining employment was 
generally strong. Although the timing and magnitudes 
vary across states, the direct impact of sharply rising oil 
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prices is evident in every case. The decline in oil prices 
(both in nominal and real terms) that began in 1981 is 
reflected in negative employment growth in the mining 
sectors of each state beginning in late 1981 and early 1982. 
(On a quarterly basis, the decline begins in the ftrst or 
second quarter of 1982.) This negative growth persists 
through 1985 and is accentuated in early 1986 when real 
oil prices declined sharply. 

With the exception of national recessionary periods 
(1974-75 and 1980-82), total employment growth was 
relatively high in each state during the period of rising oil 
prices. As oil prices began to fall, however, weakness in 
total employment growth began to develop. Each of the 
three states experienced negative growth during 1982 
with negative growth also occurring in 1983 in Wyoming. 
Given the negative impact of the severe 1982 recession on 
oil prices, the declines in total state employment in 1982 
likely reflect the transmission of national business cycle 
conditions to the three states through the "oil price" 
channel. However, in the cases of Colorado and Okla­
homa, impacts were also transmitted through a decline in 

the durable goods manufacturing industries present in 
each states' economic base. 

The softness in Oklahoma and Wyoming since the 
1982 recession year is probably largely attributable to 
declining real oil prices. Colorado has felt this pressure 
as well, as evidenced by declines in oil and gas employ­
ment, but the boom in investment and high tech goods in 
1984 disguises the negative impacts of a declining oil and 
gas sector in the state. Since the precipitous decline in oil 
prices in early 1986, employment growth in all three 
states has been slow or negative with the exception of a 
curious growth spurt in Wyoming in the second quarter of 
1986.' 

Unemployment rates for the three states typically 
are low or declining in the nonrecession years during the 
period of oil price increases. Since 1982, the rates typi- . 
cally have increased along with declining oil prices. In­
creases have been particularly sizeable during 1986. The 
growth rates of real personal income in Colorado, Okla­
homa, and Wyoming were correspondingly high during 
the period of increasing oil and gas activity and escalating 

Table 1 

Colorado Economic Performance, 1973:1-1986:3 
Annualized Growth Rate from Previously Listed Quarter 

--Employment-- Real Personal Unemployment 
Quarter Oil&Gas Total Income Rate 

1973:1 3.0 
1974:1 12.3 3.3 2.1 3.4 
1975:1 18.8 0.4 -2.9 5.1 
1976:1 7.8 3.8 6.5 5.0 
1977:1 7.8 3.8 3.2 4.9 
1978:1 19.8 8.9 8.1 4.0 
1979:1 7.3 7.0 5.5 3.2 
1980:1 19.4 4.0 1.1 5.1 
1981:1 37.3 2.7 1.8 5.6 
1982:1 33.6 3.7 5.3 6.6 
1983:1 -11.8 -1.0 2.1 7.5 
1984:1 - 1.9 4.7 4.6 6.0 
1985:1 -3.0 3.7 3.8 5.8 

1986:1 -10.9 1.9 1.7 6.5 
1986:2 24.8 -0.1 2.1 6.9 
1986:3 -26.5 -1.7 7.2 

Sources: Colorado Department of Labor and Employment; U. S. Bureau of Economic Analysis. 
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Table 2 

Oklahoma Economic Perfonnance, 1973:1-1986:3 
Annualized Growth Rate from Previously Listed Quarter 

--Employment-- Real Personal Unemployment 
Quarter Mining Total Income Rate 

1973:1 NA 
1974:1 7.9 5.3 3.2 NA 
1975:1 11.3 1.9 -0.2 6.3 
1976:1 2.9 3.3 7.0 6.4 
1977:1 5.9 3.6 4.3 5.6 
1978:1 11.4 4.9 2.7 4.5 
1979:1 12.5 6.4 8.5 3.8 
1980:1 15.8 5.6 2.3 4.3 
1981:1 31.0 4.6 4.2 4.0 
1982:1 32.5 5.6 9.0 4.3 
1983:1 -29.1 -5.6 -4.0 9.8 
1984:1 -9.9 0.9 1.3 7.5 
1985:1 -8.4 0.0 2.2 7.6 

1986:1 -12.4 -1.2 -0.4 7.9 
1986:2 -32.5 0.8 1.7 8.6 
1986:3 -15.5 -6.2 NA 8.8 

Sources: U.S. Bureau of Labor Statistics; U.S. Bureau of Economic Analysis; Wharton 
Econometric Forecasting Associates. 

real oil prices. However, in the years of the oil price 
shocks, real income growth slowed due to the impact of 
sharply escaJating oil prices on the general inflation rate. 
During the period of declining oil prices, the rates of real 
income growth slowed in Oklahoma and Wyoming rela­
tive to the rates experienced during the period of increas­
ing oil prices. Colorado experienced a slowdown as well, 
except during the investment and high tech boom in 1984. 

In summary, the economic performance of Colo­
rado, Oklahoma, and Wyoming in the 1970s and 1980s 
was influenced significantly by the rise and fall of oil 
prices. This is most clearly seen in the growth patterns of 
employment in the oil and gas industry and the mining 
sector. The data in Tables 1, 2, and 3 also suggest that 
national business cycle conditions and local industry mix 
played a role as well. To estimate the extent to which 
fluctuating oil prices influence the economies of Colo­
rado, Oklahoma, and Wyoming, a small-scale economic 
model is specified and estimated for each state. These 
models attempt to capture .the main channels through 
which oil prices and other key factors contribute to state 

economic perfonnance. Model specification is addressed 
in the following section. Estimation is treated in the 
section on empirical methodology. 

Model Specification 

Oil price fluctuations initially impact a state's eco­
nomic perfonnance through influencing the level of activ­
ity in the state's oil and gas industry and through changes 
in the overall growth and composition of macroeconomic 
activity. The magnitude of these direct affects are a 
function of how responsive oil and gas sector activity is to 
changes in real oil prices and how responsive the state's 
industry mix is to changes in the growth rate and compo­
sition of aggregate economic activity. In addition, the 
impact of changing oil prices on the overall level of prices 
influences the level of real personal income and, therefore, 
local comsumption. 

The direct effects generate indirect effects through­
out the locally-oriented business sector. The magnitude of 
these indirect effects depends on the extent to which the 
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Table 3 

Wyoming Economic Performance, 1973:1- 1986:3 
Annualized Growth Rate from Previously Listed Quarter 

--Employment-- Real Personal Unemployment 

Quarter Mining Total Income Rate 

1973:1 
1974:1 20.3 10.0 7.2 
1975:1 21.6 7.7 0.4 5.4 
1976:1 3.3 6.3 8.9 5.0 
1977:1 20.8 7.1 6.7 4.5 
1978:1 20.1 13.5 12.1 3.8 
1979:1 112.6 7.3 9.6 3.2 
1980:1 8.2 6.0 4.8 4.1 
1981:1 8.1 5.2 3.6 4.7 
1982:1 5.4 2.7 -0.1 5.1 
1983:1 -23.8 -7.6 -6.6 9.8 
1984:1 -4.8 -2.3 -2.2 7.9 
1985:1 -7.5 0.4 1.8 7.9 

1986:1 -3.4 0.3 4.2 10.4 
1986:2 -38.2 2.9 3.1 9.8 
1986:3 -13.2 0.1 NA 8.3 

Sources: U.S. Bureau of Labor Statistics; U.S. Bureau of Economic Analysis; Wharton Econometric 
Forecasting Associates. · 

state's economy is integrated around the oil and gas 
industry or other key export sectors that are strongly 
affected by changes in oil prices or macroeconomic activ­
ity. 

duces additional activity (induced effects) through house­
hold consumption and investment and through local gov­
ernment expenditure of additional tax revenues. 

The personal income earned in the production proc­
esses associated with the direct and indirect effects in-

(1) DEMG, = f1[A11(L) DRPO,] 

To capture these various effects, the following 
general model framework is specified: 

(2) DEMF, = f2[Au(L)DRPO,, ~i(L)DXi,,B11(L)DEMG,, B12(L)DEO,, B13(L)DRPY,] 

(3) DEFC, = f3[~1 (L)DEFCU,] 

(5) DRPY, = f5[A51(L)DX1t, B51(L)DEE,, B52(L)D~] 

(6) OUR, = f6[A6i(L)DXit, B61(L)DEE,] 

(7) DEE, = DEMG1 + DEMF, + DEFC, + DEO, 
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where 

DEMG = change in mining employment 

DEMF = change in manufacturing employment 

DEFC = change in federal government civilian 
employment 

DEO = DEE - DEMG - DEMF- DEFC 

DRPY = change in real personal income 

OUR = change in unemployment rate 

DEE = change in total civilian non-agricultural 
employment 

DRPO = change in real oil prices 

DEFCU = change in federal government civilian 
employment, United States 

DX = change in various exogenous, macro-
economic variables related to state's 
industry mix 

L = the lag operator 

Aii(L),Bii(L) = polynominals in the lag operator 

Equation (1) links oil and gas industry (or mining 
sector) employment changes to changes in real oil prices. 
The direct effects of real oil prices and the growth and 
composition of aggregate activity on the state's manufac­
turing and non-manufacturing employment are captured 
in Equations (2) and (4). The DXs in these equations are 
chosen to reflect each state's basic industry mix. The D Xs 
chosen for each state will be presented below. To capture 
the extent of economic integration in a state's economy 
around oil and gas and other export-oriented sectors, 
DEMG and DEO are specified on the right-hand side 
(RHS) of Equation (2), and DEMG, DEMF, and DEFC 
are specified on the RHS of Equation (4). To reflect the 
presence of rnther large amounts of federnl civilian em­
ployment in each state, changes in local federal civilian 
employment are made a function of the corresponding 
national changes in Equation (3). 

Changes in real personal income are specified as a 
function of local total employment changes and changes 
in unemployment (a proxy for the effect of labor market 
conditions on wagernte growth). In addition to these local 
influences, local personal income is also assumed to be 

related to both government transfer payments to persons 
and farm proprietor's income, nationally. The latter is 
important since all three states have significant agricul­
tural sectors. The former picks up trends in government 
income transfer programs. 

Equation (6) specifies the change in the unemploy­
ment rate as a function of local employment change, the 
spread between local and United States unemployment 
rates and a constant term. The "spread variable" is a proxy 
for the impact of unemployment rate differentials on 
migration, and through this channel, future labor force 
growth and, therefore, future unemployment The con­
stant term proxies trends in labor force growth related to 
population growth and increasing labor force participa­
tion rates. Without the "spread variable," relatively high 
and sustained employment growth would imply contin­
ued decreases in the unemployment rate. The high em­
ployment growth experienced in Colorado, Oklahoma, 
and Wyoming during the period of oil price increases 
induced sizeable migration flows (at least in the case of 
Colorado), thereby dampening the impact of employment 
growth on the unemployment rate. 

In summary, the direct effects of real oil price 
changes and related (and unrelated) changes in the level 
and composition of aggregate activity are captured by the 
DRPO, DX, and DEFCU variables on the RHS of Equa­
tions (l)-(6). The indirect effects are captured by the 
presenceofDEMG,DEMF,DEFC,andDEOontheRHS 
of Equations (2) and (4). Induced effects are captured 
through the specification of DRPY on the RHS of Equa­
tions (2) and (4) and by the feedbacks through the unem­
ployment rate and income equations. Note that the use of 
real personal income provides an additional channel 
through which oil price changes can influence economic 
performance. As oil prices rise (fall), an induced rise (fall) 
in the general price level occurs. Correspondingly, real 
income falls (rises). Empirically, this real income channel 
of influence has been found to be very important in 
transmitting the effects of changing oil prices. The impact 
of changing real (or relative) oil prices on factor intensities 
is not explicitly treated in this model specification. Al­
though there is empirical support for substitution among 
energy, labor, capital, and materials, data constraints 
precluded incorporating this channel. In the short run, the 
impacts of factor intensity changes are probably small in 
comparison· to the other effects identified above. Given 
the quarterly nature of this analysis presented in this paper, 
it is assumed that any factor intensity effects present 
would be rather small and have negligible consequences 
for the conclusions reached in this paper. 

Based on a brief review of historical data on each 
state's employment by industty, a set of key sectors and 
related macro variables were identified for each state. 
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These are presented by state in Table 4. The decision to 
include or exclude these various macro variables was 
empircally based 

Empirical Methodology 
Econometric Estimation 

Equations ( 1 )-( 6) are stochastic relations. Equation 
(7) is an indentity. The first step in estimating Equations 
(1)-(6) involved determining the differencing order(s) 
required to achieve covariance stationarity. Either first or 
first and fourth order differences were sufficient to induce 
stationarity. The second step was to estimate univariate 
transfer functions for each stochastic equation. The auto­
correlation and partial autocorrelation functions for the 
residuals from these fits along with the Q-statistics were 
evaluated to determine the initial stochastic specification 
needed to obtain white noise residuals. Each transfer 
function was then reestimated with the initially identified 
stochastic structure. This process of estimating and diag­
nostic checking of residuals was iterated until an adequate 
model was achieved. During this iterative process, the lag 
lengths for each RHS variable was determined by slightly 
overfltting what was initially believed to be the correct lag 
length. The sets ofRHS variables initially tried are those 
listed in Table 4. 

The fmal univariate transfer function models were 
selected based on the sign-correctness and significance of 
the parameter estimates, the reasonableness of the esti­
mated parameter values and of the lag lengths, and the 
"whiteness" of the residuals. Because of the simultaneous 
nature of the model, the next step was to take the estimated 
univariate transfer function models along with the identity 
[(Equation (7)] and estimate them simultaneously using 
full information maximum likelihood (FIML). Finales­
timated systems for each state were selected on the basis 
of the reasonableness of the parameter estimates (sign­
correctness, significance, and magnitude), the "white­
ness" of the residuals (equation-by-equation), the appro­
priateness of the lag length, and the reasonableness of the 
multipliers. 

Data 

All data used to estimate the state models are season­
ally adjusted quarterly figures. The personal income data 
are expressed at annual rates. State employment data are 
from the BLS 790 files and related state sources and are for 
civilian, nonagricultural workers. The unemployment 
rate data are from the monthly household survey. Personal 
income data are from the Bureau of Economic Analysis, 
Regional Economic Information System data files. Na­
tional variables are from various sources including the 

National Income and Product Accounts, the Department 
of Energy, and the Federal Reserve Board and are season­
ally adjusted. Wharton Econometric Forecasting Associ­
ates kindly provid~ all of the macro data and the state data 
for Oklahoma and Wyoming. 

The sample used for Colorado runs from 1970: 1 
through 1985:4. All macro and Colorado series are 
complete for this period with the exception of the nominal 
dollar refmers' acquisition of crude oil which begins in 
1974:1 . This series was extrapolated back to 1970:1 
using the producer price index for crude petroleum. 

The sample for Oklahoma also runs from 1970:1 
through 1985:4 with the exception of the unemployment 
rate which begins in 1975:1 For Wyoming, the sample 
runs from 1972: 1 through 1985:4 with the exception of the 
unemployment rate which begins in 1975.1. The un­
availability of unemployment rate data in these two states 
prior to 1975 creates a problem in the use of FIML 
estimation. To conserve observations, FIML is applied to 
Equations (1)-(5) and (7) for Oklahoma and Wyoming. 
The unemployment rate equation is estimated separately. 
As a result of this procedure, certain parameters may be in­
consistently estimated. To drop the pre-1975 observa­
tions seemed to create more potential problems, however, 
since one of the two major oil price run -ups occurred in 
this period. 

Estimated Equations 

The FIML estimates for the Oklahoma, Wyoming, 
and Colorado equations are presented in Tables 5, 6, and 
7, respectively. These estimates are based on a convari­
ance matrix restricted to be diagonal in form. This 
restriction was found to be helpful in obtaining consis­
tently reasonable results across models. The use of this 
restriction results in estimates that are not precisely full 
information estimates. However, the approach chosen 
does deal with the important issues of simultaneity and 
ARMA error structures. The Oklahoma and Wyoming 
equations follow the specification set forth in the section 
on model specification. The Colorado model has several 
additional sectors of detail that enables a more refined 
analysis of the channels through which oil price fluctua­
tions influence state economic performance. This addi­
tional detail was feasible to obtain for Colorado due to the 
ready availability to the author of the additional data 
required. The exogenous macro variables used in the three 
sets of equations that were not previously defined appear 
in Table 8. 

The equations for Oklahoma are all reasonable in 
terms of signs and all coefficients are significant at or 

above the ten percent level. Many coefficients have t­
ratios exceeding 2.0. The equation fits based on R2s are 
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Table4 

Key Sectors and Related Macro Variables by State 

COLORADO 
Industry 

OilandGas 
Meat Products 
Beverages 
Rubber and Plastics 
Computers/Office Machines 
Electronic Components 
Communications Equipment 
Aerospace Systems 
Business and Professional Services 
Tourism and Recreation 

Agriculture 
Federal Government 

OKLAHOMA 
Industry 

OilandGas 
Meat Products 
Apparel 
Petroleum Refining 
Oil Field Machinery 
Motor Vehicles and Equipment 
Aircraft and Parts 
Agriculture 
Federal Government 

WYOMING 
Industry 

OilandGas 
Agriculture 
Federal Government 

good, given that the dependent variable is in change form. 
Based on the Q-statistics provided, the null hypothesis 
that each error is white noise (i.e., not autocorrelated) 
cannot be rejected. The rather large value of Q(24) for 
Equation (OK.5) reflects a large, insignificant, autocorre­
lation at a lag of 24. The Q(23) statistic is 22.2. 

Although the model's estimated equations appear to 
be reasonable, the long-run employment multiplier for 

Macro \'ariableCsl 

Real price of oil 
Real output SIC 201 
Real output (SIC 208) 
Real output SIC 30 (less 301) 
Real output SIC 357 
Real output SIC 367 
Real output SIC 366 
Real output SICs 372, 376 
Real output SICs 73, 81, 89 
Exchange rate, real per capita income, 
population aged 25 to 34 years 
Farm proprietors' income 
Federal civilian employment 

Macro \'ariableCs} 

Real price of oil 
Real output (SIC 201) 
Industrial production SIC 22 
Real price of oil 
Real price of oil 
Industrial production SIC 371 
Industrial production SIC 372 
Farm proprietors' income 
Federal civilian employment 

Macro \Tariable(s) 

Real price of oil 
Farm proprietors' income 
Federal civilian employment 

employment changes in the mining sector is 2.4.4 This 
seems somewhat low for a state such as Oklahoma that is 
rather concentrated in oil and gas. A recent study of the 
energy industry in Texas reported an employment multi­
plier of about 4.1 [Hill]. If a multiplier of2.4 is too low for 
Oklahoma, then the indirect and induced effects of chang­
ing oil prices will be understated. This caveat should be 
kept in mind when interpreting the simulation results 
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TableS 

Estimated Equations: Oklahoma 

(OK.1) 

DEMGOS1 = [0.5357 + 0.3274U] DRP01 + [1/(1-0.8411L + 0.2665L3)] ~1 
(0.1826) (0.1825) (0.1028) (0.1025) 

R2 (changes)= 0.61 
Q(12) = 9.0 Q(16) = 9.2 Q(24) = 11.4 

(OK.2) 

DEMFOS1 = [0.1885](DRP01_1 + DRP01_J + [0.1726] DIP22US1 + [0.0924] DIP371US1 + 
(0.1301) (0.0792) (0.420) 

[0.1779] DIP372US1 + [0.4278] DEMGOS1 + [1/(1-0.4908L - 0.3725U + 
(0.0715) (0.1145) (0.1288) (0.1283) 

0.3386L3)] ~ 
(0.1218) 

R2 (changes)= 0.70 
Q(12) = 6.5 Q(16) = 11.1 Q(24) = 18.0 

(0K.3) 

DEFCOS1 = [11.3034] DEFCUS1 + [1/(1-0.4755L4 ) ~1 
(1.6335) (0.1083) 

R2 (changes) = 0.52 
Q(12) = 6.9 Q(16) = 11.4 Q(24) = 16.3 

(OK.4) 

DEOOS1 = DEOOS1_. + [0.2952](DQLPSVUS1 - DQLPSVUS1) 

(0.1979) 

- [2.9095](DRI~- DRIM1) + [0.8704](DEMGOS1 - DEMOS1) + 
(1.4409) (0.1885) 

+ [0.0067V](DRPYOS1 - DRPYOS1) + [1/(1+0.4059L + 0.4108L4)] a"' 
(0.0041) (0.1357) (0.1412) 

R2 (changes)= 0.71 
Q(12) = 7.6 Q(16) = 9.1 Q(24) = 15.1 

67 
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(OK.5) 

DRPYOS1 = [10.9572] DFYU1 + [16.7843) DFG1PS1 + 
(5.5582) (7.0787) 

[7.4003] DEEOS1 + [1/(1+0.3390L)] list 
(1.0853) (0.1367) 

R2 (changes) = 0.37 
Q(12) = 11.3 Q(16) = 16.2 Q(24) = 28.0 

(OK.6) 

DUROS1 = 0.2149- [0.0245] DEEOS1 - [0.4151U](DUROS1 - DURUS1) + 
(0.1021) (0.0035) (0.1180) 

[l/(1-0.6115L + 0.2669Ll)] a61 

(0.1250) (0.1220) 

R2 (changes) = 0.69 
Q(12) = 6.6 Q(16) = 8.3 Q(24) = 15.7 

The last two letters of each endogenous variable (OS), indicates "Oklahoma, seasonally adjusted." 

presented in the next section. Additional research is 
required to determine if the Oklahoma multiplier is too 
low, and if it is, what features of the specification are 
causing the downward bias. 

The Wyoming model's estimated equations are all 
reasonable in terms of signs and significance levels for 
estimated parameters. The fits are very good in most cases 
with Rls at 0.8 and 0.9 for several equations. Recall that 
the Rls are for first-differenced dependent variables. 

With the exceptions of the real income and federal 
employment equations, the equations' Q-statistics indi­
cate that the null hypothesis of white noise for the residu­
als cannot be rejected. In the federal employment equa­
tion, the rather high Q-statistics result from high autocor­
relations (ACs) at long lags (19 and 24). Omitting these, 
the Q(24) equals about 22.0. The problem in the real 
income equation also occurs due to high ACs at rather long 
lags(9, 10, and 11). TheQ(8) is2.8. Given the rather low 
R2 for this equation and the absence of significance for 
United States farm proprietor's income, federal transfer 
payments, and a trend factor in the equation leads one to 
suspect that some influence on real income in Wyoming 
has been omitted or that the data is relatively noisy. The 
simulations done in the next section should not be affected 
too much, however, given that the estimated value for the 
parameter on the change in employment variable is of 

about the right size (5,140 constant 1967 dollars per job, 
or about 16,500 current dollars per job on average). 

The employment multiplier implied by the model 
for a change in mining sector employment in Wyoming is 
2.4. Given the relatively small size of the Wyoming 
economy and the sizeable leakages that certainly must 
occur, this multiplier does not seem unreasonable. If 
anything, it may be somewhat high. In comparison to 
Oklahoma, if 2.4 is about right for Wyoming, then 
Oklahoma's multiplier, in all probability, is higher than 
this. 

The estimated Colorado model presented in Table 7 
contains equations for manufacturing employment, fed­
eral civilian government employment, real personal in­
come, and the unemployment rate as in the cases of 
Oklahoma and Wyoming. In addition, equations for 
changes in oil and gas industry employment (DE13CS), 
changes in construction employment (DECCCS), and 
changes in amusement-recreation sector employment 
(DEARCS) are specified and estimated. The residual em­
ployment change category is denoted DEOCS. 

The objective of the additional disaggregation is to 
attempt to capture additional channels through which oil 
price changes influence Colorado. Focusing on oil and 
gas employment versus mining employment overall 
(which includes, inter alia, metals and sand and gravel 
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Table 6 

Estimated Equations: Wyoming 

(WY.1) 

DEMGWS, = DEMGMS,_. + [0.2684L] (DRPO,- DRPO,) + 
(0.0702) 

[(1+0.4837L)/{1-0.3182L + 0.3820L4)] ~1 
(0.1808) (0.1811) (0.1361) 

R2 (changes)= 0.61 
Q(12) = 6.4 Q(16) = 9.8 Q(24) = 18.5 

(WY.2) 

DEMFWS, = DEMFWS,_. + [0.0026] (DRPYWS,- DRPYWS,) + 
(0.0011) 

[0.0524] (DEMGWS,- DEMGWS,) + 
(0.0281) 

[(1-0.7941L4)/(1+0.2659L2)] a, 
(0.0929) (0.1581) 

R2 (changes)= 0.86 
Q(12) = 6.9 Q(16) = 10.8 Q(24) = 15.6 

(WY.3) 

DEOWS, = DEOWS,_. + [0.9244] (DEMGWS,- DEMGWS,) + 
(0.2376) 

[(1-0.3711L)/(1+0.3803L2 + 0.5951L4)] ~ 
(0.1754) (0.1382) (0.1367) 

R2 (changes) = 0.90 
Q(12) = 7.2 Q(16) = 8.5 Q(24) = 12.0 

(WY.4) 

DRPYWS, = [5.1398] DEEWS, + [1/(1-0.8897L 4)] a« 
(0.8951) (0.0807) 

R2 (changes) = 0.45 
Q(12) = 19.0 Q(16) = 21.9 Q(24) = 32.4 
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(y{Y.5) 

DEFCWS, = DEFCWS,_. + [2.9994](DEFCUS, - DEFCUS,_.) + 
(0.7386) 

[1/(1+0.3463L + 0.3422L2·+ 0.4201V + 0.6224L4)] a5t 
(0.1348) (0.1413) (0.1509) (0.1492) 

R2 (changes)= 0.91 
Q(12) = 11.3 Q(16) = 18.1 (Q(24) = 31.7 

(y{Y.6) 

DURWS, = 0.2025- [0.0513] DEEWS,­
(0.0604) (0.0116) 

[0.4847Ll](DURWS,- DURUS) + 
(0.1051) 

[1/(1-0.3171L + 0.4273V)] ~ 
(0.1373) (0.1306) 

R2 (changes) = 0.84 
Q(12) = 4.7 Q(16) = 9.1 Q(24) = 17.3 

The last two letters of each endogenous variable (WS), indicates "Wyoming, seasonally adjusted." 

mining) should increase the accuracy of the estimates of 
one of the most direct channels by which price fluctua­
tions are transmitted to the Colorado economy. Tourism 
and recreation are very important to Colorado. United 
States real personal income and relative transportation 
costs are two key determinants of travel and recreation. 
Real oil price changes influence both of these in the same 
direction in terms of travel and recreation demand. Hav­
ing an equation related to employment in the tourism and 
recreation sector enables these macro effects to be esti­
mated. 

Oil price changes have impacted construction in 
Colorado through the demand for office space for energy 
company headquarters and regional offices. The effect 
of increases in oil prices on office building in Colorado 
have been dramatic, as Denver has been chosen as a 
center for energy management activities for the Rocky 
Mountain West The specification and estimation of a 
construction employment equation enables an assess­
ment of impact through this channel. Moreover, the con­
struction sector typically has relatively high multipliers 
due to its degree of local integration. The lack of a 
construction employment equation for Oklahoma may 
be leading to a downward bias in the mining sector 
multiplier for Oklahoma. 

The estimated parameters for the Colorado model's 
equations appear to be reasonable in terms of sign-correct­
ness and statistical significance. All are significant at the 
ten percent level or better with many having t-ratios ex­
ceeding 2.0 or 3.0. The fits are all good with Rls typically 
between 0.65 and 0. 70. As before, these apply to depend­
ent variables measured as fll'St differences. The Q-statis­
tics all support the "whiteness" of the residuals. The rather 
high value of Q(24) in the DEARCS equation occurs due 
to a couple of high AC's between lags 16 and 24. The 
Q(16) value of 6.7 is ample support for white noise 
residuals in this equation. 

The employment multiplier for oil and gas industry 
employment changes is 2.2. As in the case of Oklahoma, 
this seems somewhat low, given Colorado's role as a 
regional energy center for the Rocky Mountain West. 
Using another state modeling methodology (Treyz, et al.) 
the multiplier for Colorado is estimated to be between 2.5 
and 2.9 [Hunt and Oldham]. To the extent that the 
estimated model's multiplier is somewhat low, the indi­
rect and induced effects will be understated. This should 
be remembered when interpreting the results presented in 
the following section. 

Given that the focus of this paper is on the impacts 
of oil price fluctuations, our focus must turn to the analysis 
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Table7 

Estimated Equations: Colorado 

(CO.l) 

DE13SCt =·[0.0472 + 0.1730L] DRPOt + [1+0.6022L + 0.82261}] ~t 
(0.0207) (0.0206) (0.0879) (0.0868) 

R2 (changes) = 0.67 
Q(12) = 8.6 Q(16) = 12.7 Q(24) = 15.8 

(C0.2) 

(C0.3) 

(C0.4) 

DEMFCSt = [0.2052] DQHTUSt + [0.0608] DQADUSt + [0.1169] (DE13CSt + DECCCSt) + 
(0.0592) (0.0481) (0.0567) 

[0.0031L] DRPYCSt + [1/(1-0.7007L + 0.2301U)] ~ 
(0.0015) (0.1069) (0.0987) 

R2 (changes)= 0.72 
Q(12)= 7.4 Q(16) = 10.8 Q(24)= 17.7 

DEARCSt = [1.5386L5] DYPDU82PCt- [0.0838] DRPOt + 
(0.4145) (0.0321) 

[2.4078L] DPOP2534Ut- [0.0369] DEXRFRBt + 
(0.7395) (0.0093) 

[ 0.0005] DRPYCSt- [0.5008 + 0.3182L] DROUT1t-
(0.0003) (0.2046) (0.2027) 

[0.2525] DROUT2t + [1-0.6396L] a,t 
(0.1829) (0.1428) 

R2 (changes)= 0.64 
Q(12) = 5.6 Q(16) = 6.7 Q(24) = 24.9 

DECCCSt = -0.6272- [0.8357] DR~+ [0.7639L] DE13CSt + [0.5219] DEMFCSt + 
(0.3339) (0.5388) (0.4496) (0.1085) 

[0.8038L] DEARCSt + ao~t 
(0.5210) 

R2 (changes)= 0.67 
Q(12) = 11.6 Q(16) = 16.1 Q(24) = 19.5 
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(C0.5) 

(C0.6) 

(C0.7) 

DEFCCSt = 0.0722 + [11.6137 + 2.8363L] DEFCUSt + [1-0.5829L] a51 

(0.0192) (1.2551) (1.2533) (0.1097) 

R2 (changes)= 0.67 
Q(12) = 9.4 Q(16) = 16.2 Q(24) = 22.7 

DEOCSt = [0.7524] DQBPSVUSt + [1.2235](DE13CSt.1 + DEMFCSt) + 
(0.1752) (0.2393) 

[1.8749L] DEARCSt + [0.0108U] DRPYCSt + [1+0.6912L] a6t 
(0.5976) (0.0037) (0.1013) 

R2 (changes) = 0.52 
Q(12) = 9.4 Q(16) = 10.5 Q(24) = 16.1 

DRPYCSt = [10.2004] DFYUt + [17.3418] DFGTPSt + 
(2.5262) (4.0857) 

[8.9063] DEECSt- [65.8817] DURCSt + [1+0.4536L4] ~t 
(0.8287) (15.5392) (0.1214) 

R2 (changes) = 0.68 
Q(12) = 14.3 Q(16) = 14.6 Q(24) = 22.9 

(C0.8) 

DURCSt = 0.3503 - [0.0273] DEECSt- [0.1824U](DURCSt- DURUSt) + 
(0.0800) (0.0060) (0.1199) 

[1/(1-0.3978L + 0.3917L 4)] a_ 
(0.1129) (0.1110) 

R2 (changes)= 0.53 
Q(12) = 10.8 Q(16) = 14.0 Q(24) = 21.9 

The last two letters of each endogenous variable (CS), indicates "Colorado, seasonally adjusted." 
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TableS 
Additional Exogenous Variables Used 

Colorado 

DQHTUS = change in real output of computers, office equipment, and electronic components, United 
States. 

DQADUS = change in real output of communications equipment and complete aircraft, United States. 

DYPDU82PC = change in per capita real personal disposable income, United States. 

DPOP2534U = change in United States population aged 25 to 34. 

DEXRFRB = change in the United States dollar exchange rate, Federal Reserve Board index. 

DROUTl = dummy variable for Colorado drought in 1976-77. 

DROUT2 = dummy variable for Colorado drought in 1980-81. 

DRIM = change in the ex post real mortgage rate. 

DQBPSVUS = change in real output of business and professional services, United States. 

DFYU = change in real farm proprietor's income, United States. 

DFGTP = change in real federal government transfer payments to persons, United States. 

Oklahoma (other than listed for Colorado) 

DIP22US = change in industrial production index (IPI), apparel, United States. 

DIP371US = change in IPI, motor vehicles and equipment, United States. 

DIP372US = change in IPI, aircraft and parts, United States. 

Wyomin~ 

(no additional exogenous variables) 

Implications of Oil Price 
Fluctuations 

73 

of such fluctuations using these equations for each state. 
In summation, the equations for each state have estimated 
parameters that are reasonably signed and that are typi­
cally highly significant. No autocorrelative problems are 
apparent and the fits are usually very good. The potential 
for simultaneity bias has been dealt with by using FIML 
estimation for each state's equations with a diagonal 
covariance matrix specification. The only concern at this 
point is that the indirect and induced employment effects 
may be understated, especially for Oklahoma. 

The estimated equations for each state were simu­
lated to determine the impacts of oil price fluctuations on 
state economic performance. There are three broad chan­
nels that can be identified for purposes of simulating oil 
price impacts. First of all, real oil price changes directly 
impact employment in the mining and oil and gas indus­
tries in Colorado, Oklahoma, and Wyoming. Additional 
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direct effects occur as oil price changes induce corre­
sponding changes in the level and composition of macro­
economic activity. These aggregate changes produce 
direct impacts on employment in manufacturing and other 
export-oriented sectors in each state. The extent to which 
these impacts are transmitted to any given state depends 
on the nature of the state's industry mix. The third broad 
channel of influence is through changes in real personal 
income brought about by energy price links to the general 
price index. Once these three broad sets of influences are 
obtained, the estimated state models compute the related 
direct effects on the respective state's economy. Given 
these direct effects, the models then can compute the 
indirect and induced effects. 

The first step in performing the simulation is to 
obtain a baseline United States macro forecast and an 
alternative forecast under different oil price assumptions. 
Such simulations were generously provided by Wharton 
Econometric Forecasting Associates. Wharton's model 
of the United States economy was simulated quarterly for 
1986 and 1987 under the current expectations for oil 
prices and levels of macroeconomic activity and under an 
assumed oil price path that was maintained at the 1985:4 
value for the refiner's acquisition cost of crude. In real 
terms, these two paths diverge by up to $12.50 per barrel 
in 1986 and then begin to slowly converge through time. 
Using the outputs of these simulations along with data 

published by Wharton in an article on the macroeconomic 
impacts of an oil price collapse [Handler, et al.], the 
necessary alternative macroeconomy paths were obtained 
and fed into the state models. 

Table 9 presents the simulation results for total 
employment for each of the three states for the higher and 
lower oil price paths. Lower oil prices produce a slight net 
increase in Colorado's employment After four quarters 
Colorado's total employment has increased by 0.1 per­
cent. After eight quarters the increase is 0.6 percent In the 
case of Oklahoma, the net effect of lower oil prices is 
negative. After four quarters, total employment is two 
percent lower than under the alternative of higher oil 
prices. This is the maximum difference between two 
scenarios. After eight quarters, total employment is 1.3 
percent lower. The net effect of lower oil prices in 
Wyoming is also negative. After four quarters, total 
employment is three percent lower. This is the maximum 
difference between the two scenarios. After eight quar­
ters, total employment is 2.1 percent below the level 
associated with the higher oil price. 

One of the factors leading to the qualitative differ­
ence in results for Colorado versus Oklahoma and Wyo­
ming is that the net impact of lower oil prices on 
Colorado's manufacturing sector is positive. In the case 
of Oklahoma and Wyoming, the net effect is negative. 
Colorado's manufacturing sector receives more positive 

Table9 

Quarter 

1986:1 
1986:2 
1986:3 
1986:4 

1987:1 
1987:2 
1987:3 
1987:4 

Source: 

Percentage Difference in Total Employment 
Lower Oil Prices Versus Higher Oil Prices 

Colorado Oklahoma Wyoming 

0.2% -0.7% 0.0% 
0.2 -1.6 -1.5 
0.2 -1.8 -2.9 
0.1 -2.0 ~3.0 

0.3 -1.8 -2.8 
0.4 -1.6 -2.3 
0.5 -1.4 -2.1 
0.6 -1.3 -2.1 

Center for Economic Analysis, University of Colorado at Boulder. 

NOTE: Table entries are [total employment (lower oil prices) - total employment 
(higher oil prices)] expressed as a percentage of total employment 

(higher oil prices). 
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effects from changes in the macroeconomy than negative 
effects from local linkages to the oil and gas sector. 
Moreover, the overall positive impacts of lower oil prices 
on the Colorado economy produce additional induced 
demands for local-oriented manufacturing sectors such as 
printing and publishing, beverages, and paper products. 

In Oklahoma, the positive effects resulting from 
changes in the macroeconomy are insufficient to offset the 
negative effects from local linkages to the oil and gas 
sector. In addition, the overall negative impacts oflower 
oil prices on the Oklahoma economy adversely affected 
induced demands for local-oriented manufacturing sec­
tors resulting in further negative effects on manufactur­
ing. This latter channel of influence is also a large factor 
in the manufacturing sector declines simulated for Wyo­
ming under lower oil prices. Furthermore, Wyoming does 
not receive any significant positive impacts through its 
manufacturing sector from improved macroeconomic 
conditions. 

The negative impacts in Oklahoma and Wyoming 
occurring through lower levels of induced demands show 
up in losses in the "other employment category" which 
includes retail trade, services, and other locally-oriented 
sectors. After four quarters, Wyoming's other employ­
ment sector is 1.7 percent lower in the lower price case 
than in the higher one. After eight quarters, the difference 
is -1.2 percent. In Oklahoma, the difference is -0.7 percent 
after four quarters and -0.4 percent after eight quarters. In 
Colorado the impactofloweroil prices on "other employ­
ment" is positive. 

One of the important channels through which lower 
oil prices benefit Colorado is tourism and recreation. Low 
oil prices produce a strong macroeconomy, higher real 
personal incomes, and a drop in relative travel costs. 
These are positive changes for tourism and recreation. 
The results from the equation for this sector in the Colo­
rado model (Equation C0.3) indicate that after four quar­
ters, the lower oil price path generates 3.4 percent more 
employment in the industry than would have occurred 
under higher oil prices. 

Another factor leading to qualitatively different 
results in Colorado than in Oklahoma and Wyoming is the 
direct effects of lower oil prices on the state's mining 
sector. In Colorado, oil and gas employment is about 11 
percent lower after four quarters under the lower oil price 
scenario. This compares to 15 percent for Oklahoma and 
12 percent for Wyoming. These are essentially the "peak" 
impacts for each state. After eight quarters, the impacts 
for each state's mining employment are -7.7 percent 
(Colorado), -11.2 percent (Oklahoma), and -8.6 percent 
(Wyoming). 

These mining sector impacts appear to be less than 

recent data suggest actually occurred. To check the 
mining sector equations for systematic underreaction to 
real oil price changes, dynamic simulations were run for 
each state's equation. In every case, the response of 
mining employment was greater than was predicted by the 
equation. This was especially true in and around the 
period of the second OPEC oil price shock (1979-81). A 
revision of the models with more responsive mining sector 
equations would result in lower mining employment lev­
els under the lower oil price regime than those reported 
here. These lower values would in turn generate lower 
levels of total employment than reported in Table 9. 
Additional work could be done to obtain more responsive 
mining employment equations, and thereby, produce 
results that are closer to what has actually unfolded in the 
three states in 1986 and 1987. 

The construction sector in Colorado is impacted 
negatively by the decline in oil prices during 1986. 
However, it too, appears to be responding less to the oil 
price change than actual data indicate was the case for 
1986. Part of the problem here is probably due to the lack 
of a stock adjustment specification for the construction 
sector. After the oil price decline in early 1986, vacancy 
rates increased substantially. The implied excess supply 
of space was a key negative factor for the performance of 
the Colorado construction sector in 1986 that was not 
accounted for by the specification. As in the case of the oil 
and gas sector specification, an improved equation for 
construction would have led to larger simulated declines 
in Colorado construction as a result of lower oil prices. 
Integrating the stock adjustment principle into the con­
struction sector is an important additional area of research 
for improving the accuracy of state model's predictions of 
oil price fluctuations. 

Nevertheless, the findings of this paper on the im­
pacts of declining oil prices on the economies of energy 
producing states has shown that the relative effects impor­
tantly depend on the structure of the local economy. The 
more integrated the local economy is around energy 
mining activities, the larger the effects of fluctuating oil 
prices. Moreover, the more diversified the local economic 
base is, the more channels there are for the macroeconomy 
impacts of fluctuating oil prices to be transmitted to the 
local economy. The results of this empirical study indi­
cate that among the three states studied, Colorado, Okla­
homa, and Wyoming, Colorado' s economy is structured 
to capture enough beneficial impacts of oil price declines 
to offset the negative impacts. The economic structure of 
Oklahoma leads to a net negative impact from declining 
oil prices; however, there are some channels available 
through which partially offsetting positive effects can be 
transmitted. In contrast, Wyoming' s economy is struc-
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tured in a way that leaves very little room for the positive 
effects of lower oil prices to be realized. Therefore, 
Wyoming suffers larger relative declines in the face of 
falling oil prices than does Oklahoma or Colorado. 

NOTES 

1Refmers' acquisition cost deflated by the GNP deflator. 
2Qil and gas production, exploration, and drilling are 

classified as mining industries in the Standard Industrial 
Classification scheme by which many economic series are 
reported. Although "mining" includes metal and nonmetallic 
mining, including coal mining, oil and gas mining account for 
a very large share of the total in these three states. Coal is 
also very significant in Wyoming but its behavior should be 
consistent with that of oil and gas with respect to oil prices. 

3Given the preliminary nature of the 1986 data and the 
potential for significant revisions, this second quarter figure 
could decline somewhat 

The multiplier was obtained by simulating a $5 change in 
the per barrel real price of oil and computing the change in 
mining and total employment after the changes died out 
(usually four quarters). 
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