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Today, the Senate Resources Committee welcomes Dr. Shelby Gerking to 
present research that appears in Chapter 9 of this book, U.S. Energy Tax Policy. 
The chapter, co-authored by Dr. Gerking, is titled "State Tax Policy and Oil 
Production: The Role of the Severance Tax and Credits for Drilling Expenses.”

The book was just published in 2011.

I have read two other research papers authored or co-authored by Dr.
Gerking:

• "Effective Tax Rates on Oil and Gas Production: A Ten State Comparison 
(dated 2005)"

• "State Taxation, Exploration, and Production in the U.S. Oil Industry 
(dated 2001)”

As Dr. Gerking notes in his research, "Alaska has increased the severance tax 
on the value of its oil production and attempted to stimulate future 
production by allowing a credit against this tax for expenditures on capital 
items, including drilling rigs, infrastructure, exploration, and facility 
expansion."

While Alaska has not been the sole focus of Dr. Gerking's research, he has 
tracked the changes in our tax policy over the past decade. His research on 
state tax policy and oil production is, obviously, relevant to important issues 
before this committee and, indeed, the State of Alaska.

I am pleased that he is joining us, via teleconference, from The Sunshine State. 
Welcome, Dr. Gerking. Thank you for participating in this important 
legislative hearing.



[ Gerking response ]

For starters, please identify yourself for the record and tell the Committee 
about your educational background, professional w ork experience and, 
especially, your research and experience regarding state tax policy and oil 
production.

[ Gerking response ]

I understand tha t you have testified extensively before State legisl res* Can 
you please tell the Committee more about those experiences and the sort of 
information tha t you have provided other State Legislatures.

[ Gerking response ]

Thank you. Please proceed with your presentation.
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Tilburg University, Professor, Department o f Economics/Tilburg Sustainability Center, 2011 - 
present
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Free University o f Amsterdam, Visiting Professor, Department o f Spatial Economics, Fall 
2007.

Tilburg University, Extramural Fellow of CentER, 2006 - 2011

University o f Wyoming, Professor, Department of Economics and Finance, 1982 - 2001

Tilburg University, Visiting Fellow, Center for Economic Research (CentER), 1999-2000
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Publications:

Books:

Estimation o f Stochastic Input-Output Models: Some Statistical Problems. Leiden, 
The Netherlands: Martinus Nijhoff Social Sciences Division, 1976.

Frontiers in Environmental Economics, eds. Elenk Folmer, Landis Gabel, Shelby 
Gerking, and Adam Rose. London: Elgar Publishing, 2001.

Articles:

"Input-Output as a Simple Econometric Model," The Review of Economics and 
Statistics, LVIII, No. 3 (August 1976), 274-82. (Reprinted in Input-Output Analysis. 
eds. Heinz Kurz, Christian Lager and Erik Dietzenbacher. London: Elgar Publishing, 
1997).

"On the Use o f Covariance Analysis in Regional Forecasting," Journal o f Regional 
Science. XVI, No. 2 (August 1976), 261-68.
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"Reconciling 'Rows Only' and 'Columns Only' Regional Coefficients in an 
Input-Output Model," International Regional Science Review. I, No. 2 (Fall 1976), 
30-46.

"Minimum Variance Sampling in Input-Output Analysis," Review of Regional Studies. 
VII, No. 1 (Spring 1977), 59-80. (With S. Pleeter).

"An Example o f the Dependence of Control Solutions on Estimation Technique: 
Theil’ s Anti-Depression Policy for the U.S. in the 1930s," Public Finance. XXXIII, No. 
1 (February 1978), 33-41. (With W. J. Boyes).

"A Liquidity Trap in the Market for Foreign Exchange: The Case o f Mexico," 
International Economic Review. XIX, No. 2 (October 1978), 777-786. (With W. J. 
Boyes).

"A Short-Term Forecasting Model for Second Home Construction," Regional Studies. 
XIII, No. 6 (June 1979), 259-67.

"Reconciling Reconciliation Procedures in Input-Output Analysis," International 
Regional Science Review. IV, No. 1 (Fall 1979), 23-36.

"Reconciling Reconciliation Procedures in Input-Output Analysis: Reply,"
International Regional Science Review, IV, No. 1 (Fall 1979), 38-40.

"Input-Output as a Simple Econometric Model: Reply," The Review of Economics and 
Statistics, LXI, No. 4 (November 1979), 623-26.

"Energy Scarcity: A  Theoretical Analysis o f Substitution and Technical Change," 
Review o f Regional Studies, IX, No. 3 (Winter 1979), 61-80. (With W. D. Schulze).

"Illegal Immigration: Key Issues for Government Policy," Social Science Quarterly, 
LXI, No. 1 (June 1980), 71-85. (With J. H. Mutti).

"The Role o f Functional Form in Estimating Elasticities o f Housing Expenditure," 
Southern Economic Journal, XLVII, No. 2 (October 1980), 287-302. (With W. J. 
Boyes).

"What Do We Know About Benefits o f Reduced Mortality From Air Pollution 
Control?," American Economic Review (Papers and Proceedings), LXXI, No. 2 (May 
1981), 228-34. (With W. D. Schulze).

"Are Regional Share Effects Constant Over Time?," Journal o f Regional Science. XXI, 
No. 2 (May 1981), 163-74. (With J. L. Barrington).



"Possibilities for the Exportation o f Production Taxes: A  General Equilibrium 
Analysis," Journal o f Public Economics, XVI, No. 2 (November 1981), 233-52. (With 
J. H. Mutti).

"Bifurcation and the Time Pattern of Impacts in the Economic Base Model," Journal of 
Regional Science. XXI, No. 4 (December 1981), 451-67. (With A. M. Isserman).

"The Wyoming Economy: Historical Trends and Projections," Southwestern Review 
of Management and Economics, II, No. 4 (Fall 1982), 37-55. (With J. Merrifield).

"Factor Rewards and the International Migration of Unskilled Labor: A  Model with 
Capital Mobility," Journal o f International Economics, XIV, No. 2 (May 1983),
367-80. (With J. H. Mutti).

"Compensating Differences and Interregional Wage Differentials," The Review of 
Economics and Statistics, LXV, No. 3 (August 1983), 483-87. (With W. Weirick).

"Changes in Income Distribution and Welfare from Greater Immigration o f Unskilled 
Workers," European Economic Review, XXIII, No. 1 (September 1983), 103-116. 
(With J. Mutti).

"Multinational Corporations and Discriminatory Investment Controls," 
Weltwirtschaftliches Archiv. CXIX, No. 4 (1983), 649-62. (With J. Mutti).

"Tribute to William H. Miemyk," International Regional Science Review, Vol. VIII, 
No. 3 (December 1983), 185-87. Also appeared in a special symposium issue of 
Socio-Economic Planning Sciences, XVIII, No. 5 (December 1984), 303-304.

"Systematic Assessment Error and Intrajurisdiction Property Tax Capitalization: 
Comment," Southern Economic Journal, LI, No. 3 (January 1985), 886-890. (With M. 
Dickie).

"Estimating Evaluations of Safety From Labor Market Data: A  New Measure of Risk," 
Seminarberichte der Gesselschaft fur Regionalforschung. XXII (November/December, 
1985), 81-108 (With D. Gegax and W. Schulze).

"An Economic Analysis of Air Pollution and Health: The Case of St. Louis," The 
Review of Economics and Statistics, LXVIII, No. 1, (February 1986), 115-121. (With 
L. Stanley). (Reprinted in Environmental Economics: A  Reader, eds. Anil Markandya 
and Julie Richardson. London: St. Martin's Press, 1992).

"A Note on Measuring the Elasticity o f Substitution o f Wages for Municipal 
Infrastructure: A  Comparison of the Survey and Wage Hedonic Approaches," Journal 
o f Environmental Economics and Management. XIII, No. 3, (September 1986), 
269-276. (With R. Cummings, W. Schulze and D. Brookshire).



"Regional Labor M arket Analysis," in H andbook o f  Regional and U rban Econom ics, 
(eds.) Peter N ijkam p and Edw in M ills, Am sterdam : N orth-H olland, 1986, 543-580. 
(W ith A. M . Isserm an, C. A. Taylor, and U. Schubert).

"The Econom ic Evaluation o f  Job Safety: A  M ethodological Survey and Some 
Estim ates for A ustria," Em pirica, 1986, 53-67. (W ith P. W eiss and G. M aier).

"M arket T ransactions and Hypothetical D em and Data: A  C om parative Study," Journal 
o f  the A m erican Statistical A ssociation. LXXXII, No. 397, (M arch 1987), 69-75.
(W ith M. D ickie and A. Fisher).

"Interregional W age Differentials: A n Equilibrium  Perspective," Journal o f  Regional 
Science. XX VII, No. 4 (N ovem ber 1987), 571-86. (W ith M. Dickie).

"Regional Labour M arket M odelling: A  State o f  the A rt Review ," in  Regional Labour 
M arkets, (eds.) M anfred M. Fischer and Peter N ijkam p, A m sterdam : North-H olland, 
(1987), 53-94. (W ith U. Schubert, C. Taylor, and A. Isserman).

"The M arginal V alue o f  Job Safety: A  Contingent V aluation Study," Journal o f  Risk 
and U ncertain ty , I, No. 2, (June, 1988), 185-200. (W ith W. Schulze and M. de Haan). 
(R eprinted in Environm ental Econom ics: A  R eader, eds. Anil M arkandya and Julie 
R ichardson. London: St. M artin's Press, 1992).

"Benefits o f  R educed M orbidity from  A ir Pollution Control: A  Survey," in V aluation 
M ethods and Policy M aking in Environm ental Econom ics, (eds.) H endrik Folm er and 
Ekko van Ierland, Am sterdam : N orth-H olland, 1989. (W ith M. Dickie).

"Interregional W age Differentials: A  Survey," in M igration and Labor M arket 
Efficiency, (eds.) Jouke van Dijk, H endrik Folm er, H enry Herzog, Jr., A lan M. 
Schlottm ann, Dordrecht: K luw er A cadem ic Press (1989), 111-146. (W ith M. Dickie).

"The Econom ics o f  Traffic Accidents on A ustrian Roads," Em pirica, XVI, No. 2 
(1989), 177-92. (W ith G. M aier and P. W eiss).

"M easuring Effects o f  Industrial Location and State Econom ic D evelopm ent Policy: A 
Survey," in Industry Location and Public Policy, (eds.) A lan Schlottm ann and Henry 
Herzog, K noxville, TN: U niversity o f  Tennessee Press, (1991), 31-56. (W ith W illiam  
M organ).

"H ealth Benefits o f  PM P Control: The Case o f  Stratospheric Ozone D epletion and 
Skin D am age Risks," in Persistent Pollutants: Econom ics, Toxicology, 
D ecisionm aking, (eds.) J.B. O pschoor and D.W . Pearce, Dordrecht: K luw er A cadem ic 
Press (1991), 65-76. (W ith M . D ickie and M. Agee).
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"Valuing Reduced M orbidity: A  H ousehold P roduction Approach," Southern 
E conom ic Journal, LVII, No. 3 (January 1991). 690-702 (w ith M. D ickie).

"W illingness to  Pay for O zone Control: Inferences from  the D em and for M edical 
Care," Journal o f  Environm ental Econom ics and M anagem ent. XXI, No. 1 (July, 
1991), 1-17. (w ith M. D ickie).

"Perceived R isk and the M arginal V alue o f  Safety," The R eview  o f  Econom ics and 
Statistics. LXXIII, No. 4 (N ovem ber 1991), 589-96. (w ith D. Gegax and W. Schulze).

"M easuring Productivity G row th in  U.S. Regions: A  Survey," International Regional 
Science R eview . XVI, No. 1 and 2 (1994), 155-185 (reprinted in  M odern Classics in 
Regional Science: V olum e 4, eds. K enneth J. Button and Peter N ijkam p, Cheltenham , 
UK, Edw ard Elgar Publishing, 1996).

"Form ation o f  R isk Beliefs, Jo int Production, and W illingness to Pay to A void Skin 
Cancer," The R eview  o f  Econom ics and Statistics, LXXVIII, No. 3 (A ugust 1996), 
451-63 (w ith M. Dickie).

"Optim al Institutional A rrangem ents for Pollution Control," Journal o f  Regional 
A nalysis and Policy, XXVI, N o. 1 (O ctober 1996), 113-31, (w ith J. List).

"A verting Behavior and U rban A ir Pollution," Land Econom ics, LXXIII, N o. 3 
(A ugust 1997), 340-58 (w ith B. Bresnahan and M. Dickie).

"Genetic Risk Factors and O ffsetting Behavior: The Case o f  Skin Cancer," Journal o f  
R isk and Uncertainty, XV , N o. 1 (O ctober 1997), 81-97 (w ith M. D ickie).

"Incom e and Environm ental R& D: Em pirical Evidence from  OECD Countries," 
Environm ent and D evelopm ent Econom ics II, No. 4 (October 1997), 505-15. (w ith R. 
K om en and H. Folmer).

"Interregional W age D isparities, Relocation Costs, and Labor M obility in Canada," 
Journal o f  Regional Science, XXXVIII, No. 1 (February 1998), 61-88 (w ith M. 
D ickie).

“ State Fiscal Structure and Econom ic D evelopm ent Policy,” G row th and Change, 
XX IX , No. 2 (Spring 1998), 131-45 (w ith W illiam  M organ).

“V aluing Public H ealth D am ages A rising from  W ar,” in The Environm ental 
Consequences o f  W ar: Legal, Econom ic and Scientific Perspectives, (eds.) Jay A ustin 
and Carl Bruch, Cam bridge: C am bridge U niversity Press, 2000. (w ith M. D ickie).

“Educational Contributions, A cadem ic Quality, and A thletic Success,” Contem porary 
Econom ic Policy, XVIII, No. 2 (A pril 2000), 248-58 (w ith T. Rhoads).
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“Regulatory Federalism  and Environm ental Protection in the U nited States,” Journal o f  
Regional Science, X X X X , No. 3 (August 2000), 453-71. (w ith J. List), (reprinted in 
The Political Econom y o f  Environm ental R egulation, (ed.) Robert N. Stavins, 
Cheltenham , UK , Edw ard Elgar Publishing, 2004 and in Environm ental Econom ics: 
Critical Concepts in the Environm ent, (eds.) Chuck M ason and Erw in Bulte, London, 
UK, Routledge Publishing, 2007.)

“Spatial Econom ic A spects o f the Environm ent and Environm ental Policy,” in 
Frontiers in Environm ental Econom ics, (eds.) H enk Folm er, Landis Gabel, Shelby 
G erking, and A dam  Rose, London: Elgar Publishing, 2001. (w ith J. List).

“A nti-Suppressants and the Creation and Use o f  N on-Survey Regional Input-Output 
M odels,” in Perspectives in  Regional Science, (eds.) Ronald E. M iller and M ichael 
Lahr, A m sterdam : Elsevier, 2001 (w ith A. Isserm an and T. Pickton).

“K ennisexternaliteiten in  N ederland (K now ledge Externalities in the N etherlands),” 
Econom isch Statistische B erichten 4289 (2001), 14-17 (w ith D. van Soest and F. van 
Oort).

“Environm ental Policy and the T im ing o f  D rilling and Production in the Oil and Gas 
Industry,” in R ecent A dvances in Environm ental Econom ics, (eds.) John A. List and 
A art de Zeeuw , London: E lgar Publishing, 2002 (w ith M. Kunce and W. M organ).

“Effects o f  Environm ental and Land Use Regulation in  the Oil and Gas Industry Using 
the W yom ing Checkerboard as an Experim ental D esign,” Am erican Econom ic 
Review, X CV , No. 5 (D ecem ber 2002), 1588-1593 (w ith M. Kunce and W. M organ).

"Foreign D irect Investm ent: A gglom eration Econom ies and Returns to Prom otion 
Expenditures," R eview  o f  Regional Studies, XXXIII, N o .l (July 2003), 63-74. (with 
S-H K im  and T. Pickton).

"Parents' V aluation o f  Latent Health Risks to Their Children," in R isk and Uncertainty 
in Environm ental Econom ics, (eds.) Justus W esseler, H ans-Peter W eikard, and Robert 
W eaver, Cheltenham , UK: Elgar Publishing, 2003. (w ith M. Dickie).

"State Taxation, Exploration, and Production in  the U.S. Oil Industry," Journal o f 
Regional Science, XLIII, N o. 4 (N ovem ber 2003), 749-770. (w ith M. Kunce, W. 
M organ, R. M addux).

"Environm ental and Land Use Regulation in N onrenew able Resource Industries: 
Im plications from  the W yom ing Checkerboard," Land Econom ics LXXX, N o .l 
(February 2004), 75-93. (w ith M. Kunce and W. M organ).



"W hat D eterm ines the Success o f  States in A ttracting SBIR A w ards?" Econom ic 
D evelopm ent Q uarterly , XVIII, No. 1 (February 2004), 81-90. (w ith A. van der V list 
and H. Folm er).

"Know ledge T ransfer and the Location o f  N ew  ICT Firm s," International Journal o f  
Entrepreneurship and Innovation M anagem ent. IV, N o .l (2004), 11-19. (w ith D. van 
Soest and F. van  Oort).

"Do Causes o f  Environm ental Problem s A ffect H icksian Equivalent Surplus? Evidence 
from  the Field," Econom ics Letters, LXXXV, No. 2, (N ovem ber 2004), 157-62. (w ith 
E. Bulte, J. L ist, and A. de Zeeuw).

"Dynam ic Inform ation Externalities and Em ploym ent Growth in  the N etherlands," in 
Learning from  Clusters: A  Critical A ssessm ent from  an Econom ic-G eographical 
Perspective (eds.) R on A. B oschm a and R obert C Klosterm an, D ordrecht, The 
N etherlands: Springer Verlag, 2005 (w ith F. G. van O ort and D. P. van Soest).

"The Effect o f  V arying the Causes o f  Environm ental Problem s on Stated W TP Values: 
E vidence from  a Field Study," Journal o f  Environm ental Econom ics and M anagem ent, 
XX XX VIIII, N o. 2 (M arch 2005), 330-342. (w ith E. Bulte, J. L ist, and A. de Zeeuw). 
(A m ong m ost cited articles published in  E lsevier’s econom ics and finance journals, 
2005-2009.)

“V aluing C hildren’s Health: Parental Perspectives,” in  Econom ic V aluation o f  
Environm ental H ealth  Risks to Children, (ed.) Pascale Scarpecci, OECD: Paris, 2006 
(w ith M ark D ickie).

“R isk Perception, V aluation, and Policy: Introduction,” Environm ental and Resource 
E conom ics, XXXIII, N o .3 (M arch 2006), 267-71. (w ith G. W. H arrison).

“ Spatial Im pacts o f  A gglom eration E xternalities,” Journal o f  Regional Science, XLVI, 
N o .5 (D ecem ber 2006), 881-900. (w ith D. P. van Soest and F. G. van  Oort).

“A ltruism  and Environm ental R isks to H ealth  o f  Parents and their Children,” Journal 
o f  Environm ental Econom ics and M anagem ent, LIII, No. 3 (May 2007), 323-41. (w ith 
M. Dickie).

"Environm ental and Land Use R egulation in N onrenew able Resource Industries: 
Im plications from  the W yom ing Checkerboard: Correction," Land Econom ics, 
LXXXIII, N o. 2  (M ay 2007), iii. (w ith W. M organ).

“Effects o f  E nvironm ental and Land U se Regulation in  the Oil and Gas Industry Using 
the W yom ing Checkerboard as an Experim ental Design: R etraction,” A m erican 
Econom ic R ev iew , IIIC, No. 3 (June 2007), 1032. (w ith W. M organ).



“D ecentralization and Environm ental D ecision-M aking,” in  D ecentralization and Land 
Policies (eds.) G regory K. Ingram  and Yu-Hung Hong, Boston, M A, L incoln Institute 
o f  Land Policy (2008).

“W hat Explains the Increased U tilization o f  Pow der R iver B asin  Coal in Electric 
Pow er G eneration?” A m erican Journal o f  A gricultural Econom ics. XC. No. 4 
(N ovem ber 2008), 933-950. (w ith Stephen F. Ham ilton).

“Fam ily Behavior: Im plications for H ealth Benefits T ransfer from  A dults to Children,” 
Environm ental and Resource Econom ics. LXIII, No. 1 (M ay 2009), 31-43 (w ith M ark 
D ickie) (Special issue on household behavior and environm ental policy).

“ SO 2 Policy and Input Substitution under Spatial M onopoly,” Resource and Energy 
Econom ics, XX XII, No. 3, (August 2010), 327-340. (w ith S tephen F. Hamilton).

“ State Tax Policy and Oil Production: The Role o f  the Severance Tax and Credits for 
D rilling E xpenses,” in U. S. Energy Tax Policy (ed.) G ilbert M etcalf, Cambridge: 
C am bridge U niversity  Press, 2011 (w ith Ujjayant Chakravorty and A ndrew  Leach).

“Perceptions o f  H ealth  R isk and the Sm oking D ecisions o f  Y oung People,” Health 
Econom ics, forthcom ing (w ith Ram an Khaddaria).

“A ndy Isserm an and the Early Years o f  the In ternational Regional Science Review ,” 
International Regional Science R eview , forthcoming.

Grants:

“D evelopm ent o f  Procedures for Predicting W ater Q uality R esponses to Land Use 
M easures in the Salt R iver Basin," Granting Agency: E isenhow er Consortium . 
C ontract Period: Septem ber 1, 1976 to  A ugust 31, 1978 (Co-Principal Investigator).

"D em and for Second H om es in the Salt River Basin," G ranting Agency: Eisenhower 
Consortium . Contract Period: D ecem ber 1, 1976 to N ovem ber 30, 1978 (Principal 
Investigator).

"M ethods D evelopm ent for Estim ation o f  Benefits o f  Environm ental Improvements," 
G ranting A gency: Environm ental Protection Agency. C ontract Period: October 29, 
1976 to O ctober 28, 1979 (Investigator).

"M ethods D evelopm ent for Estim ating Benefits o f  Environm ental Improvements," 
G ranting A gency: Environm ental Protection Agency. Contract Period: M ay 9, 1980 
to  O ctober 28, 1980 (Investigator).

"A ssessing Revenue A dequacy and Capital Facility N eeds o f  W yom ing Local 
G overnm ents," G ranting Agency: W yom ing D epartm ent o f  Econom ic Planning and
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D evelopm ent. C ontract Period: Septem ber 30, 1980 to January 15, 1981 (Principal 
Investigator).

"A n Em ergency Energy C onservation Plan for W yoming," Granting Agency:
W yom ing D epartm ent o f  Econom ic Planning and Developm ent. Contract Period: 
January 16, 1981 to February 28, 1982 (Principal Investigator).

"The Econom ic Im pact o f  G rand Teton N ational Park on Teton County, W yoming," 
G ranting Agency: N ational Park Service R esearch Center, U niversity o f  W yoming. 
C ontract Period: M ay 1, 1981 to  A pril 30, 1982 (Principal Investigator).

"M ethods D evelopm ent in M easuring Benefits o f  Environm ental Im provem ents," 
G ranting Agency: Environm ental Protection Agency. Contract Period: June 9, 1981 
to June 8, 1983 (Project D irector).

"D evelopm ent o f  R esearch P lan for Consortium  on Energy Impacts," G ranting Agency: 
E xxon, USA, M obile C orporation, Gas R esearch Institute, A m oco M inerals, Inc.,

G etty O il Corporation, G u lf Oil Corporation. C ontract Period: February, 1982 to 
D ecem ber, 1982 (V ice-Chairm an, R esearch Program  Com m ittee).

"Recom puting County Specific A ssessm ent Ratios for Certain Types o f  Property in 
W yom ing," G ranting Agency: W yom ing State Legislature. Contract Period: M ay 1, 
1983 to O ctober 31, 1983 (Principal Investigator).

"Experim ental M ethods for A ssessing Environm ental Benefits," G ranting Agency:
U.S. Environm ental P rotection Agency. Contract Period: Septem ber 1, 1983 to 
Septem ber 30, 1984 (Project Director).

"Im proving A ccuracy and Reducing Costs o f  Environm ental Benefit A ssessm ents," 
G ranting Agency: U.S. Environm ental Protection A gency (via subcontract from  
U niversity  o f  Colorado). Contract Period: O ctober 1, 1984 to A ugust 30, 1987 
(Principal Investigator).

"Potential Intrastate A ir Travel for W yom ing State Em ployees," G ranting Agency: 
O ffice o f  the G overnor o f  W yom ing. C ontract Period: Septem ber 15, 1985 to January 
31, 1986 (Principal Investigator).

"Cooperative Industry/U niversity o f  W yom ing Research Program ," G ranting Agency: 
N ational Science Foundation (U niversity/Industry Cooperative R esearch Centers 
Program ). C ontract Period: O ctober 1, 1986 - Septem ber 30, 1991 (R. E. Ewing, 
Project D irector, S. G erking, Evaluator).

"Econom ic D evelopm ent and D iversification Strategies for W yom ing," Granting 
Agency: W yom ing Legislature and the U niversity o f  W yoming. Contract Period: July 
2, 1986 to June 30, 1987 (Principal Investigator).
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"Im proving Environm ental Benefit Assessm ents: A pplication Studies and M ethods 
D evelopm ent," G ranting Agency: U.S. Environm ental Protection Agency. Contract 
Period: O ctober 1, 1987 to Septem ber 30, 1988 (Principal Investigator).

"Enhancem ent and Coordination o f  Energy Research: A Plan for W yoming," Granting 
Agency: U.S. D epartm ent o f  Energy. C ontract Period: O ctober 1, 1991 - Septem ber 
30, 1992 (Investigator).

"Environm ental Research and D evelopm ent P lan for W yom ing," G ranting Agency: 
U.S. E nvironm ental Protection Agency. Contract Period: October 1, 1991 - M ay 31, 
1992 (Investigator).

"Know ledge T ransfer to  Stim ulate Production o f  W yom ing N atural Gas," Granting 
Agency: N ational Science Foundation. C ontract Period: July 15, 1994 - June 30,
1996 (Co-Principal Investigator).

"Public Costs and B enefits o f  Econom ic Developm ent," Granting Agency: W yom ing 
D epartm ent o f  Com m erce. C ontract Period: April 1996 - A ugust 1996 (Principal 
Investigator).

"Econom ic Im pacts o f  the W yom ing Travel Industry," G ranting Agency: W yoming 
Travel C om m ission. Contract Period: July 1, 1995 -  June 30, 2001 (Principal 
Investigator).

“A nalysis o f  External C ost A djustm ent Factors for W yom ing K-12 Education 
F inance,” G ranting Agency: W yom ing Legislative Service Office. Contract Period: 
June 1, 1999 -  July 31, 1999 (Principal Investigator).

“M ineral Tax Incentives and M ineral Production: A n Interstate A nalysis,” Granting 
Agency: W yom ing Legislative Service Office. Contract Period: July 1, 1999 -  June
30, 2004 (Principal Investigator).

“Environm ental R isks to  C hildren’s Health: Parents’ R isk Beliefs, Protective Behavior 
and W illingness to Pay,” Granting Agency: USEPA. Contract Period: A pril 1, 2001—  
D ecem ber 31, 2005 (C o-principal Investigator).

"W illingness to  Pay to Reduce A sthm a Episodes for A dults and Children," Granting 
Agency: U SEPA . C ontract Period: O ctober 1, 2002-Septem ber 30, 2007 (Co-Principal 
Investigator).

“A  C onsistent Fram ew ork for V aluing Latent M orbidity and M ortality  R isks to Adults 
and C hildren,” G ranting Agency: USEPA. Contract period: N ovem ber 1, 2004-O ctober
31, 2008 (C o-Principal Investigator).



“M orbidity  V aluation, Benefit Transfer and Fam ily Behavior,” Granting Agency: 
U SEPA . C ontract period: April 1, 2007-M arch 31, 2011 (Co-Principal Investigator).

“F ischer-T ropsch Synthesis, C om bustion/E m ission Characteristics and Econom ic 
Im pact o f  Synthetic Jet Fuels,” G ranting Agency: NA SA . Contract Period: January 1, 
2007-June 30, 2008 (Co-Principal Investigator).

Other Papers and Documents:

Som e Statistical Problem s in Estim ating Stochastic Input-O utput M odels, unpublished 
Ph.D. dissertation, Indiana U niversity, 1975.

"Linear P rogram m ing and the Value o f  Resources," A rizona Business. X X II (July, 
1975), pp. 17-24. (W ith others).

Environm ental Baseline Studies for Crow -Indian Coal Leases Socio-Econom ic R eport. 
Prepared for W estm oreland Resources under the direction o f  M ountain W est 

Research, Inc., 1975. (W ith others)

A rizona's Econom y Yesterday. Today and T om orrow . Tem pe, Arizona: B ureau o f 
Business and Econom ic Research, 1976. (W ith others).

"D evelopm ent o f  Procedures for Predicting W ater Quality Responses to Land Use 
M easures in  the Salt River Basin," E isenhow er Consortium  Report, Rocky M ountain 
Forest and R ange Experim ent Station, Ft. C ollins, Colorado, 1976. (W ith others).

"The D em and for Second Hom es in N ortheastern  Arizona," Eisenhow er Consortium  
Report, Rocky M ountain Forest and Range E xperim ent Station, Ft. Collins, Colorado, 
1977. (W ith others).

"Som e E conom ics o f  A ir Pollution-Induced Chronic Illness," Experim ents in A ir 
Pollution Epidem iology. W ashington, D .C ., U SEPA , 1980.

"Effects o f  A ir Pollution and Environm ental V ariables on Offered W ages," 
Experim ents in  A ir Pollution Epidem iology. W ashington, D.C., U SEPA , 1981.

"A ssessing R evenue and Capital Facility N eeds in  W yom ing Local Governm ents," 
U niversity  o f  W yom ing: Institute for Policy Research, 1981. (W ith A. Bryson, S. 
N yhus, and J. M errifield).

"Em ergency Energy C onservation A ct M anagem ent P lan for W yoming," U niversity o f  
W yom ing, Laram ie: Institute for Policy Research, 1981. (W ith A. Bryson, S. Nyhus, 
and J. M errifield).



"Incidence o f  a  M ineral Severance Tax: The Case o f  Kansas," U niversity o f  W yoming, 
Laram ie: Institute for Policy Research, February, 1981. (W ith J. M utti and W. 
M organ).

"Exportation o f  State Taxes: A  Com parative Analysis." U niversity o f  W yoming, 
Laram ie: Institute for Policy Research, February, 1982. (W ith J. M utti and W. 
M organ).

"Analysis o f  the Long-Term  Im pacts and Benefits o f  G rand Teton N ational Park on the 
Econom y o f  Teton County, W yoming." U niversity o f  W yom ing, Laramie: National 
Park Service Research Center, M ay, 1982. (W ith J. M errifield).

"Proposed P lan for a  Research Program  on the Impacts o f  Interm ountain Energy 
D evelopm ent," C onsortium  on Energy Impacts, October, 1982. (W ith Others).

"An Econom ic A nalysis o f  A ir Pollution and Health: The Case o f  St. Louis," Volum e 
VI o f  M ethods D evelopm ent in M easuring Benefits o f  Environm ental Im provem ents. 
U.S. Environm ental Protection Agency, Final Report, Cooperative A greem ent 
#C R 808893-01-0, July, 1983. (W ith L. R. Stanley and W. N. W eirick).

"Analyzing Property Tax A ssessm ents in W yoming: A n A ssessed V alue/Sales Price 
Ratio Study," Institute for Policy Research, U niversity o f  W yom ing, Laram ie, October, 
1983. (W ith G. A rnott and M. Schilling).

"W yom ing's N ear Term  Econom ic Outlook: M odest Grow th for the 1980's," Institute 
for Policy Research, U niversity o f  W yoming, Laram ie, W yom ing, 1983. (W ith S. T. 
M ast and S. E. A tkinson).

"Laboratory Experim ental Econom ics as a Tool for M easuring Public Policy Values," 
V olum e II o f  Experim ental M ethods for A ssessing Environm ental B enefits. U.S. 
Environm ental Protection Agency, Final Report, Cooperative A greem ent 
#C R -811077-01-0, Septem ber, 1984. (W ith others).

"V aluing Safety: Two A pproaches," V olum e IV o f  Experim ental M ethods for 
A ssessing Environm ental Benefits. U.S. Environm ental Protection Agency, Final 
Report, Cooperative A greem ent #C R -811077-01-0, Septem ber, 1984. (W ith others).

"Estim ating Benefits o f  Reducing Com m unity Low-Level Ozone Exposure: A 
Feasibility Study," V olum e III o f  Experim ental M ethods for A ssessing Environm ental 
Benefits. U.S. Environm ental Protection Agency, Final Report, Cooperative 
A greem ent #C R -811077-01-0, Septem ber, 1984. (W ith others).

"Estim ating B enefits o f  Reducing Com m unity Low-Level Ozone Exposure," Volum e 
III o f  Im proving A ccuracy and R educing Costs o f  Environm ental Benefit Assessm ents.



4

U.S. Environm ental Protection Agency, Final Report, Cooperative A greem ent 
# C R 8 12054-01-1, Septem ber, 1985. (W ith others).

The Accuracy o f  M arginal V alue o f Safety M easures: Evidence from  a  N ational 
Sam ple o f  A m erican W orkers," Volum e V I o f  Im proving Accuracy and Reducing 
Costs o f  Environm ental Benefit A ssessm ents, U.S. Environm ental Protection Agency, 
Final Report, Cooperative A greem ent #C R 812054-01-1, Septem ber, 1985. (W ith 
others).

"Forecasting Oil and Gas Em ploym ent and Electricity U se in  W yoming," Enhanced Oil 
Recovery Institute, U niversity  o f  W yoming, Laram ie, W yom ing, October, 1985. (W ith 
R. E. Ewing).

"Production and Taxation in W yom ing's Energy Industry: The Case o f  Crude Oil, 
N atural Gas, and Carbon Dioxide," Enhanced Oil Recovery Institute, U niversity  o f 
W yom ing, Laram ie, W yom ing, January, 1986. (W ith R. E. Ewing).

"Potential for Com m ercial A ir Travel by W yom ing State Em ployees," Institute for 
Policy Research, U niversity  o f  W yoming, Laram ie, January, 1986. (W ith A. W eber).

"Value o f  Sym ptom s o f  Ozone Exposure: A n A pplication o f  the A verting Behavior 
M ethod," in  Im proving A ccuracy and Reducing Costs o f  Environm ental B enefit 
A ssessm ents. U.S. Environm ental Protection Agency, Final Report, Cooperative 
A greem ent # C R 812054-01-2, Septem ber, 1986. (W ith others).

"Reconciling A verting Behavior and Contingent V aluation Benefit Estim ates o f  
R educing Sym ptom s o f  Ozone Exposure," in Im proving A ccuracy and Reducing Costs 
o f  Environm ental Benefit A ssessm ents, U.S. Environm ental Protection Agency, 
C ooperative A greem ent #CR 812054-01-2, February, 1987. (W ith others).

"Econom ic D evelopm ent and D iversification Strategies for W yoming," Institute for 
Policy Research, U niversity o f  W yoming, Laram ie, W yom ing, July, 1987. (W ith S. K. 
Yost).

"Valuing M orbidity: A n O verview  and State o f  the A rt Assessm ent," in  Im proving 
A ccuracy and Reducing Costs o f  Environm ental B enefit A ssessm ents, U.S. 
Environm ental Protection Agency, Cooperative A greem ent #C R 812054-01-2, 
D ecem ber, 1987. (W ith others).

"H istorical Profile o f  the U niversity o f  W yom ing Enhanced Oil Recovery Institute," 
N ational Science Foundation, U niversity/Industry Cooperative Research Program , 
January, 1988.

"Stratospheric O zone D epletion, Skin D am age R isks, and Protective A ction," in 
Im proving Environm ental Benefit A ssessm ents, U .S. Environm ental Protection
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Agency, Cooperative A greem ent #C R -814647-01-0, October, 1989. (W ith M. Dickie 
and M. Agee).

"Report on State-Federal Technology Partnership Colloquium ," in Science and 
Technology L inkage (Proceedings o f  the N inth  A nnual EPSC oR  Conference), Rapid 
City, South D akota, U niversity o f  South Dakota, 1994.

"W yom ing's Econom y: A n H istorical Perspective and Forecast," D epartm ent o f  
Econom ics, U niversity  o f  W yoming, February 1994.

"The Future o f  M inerals in W yoming: Revenue A nalysis," Institute for Energy 
Research, U niversity  o f  W yom ing, N ovem ber 1995.

"Incom e, R evenue from  Personal Taxes, and Public Service Costs," D epartm ent o f 
Econom ics and Finance, U niversity o f  W yoming, M ay 1996.

"W yom ing's Econom y, Tax Structure, and Prospects for Econom ic Growth," 
D epartm ent o f  Econom ics and Finance, U niversity o f  W yom ing, June 1996.

"Econom ic Im pact o f  the Y ellow stone N ational Park C losure on Teton and Park 
Counties," D epartm ent o f  Econom ics and Finance, U niversity o f  W yoming, June 1996.

"The Econom ic Contribution o f  the Travel Industry in  W yom ing," M orey and 
A ssociates, Jackson, W yom ing, April 1997. (W ith M ichael M orey).

“Productivity ,” W orld Book Encyclopedia. 1998.

“R eview  o f  Industrial Incentives: Com petition A m ong A m erican States and Cities, by 
Peter S. F isher and A lan H. Peters. 1998. Kalam azoo, M ichigan: U pjohn,” Journal o f 
Regional Science. XX XIX, No. 2 (M ay 1999), 411-413.

“A nalysis o f  External Cost A djustm ent Factors in  W yom ing K-12 Education Finance,” 
U niversity  o f  W yom ing, July 1999.

“M ineral Tax Incentives, M ineral Production and the W yom ing Econom y,” 
D epartm ent o f  Econom ics and Finance, U niversity o f  W yom ing, D ecem ber 1, 2000.

‘Incom e, R evenue from  Personal Taxes, and Public Service Costs in 
O range County, F lorida,” Institute for Econom ic Com petitiveness, University o f  
Central F lorida, Septem ber 30, 2004.

“Taxation o f  O il and Gas: A  Ten State Com parison,” U niversity o f  Central Florida, 
A pril 11 ,2005 .



“A  C onsistent Fram w ew ork for V aluing Latent M orbidity and M ortality R isks to 
A dults and C hildren,” U nited States Environm ental Protection Agency, R D -83159201- 
0, July 9, 2009 (w ith M ark Dickie).

“M orbidity V aluation, B enefit T ransfer and Fam ily B ehavior,” U nited States 
Environm ental Protection Agency, RD -83326301-0, July 31, 2011.

Professional Service:

Editorships:

A ssociate Editor, Journal o f  Regional Science. 1996 - present.

G uest Editor (w ith S tephen C. Sheppard and A ndrew  M. Isserm an) sym posium  issue in 
honor o f  R oger Bolton, International Regional Science Review, July, 2009.

Editorial Board m em ber, International R eview  o f  Environm ental and Resource 
E conom ics, 2006-present.

Editorial Board m em ber, Letters in Spatial and Resource E conom ics, 2006-2010.

G uest Editor (w ith G.W . H arrison and J.A. List) for sym posium  issue on risk  
perception, valuation, and policy, Environm ental and Resource Econom ics XXXIII, 
N o.3, M arch 2006.

Editorial Board m em ber, International Y earbook in Environm ental Econom ics. 1995-
2005.

Editorial Board m em ber, International Regional Science Review , 1986 - present.

Editorial Council m em ber, Journal o f  Environm ental Econom ics and M anagem ent. 
1989 - 1991.

Editorial B oard m em ber, G row th and C hange. 1988 - 1993.

Co-Editor, International Regional Science Review , 1979 - 1986.

G uest Editor for a sym posium  issue in honor o f  W illiam  H. M iernyk, Socioeconom ic 
Planning Sciences, XVIII, N o. 5, (1984).

A dvisory Editor, W yom ing Quarterly Update, 1981 - 1984.

Government Service (federal/international):



Greek M inistry  o f  Education, External review er for the A rchim edes III research 
program  (2010-present)

European C om m ission, European Research Council, A dvanced G rants Panel, 2008- 
2013.

U.S. E nvironm ental Protection Agency, Science A dvisory Board Council on Clean A ir 
Com pliance Analysis, 2006-2012.

U.S. E nvironm ental Protection Agency, STA R and GRO Fellow ships “Econom ics” 
R eview  Panel, 2005-2007.

Special Review er, Social Sciences and Population Study Com m ittee, N ational Institute 
o f  Child H ealth  and H um an D evelopm ent, June, 1983.

V isiting S ta ff M em ber, Los A lam os Scientific Laboratory, 1981 - 82.

M em ber, Special Study C om m ittee on International M igration, N ational Institute o f 
Child H ealth  and H um an D evelopm ent, M arch, 1980.

Judge, Ph.D . D issertation Com petition, sponsored jo in tly  by Regional Science 
A ssociation and Econom ic D evelopm ent A dm inistration, Fall, 1979.

Government Appointments (Wyoming):

Tax R eform  2000 Com m ittee, 1997-1999.

Experim ental Program  to Stim ulate Com petitive Research (EPSCoR) Steering 
Com m ittee, 1985-1995.

Econom ic D evelopm ent and Stabilization Board, 1988-1993.

Science, Technology and Energy Authority, 1989-1993 (Executive D irector).

Science A dvisor, G overnor’s Office, 1993-1994.

M em ber, Peacekeeper M odeling Task Force, U niversity o f  W yom ing representative, 
April, 1983 - Septem ber, 1984.

Other Service:

Co-Chair, Local A rrangem ents Com m ittee for M iam i m eeting, N orth  A m erican 
Regional Science Council, N ovem ber 2011



M em ber, Program  Com m ittee, A nnual M eetings o f  the European A ssociation o f  
Environm ental and Resource Econom ists, 2007, 2009, 2011, 2012

M em ber, Program  Com m ittee, A nnual M eetings o f  the A ssociation o f  Environm ental 
and R esource Econom ists, 2011, 2012

M em ber Program  Com m ittee, W orld Congress o f  Environm ental Econom ists, 2010 

C ouncillor, Regional Science A ssociation, International, 1986 -  1988

Proposal Reviewer for:

R ockefeller Foundation (Research Program  on U.S. Im m igration Policy) 
N ational Science Foundation (Econom ics and G eography and Regional Science) 
Environm ental Protection A gency (H ealth Effects o f  A ir Pollution)
Public  Policy Institute o f  California (policy issues facing California)
Econom ic and Social Research Council, U nited K ingdom

Referee for:

Econom ic Journal 
International Econom ic Review  
R eview  o f  Econom ics and Statistics 
Southern Econom ic Journal
Journal o f  Environm ental Econom ics and M anagem ent
A m erican Journal o f  A gricultural Econom ics
R icerche Econom iche
Journal o f  Regional Science
R egional Science and U rban Econom ics
Papers. Regional Science A ssociation
Environm ental and Planning. A
G row th and Change
International Regional Science Review
Social Science Journal
Social Science Quarterly
D efense Econom ics
Journal o f  R isk and Uncertainty
R eview  o f  International Econom ics
E nvironm ent and D evelopm ent Econom ics
Journal o f  G eographical Systems
U rban  Studies
R esource and Energy Econom ics



o
Ecological Econom ics 
E nvironm ental and Resource Econom ics 
Journal o f  Political Econom y
R and Journal o f  Econom ics 
Experim ental Econom ics 
C ontem porary Econom ic Policy 
Land Econom ics

Doctoral Students:

R am an Khaddaria, D epartm ent o f  Econom ics, U niversity o f  Central F lorida (Ph.D. 
granted A ugust 2011)

A nne A lexander, D epartm ent o f  Econom ics, U niversity o f  W yom ing (Ph.D. granted 
M ay 2001)

John A. List, D epartm ent o f  Econom ics, U niversity o f  Chicago (Ph.D. granted August 
1996)

M ark T. D ickie, D epartm ent o f Econom ics, U niversity o f  Central Florida (Ph.D. 
granted M ay 1987)

John M errifield, D epartm ent o f  Econom ics, U niversity o f  Texas, San A ntonio (Ph.D. 
granted D ecem ber 1984)

W illiam  N. W eirick, D epartm ent o f  Econom ics, Louisiana State U niversity, M onroe, 
Louisiana (Ph.D. granted D ecem ber 1984)

D ennis O. Olson, D epartm ent o f  Finance, U niversity o f  N orthern British Colum bia, 
Prince G eorge, B ritish C olum bia (Ph.D. granted July 1982)

Fellowships, Honors, and Awards:

V isiting G rant, N etherlands O rganization for Scientific Research (NW O), 1999-2000. 

Flittie Sabbatical A w ard, U niversity o f  W yom ing, 1999-2000.

Top Professor, aw arded by U W  Chapter o f  M ortar Board, 1994.

C ertificate o f  A ppreciation, awarded by W yom ing Governor Sullivan, Septem ber 1993. 

U W  President's Speakers Series Lecture, 1991.

o
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M edal o f  A chievem ent in Regional Econom ics, aw arded by Council on  Regional 
Econom y, U S S R  A cadem y o f  Sciences, M oscow , 1990.

G rant-in-A id o f  Research, D epartm ent o f  Econom ics, U niversity o f  W yom ing,
Sum m er 1978.

G rant-in-A id o f  Research, Office o f  Grants and Contracts, A rizona State University, 
Sum m er 1976 and Sum m er 1977.

Henry M. O liver Prize for D istinguished A chievem ent in Econom ics, aw arded by the 
D epartm ent o f  Econom ics, Indiana U niversity, 1975.

Finalist, Ph.D. D issertation Com petition, sponsored jo in tly  by the Regional Science 
A ssociation and the Econom ic D evelopm ent A dm inistration, Fall 1975.

D issertation Fellow ship in A pplied U rban Econom ics, Indiana U niversity, 1973 - 1974.

G rant-in-A id o f  Research, D ivision o f  Research, Indiana University, 1973 - 1974.

Fellow ship for G raduate Study in Business, U niversity  o f  W ashington, 1968 - 1969.

Selected Presentations:

University o f  Illinois, A ndrew  Isserm an M em orial Conference, N ovem ber 2011

Tinbergen Institute, Labor and Environm ental Econom ics Sem inar, A pril 2011

Tilburg U niversity, T ilburg Sustainability Center, O ctober 2010

ETH Zurich, Sem inar in Energy, Environm ental and Resource Econom ics, M ay 2010

A m erican Tax Policy Institute, October 2009

Canadian R esource and Environm ental Econom ics Study Group, O ctober 2009.

T ilburg U niversity, CentER, Septem ber 2008

U niversity o f  A lberta, D epartm ent o f  Econom ics, Septem ber 2008

G eorgia State U niversity, D epartm ent o f  Econom ics, A pril 2008

N etherlands E nvironm ental A ssessm ent Agency, N ovem ber 2007

Erasm us U niversity  Rotterdam , Tinbergen Institute, N ovem ber 2006



U niversity  o f  Illinois, D epartm ent o f  A gricultural and Consum er Econom ics, 
Septem ber 2006

N B E R  Sum m er Institute, Environm ental Econom ics W orkshop, July 2006.

C onference on V aluing Environm ental H ealth  R isk Reduction to Children, U SEPA  
N ational Centers for Environm ental Research and Environm ental Econom ics, April
2006.

U niversity o f  W yom ing, Casper College Center, N ovem ber 2004.

U niversity o f  M aryland, Agricultural and Resource Econom ics Departm ent, October 
2004.

N B E R  Sum m er Institute, Environm ental Econom ics W orkshop, A ugust 2004

U niversity  o f  W yom ing, Stroock Forum  on W yom ing Lands and People, A pril 2004.

Free U niversity  o f  Am sterdam , D epartm ent o f  Spatial Econom ics, February, 2004.

Conference on  V aluing Environm ental H ealth R isk Reduction to Children, U SEPA  
N ational C enters for Environm ental R esearch and Environm ental Econom ics, October, 
2003.

U niversity o f  Durham , D epartm ent o f  Econom ics, Septem ber 2003.

International Conference on Environm ental R isk A ssessm ent, W ageningen 
A gricultural U niversity, June 2002.

U niversity  o f  South Florida, D epartm ent o f  Econom ics, Tam pa, Florida, D ecem ber 
2001.

U C F/C entE R  International Conference on Environm ental Econom ics and Policy, 
Orlando, Florida, Decem ber 2000.

U niversity  o f  Illinois, D epartm ents o f  N atural Resources and Environm ental Sciences 
and A gricultural and Consum er Econom ics, N ovem ber 2000.

Colorado State U niversity, D epartm ent o f  Econom ics, October 2000.

European Science Foundation Conference on International D im ensions o f 
E nvironm ental Policy, Kerkrade, the N etherlands, O ctober 2000.

U niversity  o f  York, D epartm ent o f  Environm ent, York, U nited K ingdom , M ay 2000.



I

U niversity  o f  Groningen, Econom ics Faculty, Groningen, the N etherlands, M ay 1985 
and February 2000.

U niversity  o f  N evada, Fas Vegas, D epartm ent o f  Econom ics, D ecem ber 1999.

N etherlands O rganization for Scientific Research, Conference on  Environm ental 
Policy and Industrial Location, M aastricht, the N etherlands, October 1999.

T inbergen Institute, A m sterdam , the N etherlands, O ctober 1999.

Tilburg U nversity, Center for Econom ic Research (CentER), Tilburg, 
the N etherlands, Septem ber 1999.

Indiana U niversity , School o f  Public and Environm ental Affairs, January 1997. 

U niversity  o f  Central Florida, College o f  Business, M arch 1997, M arch 1999.

W estern Econom ic Roundtable, Center for the N ew  W est, Denver, Colorado, February
1994, June 1996, and Septem ber 1998.

U niversity  o f  Kentucky, D epartm ent o f  Econom ics, Lexington, Kentucky, N ovem ber
1995.

W est V irg in ia U niversity, Regional R esearch Institute, M organtow n, W est V irginia, 
N ovem ber 1995.

W ageningen A gricultural University, D epartm ent o f  General Econom ics, W ageningen, 
the N etherlands, Septem ber 1994.

M ontana State U niversity, Bozem an, M ontana, D epartm ent o f A gricultural Econom ics 
and Econom ics, M ay, 1993

U niversity  o f  M aine, Orono, M aine, D epartm ent o f  Econom ics, M arch 1991.

W est V irg in ia U niversity, M organtow n, W est V irginia, Conference m arking the 25th 
A nniversary o f  the Regional R esearch Institute, 1990.

U S-U SSR  C om m ission on the H um anities and Social Sciences o f  the A m erican 
Council o f  Learned Societies and the Soviet A cadem y o f  Sciences, Fourth Soviet- 
A m erican Sem inar on Regional Econom ics and Planning, Yalta, USSR, 1990.

U SSR  A cadem y o f  Sciences, Central Econom ics and M athem atics Institute, M oscow , 
1990.

U niversity o f  Florida, G ainesville, Florida, D epartm ent o f  Econom ics, 1990.
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N ational Science Foundation, Fifth A nnual Conference on the Experim ental Program 
to Stim ulate C om petitive Research, Hum acao, Puerto Rico, 1989.

Free U niversity o f  A m sterdam , European Science Foundation Conference on 
Econom ic A nalysis for Environm ental Toxicology: A pplications on Persistent 
M icro-Pollutants, N oordw ijkerhout, the N etherlands, 1989.

W ageningen A gricultural University, W ageningen, the N etherlands, D epartm ent o f  
General Econom ics, 1989.
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Introduction:

1. Please tell thejSolmmittee about your educational background, professional work 
experiepjE^Tand, especially, your research and experience regarding state tax policy and 
oil production.

2. I understand that you hav^TeSfrfied extensively before State legislatures. Can you 
please te ll the Comjjwtfee more about those experiences and the sort o f information 
that you have been asked to provide.

State Tax Policy and Oil Production:

1. Q rrfhe first page o f the chapter titled, State Tax Policy and Oil Production, you present 

\som e interesting questions to the reader. Can you please elaborate briefly on a few of 
theseT--------------------------------

2 .

a.

b.

c.

d.

"To what extent do state energy tax increases result in lower collections of 
federal tax revenues?" For the folks fo llow ing this issue, does a decrease in stat 
taxes increase federal tax revenues? What is the net gain/loss for the toxp
"Do state taxes tilt the time path o f energy production to the p re sen t ly/ 

future?" W hy is the answer to this question important to  policy makers? 
are the pros and cons for Alaska?
"How do upstream subsidies for exploration and developm ent work togethe 

w ith downstream  taxes on production to influence the levels and tim e paths of 
production and tax collections?" This sounds important. Please elaborate.
"W hat are the implications o f these taxes fo r the long-run sustainable use of 

nonrenewable natural resources?" What should we be thinking about here?

Key result (page 306): "O il production is closely related to the^f2e-of4tie»neseiy£_ 
and is re latively insensitive to changes in oil prices. This outcome, which is broadly 

consistent w ith experience in the U.S. oil industry over the past 50 years, leads to the 
conclusion that the severance tax has little effect on production levels and serves mainly 
to  redirect rents earned in the oil industry to the public sector. Thus, increases in ( 
severance tax rates or a reduction in the subsidies provided to the oil and gas industry S  
may lead to rent taxation and therefore have only marginal effects on the the drilling \
and production o f oil

l / i ( w Ijjxhwi



o a. As you can imagine, this is not the message we are hearing from the oil industry 
and the ir advocates. Can you help us understand this better?

3. The State o f  A laska offers generous credits to the oil and gas industry and we have
several bills currently  before the legislature to expand tax credits. Please elaborate on | 
the statement that, "a drilling expense credit may cost more than the incremental 
severance tax revenue obtained, although such credits may be worthwhile concessions 
if a state's objective is to generate greater support for increasing the severance tax 

rate." ------------------------- ----------------------

4. You note th a tXS ta te  and local tax burdens on oil producers are endlessly compared in ' 
state tax comm issiorrandTegislative hearings as industry representatives make the iT  
case for more favorable tax treatment."

a. This sounds fam iliar to the members o f this comm ittee and, indeed, all 
Alaskans. Can you please comment on the pros and cons.o f such comparisons?

b. Besides the comparison o f effective tax rates, what other econom ic indicators 
should be considered (e.g., IRR, ROI, etc.)? Which are most im portant to the 
investor?

5. You cited a study that found, "the response o f production w ith respect to the tax 

change turns out to  be highly inelastic (-0.06)." This is a very im portant concept for 
Alaskans to understand. Please explain.

6. Can you please help us understand Table 9.2 on page 322?

7. Can you please help us understand Figure 9.1 on page 323?

8. I am interested in a statement on page 330: "This outcome raises a question as to
whether other public policy instruments, such as support for research to lower drilling
costs or to  increase finding rates, might spur drilling at a lower cost to the state." Please 
elaborate. Do you have examples from  other states?

9 . / A s a  refresher to those o f us who studied statistics many years ago, can you please give 

us a very brief review o f "credib ility" and "valid ity"? Respectfully, how can we be sure
lat this chapter, State Tax Policy and Oil Production, is relevant to Alaska?

o



Senate Resources Committee 
Supplemental Questions 

February 1, 2012

Effective Tax Rates on Oil and Gas Production: A Ten-State Comparison

Please talk about "property taxes on oil and gas reserves." Example.

"Taxes on reserves provide operators with strong incentives to accelerate 
production at times when oil and gas prices are rising, as they attempt to 
reduce the extent of their tax liability." If boosting throughput in the Trans 
Alaska Pipeline System (TAPS) is the highest priority of the State, might this 
be a "strong incentive" to boost throughput?

"The myriad of exemptions, incentives, different tax bases, special features 
and frequent changes in tax laws, at both the State and Federal government 
levels, create considerable complexity in understanding and tracking tax law 
overtime." This does not seem to stop such state-to-state comparisons. 
Why?

Why do you say that, "ranking states in terms of their total or cumulative 
tax burden on the oil and gas extraction industry is not particularly fruitful 
and may be misleading"? Don't companies use the "cumulative tax 
burden" when deciding where to invest?

State Taxation, Exploration, and Production in the U.S. Oil Industry (2001)

What is meant by the "optimal time path for exploration and production"?

"The aim of exploration is to add to the reserve base, which is a form of 
geographically immobile capital." What is the significance of this concept?



In another paper of you co-authored in 2001 -  State Taxation, Exploration, 
and Production in the U.S. Oil Industry -  it was reported that, "Analyzing 
taxes individually appears to overstate the effects on exploration and 
production by ignoring potential offsets and tax base interactions. These 
results suggest that taxes should not be analyzed independently without 
careful reference to the entire tax structure applied by all levels of 
government." Please explain.

In the same 2001 study, you conclude that, "General results of this study 
suggest that oil production is highly inelastic with respect to changes in 
production taxes. This inelastic response may provide incentives for state 
officials to substantially increase these taxes risking little in the way of 
reduced industry activity while gaining much needed tax revenue. State 
severance tax increases clearly reduce the net price faced by producers, but 
it is reserves, not net price, that drives production in this industry.
Moreover, the effects of increased state severance taxes are partially offset 
by reduced tax collections by all other levels of government." Please 
explain.
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Introduction

* Nominal (legislated) severance tax rates

• Effective tax rates
-(dollars collected)/(value of production)

State Tax Policy and Oil Production 2
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Table 9.1. Oil production (in Mbbl) and tax rates for selected U.S. states, 2007

Severance tax

State Production
Nominal

rate Effective rate
Corporate income 

tax rate0

Alaska 263,595 12.25-15%° 12% 1.0-9.4%
California 216,778 None None 8.84%
Colorado 23,237 2-5%6 0.7% 4.63%
Kansas 36,490 4.33%c 3.0%/ 4.0-7.35%
Louisiana 76,651 3.125-12.50%** 9.4% 4.0-8.0%
Montana 34,829 15.1%e 8.6% 6.75%
New Mexico 58,831 7.1%f 7.5% m 4.8-7.6%
North Dakota 45,058 5.0-11.5%* _ n 2.6-7.05%
Oklahoma 60,952 7.0%h 6.9% 6.0%
Texas 396,894 4.6%' 3.1% 1.0%*
Utah 19,520 3.0-5.0 %i 2.4% 5.0%
Wyoming 54,130 4.0-6.0%* 5.3% None

State Tax Policy and Oil Production
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What is the effect of a change in 
the severance tax rate or a change 
in incentives to find new reserves?

* Oil Production
* Drilling Activity
* Severance Tax Collections

State Tax Policy and Oil Production 3
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Simulation Model

* Based on Hotelling (1931) and Pindyck (1978) 
• Profit maximization over time

-  Revenues earned by
* Production from existing reserves
* Exploration for new reserves

-  Costs
* Drilling costs
* Operating costs

State Tax Policy and Oil Production 4
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Simulation Model (cont.)

• Key features
-  Compares costs to the amount produced
-  Accounts for interaction between state and federal 

tax collections

* Uses U.S. data on production, costs, proven 
reserves, federal and state corporate tax rates, 
etc. and discount rate of 4%
-  Not a model of a particular state
-  Not a model of Alaska

State Tax Policy and Oil Production 5
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Four Scenarios

* Severance Tax Rate = 0% (Model A)

* Severance Tax Rate = 12% (Model B)

* Severance Tax Rate = 25% (Model C)

* Severance Tax Rate = 25% with credit of 22% 
of drilling costs against severance tax 
liabilities (Model D)

State Tax Policy and Oil Production 6
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Figure 9.1. Oil production is quite insensitive to the tax structure in the U.S. case.
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T A B L E  9 . 3 .

T O T A L  D R I L L I N G ,  P R O D U C T I O N ,  
T A X  C O L L E C T I O N S ,  P R O F I T S ,
A N D  R E S E R V E S  F O R  F O U R  M O D E L S  
O V E R  T H E  1 1 0 - Y E A R  P R O G R A M

State Tax Policy and Oil Production

M odel D  
25%  se \ ce 

M odel B M odel C tax w ith
M od el A  12% severance 25%  severance drilling  
n o  taxes tax tax subsidy

Total p rod uction 39.4 38.5 38.0 38.6
(in  b illion s o f  barrels)

Total footage drilled 4.5 3.9 3.6 3.9
(in  b illion s o f  feet)

D iscou n ted  public land $0 $131.0 $126.3 $129.3
royalties (in  b illions
o f  dollars)

D iscou n ted  severance $0 $159.0 $319.2 $307.5
tax C ollection s
(in  b illions o f  dollars)

Effective severance 0 0 .109 0.228 0.212
tax Rate

D iscou n ted  state $0 $60.9 $49.6 $50.8
corporate in com e tax
revenue (in  b illion s
o f  dollars)

D iscou n ted  federal $0 $230.0 $182.5 $188.4
corporate in com e tax
revenue (in  b illions
o f  dollars)

D iscou n ted  d ep letion $0 $119.2 $114.9 $117.7
allow ance ded uction s
(in  b illion s o f  dollars)

D iscou n ted  pre-tax total $1,544 $1,456 $1,403 $1,437
revenue (in  b illions
o f  dollars)

D iscou n ted  extraction $186.3 $151.8 $130.1 $133.0
costs (in  b illion s
o f  dollars)

D iscou n ted  drilling costs $125.6 $84.4 $68.3 $88.3
(in  b illions o f  dollars)

D iscou n ted  firm  profits $1,231 $638 $527 $539
(in  b illion s o f  dollars)

B eginning reserves 20 20 20 20
(in  b illion s o f  barrels)
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Figure 4. Price movements coincide with changes in footage o f wells drilled.
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Roberton C. Williams III

still -  but it is still clear that in the absence o f  such an alternative policy, a 
higher gas tax w ould clearly boost econom ic efficiency.
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S tate T ax P o lic y  a n d  O il P r o d u c tio n

T h e R ole o f  th e  S everance Tax an d  C redits  

for D r illin g  E xp en ses

Ujjayant Chakravorty, Shelby G erking, and A ndrew  Leach

9.1 In trod u ction

Although m ost energy-producing states have levied taxes on the value o f  oil, 
natural gas, and coal production for many years, changes in these taxes have 
becom e headline news as state governm ents grapple with budget shortfalls 
brought about by the current recession. For instance, Alaska has increased 
the severance tax on the value o f  its oil production and attempted to stim ­
ulate future production by allowing a credit against this tax for expendi­
tures on capital items, including drilling rigs, infrastructure, exploration, 
and facility expansion (Alaska Department o f  Revenue 2008). In late 2008, 
California Governor Arnold Schwarzenegger proposed levying a 9.9 per­
cent production tax on the value o f  m ost onshore oil production to help 
close a projected $24 billion budget deficit, but he subsequently reversed 
his position (Casselman 2009; Skelton 2009). The Pennsylvania legislature 
is considering a proposal to levy a 5 percent tax on the value o f  natural gas 
produced from the giant Marcellus shale deposit, but the bill is opposed by 
industry leaders w ho contend that it would result in 30 percent less drilling 
as well as revenue reductions to state and local governm ents totaling $880 
m illion over the next decade (George 2009).

These measures, both enacted and proposed, raise a num ber o f  lon g­
standing and important questions about the effects o f  state energy taxes that 
go well beyond their potential to provide a solid revenue base to support 
public services. Given the overlapping tax bases claim ed by states and the 
federal government, to what extent do state energy tax increases result in 
lower collections o f  federal tax revenues, including the federal corporate 
incom e tax? D o state energy taxes restrict production and encourage “high- 
grading” o f  energy reserves and by how much? D o state taxes tilt the time 
path o f  energy production to the present or to the future? How do upstream
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subsidies for exploration and developm ent work together with downstream  
taxes on production to influence the levels and tim e paths o f  production  
and tax collections? What are the im plications o f  these taxes for the long- 
run sustainable use o f  nonrenewable natural resources? The analysis in this 
chapter bears directly on these questions. It also serves as a basis to examine 
proposed changes in federal tax policy, including the elim ination o f  the 
percentage depletion allowance and the expensing o f  intangible drilling 
costs.

We adapt the Hotelling m odel developed by Pindyck (1978) to examine 
how  a state’s taxes and subsidies at different stages o f  resource exploration  
and production alter the behavior o f  oil producers and thus impact on  
exploration activity, additions to the reserve base, and the production o f  
energy. In our m odel, returns to exploration are subject to dim inishing  
returns, and the cost o f  production is affected both by the level o f  reserves 
and the level o f  output. Producers located in a given state are assumed 
to produce only a small fraction o f  world output and therefore face an 
exogenously determ ined price o f  oil. We calibrate the m odel using data 
from U.S. oil fields to evaluate the effects o f  alternative tax and subsidy 
policies on drilling and production, on tax revenue accruing to states and to 
the federal governm ent, as well as on the time path o f  drilling expenditures 
and resource production.

A key result from the calibrated m odel is that oil production is closely 
linked to the size o f  the reserve base and is relatively insensitive to changes 
in oil prices. This outcom e, which is broadly consistent with experience in 
the U.S. oil industry over the past 50 years, leads to the conclusion that 
the severance tax has little effect on production levels and serves mainly to 
redirect rents earned in the oil industry to the public sector. Thus, increases 
in severance taxes or a reduction in the subsidies provided to the oil and gas 
industry may lead to rent taxation and therefore have only marginal effects 
on the drilling and production o f  oil and few adverse impacts in terms o f  
national security and increasing U.S. dependence on  foreign oil.

Prior sim ulation studies (Deacon 1993; Kunce et al. 2003) also have 
considered aspects o f  these issues, but a novel feature here focuses on effects 
o f  com bining subsidies for exploration and developm ent with taxes on the 
value o f  energy production. The rationale for subsidizing exploration and 
developm ent is to expand the reserve base and ultimately to stimulate oil 
production in much the same way as an investment tax credit (see Chirinko 
2000) m ight increase capital form ation and boost output in manufacturing. 
As previously indicated, this type o f  tax policy has been adopted by Alaska, 
and it has been suggested as a m odel for other states (Headwaters Econom ics
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2009). It may also bear on national energy tax policy in light o f  the interest 
in stim ulating drilling for new reserves.1 The sim ulations suggest that a 
drilling expense credit may cost m ore than the incremental severance tax 
revenue obtained, although such credits may be worthwhile concessions if  
a state’s objective is to generate greater support for increasing the severance 
tax rate.

The remainder o f  the chapter is organized into six sections. Section 9.2 
reviews the issue o f  oil taxation in twelve major oil-producing states in the 
United States. Section 9.3 summ arizes findings from the literature regarding 
temporal econom ic effects o f  state energy tax policies. Section 9.4 describes 
the extended Pindyck (1978) m odel that is used as a conceptual basis for 
our tax policy simulations. Section 9.5 discusses the way in which the m odel 
was parameterized. Section 9.6 presents sim ulation results, and Section 9.7 
concludes.

9.2 O verview  o f  State Taxation o f  th e  U.S. O il In du stry

Key taxes on nonrenewable resource developm ent levied by state and local 
governm ents can be divided into three main groups: taxes on production, 
property, and incom e. In its sim plest form, the production or severance tax 
is levied on the gross value (or volum e) o f  production o f  the resource as it 
is “severed” from the ground. The severance tax is the m ost w idely adopted  
state tax specifically applying to the U.S. oil industry and will receive the 
m ost attention in the discussion. State and local governm ents also levy 
property taxes on  the assessed (quasi market) value o f  equipm ent above 
ground and/or reserves beneath the ground. Incom e taxes are levied against 
the accounting net incom e o f  extraction firms. Although these taxes are 
generally aim ed at extracting econom ic rents earned by producers from the 
sale o f  nonrenewable resources, their effects on  production, exploration, 
and developm ent can differ substantially (see Section 9.3). The discussion  
in this section briefly summarizes how these taxes are applied in major 
oil producing U.S. states and how  they interact with each other and with  
other taxes on energy producers levied at the federal level. A m ore detailed

1 At the Republican National Convention in 2008, Michael Steele, former Lieutenant Gover­
nor of Maryland and currently Chairman of the Republican National Committee, under­
scored his view that more exploration for energy resources is needed with his now famous 
line, “Drill, Baby, Drill.” This sentiment was echoed by Republican Vice-Presidential nom­
inee, Sarah Palin, who as Governor of Alaska, signed legislation granting a partial credit for 
drilling expenses against severance tax liabilities paid at an increased tax rate. For further 
details, see Ball (2008).
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state-by-state survey o f  taxation and regulation o f  oil and gas production  
is available from the Interstate Oil and Gas Compact Com m ission (2007) 
and a m ore up-to-date survey can be constructed from a Lexis-Nexis search 
o f  state statutes. Hellerstein (1983) provides a useful discussion o f  the legal 
basis for state taxation o f  natural resources.

Table 9.1 presents data on oil production, nom inal (legislated) oil sever­
ance tax rates, effective severance tax rates, and nom inal corporate incom e 
tax rates for the twelve U.S. states that produced the m ost oil in 2007.2

As shown, production in these states ranged from a high o f  397 million  
barrels in Texas to a low  o f 20 m illion barrels in Utah. Nom inal severance 
tax rates varied w idely across states as well. All states except California 
levied a severance tax against the value o f  production.3 As m entioned ear­
lier, California is considering whether to adopt such a tax. In Alaska and 
M ontana, nom inal tax rates can exceed 10 percent. Other tax code features 
reflect im portant interstate differences.4 Severance taxes are generally levied 
against the “net value” o f  production, where each state has its own definition  
o f  this concept. Som e states, such as W yoming, tax the value o f  production  
at the wellhead (the top o f  the well), whereas others, like Utah, tax the 
value o f  production at the wellfoot (the bottom  o f the well), which in effect 
allows a deduction for lifting costs. M ost states subtract royalty payments 
(com puted as a percentage o f  gross value o f  production) for production on  
public land in com puting net production value for determining severance 
tax liabilities (Louisiana does not). Public land royalties are relatively more 
im portant in Alaska, Colorado, N ew  Mexico, Utah, and W yom ing than in 
other states owing to their large shares o f  publicly owned land. State energy 
tax codes are subject to frequent changes as well. For instance, Alaska now  
allows producers to take a credit against severance tax liabilities for capital 
expenditures used in exploration and developm ent, whereas this feature 
was not available in 2007 and thus is not reflected in Table 9.1.

In New M exico and North Dakota, the severance tax is actually the 
sum  o f  two or m ore different levies on net production value. In Colorado, 
severance taxes are paid at graduated rates that depend on the gross incom e 
o f  operators, and in Alaska, Oklahoma, and Utah prevailing rates depend  
on the price o f  oil. In Colorado, Kansas, and W yoming, local governments 
levy a substantial tax against the value o f  energy production. Although  
this tax is generally called a property tax by tax administrators, it is in

2 The year 2007 is the most recent year for which effective tax rate data could be assembled
(see discussion below).

3 California does levy a property tax on reserves in the ground (see below).
4 See footnotes to Table 9.1.

Table 9.1. Oil production (in M bbl) and tax rates for selected U.S. states, 2007

State Tax Policy and Oil Production U d9

Severance tax

State Production
Nominal

rate Effective rate
Corporate income 

tax rate0

Alaska 263,595 12.25-15%“ 12% 1.0-9.4%
California 216,778 None None 8.84%
Colorado 23,237 2-5% h 0.7% 4.63%
Kansas 36,490 4.33%c 3.0%' 4.0-7.35%
Louisiana 76,651 3.125-12.50%** 9.4% 4.0-8.0%
Montana 34,829 15.1%f 8.6% 6.75%
New Mexico 58,831 7.1%/ 7.5%m 4.8-7.6%
North Dakota 45,058 5.0-11.5%* _n 2.6-7.05%
Oklahoma 60,952 7.0%'’ 6.9% 6.0%
Texas 396,894 4.6%' 3.1% 1.0%/
Utah 19,520 3.0-5.0W 2.4% 5.0%>
Wyoming 54,130 4.0-6.0% / 5.3% None

“ Lower rate applies to fields in production less than 5 years; higher rate applies to fields in 
production more than 5 years. 

b Rate depends on gross income of operator and excludes county ad valorem taxes at 4-10%. 
c Excludes county ad valorem taxes of approximately 4%. 
d Tax rate of 3.125% applies only to stripper well production.
'  Rate applies to nonworking interest owners; working interest owners pay lower rates that vary by 

type of well.
f  Rate is the sum of oil severance tax, oil school tax, and oil conservation tax; local ad valorem taxes 

at approximately 1.2% are excluded.
* Depends on the level of an oil extraction tax that varies by type of well; tax rate on stripper well 

production is 0%. 
h Excludes ad valorem taxes that vary by county.
' Excludes county ad valorem levies and (small) state regulatory and conservation levies.
> Lower rate applies to first $ 13/bbl; higher rate applies above $ 13/bbl. Excludes county ad valorem 

levies; stripper well production is not subject to severance tax.
k Stripper well production taxed at 4%; other production taxed at 6%; excludes county levies at 

5.9-7.7%.
1 Effective rate is for oil and natural gas combined.

Effective rate is for oil and gas combined.
" Insufficient information available.
0 Tax rates depend on level of income before taxes for most states.
p This is the rate for a gross receipts tax that replaced the corporate income tax in 2007 (see Tax 

Foundation 2009a).
Sources: Production data from U.S. Department of Energy (2009b). Nominal severance tax rate 
data from Interstate Oil and Gas Compact Commission (2007). Effective severance tax rate data are 
authors’ calculations (see text). State corporate income tax rate data from Tax Foundation (2009a).
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effect a severance tax levied by local governments. Many states have granted 
innumerable exem ptions and credits against state severance tax liabilities 
for special situations that may be encountered by operators. Production  
from stripper wells (wells that produce fewer than ten barrels per day), for 
example, is taxed at lower rates in som e states than is production from  
better producing wells. Production from wells em ploying secondary or 
tertiary recovery m ethods is som etim es taxed at lower rates as well.

A further com plicating feature in  analyzing econom ic effects o f  state 
severance taxes is that states and the federal governm ent levy other types o f  
taxes on oil producers and tax bases interact, particularly at the state and 
federal levels. Except for W yoming, all o f  the twelve states levy a corporate 
incom e or franchise tax that applies to oil producers. Nom inal rates for 
this tax, taken from the Tax Foundation (2009a), are shown for each state 
in Table 9.1. State corporate incom e taxes often are levied on a similar 
base to that used in com puting federal corporate incom e tax liabilities, but 
the state tax rates generally are lower than the top federal rates for this 
tax, which currently are in the 35 to 40 percent range (Tax Foundation  
2009b). State corporate incom e tax payments are deductible against federal 
corporate incom e tax liabilities, and state and local production tax payments 
are deductible against both. In som e states, federal corporate incom e tax 
paym ents are deductible in com puting state corporation incom e taxes and 
in others it is not. Although local governm ents in m ost o f  the states utilize 
som e form o f a property tax on oil and gas extraction equipm ent, property 
taxes on reserves are levied only in relatively few states such as California 

and Texas.
State and local tax burdens on  oil producers are endlessly compared in 

state tax com m ission and legislative hearings as industry representatives 
make their case for m ore favorable tax treatment. Yet, because o f  variations 
across states in the application o f  severance and other taxes, a com parison  
o f  nom inal tax rates is not particularly useful. A judgm ent based on a 
com parison o f  nom inal rates that one state’s severance tax, for example, is 
higher than that in another state m ight easily be reversed once the potentially 
num erous exem ptions, credits, incentives, deductibility, and other special 
features o f  tax law are accounted for. Instead, more meaningful comparisons 
across states can be obtained by com puting effective tax rates expressed as 
the ratio o f  revenue collected from a particular tax to the value o f  production. 
The calculation o f  effective tax rates fully accounts for, w ithout enumerating, 
state-specific aspects o f  tax treatment faced by producers and facilitates 
com parisons between states because the value o f  production is used as a 
com m on denominator.
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Table 9.1 presents effective severance tax rates prevailing in 2007 for the 
twelve m ost important oil-producing states. Unfortunately, inform ation  
regarding severance tax collections is neither available from a single source 
nor published in a com m on format. In consequence, data on severance tax 
collections needed for the numerators o f  the effective tax rates were ob ­
tained by searching state department o f  revenue reports available on the 
Internet and by directly contacting knowledgeable people in these agen­
cies as questions arose. Estimates o f  the value o f  production in each state 
were obtained by m ultiplying production volum es by the average prevail­
ing price per barrel o f  crude oil. State production volum es were obtained  
from the Energy Information Adm inistration, U.S. Departm ent o f  Energy 
(2009b). Average wellhead prices o f  oil in each state were taken from the 
American Petroleum Institute (2009). The price and production volum e  
data exclude oil produced in the Outer Continental Shelf (OCS) that is not 
subject to state taxation. As shown in Table 9.1, am ong states that levy a 
severance tax, effective tax rates in 2007 vary from 0.7 percent in Colorado  
to 12 percent in Alaska. Because o f  the m any special tax code features just 
discussed, these rates tend to be lower than corresponding nom inal tax 
rates.

9.3 Prior Literature

A sizable literature deals with the econom ic effects o f  the three types o f  
taxes discussed in the previous section. It may be useful to briefly describe 
this work before proceeding with the theoretical structure we assume in this 
chapter. Discussion is lim ited to intertem poral issues; thus, topics such as 
interstate tax shifting or “tax exporting” are ignored (Gerking and Mutti 
1981; McLure 1969; M etcalf 1993). The severance tax is given the m ost 
detailed treatment because it has been widely adopted and because its effects 
are the focus o f  the sim ulations presented in Section 9.6.

9.3.1 Production  Taxation

Hotelling’s (1931) seminal analytic work considers a per unit severance tax in 
a m odel with an endogenous price (net o f  constant extraction costs) and the 
total exhaustion o f  fixed reserves. The severance tax is found to conserve the 
resource by extending the tim e it takes to exhaust the total pool. Herfindahl 
(1967) extends this result w ith a m odel that features an extraction cost 
function that depends on output. Under com petition, the severance tax 
is shown to tilt production to the future (i.e., delay production), thereby



extending the life o f  the pool. The pool is fully exhausted at a postponed  

terminal period.
Burness (1976) reformulates the dynam ic framework by including sever­

ance tax rates that vary over time. In this m odel, price is exogenous, reserves 
are fully depleted, and extraction cost depends only on  output. The gen­
eral proposition derived is that the severance tax will tilt production to the 
future if  the tax rate is held constant or rises at a rate less than the discount 
rate. A severance tax that rises with the discount rate will not distort the 
tim e path o f  production. Conrad and H ool (1984) show that introducing  
varying grades o f  the resource into the m odel make no difference to this 

result.
Levhari and Leviatan (1977) allow for an extraction cost function that 

depends on both current and cumulative production so that as m ore o f  the 
resource is extracted over tim e, the more it costs to produce an incremental 
unit. Thus, in this m odel, the resource may not be fully exhausted. The effect 
o f  per unit severance taxation on  tim e to exhaustion now is am biguous. If 
the resource price is constant over time, terminal time is shortened and 
high-grading (rem oving ore o f  the highest grade while leaving lower grade 
ore in the ground) may occur. Nonetheless, if  tax rates vary over time, 
then, as Heaps (1985) demonstrates, total recovery o f  the resource and the 
econom ic life o f  the resource can either increase or decrease but in opposite 
directions. Because these two effects o f  the tax work against each other, the 
net im pact on depletion cannot be determined.

If resource quality varies across pools but is the same within a pool, 
Conrad (1978 ,1981) shows that m ine lives are shortened and lower-quality 
resource is left in the ground when a per unit severance tax is levied. 
Krautkraemer (1990) exam ines the effect o f  production taxation in a finite 
reserve m odel when resource quality varies w ithin a given deposit. In addi­
tion to firms choosing the rate o f  extraction, they also choose the marginal 
grade cutoff at each point in time. A production tax induces high-grading  
at each instant o f  tim e and not just at the end o f  the production program. 
Interestingly, a production tax reduces total resource recovery and a low- 
grade resource left in the ground will not be extracted, even if at som e point 
in the future the production tax is eliminated.

Uhler (1979) includes a brief exam ination, for the first time, o f  the effects 
o f  production taxation in a m odel o f  nonrenewable natural resource extrac­
tion with both production and exploration. The possibility o f  exploration  
m eans that the reserve base is no longer fixed. Also, when the m odel allows 
for exploration and reserve additions, the dynamics o f  the process becom e 
com plex and equilibrium  conditions no longer have closed form solutions.

1 I
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Effects o f  production taxation, therefore, were exam ined with sim ulations. 
The m odel was parameterized for a small oil- and gas-producing region 
in Alberta, Canada. W hen a severance tax is im posed at a constant rate, 
operators decrease production and exploration in all periods while the 
endogenous price o f  the resource rises.

Deacon (1993) also simulates effects o f  severance taxation using the 
m odel developed by Pindyck (1978) and later applied by Yiicel (1986 ,1989). 
In Deacon’s form ulation, the oil industry is taken to be com petitive, so the 
tim e path o f  the resource price is treated as exogenous. In the sim ulations, 
the resource price is assumed to rise in the early years o f  the production  
program, but at a rate less than the assumed 5 percent discount rate. Similar 
to the analytic results derived by Burness (1976) and others in m odels that 
abstracted from exploration, the application o f  an ad valorem severance tax 
tilts production to the future in com parison to a no-tax base case. Over 
the life o f  the program, however, the tax reduces output, im plying that an 
im portant effect o f  the production tax is to induce high-grading. In addition, 
simulations show that a production tax reduces drilling in all periods and 
that drilling shuts down prematurely in com parison to the no-tax case.

Kunce et al. (2003) also simulate effects o f  production taxation using the 
Pindyck (1978) framework, but they parameterize the m odel for a single 
state (W yoming) rather than the nation as a whole, as was the case in 
the Deacon (1993) study. They consider the effect o f  doubling the state’s 
production tax on  oil extraction in a setting where oil producers are assum ed  
to be price takers. A key feature o f  this study was to em bed the production tax 
in a broader tax system that allowed for interactive tax bases and tax shifting 
between the local, state, and federal governm ents. Sim ulations dem onstrate 
that a hypothetical doubling o f  W yom ing’s production tax leads to reduced 
drilling and reduced oil production in each subsequent period. Estimated 
production declines, however, are comparatively modest; the response o f  
production with respect to the tax change turns out to be highly inelastic 
( —0.06). Thus, the main effects o f  the tax increase would be to rather 
dramatically increase W yom ing’s severance tax revenue and to reduce federal 
corporate incom e taxes paid by producers.

9.3.2 Property Taxation

Taxation o f  property, specifically reserves, has received little attention in the 
literature on  production from nonrenewable resources. O ne reason for this 
may be the practical com plexity o f  levying such taxes. N onetheless, Hotelling 
(1931) dem onstrates that a constant percentage tax on  the value o f  reserves
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will induce firms to extract m ore rapidly as they attempt to “m ine out from  
under the tax.” Conrad and H ool (1981) show that a constant tax rate per 
unit o f  reserves encourages extraction o f  higher-grade resource in the early 
periods o f  the program, but the cutoff grades are lower, thus extending the 
life o f  the m ine. The property tax is also exam ined by Heaps and Helliwell 
(1985) in a m odel that allows for new  reserve investment. The tax is shown  
to tilt production to the present and to reduce investm ent in new deposits 
to avoid holding costs. Simulations by Gam ponia and M endelsohn (1985) 
show  that a property tax on  reserves results in tilting production to the 
present. Deacon (1993) obtains the same outcom e in his sim ulation study 
and also confirm s the Heaps and Helliwell (1985) result by showing that the 
property tax on  reserves results in lower levels o f  drilling in the early years 

o f  the program.

9.3.3 Income Taxation

Burness (1976) analyzes a profits tax on a nonrenewable resource producer 
w ith fixed reserves and concludes that output trajectories will not change 
w hen the tax is applied at a constant rate. If the tax rate increases over 
time, however, firms will speed up depletion o f  the fixed reserve. Conrad 
and H ool (1984) m odel a progressive profits tax, finding that such a tax 
will not exhibit the neutrality o f  a flat rate profits tax with regard to the 
extraction path and grade selection. Deacon (1993) simulates a structure 
broadly similar to federal corporate incom e taxation with expensing o f  
current and capitalized drilling costs. Simulated paths o f  extraction, drilling 
effort and reserves show little distortion from the no-tax base case. These 
results suggest that incom e taxation is the least distortionary am ong the 
three types o f  energy taxes im posed by U.S. states.

9.4 Conceptual Framework

We propose a sim ple dynam ic m odel in the tradition o f  Hotelling (1931) and 
Pindyck (1978) with som e m odifications. The idea is to examine the pro­
ducers’ response when states or a social planner im poses a m enu o f  taxes and 
subsidies on  oil production. We consider three tax/subsidy instrum ents -  
a severance tax, a corporate incom e tax, and a subsidy on drilling expen­
ditures. Producers choose the optim al am ount o f  drilling (and therefore 
reserve additions) and production o f  oil to m aximize profits.

The m odel is dynam ic, with a known discount rate and no uncer­
tainty. Resource producers face an output price o f  the com m odity that is
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exogenously determined. Ideally, output prices should be endogenously  
determined through the process o f  dynam ic optim ization, as in Pindyck 
(1978). However, because our goal is to exam ine the effect o f  various tax 
regimes under assum ptions o f  alternative petroleum  prices and a single 
U.S. state produces only a small fraction o f  world output, the exogenous 
price assum ption may be a reasonable approximation. In any case, a par­
tial equilibrium m odel with endogenous prices may leave too many factors 
that critically affect oil prices out o f  the m odel (e.g., international financial 
markets, world econom ic growth).

Let the output price o f  petroleum  be given by p  ( t) where the argument t 
denotes time. Then the social planner im poses a set o f  taxes (1 — a p ) such  
that the net price received by the producer is the fraction a p tim es the price.3 
Thus, the production revenue accruing to producers o f  energy is given by 
otppq where q is the quantity o f  oil sold by the producer. We assum e that 
whatever is extracted is sold -  there is no storage.

Because we distinguish between production and exploration, we define 
reserves R at any given tim e t  and the cumulative addition to the stock o f  
petroleum  given by x. The relationship between stocks and reserves is given  
by the differential equation

R(t )  =  f ( w , x )  -  q (9.1)

That is, the change in reserves is equal to the addition in reserves net o f  
production, as in Pindyck (1978). The function /  represents the addition  
to reserves as a function o f  drilling effort w  and cum ulative additions 
to the stock x  and we assume that f \  > 0; f  u  >  0; f  2 <  O/ 2 2  >  0 and 
/ 1 2  <  0. More drilling effort (w) leads to  higher reserve additions, but at 
a decreasing rate. Higher cumulative discoveries x  cause current reserve 
additions to decline (at a decreasing rate). It is m ore difficult to add to 
the reserve base, the higher the discoveries m ade in the past. Finally, the 
marginal effect o f  reserve additions as a function o f  drilling decline with  
increases in cumulative stock. For convenience we assume that the stock  
o f  resource grows linearly with drilling effort. However, the cost o f  drilling  
increases in a convex fashion with drilling effort, given by k{w)  where 
fc'(w) >  0; k!'(w)  >  0 and A:(0) =  0. Finally, the total cost o f  extraction is 
given by c(q , R )  with C\ > 0 ,  c2 >  0, c2 <  0, c22 >  0 and c ]2 <  0.6 That 
is, the total “lifting” cost increases with quantity produced -  for instance,

5 The tax parameter ap and two other tax parameters to be defined momentarily are empir­
ically specified in the next section.

6 In  Pindyck’s (1978) original formulation, both average and marginal lifting costs depended 
on R  but not on q.
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as oil is extracted from greater depths -  and it also decreases concavely with 
current reserves. This specification follows from the view that oil is produced 
using reserves (a form  o f  capital) and nonreserve inputs (i.e., physical capital 
other than reserves and labor), so that extraction costs are positively related 
to output and negatively related to reserves. The cross-partial derivative cl2 

is assum ed to be negative.
We introduce two other tax/subsidy parameters in this framework, 

namely, the portion (1 — a c) o f  the production cost that is deductible in 
com puting tax liabilities, so that the net production cost faced by firms is 
a cc(q, R )  and the part (1 — a D) that is deductible by the firm, which implies 
that the net drilling cost payable by the firm is given by a Dk{w).  The major 
goals in this chapter are to exam ine how the three different tax/subsidy  
policy instrum ents, given by a p , a c and otp, affect drilling activity, reserve 
additions, and production, as well as to compare their corresponding rev­
enue and welfare im plications.

Finally, given a fixed discount rate r >  0 the social planner solves the

following problem:

OO

M a x  I [oippq — a cc(q, R )  — a Dk(w )]e~ r,d t  (9.2)
q.w.x.R J v 

0

which is subject to the following equations:

x  =  w  (9.3)

and

R = f ( w , x ) - q  (9.4)

The current value H am iltonian for this problem is

H  =  oippq — a cc(q, R )  -  a Dk{w)  +  Xw  +  0 [ f  (w, x )  -  q] (9.5)

so that the first-order conditions are given by

UpP < o t ccq +  9  ( =  iff q > 0) (9.6)

Ofw  <  oiDkw -  X ( =  i f f w  >  0) (9.7)

X =  rX — Ofx (9.8)
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0  —  r O  +  a c CR (9.9)
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along with transversality conditions not shown here. The co-state variable /. 
represents the shadow price o f  an additional unit o f  discovered oil. N ote that 
the higher the cumulative discoveries, the lower the additions to reserves. 
Hence, the shadow price X will be negative. The shadow price 6 represents 
the discounted increm ent to profits resulting from the addition o f  one unit 
o f  reserves. Reserves decrease the cost o f  production and therefore 0 should  
be positive.

An im portant im plication o f  the m odel (see equation (9.6)) is that the 
firm will decide to produce (q > 0) if  the discounted after-tax wellhead oil 
price net o f  marginal extraction costs exceeds the present value o f  future 
profits from an additional unit o f  reserves (0)7  C ondition (9.7) equates 
the marginal benefits and costs o f  an additional well drilled. The benefits 
are in the form o f  an increase in reserve additions, which are given by the 
expression Of w. The costs are twofold: the marginal cost o f  drilling net o f  
drilling subsidies denoted by the term a p k w plus the negative effect on  
reserve additions from an addition to the cumulative resource stock given 
by A..

Equations (9.8) and (9.9) give the tim e path o f  the derivatives for the 
two shadow prices X and 0. The rate o f  increase in the shadow price X has 
two com ponents -  the discount rate r and the fact that taking out a unit o f  
resource increases the “cost” in the future through lower marginal reserve 
additions. B ecau se/*  is assum ed to be negative, the first term rX is negative 
and the second term — 0fx is positive. At least initially the latter term is likely 
to be large because o f  the high value o f  reserve additions, in  which case 
X(t) is likely to be positive and the value o f  lambda, which is negative, will 
decline over time. In this m odel, then, additions to stock adversely impact 
reserve formation; hence, the interpretation is com pletely different than in 
the standard Hotelling m odel with no exploration activity. The extra cost 
o f  drilling is that it decreases the future benefit o f  drilling. The tim e path o f  
the marginal value o f  a unit o f  reserve 0  also increases at the rate o f  discount 
but is tempered by its effect on  lifting costs -  additions to reserves have the 
added benefit o f  helping reduce the cost o f  production, net o f  production  
subsidies. This is given by the negative term a c C p .

In this chapter we do not focus on the analytics o f  this m odel, which is 
similar to the m odel developed by Pindyck with som e key differences. The

7 Notice that condition (9.7) differs from the corresponding condition derived by Pindyck 
(1978) in that marginal lifting costs increase with increases in q. Consequently, rather than 
producing at some maximum rate subject to constraints given by reserve levels, geology, 
and technology, the firm pays attention to how its lifting costs are affected by the level of 
output.
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m ain difference is that his production costs are independent o f  reserves, 
whereas in our case, production costs decline with cumulative reserves. 
Moreover, here the focus is on  the three tax/subsidy instruments, and we 
show how they play different roles in influencing production and drilling 

behavior by firms.

9.5 Calibration o f the Sim ulation Model

Simulations from the m odel developed in the previous section are con ­
structed based on  estimates o f  the drilling cost, lifting cost, and reserve 
additions equations, specifying values for the tax/subsidy and other 

parameters.

9.5.1 Equation Estim ates

Estimation o f  k(w )  and j[w, x ) are treated together because they are used to 
com pute the marginal cost o f  reserve additions (k w/ fw), a key relationship in 
the m odel described above. Drilling cost per foot is assumed to be linearly 
related to footage drilled, as shown in equation (9.10):

k { w ) / w  — < p w + u  (9.10)

where 0  is the parameter to be estimated and the disturbance term u is 
norm ally distributed. This specification ensures that the marginal cost o f  
drilling is positive and increasing in footage drilled as long as 0  >  0. Using 
annual data for the United States from 1959 to 2007, with drilling cost per 
foot measured in year 2000 dollars and footage drilled measured in m illions 
o f  feet, the least squares estimate o f  0  is 1.23 with t-statistic o f  8.17.8 

The production function for gross reserve additions is specified as

f ( w ,  x )  =  A w pe~P'xev (9.11)

where A, p, and /3 are parameters to be estimated and the disturbance term  
ev is assumed lognorm ally distributed with mean o f  unity and variance 
o \ .  Equation (9.11) is similar to the one describing the discovery process 
proposed by Uhler (1976) and later adopted by Pindyck (1978). The idea 
behind this equation is that the marginal product o f  drilling declines as 
footage drilled accumulates. Estimation o f  equation (9.11) used annual 
data from seven im portant oil-producing U.S. states (California, Kansas,

8 Data were taken from American Petroleum Institute (2009).
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Louisiana, N ew  M exico, Oklahoma, Texas, and W yom ing) for which com ­
plete inform ation on the requisite variables was assembled for the period  
1970-97.9 Oil reserve additions are defined as extensions, new field discov­
eries and new reservoir discoveries in old fields. The footage drilled variable 
was defined as in equation (9.10) and the cumulative footage variable was 
created by adding year-by-year over the sample period for each state. After 
taking natural logarithm s o f  equation (9.11) and with state-effects included, 
we obtain least squares estimates o f  p  — 0.95 (t-statistic =  14.18) and )9 =  
0.000437 (t-statistic =  1.37). The value o f  A (28.78) was selected so that the 
equation predicted U.S. reserve additions in 2007. This equation shows that 
the marginal product o f  drilling (f w) decreases with footage drilled as well 
as with cumulative drilling, although the coefficient o f  cum ulative drilling  
is insignificant at conventional levels.

Because data on oil extraction costs are weak, C(q, R)  could not be econo- 
metrically estimated. Instead, this equation was calibrated for the United  
States with a C obb-Douglas functional form  using m ethods described in 
Deacon (1993). Results show  that if  the output elasticity o f  nonreserve 
inputs is 0.35, then for 2007, C/q — 4 5 8 .1 (q /R )186. The value o f  458.1 is 
selected so that the right-hand side will predict average U.S. operating cost 
per barrel in 2007 o f  $7.56.10 N ote that the C obb-Douglas form im plies 
that extraction costs rise w ithout lim it as reserves approach zero and fall as 
production declines.

9.5.2 Specification of Tax/Subsidy Parameters

Values for the parameters otj (j — p, c, D) were specified by choosing rep­
resentative rates o f  state and federal taxes faced by oil producers and then  
inserting these values into equations (9.12) through (9.14).

a p =  (1 -  0 ( 1  -  rs) ( l  -  rr) ( l  -  rp ) +  rU5(l -  rr) y  (9.12)

etc =  (1 -  0 ( 1  ~  Ts) (9.13)

a D =  {(1 -  tU5t) - (1 -  0 < 5 )}  (9.14)

In equations (9.12), (9.13), and (9.14), xU5 denotes the federal corporate
incom e tax rate, rs is the state corporate incom e tax rate, rr denotes the 
royalty rate on  production from public (state and federal) land, rp is the

9 Data were taken from American Petroleum Institute (various years).
10 Data were taken from U.S. Department of Energy (2009a).



state severance tax rate, and 8 represents the percentage o f  drilling costs 
that may be taken as a credit against state severance tax liabilities. This 
credit is a prom inent tax code feature in Alaska. Also, y  represents the 
federal percentage depletion allowance weighted by the percentage o f  pro­
duction attributable to eligible producers (nonintegrated independents), 
and q =  e +  (1 — e ) f  denotes the expensed portion o f  current and capital­
ized drilling costs attributable to current period revenues for purposes o f  
com puting federal corporate incom e tax liabilities, where e is the percent­
age o f  current period drilling costs expensed for tax purposes and /  is the 
present value o f  cost depletion deductions per unit o f  depletable expense 

(see Deacon 1993 for further details).
These equations do not capture all aspects o f  the tax code facing oil pro­

ducers. Instead, they merely reflect im portant tax features and relationships 
between taxes affecting the oil industry in m ost states and at the federal 
level: (1) severance taxes are levied on  the wellhead price o f  oil; (2) roy­
alty paym ents for production on public land are deductible in com puting  
state severance tax liabilities; (3) public land royalty payments, state sever­
ance taxes, and extraction costs are deductible in com puting state corporate 
incom e tax liabilities; and (4) public land royalty payments, state severance 
taxes, and state corporate incom e taxes are deductible in com puting fed­
eral corporate incom e taxes. Federal corporate incom e tax payments are 
adjusted because o f  the percentage depletion allowance and special treat­
m ent o f  drilling costs. These equations highlight interaction between tax 
bases and are m ore detailed than the corresponding treatment given by 
M oroney (1997) and D eacon et al. (1990). The equations incorporate the 
entire tax structure into the m odel, rather than simply analyzing one tax 
at a tim e as in Deacon (1993). Equations (9.12) through (9.14), however, 
ignore local taxes on  the value o f  production as well as possible property 
taxes on  reserves (levied by relatively few states). As noted in Section 9.2, 
state tax treatment o f  the oil industry is not uniform; the specification o f  
the parameters oq ( / =  p, c, D) would require reformulation to represent the 

tax structure o f  a particular state.

9 .5 .3  Values o f  Tax/Subsidy Param eters U sed  in S im ulations

Four sim ulations o f  the m odel are considered in the following section. The 
base case sim ulation considers a situation in which no taxes are levied and 
no subsidies are allowed (N o-tax M odel A); the values for the tax parameters 
a re a p =  1, a c =  1, a p  =  1. The Low-tax M odel B considers a situation in 
which the nom inal severance tax rate is rp =  0.12, the state corporate incom e
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tax rate is rs =  0 .0 6 , and public land royalty paym ents as a fraction o f  total 
production value is rr =  0.09. These choices for state corporate incom e tax 
and severance tax rates are broadly representative o f  actual nom inal rates 
for these taxes (see Table 9.1). The public land royalty payment fraction 
is similar to actual values for oil-producing states in the western United  
States (Gerking 2005). At the federal level, the effective federal corporate 
incom e tax rate is set at xus =  0.30. The current nom inal depletion rate o f  15 
percent applies to about 60 percent o f  U.S. oil production; thus, y  — 0 .09 .11 
The expensed portion o f  current period drilling costs is approximately 40 
percent for the industry, and the present value o f  depletion deductions 
for capitalized drilling cost can be approximated by { q / R ) / ( r +  (q / R )), 
assuming that it is approximately 8 percent; therefore q =  0.40 +  (1 -  
0.4)*(0.0 8 /(0 .04  +  0.08)) =  0.8. The parameter 8 is set to zero. Thus, the 
tax policy parameters for M odel B are a p =  0.55, a c =  0.67, a D — 0.76.

The High-tax M odel C sets all taxes equal to their M odel B values, 
except for the severance tax, which is set at zp =  .25. Hence, a p =  0.47, 
a c — 0.67, a p  =  0.76. The Drilling Subsidy M odel D  sets all tax parameters 
equal to their M odel C values, except that (5 is set to 0.22, so that a p — 0.47, 
a c — 0.67, a p  =  0.61.

9 .5 .4  O ther Parameters

Each m odel uses a discount rate o f  r =  .04, an oil price o f  p  — $70 per 
barrel, and is run for 110 periods at which point drilling all but ceases in the 
four m odels because it is no longer profitable. The initial value o f  reserves 
(R ) was set to 20 billion barrels. This value approximates the quantity o f  
proven reserves for the United States in 2007. The initial value o f  cumulative 
footage drilled was arbitrarily set to 2 billion feet, which is roughly equal to 
the cumulative footage for oil wells drilled in the United States in the past 
30 years.

9.6 D iscussion o f  Sim ulation Results

Results o f  sim ulations are obtained from solving the first-order equations 
o f  the m odel (equations (9.6) and (9.9)) after substituting values o f  the

11 The percentage of production accounted for by nonintegrated independents was approx­
imated by subtracting from unity the ratio of oil and natural gas liquids production by 
producers subject to USDOE financial reporting system (FRS) requirements to total oil 
and total natural gas liquids production. For 2007, this ratio was 0.612. Data jvere taken 
from U.S.Department of Energy (2009c, 2009d, 2009e).
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Table 9.2. Selected values from solutions for the four models: Year 1

Model A Model B Model C Model D

Production in billions of barrels ( q ) 2.33 2.16 2.03 2.03

Drilled footage in millions of feet (w ) 92.44 72.21 63.43 74.26

After-tax price per barrel received by $70.00 $38.50 $32.90 $32.90

producers ( a „ P )

After-tax marginal extraction cost of $24.03 $13.98 $12.46 $12.46

one additional barrel (a cC J
Reserve additions from drilling an 0.0091 0.0092 0.0093 0.0092

additional million feet in billions 
of barrels (/,„)

Total reserve additions in billions of 0.841 0.664 0.588 0.683

barrels ( w f w)
After-tax marginal cost of drilling $227.40 $135.00 $118.59 $111.43

one additional foot ( a ok,)
Beginning reserves in billions of 20 20 20 20

barrels (R)
Ending reserves (R ) 18.55 18.50 18.56 18.65

e $45.80 $24.50 $20.50 $20.50

L $227.00 $135.00 $119.00 $111.00

tax/subsidy parameters and specific equations for drilling costs (equation 
(9 .10)), reserve additions (equation (9.11)), and lifting costs. Table 9.2 shows 
selected solution values for year 1 for the four m odels.

In year 1 for M odel A, for example, solutions for the level o f  production  
and footage drilled are 2.3 billion barrels per year (6.4 m illion barrels per 
day) and 92.44 m illion feet, respectively. These values, together with initial 
reserves set to 20 billion barrels and P — $70, im ply that the marginal cost o f  
extracting an additional barrel o f  oil is cq =  $24.03 and the marginal cost o f  
drilling an additional foot is $227.40. Over the course o f  year 1, reserves fall 
because production exceeds reserve additions. The present value o f  future 
profits from an additional barrel o f  reserves is 9 =  $45.80 (see equation  
(9 .6 )), and the present value o f  drilling cost reductions from an additional 
unit o f  reserves is the negative o f  X =  $227 (see equation (9.7)). Both o f  
these two shadow prices steadily converge toward zero over time.

Values presented in Table 9.2 for M odels B and C are interpreted similarly. 
In these two m odels, production and drilling are lower than in M odel A, 
in part because the severance tax causes prices received by producers to  
fall disproportionately relative to extraction and drilling costs. In Model D, 
production is the same as for M odel C because tax rates and initial values
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Figure 9.1. Oil production is quite insensitive to the tax structure in the U.S. case.

o f  reserves are the same, but footage drilled is higher because o f  the drilling 
expense subsidy. In all three m odels, the shadow values X and 0  converge 
toward zero over tim e, just as in M odel A.

Figure 9.1 shows the time profile o f  oil production in m illions o f  barrels 
per day for each o f  the four models.

In each m odel, production declines substantially over time. The n o ­
tax case (M odel A) shows the highest production rates. The introduction  
o f  taxes in M odel B tilts production (slightly) to the future, as predicted 
by m odels o f  extraction from fixed reserves (see Section 9.4). Numerical 
calculations indicate that production rates for M odel B are lower than for 
M odel A until year 26, at which point production rates becom e higher for 
Model B than for M odel A. In M odel C, tilting o f  production to the future is 
m ore pronounced in com parison to M odel A than it is for M odel B because 
o f  the higher severance tax rate assumed. Production in Model C is lower in 
the early years o f  the program, but begins to exceed production in M odel B 
by year 27. Introduction o f  the subsidy for drilling expenses tilts production  
back to the present in com parison with M odel C. M odel D production  
initially exceeds that for M odel C, but is lower than that for M odel C after 
year 48.
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Figure 9.1 also shows that production is relatively insensitive to changes in 
tax rates and therefore to changes in prices received by operators. Cumulative 
production figures for the 110-year program period confirm this result 
(Table 9.3).

More specifically, com paring M odel A with M odel C, the arc elasticity 
o f  cum ulative production with respect to a change in severance tax rates 
( ( A q / q ) / ( A r p/ r p)) is only ( — 1,4 /3 8 .7 )(0 .125/0.25) =  —0.02. This out­
com e implies that the arc elasticity o f  cumulative production with respect 
to a change in prices received by operators is (—1.4 /38 .7 )(5 6 .7 /—26.6) =  
0.05. O f course, these sim ple elasticity calculations are based on cumulative 
production totals and do not take the tim ing o f  production into account, 
but as shown in Figure 9.1, the time path o f  production does not differ 
greatly across the four m odels.

Oil production also would be insensitive to changes in the percentage 
depletion allowance rate (q) that can be used by nonintegrated independent 
producers in com puting federal corporate incom e tax liabilities. As shown 
in equations (9.12) through (9.14), a reduction in either q or an increase 
in the severance tax rate xp lowers a p while leaving a c and a D unchanged. 
In fact, given the values o f  the tax parameters used for M odels B, C, and 
D, elim inating the percentage depletion allowance would have the same 
effect on  production as a four percentage point increase in the severance 
tax. This parallel between changes in severance tax rates and the changes 
in the percentage depletion allowance may be o f  interest in light o f  the 
Obama Adm inistration’s proposal to elim inate the latter tax preference (see 
Krueger 2009). O f course, changes in the severance tax and changes in the 
oil depletion allowance will not have equivalent effects on the collection o f  
other taxes at the state and federal levels.

Insensitivity o f  oil production to severance tax increases would be to som e 
extent expected in these sim ulations because a key effect o f  the tax simply 
is to reduce industry profits. The assumed price o f  oil ($70/bbl) is relatively 
high by historical standards; thus, discounted profit is a relatively large 
percentage (80 percent) o f  discounted total revenue. In consequence, the 
array o f  taxes im posed in M odel B can cut into profits w ithout substantially 
altering drilling or production. Kunce et al. (2003) found som ewhat greater 
responsiveness o f  oil production to changes in severance tax rates when  
setting P (P =  $23) at a lower value than the one used in this study. In 
their sim ulations, which envision a lower ratio o f  profit to total revenue, the 
long-run elasticity o f  production to changes in the severance tax rate was 
- 0 .0 6 .
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Table 9.3. Total drilling, production, tax collections, profits, and reserves fo r four  
models over the 110-year program

Total production
(in billions of barrels) 

Total footage drilled 
(in billions of feet) 

Discounted public land 
royalties (in billions 
of dollars)

Discounted severance 
tax Collections 
(in billions of dollars) 

Effective severance 
tax Rate 

Discounted state 
corporate income tax 
revenue (in billions 
of dollars)

Discounted federal 
corporate income tax 
revenue (in billions 
o f dollars)

Discounted depletion 
allowance deductions 
(in billions o f dollars) 

Discounted pre-tax total 
revenue (in billions 
o f dollars)

Discounted extraction 
costs (in billions 
o f dollars)

Discounted drilling costs 
(in billions of dollars) 

Discounted firm profits 
(in billions of dollars) 

Beginning reserves 
(in billions of barrels)

Model B Model C
Model A 12% severance 25% severance
no taxes tax tax

Model D 
25% severance 

tax with 
drilling

39.4 38.5 38.0 38.6

4.5 3.9 3.6 3.9

$0 $131.0 $126.3 $129.3

$0 $159.0 $319.2 $307.5

0 0.109 0.228 0.212

$0 $60.9 $49.6 $50.8

$0 $230.0 $182.5 $188.4

$0 $119.2 $114.9 $117.7

$1,544 $1,456 $1,403 $1,437

$186.3 $151.8 $130.1 $133.0

$125.6 $84.4 $68.3 $88.3

$1,231 $638 $527 $539

20 20 20 20
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In any case, the inelasticity o f  production with respect to severance 
tax and price changes suggests that severance tax collections com puted  
as s =  Tp(l — rr) p q  — 8k( w)  should increase roughly in proportion to 
changes in the tax rate when 8 =  0. As shown in Table 9.3, discounted (at 
4 percent) severance tax collections over the 110-year program period total 
$159.0 billion for M odel B and $319.2 billion for M odel C. Effective sever­
ance tax rates for these two m odels are 0.109 and 0.228, respectively. These 
figures suggest that the arc elasticity o f  discounted severance tax collections 
with respect to a change in the effective tax rate is 0.95 (assum ing unchanged 
royalty rates and oil prices). M odel D, which includes the credit (8 — 
0.22) for drilling expenses, reflects smaller severance tax collections than 

M odel C.
Table 9.3 indicates that severance tax rate increases result in lower col­

lections o f  both state and federal corporate incom e taxes. Because o f  the 
deductibility o f  severance tax payments against these two taxes, discounted  
state corporate incom e tax collections fall from $60.9 billion in M odel B 
to $49.6 billion in M odel C, and discounted federal corporate incom e tax 
collections fall from $230.0 billion in M odel B to $182.5 billion in M odel 
C. Notice that the decline in federal corporate incom e tax collections is 
cushioned by declines in depletion allowance deductions ($119 billion to 
$114.9 billion) and in deductions for current and capitalized drilling costs. 
The value o f  these two deductions declines because both production and 
drilling are lower in M odel D than in Model C. Also, discounted oil industry 
profits fall sharply when all taxes are im posed (compare M odel A with M od­
els B and C). In any case, the main effects o f  severance tax rate increases are 
to redirect (1) oil industry profits to the public sector and (2) tax payments 
from the federal level to the state level.

A lthough the specific way in which the m odel is parameterized may be 
responsible for the relative insensitivity o f  production to changes in oil 
prices and severance tax rates, results shown in Figure 9.1 and Table 9.3 are 
broadly consistent with U.S. experience over the past half-century. Figure
9.2 shows this by plotting total U.S. proven reserves (in billions o f  barrels), 
total U.S. production from proven reserves (in hundred m illions o f  barrels), 
and the real price o f  crude oil (in  year 2000 dollars).

Proven reserves stood at roughly 30 billion barrels from 1959 to l970 , 
increased to nearly 40 billion barrels in 1971 with the discovery o f  oil in 
Prudhoe Bay, and then declined steadily thereafter to 20.9 billion barrels 
in 2007. Over this tim e period, production followed a similar pattern, 
remaining between 8 percent and 11 percent o f  reserves in each year; on 
average, production represented 9.2 percent o f  reserves with standard error

' V
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Figure 9.2. U.S. oil production has been insensitive to oil prices over the past 50 years.

o f  1.34. Real crude oil prices, on the other hand, exhibited greater variability, 
but neither the spike in the late 1970s and early 1980s nor the price increase 
seen in recent years appears to have had much effect on production.

Drilling activity during the 110-year program shows greater percentage 
differences across the four m odels (see Figure 9.3 and Table 9.3) than were 
com puted for production.

M odel A has the m ost drilling in each year o f  the sim ulation period. 
Total drilling in M odels B and C are lower by 13.3 percent and 20.0 percent, 
respectively, than in M odel A, because the im position o f  severance taxes 
reduces the future payoff from this activity. The effect o f  the 22 percent 
drilling expense credit in M odel D is to increase drilling above the levels 
predicted for M odel B, but still 13.3 percent below the level predicted for 
M odel A. Total drilling over the 110-year sim ulation period (net o f  the 
starting value o f  2 billion feet) is 4.5 billion feet for Model A, 3.9 billion feet 
for M odel B, 3.6 billion feet for M odel C, and 3.9 billion feet for M odel D.
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------------No Taxes ------------12% Severance Tax
---------- 25% Severance Tax ------------Drilling Credit

Figure 9.3. Drilling activity is more sensitive to the tax regime.

The figures presented in Table 9.3 imply that the long-run arc elasticity o f  
footage drilled over the 110-year program with respect to the severance tax 
changes contem plated in M odels B and C is - 0 .0 7 .  The corresponding price 
elasticity is 0.91. Thus, in percentage terms, drilling is more responsive to tax 
and price changes than is production. Figure 9.4 shows that these results are 
roughly consistent with the observed relationship between drilling footage 
and real oil prices (defined as in Figure 9.2) in the United States over the 
past 50 years.

As shown, drilling footage responds positively to changes in the real oil 
price, and a regression o f  the natural logarithm o f footage drilled on the 
natural logarithm o f  the real price o f  crude oil yields a coefficient o f  the 
latter variable o f  0.44 (t-statistic =  3.38). This estimate compares favorably 
with estimates produced by the sim ulation model.

Another perspective on  the results for the tim e path o f  drilling and 
production can be obtained by focusing on the behavior o f  reserves. In 
all four m odels, initial reserves are set to 20 billion barrels. Drilling leads 
to annual reserve additions, and reserve additions are highest when more 
drilling is carried out. In consequence, reserve additions tend to be higher for 
M odel A than for either M odels B or C. Reserve additions also are higher for 
M odel D than for M odel B, again illustrating the effect o f  the drilling expense
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Figure 9.4. Price movements coincide with changes in footage of wells drilled.

subsidy. In all four m odels, however, annual reserve additions always are 
exceeded by annual production and thus reflect declining reserves over time. 
This outcom e can be seen in Table 9.3 by com paring beginning reserves with 
the much smaller corresponding figures for ending reserves.12 Moreover, 
this outcom e is consistent with the previously discussed trends presented in 
Figure 9.2, which illustrate that U.S. proven reserves have declined by about 
50 percent over the past half-century.

Table 9.3 presents additional inform ation concerning the effect o f  the 
22 percent drilling expense credit subsidy on drilling, production, reserves, 
and tax collections.13 As discussed previously, the credit spurs drilling over

12 The ending values for reserves reflect high-grading brought about by the severance tax, as 
discussed in the theoretical literature. For instance, ending reserves in Models B and C are 
38 percent and 63 percent higher, respectively, than for Model A.

13 Results presented below concerning effects of a drilling expense credit may also inform 
the current debate about the proposed elimination of the possibility to expense intangible
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the life o f  the program, which adds to the reserve base and raises produc­
tion (compare M odels C and D). D iscounted drilling expenditures rise by 
29 percent ($20 billion), but because drilling expenditures rise at an increas­
ing rate with footage drilled (see equation (9.10)), footage drilled rises by 
a smaller percentage (8 percent or 0.3 billion feet). The 0.6 billion barrel 
increase in production associated with the credit approximately offsets the 
effect on production o f  increasing the severance tax rate from 12 percent 
to 25 percent (compare M odels B and D). Application o f  the credit results 
in 14 percent fewer rem aining reserves at the end o f  the program (com ­
pare M odels C and D ) and roughly offsets the effect on  ending reserves 
that results from the severance tax increase in Model C as compared with 

M odel D.
The incremental production resulting from the drilling expense credit 

results in an increased present value o f  severance tax collections (gross o f  
the credit) in M odel D ($326.9 billion) as compared with Model C ($319.2 
billion). Once the present value o f  drilling expense credits are subtracted, 
however, the net-of-credit present value o f  severance tax collections in 
M odel D ($307.5 billion) ends up lower than in Model C by 3.7 percent, 
yet they are 93.4 percent higher in M odel D than in M odel B. Comparing 
M odels D and C, $1.2 billion in lost severance tax revenue is regained 
through increased state corporate incom e tax collections; however, $5.9 
billion in lost severance tax revenue is transferred to the federal government 
in the form o f  higher federal corporate incom e tax payments. In any case, 
the drilling expense credit results in a net loss in discounted state tax revenue 
o f  $10.5 billion. It costs about $17.50 in lost discounted state tax revenue 
(both severance tax and state corporate incom e tax) to produce an additional 
barrel o f  oil and about $35.00 o f  lost discounted state tax revenue to drill 
an additional foot. Additionally, each dollar o f  discounted state tax revenue 
lost because o f  the credit is associated with a $1.90 increase in drilling 
expenditures.

This outcom e raises a question as to whether other public policy instru­
m ents, such as support for research to lower drilling costs or to increase 
finding rates, m ight spur drilling at lower cost to the state. Nonetheless, if 
a state’s objective in granting the drilling expense credit is to gain support 
for increasing the severance tax rate from 12 percent to 25 percent, it is a 
relatively inexpensive concession. On the other hand, a state that expects 
the drilling expense credit to more than pay for itself through severance

drilling costs in computing federal corporate income tax liabilities. Both types of policies
operate through ap  while leaving the other two tax parameters unchanged.
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Figure 9.5. Discounted severance tax losses from the drilling expense credit accumulate 
over time.

tax collections will be disappointed because it sim ply generates too little 
incremental oil production. In fact, the drilling expense credit is not only  
cost-ineffective when evaluated over the entire program, it is cost-ineffective 
in each program year, as shown in Figure 9.5.

As can be seen from Table 9.2, the credit results in a 17 percent increase in 
drilling in year 1 (compare M odels C and D ), but no additional production  
and thus no additional revenue. M odel D  production begins to reflect the 
additional drilling in year 2 and exceeds that for M odel C until year 48. 
During these years, severance tax losses in M odel D  com pared to M odel C 
are smaller than the value o f  the credit. As indicated, beginning in year 49, 
production in M odel C is larger than that for M odel D. Thus, in years 49 
to 110, the loss in severance tax revenue in M odel D com pared to M odel C 
exceeds the value o f  the credit.

A possible concern about these calculations is that they pertain to a m odel 
that is parameterized using U.S. oilfield data. In particular, one conjecture 
might be that a drilling credit m ight be financially m ore attractive in an 
area that has been less extensively explored, so that the marginal product 
o f  drilling in identifying new reserves would be higher. To check this idea, 
the sim ulation m odel was recalibrated by assum ing that cum ulative drilled 
footage prior to the start o f  the program was 500 m illion feet, rather than
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Figure 9.6. Oil drilling tilts to the future with exogenous growth in oil prices.

2 billion feet. This alteration roughly doubles the marginal product o f  
drilling in identifying new reserves, which in turn stimulates drilling, reserve 
additions, and production. Therefore, M odel C discounted severance tax 
collections are higher than those shown in Table 9.3. M odel D discounted  
severance tax collections also are higher than in Table 9.3, but still lower than 
the comparable value for Model C. Thus, in both absolute and percentage 
terms, severance tax losses from the drilling expense credit are larger when 
cumulative footage drilled totals 500 m illion feet as compared with 2 billion 
feet.

It would also be o f  interest to construct a sim ulation using the actual 
path o f  oil prices over the last several decades. This price, however, exhibits 
sharp increases and decreases over tim e (see Figure 9.2), causing the sim u­
lation algorithm to break down. As a second choice, we performed a set o f  
sensitivity analyses to reflect a forecast that oil prices will rise over time, at 
two exogenously given rates. O f course, with perfect foresight, prices cannot 
go up faster than the rate o f  discount, because then oil production will be 
postponed to the future. We thus assume exogenous growth rates in oil 
prices o f  1 percent and 2 percent. As shown in Figure 9.6, drilling activity 
flattens out with a 2 percent growth in prices.
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Figure 9.7. Oil production does not change appreciably with growth in oil prices.

However, oil production is relatively insensitive to oil price growth, as 
shown in Figure 9.7. This is because even though drilling activity shifts 
out to the future with an increase in prices, the decline in returns from  
cumulative drilling keeps production from leveling out in time. Production  
continues to fall, as in the case with constant prices. Figure 9.8 shows the 
change in reserve additions in the price growth scenario.

9.7 Concluding Remarks

This chapter described tax policies pursued by U.S. states that impact the oil 
industry. Three types o f  taxes are discussed: (1) the severance or production  
tax, (2) the property tax, and (3) the corporate incom e tax. The severance tax 
then is further analyzed in light o f  its widespread use in energy-producing  
states and its potential to generate revenues to support public services. The 
analysis is carried out using an adaptation o f  a conceptual m odel (Pindyck 
1978) o f  exploration/developm ent and production o f  exhaustible resources 
in which oil prices are taken as exogenous. This perspective is a useful sim ­
plification for an analysis o f  state taxes because no state produces enough oil 
to appreciably affect the world price. Simulations obtained from calibrating 
the m odel suggest that oil production volum es will be quite insensitive to
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Figure 9.8. Reserve additions change only marginally with growth in oil prices.

price and severance tax rate changes. Thus, an increase in the severance tax 
rate is seen to generate proportionally more severance tax revenue, as its 
main effect is to redirect econom ic rents earned in the oil industry towards 
the public sector. An im plication o f  this result turns out to be that the 
proposed elim ination o f  the percentage depletion allowance, available to 
nonintegrated independent oil producers, may have much the same effect 
on production as a severance tax increase, although changes in the two types 
o f  tax measures may have quite different effects on the distribution o f  tax 
revenue between the state and federal levels o f  government.

Simulations based on the U.S. experience demonstrate that the credit for 
drilling expenses does turn out to increase drilling as intended. However, 
if  the credit is applied in the United States, particularly in areas where a 
great deal o f  drilling has already occurred, its contribution to identifying 
new reserves may be rather limited. In other words, much o f  the continental 
United States has been extensively explored, so the chances o f  large oil dis­
coveries probably are small. Simulations o f  the m odel show that the drilling 
expense credit does not generate enough incremental severance tax revenue 
to pay for itself. Additional work needs to be carried out to see whether 
alternative public policies to stim ulate exploration and developm ent m ight 
be more cost-effective as well as the extent to which the results presented 
continue to hold when the m odel is parameterized differently.
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1. O verview

The purpose o f  this report is to com pare taxation  o f  the oil and gas industry in ten 

m ajor producing states: (1) A laska, (2) California, (3) Colorado, (4) K ansas, (5) 

Louisiana, (6) N ew  M exico, (7) O klahom a, (8) Texas, (9) Utah, and (10) W yom ing. In 

2003, production o f  oil and gas varied considerably across these states. A s show n in 

Table 1, Texas is the nation ’s leading state in both  oil and gas production.

Table 1: Production of oil and natural gas for top producing states: 2003a

STATE PRODUCTION OF NATURAL GAS 
(IN BCFs)

PRODUCTION OF 
CRUDE OIL 

(in thousands of barrels)
Alaska 456 355,582

California 323 250,000
Colorado 978 21,109

Kansas 384 33,944
Louisiana 1,225 90,111

New Mexico 1,493 66,130
Oklahoma 1,483 65,356

Texas 4,911 405,801
Utah 265 13,096

Wyoming 1,470 52,407

a Source: Energy Inform ation A dm inistration, U.S. D epartm ent o f  Energy,
www.eia.doe.gov.

Utah produces the sm allest quantities o f  oil and gas am ong the ten states listed.

A dditionally, am ong m ajor oil and gas producing states, tax structures vary 

considerably and tax bases interact, particularly  betw een the state and federal level. For 

exam ple, am ong the ten states listed in Table 1, all states except C alifornia levy severance

http://www.eia.doe.gov


taxes against the value o f  production. Severance taxes dom inate other form s o f  state/local 

taxation o f  oil in A laska, O klahom a, Texas, W yom ing, and Louisiana. Conservation 

taxes, levied by virtually  all energy producing states on the value o f  production, are 

included in the analysis below  but revenues generated by such taxes generally are 

relatively small. All o f  the ten states levy a corporate incom e tax that applies to oil and 

gas producers except for W yom ing and Texas. In som e states, the federal corporate 

incom e tax liability is deductible in com puting state corporation incom e taxes and in 

others it is not. W hile local governm ents in  m ost o f  the states utilize som e form  o f  a 

property tax on oil and gas extraction equipm ent, property taxes on oil and 

are levied only in California, Kansas, Texas, and Utah. Taxes on reserves provide 

operators with strong incentives to accelerate production at tim es w hen oil and gas prices 

are rising, as they attem pt to reduce the extent o f  their tax liability. M ost states treat 

royalty paym ents (com puted as a percentage o f  gross value o f  production) for production 

on public land as deductible item s in com puting severance tax liabilities (Louisiana does 

not). Public land royalties are relatively m ore im portant in A laska, Colorado, N ew  

M exico, U tah, and W yom ing than in other states due to their large shares o f  publicly 

ow ned land. Also, states have granted innum erable exem ptions and credits (w hich differ 

by state and year) against various tax liabilities for special situations that m ay be 

encountered by operators.

The m yriad o f  exem ptions, incentives, different tax bases, special features and 

frequent changes in tax laws, at both the state and federal governm ent levels, create 

considerable com plexity in understanding and tracking o f  tax law  over tim e. Rather than 

item ize tax code details, econom ists have a sim ple and straightforw ard way o f  dealing



w ith taxes that does not require a com prehensive understanding o f  each sta te ’s tax law  or 

an item ization o f  specific tax incentives. This m ethod involves com putation o f  w hat are 

called effective tax rates. Effective tax rates can be expressed as the ratio o f  taxes (or 

royalties) collected from  a particular tax to the value o f  production. Thus, the calculation 

o f  effective tax  rates fully account for all tax incentives granted against all types o f  taxes 

faced by oil and gas industry as well as the fact that different states com pute tax liabilities 

based on values at different points in the production/distribution chain. A lso, use o f  a 

com m on denom inator (value o f  production at the w ellhead) m akes it easier to com pare tax 

burdens betw een states, and for a given state, m akes it possible to sim ply add effective 

property tax, severance tax, and royalty rates together i f  desired.

Effective rates are com puted in this study for all types o f  taxes and royalties, 

except for state corporate incom e taxes. State corporate incom e taxes differ from  other 

form s o f  state taxation o f  oil and gas, because production costs and other expenses are 

deductible item s in determ ining liabilities. B ecause data on such costs are unavailable, 

only nom inal state corporate incom e tax rates are presented.

D ata on state severance taxes, state and local property taxes, and royalty 

paym ents for production on  state lands are not available from  a single source nor are they 

published in a com m on form at. In consequence, these data were obtained by searching 

through state agency annual reports available on the internet and by directly contacting 

know ledgeable people in these agencies as questions arose. Inform ation regarding 

nom inal state corporate incom e tax rates was obtained from  the Tax Foundation for the 

year 2003. D ata on federal royalty paym ents from  oil and gas production on federal lands, 

which consists o f  onshore m ineral leases, Indian m ineral leases, and leases on m ilitary



lands and N ational Petroleum  Reserve Lands w ere obtained from  the U.S. D epartm ent o f  

the Interior, M inerals M anagem ent Service. The Energy Inform ation A dm inistration,

U.S. D epartm ent o f  Energy publishes annual data on oil and gas production volum es 

together w ith average w ellhead prices o f  oil and gas in each state. These data exclude oil 

and gas produced in the O uter Continental S helf (OCS) that is not subject to taxation by 

states. Use o f  the D epartm ent o f  Energy data perm its the w ellhead value o f  production o f  

oil and gas to be determ ined from  a com m on source for each state in each year. These 

value o f  production figures are used as the denom inators in m aking the effective tax rate 

calculations.

O ne aspect o f  data collection for state and local taxes was to ensure that the year o f  

production m atched to the year o f  valuation o f  tax liabilities or collection o f  tax revenue.

In several states, state severance and/or local ad valorem  tax collections are based on the 

previous y ea r's  production. A dditionally, in the case o f  W yom ing, Texas and Louisiana 

adjustm ents were m ade to the tax revenue data to account for several large tax protests or 

appeals. In the latter two states, tax revenue is reported in the year o f  the legal settlem ent 

rather than  adjusting revenue for the year in w hich the tax liability w as generated. 

A ccordingly, the data were adjusted to reflect the latter concept. In the case o f  W yom ing, 

tax revenue from  tax protest and appeal settlem ents is assigned to the year the tax liability 

was created. A djustm ents for tax protests and appeals were not possible for the state o f  

A laska and to som e extent represent a potential source o f  error (probably sm all) in 

com puting effective tax rates for all states.

Tax adm inistration procedures created problem s in several states w ith respect to 

being able to obtain tax data, particularly inform ation on local property tax liabilities.



Property taxes are adm inistered at the local governm ent level, but in m ost states, at least in 

recent years, the state governm ent has had an increasing am ount o f  oversight. The 

oversight takes various form s from  establishing property tax assessm ent procedures or 

assessing the property directly to collecting inform ation and reporting statew ide values o f  

assessed property by category, including oil and gas extraction equipm ent, and average 

statew ide m ill levies for non-m unicipal property. This developm ent m akes it easier to 

com pute effective property tax rates today as com pared w ith earlier years w hen local 

assessor’s offices w ere the only source o f  these data in m any states.

2. T ax  R a te  M ea su rem en t in each S ta te

The general aspects o f  the tax structure for each o f  the ten  m ajor producing states 

as it applies to oil and gas are outlined below  for the years 2001-2003. The tax structures 

differ by state depending on the particular taxes em ployed and the base for each tax. The 

taxes relevant to oil and gas and selected additional data collection issues are discussed for 

each state below.

A laska . A laska has a state corporation incom e tax, a severance tax and a property 

tax on capital im provem ents and equipm ent. The federal corporation incom e tax is not 

deductible in com puting state corporation incom e tax liabilities. Royalties from  

production on public lands are deductible in com puting the severance tax. The state has 

an alternative m inim um  specific severance tax o f  $.80 per barrel or oil. In consequence, 

w hen the ad valorem  tax falls below  $.80/bbl., the specific tax is used. M ost o f  the tax 

revenue and royalty inform ation is available on the internet at w w w .revenue.sta te .ak .us .

A n explanation o f  the data w as obtained from  officials at the A laska D epartm ent o f  

Revenue, Oil and Gas A udit D ivision.

http://www.revenue.state.ak.us


C alifornia . The focus o f  the tax analysis for C alifornia is oil since C alifornia is 

not a m ajor gas producing state. A t the state level the key tax on the oil industry is the 

corporation incom e tax; the federal corporate incom e tax is not deductible. There is no 

severance tax in California, although there is a conservation tax o f  $0.05/ bbl o f  

production. The property tax is adm inistered at the county level and includes surface 

property, equipm ent and the estim ated value o f  m ineral reserves. Since there are no 

statew ide tax revenue data on oil property, inform ation from  Kern County, w hich 

accounts for seventy percent o f  oil production in California, was used to represent the 

state-w ide average. A tim e series o f  the estim ated property tax expressed in cents per 

barrel o f  oil produced w as obtained from  the C h ief A ppraiser, Oil and Gas D ivision o f  

M ineral R ights, K ern County. Total state property tax revenue was estim ated by 

m ultiplying the property tax per barrel tim es the total num ber o f  barrels o f  oil produced in 

California. Royalty inform ation relating to production on public lands was obtained from  

the California State Lands Com m ission. The royalty rate for production on state lands is 

about eighteen percent w ith a floor o f  one sixth. H ow ever, C alifornia produces relatively 

little oil from  state lands. A lso, this floor can be reduced i f  it can be dem onstrated by a 

study that it is econom ically feasible for old w ells to continue production i f  the royalty 

rate is reduced. C aliforn ia’s taxation o f  oil and gas differs substantially from  the tax 

treatm ent applied in other states. Thus, C alifornia taxes on oil and gas should be 

com pared to those levied in other states w ith caution.

Colorado. The state o f  Colorado levies a severance tax on the value o f  oil and gas 

produced. Tax rates range from  2% -5%  depending on gross incom e from  oil and gas sales 

o f  the producer. Local governm ents also levy a property tax on the value o f  land,



im provem ents and other property used in the production o f  oil and gas. Oil and gas land 

is valued differently than other classes o f  C olorado property subject to property taxation. 

Rather than  being appraised according to its m arket value, the value o f  land producing oil 

and gas is calculated as a percentage o f  the sale price obtained for the product at the 

wellhead. The percentage o f  the sale price subject to taxation depends on w hether the 

production is classified as prim ary or secondary. W orking and/or royalty interest ow ners 

in Colorado are perm itted take a credit o f  87.5%  o f  property taxes against their state 

severance tax  liabilities. This m eans that the local property tax generates considerably 

m ore revenue than does the state severance tax. D ata w ere taken from  published records 

o f  the Colorado D epartm ent o f  Revenue, the Colorado D epartm ent o f  Local Affairs 

(Property Tax D ivision), Colorado Oil and Gas Conservation Com m ission, and the 

Colorado State Land Board. Com paratively little oil and gas production in Colorado 

occurs on state property, so state royalties account for only a sm all percentage o f  total 

public revenue generated by oil and gas activity.

K ansas. In Kansas, the key taxes at the state level are a severance tax on oil and 

gas production and a corporation incom e tax. Royalties from  production on public lands 

are not deductible in com puting severance tax liabilities. Royalties from  production on 

state lands are unim portant, am ounting to less than  $80 thousand annually. A  local 

property tax is levied on royalty, w orking interest, item ized equipm ent, and reserves in the 

ground. The K ansas D epartm ent o f  Revenue, M ineral Tax Bureau provided data on 

severance taxes. Property tax inform ation was obtained from  the K ansas D epartm ent o f 

Revenue, M ineral Tax Division. A dditional inform ation was obtained from  the Kansas 

Corporation C om m ission and from  the K ansas G eological Survey.



L ou isiana . The state o f  Louisiana levies a severance tax  on the value o f  oil and 

the volum e o f  gas production. Louisiana also levies a corporation incom e tax. Royalties 

from  production on public lands are not deducted in com puting severance tax liabilities. 

The federal incom e tax is deductible in com puting state corporate incom e tax  liabilities. 

The property tax is levied on oil and gas w ells and surface equipm ent, and it is 

adm inistered at the parish (country) level. The State D epartm ent o f  Revenue, Severance 

Tax D ivision provided the severance tax  inform ation. The Louisiana Tax Com m ission 

provided inform ation about property tax collections. These data w ere used to calculate 

property tax liabilities for oil and gas com bined. Inform ation on royalties and production 

o f  oil and gas on state lands was provided by the State o f  Louisiana, D epartm ent o f  

N atural Resources, Technology A ssessm ent D ivision.

N ew  M exico . The state o f  N ew  M exico levies a num ber o f separate production 

taxes on oil and gas, referred to  as oil and gas extraction taxes. The taxes consist o f  the 

Oil and Gas Severance Tax, Oil and Gas Em ergency School Tax, Oil and Gas A d  Valorem  

Production Tax, and the Oil and Gas P roduction Equipm ent Tax. The revenues collected 

are reported for oil and gas com bined. A n additional tax is levied on natural gas, the 

N atural Gas Processors Tax. For purposes o f  the analysis here the separate taxes are 

com bined to form  one production tax w hose effective tax rate is total tax collections per 

year divided by the annual value o f  production. The N ew  M exico Taxation and Revenue 

D epartm ent, Oil and Gas D ivision provided inform ation concerning severance taxes. 

R oyalties from  production on public lands are deductible in establishing valuation for the 

production taxes. Inform ation on royalties from  production on state lands also was 

obtained from  the N ew  M exico Taxation and Revenue Departm ent. There is no separate



property tax  on oil and gas equipm ent. Equipm ent is taxed  through the Oil and Gas 

Production Equipm ent Tax m entioned above. A dditionally , the state o f  N ew  M exico 

levies a corporation incom e tax. Federal corporate incom e tax liabilities are not 

deductible in com puting the state tax liability.

O klahom a. The state o f  O klahom a levies a severance tax on oil and gas 

production, and a corporate incom e tax is applied. R oyalties from  production on public 

lands are deductible in com puting severance tax liabilities, but federal corporate taxes are 

not deductible in the com putation o f  state corporate incom e tax liabilities. The severance 

tax is levied in lieu o f  a property taxes, although a property tax is levied on equipm ent i f  a 

well is shut in for 13 consecutive m onths or more. In any case, the property tax generates 

little revenue and is ignored in  the effective tax rate calculations. Severance tax revenue 

data w ere obtained from  the O klahom a Tax Com m ission. D ata are reported for oil and 

gas com bined. The O klahom a Tax Com m ission provided the inform ation to calculate the 

value o f  production from  public lands, and the Com m issioner o f  the Land Office provided 

the data on oil royalty and gas royalty from  production on school lands in directly useable 

form.

Texas. The state o f  Texas levies a state severance tax on oil and gas production, 

and a property tax is levied at the local level on the estim ated present value o f  m inerals in 

the ground as well as structures and equipm ent. Severance tax revenue for oil and natural 

gas reported separately w ere obtained from  published reports o f  the Railroad C om m ission 

o f  Texas and the Texas C om ptroller o f  Public A ccounts. The state does not levy a 

corporate incom e tax. R oyalties from  public lands are deductible in com puting severance 

tax liabilities. In addition to a school property tax, counties and special districts levy



property taxes. School property tax revenue is available for oil and gas combined on an 

annual basis. At the recommendation o f officials at the Texas Taxpayer and Research 

Association, school tax revenue was grossed up by five eighths to approximate total oil 

and natural gas property tax revenue statewide. This total was allocated between oil and 

gas based on the estimated gross value o f oil reserves relative to gas reserves (price o f oil, 

or gas, times the estimated volume o f reserves, by year).

Royalties from production on state lands are allocated to The Permanent School 

Fund which was established to provide investment income to support public education for 

students in grades K-12, and the Permanent University Fund which has a similar purpose 

for public higher education in Texas. The data were obtained from the administrators o f 

these funds.

Utah. The State o f Utah levies a severance tax on oil and gas production at the 

state level. For oil, the tax rate is 3% o f value o f the first $13 per barrel and 5% of value 

above $13. For natural gas, the tax rate is 3% o f value up to the first $1.50 per m cf and 

5% o f value above $1.50 per mcf. Information regarding severance tax collections on oil 

and gas combined was taken from the Annual Reports o f the Utah Tax Commission. 

Severance tax collections on oil production then were separated from those on natural gas 

production using supplementary data on net taxable values furnished by the Commission. 

These supplementary data also contained information regarding royalties paid for 

production on federal, state, and tribal lands. Production o f oil and gas on state land is 

relatively unimportant, but production from federal and tribal lands is much more 

prominent. Property taxes charged against oil and gas extraction and the value o f reserves 

in the ground are taken from tables showing the total o f such taxes charged against various



classes o f property presented in the Utah Property Tax: Annual Statistical Reports for 

2001, 2002, and 2003. Additional information on the Utah tax structure for oil and gas is 

available in the History o f the Utah Tax Structure, compiled by the Utah Tax 

Commission. Utah levies a corporate income tax at the rate o f  5%.

Wyoming. The state o f Wyoming levies a severance tax on oil and gas production 

and a production tax is levied at the local level, too (the local a d  v a lo r e m  production tax). 

In Wyoming, royalty payments from production on state and federal lands are deductible 

in computing production tax liabilities. Data on royalty payments from production on 

state lands were obtained from the State Land Office. Additionally, a local government 

property tax is levied on oil and gas equipment, including drilling rigs, oil and gas well 

equipment, gathering lines and tank batteries. Total property tax liabilities were estimated 

by year by multiplying the total statewide assessed valuation for oil and gas equipment 

combined by the average statewide mill levy for all purposes (not including municipality 

levies). The total estimated property tax liability for oil and gas equipment combined was 

portioned between oil and gas based on the annual value o f  oil production and natural gas 

production in Wyoming. The average effective property tax rate on equipment is 

expressed as the ratio o f the estimated tax liability for oil (or gas) equipment to the value 

o f oil (or gas) production. Wyoming does not levy a state corporation income tax. The 

tax data were obtained from the Wyoming Department o f Revenue. The average 

effective tax rate is expressed as the ratio o f taxes collected to total value o f production for 

both the state severance tax and the local a d  v a lo re m  tax.

3. Comparison o f  Effective Rates o f  Oil and Gas Taxation

State tax structures are compared based on effective rates o f taxation. These



effective rates fully account for all tax incentives that have been granted to oil and gas 

operators in each state. Thus, the effective rates calculated generally are lower than the 

nominal rates o f  tax that would prevail if  no incentives had been granted. Effective rates 

were computed annually for the period 2001-2003 and are shown in Table 2. Effective 

tax rates for oil and gas are presented for those states that provide separate collections 

information. Federal royalty information was available from the U.S. Department of 

Interior, Minerals Management Service only for the year 2001. In the case o f production 

and property taxes, and state and federal royalties, the effective tax rate is the ratio o f tax 

collections or liabilities to gross value o f production.

Comparisons of the effective tax rates highlight the substantial differences in the 

tax structures o f  the energy producing states, and in the relative importance o f production 

on public lands. Beginning with oil, Table 2 shows that W yoming relies on state and local 

production taxes as major sources o f oil revenue. Royalties from production on public 

lands are a major revenue source for the federal government, as a large share of 

W yoming’s oil and gas production is on federal land. State production and local property 

taxes are the major revenue sources in Texas. In the case o f Louisiana, state production 

taxes and royalties from production on state lands and waters are the important sources of 

revenue. Louisiana also levies a state corporation income tax. In Oklahoma, the state 

production tax is most important. Oklahoma also levies a state corporate income tax. 

Property and production taxes are major revenue sources in Kansas and a corporate 

income tax is levied. The state production tax and royalties from production on state 

lands are most important in Alaska, and a corporate income tax exists. In California the 

property tax on reserves is most important and a corporation tax is levied. Royalties from



production on state lands have diminished in importance in California over the past 20 

years. In New Mexico, production taxes and royalties from production on both federal 

and state lands are important, and a corporation income tax exists. In Colorado, the 

property tax is most important and the state levies a corporate income tax. U tah’s 

effective severance tax rates on oil and gas production are in the 3.5%-4% range and the 

state levies a 5% corporate income tax.

Another useful perspective is a comparison o f  each source o f revenue across states. 

Regarding production taxes, the effective taxes are highest in Alaska, Wyoming (state and 

local combined) and Louisiana, all with effective tax rates in excess o f ten percent in 

1997. Effective rates are lowest in Colorado, Utah, Kansas, and Texas. California does 

not levy a production tax on oil and gas. In 2003, effective property tax rates were highest 

in Colorado (4.7%), Kansas (5.4%), and California (3.4%). The highest effective tax 

rates on operating profits o f the oil and gas extraction industry, and industry in general, 

are levied in Alaska and California. Again, Texas-andAVwniing-4o not levy corporation 

income taxes. The key factor determining effective royalty rates is the volume o f 

production on public lands. In 2003, Alaska (9.3%), and Louisiana (4.6%) had the highest

occurs ineffective state royalty rates. 11̂ 2 0 0 1 , the highest effective federal royalty rate 

Wyoming (7.1% for oil and 9.1% for gas) followed by New Mexico (5.0% for oil and 

9.6% for gas) and Utah (4.4% for oil and gas combined).

The tax structures for natural gas are quite similar to oil, although nominal 

production tax rates differ between oil and gas in some states. Notable differences occur 

in Louisiana in which the severance tax is levied on the value o f oil production, but on the 

quantity o f gas produced. State corporate income tax rates are the same for natural gas

14



A comparison o f  effective rates by tax across states shows a pattern somewhat 

similar to oil. In 2003, Wyoming (state and local combined) and Texas had the highest 

effective tax rates on natural gas production, 10.1% and 8.1%, respectively. Effective 

state royalty rates were highest in Louisiana and New Mexico, and federal rates were 

highest in Wyoming, Utah, and New Mexico, reflecting the importance o f production on 

public lands in these states.

Extending the comparisons o f taxes among the energy producing states further, to 

the point o f ranking states in terms o f their total or cumulative tax burden on the oil and 

gas extraction industry, is not particularly fruitful and may be misleading. The three types 

o f  taxes, production, property and income, have different effects on production, 

exploration and development. Moreover, extraction, exploration and development costs 

differ among the energy producing states, too. Stated differently, state and local taxes are 

but one element affecting decisions to produce, explore and develop nonrenewable 

resources and should not be considered in isolation from other key factors.

One form o f inter-state tax comparison, called hypothetical tax bill studies, is 

based on a profile o f a hypothetical firm, producing a certain amount o f product, 

generating a given amount o f sales revenue with specified capital, labor and other costs. 

Hypothetical tax bills are calculated for this firm based on the tax structures o f  different 

states in which the firm might locate. There are several important problems associated 

with such studies. First, the analysis assumes that all costs except taxes are the same 

across states, and normally this is an incorrect assumption, particularly in the case o f oil 

and gas exploration, development and production. Second, such studies assume that the



firm uses the same factor inputs in the same proportions, such as capital and labor, 

irrespective o f  the geographic location. Stated differently, it is assumed that the 

production function is fixed and identical irrespective o f where the firm locates. Again, 

this is usually an incorrect assumption, particularly since production costs differ across 

locations. Finally, the hypothetical firm seldom exists, and it is misleading to infer tax or 

other costs for other plant or firm profiles different from the hypothetical firm created for 

the tax comparison.

o
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Table 2: Effective Tax and Royalty Rates for Selected States, 2001-2003

Alaska

Year Production
Oil

Property
Oil

State
Corporate
Petroleum

State
Royalty

Oil

Federal
Royalty

Oil
2 0 0 1 0.105 <0 .0 1 0.050 0.116 <0 .0 1

2 0 0 2 0.067 <0 .0 1 0.024 0.079 <0 .0 1

2003 0.094 <0 .0 1 0.017 0.0934 <0 .0 1

California

Year Property
Oil

State Royalty 
Oil

Conservation
Tax

Federal
Royalty

Oil

Corporate
Income

2 0 0 1 0.035 0 .0 1 <0 .0 1 <0 .0 1

2 0 0 2 0.031 0 .0 1 <0 .0 1 <0 .0 1

2003 0.038 0 .0 1 <0 .0 1 <0 .0 1 8.84%

o

Year Production  
Oil and Gas

Property 
Oil and Gas

State 
Royalty 
Oil and  

Gas

Federal 
Royalty 

Oil and Gas

Corporate
Income

2 0 0 1 0.042 0.044 <0 .0 1 <0 .0 1

2 0 0 2 0.030 0.043 <0 .0 1

2003 0.027 0.054 <0 .0 1 4%-7.35%a
anominal rate depends on amount of corporation income

o

Colorado

Year Production  
Oil and Gas

Property 
Oil and Gas

State Royalty 
Oil and Gas

Federal
Royalty

Corporate
Income

2 0 0 1 0.016 0.046 <0 .0 1 0.018
2 0 0 2 0.014 0.047 <0 .0 1

2003 0 .0 1 0 0.047 <0 .0 1 4.63%

Kansas
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Louisiana o
Year Production

Oil
Production

Gas
Property State

Royalty
Oil

State
Royalty

Gas

Federal
Royalty

Oil

Federal
Royalty

Gas

Corporate
Income

2 0 0 1 0.128 0 .0 2 0 <0 .0 1 0.048 0.043 <0 .0 1 <0 .0 1

2 0 0 2 0.109 0.032 <0 .0 1 0.043 0.043
2003 0.115 0 .0 2 0 a <0 .0 1 0.046 0.042 4% -8% b
“natural gas taxed by volume, not according to value 
bnominal rate depends on amount of corporation income

N ew M exico

Year Production  
Oil and Gas

State  
Royalty 

Oil and Gas

Federal
Royalty

Oil

Federal
Royalty

Gas

State 
Corporate 
Incom e“

2 0 0 1 0.081 0.036 0.050 0.096
2 0 0 2 0.074 0.035
2003 0.079 0.026 4.8%-7.6%

“nominal rate depends on amount of corporation income o
Oklahoma

Year Production  
Oil and Gas

State Royalty 
Oil and Gas

Federal Royalty 
Oil and Gas

Corporate
Income

2 0 0 1 0.094 <0 .0 1 <0 .0 1

2 0 0 2 0.068 <0 .0 1

2003 0.064 <0 .0 1 6 .0 %

Texas

Year Production
Oil

Production
Gas

Property 
Oil and  

Gas

State 
Royalty 
Oil and  

Gas

Federal 
Royalty 
Oil and  

Gas
2 0 0 1 0.045 0.051 0.030 <0 .0 1 <0 .0 1

2 0 0 2 0.035 0.042 0.024 <0 .0 1 <0 .0 1

2003 0.042 0.055 0.029 <0 .0 1 <0 .0 1

o



o

Wyoming

Year State
Production

Oil

State
Production

Gas

Local ad  
valorem  

Oil

Local ad  
Valorem 

Gas

Local
Property

State
Royalty
— Oil
and
Gas

Federal
Royalty

Oil

Federal
Royalty

Gas

2 0 0 1 0.060 0.059 0.054 0.062 <0 .0 1 <0 .0 1 0.071 0.091
2 0 0 2 0.045 0.034 0.058 0.062 <0 .0 1 <0 .0 1

2003 0.049 0.038 0.059 0.063 <0 .0 1 <0 .0 1

Utah

Year Production
Oil

Production
Gas

Property 
Oil and 

Gas

State 
Royalty 
Oil and  

Gas

Federal
Royalty

Oil

Federal
Royalty

Gas

Corporate
Income

2 0 0 1 0.035 0.039 0.014 <0 .0 1 0.023 0.053
2 0 0 2 0.035 0.032 0.019 <0 .0 1

2003 0.038 0.038 0 .0 1 1 <0 .0 1 5.0%

o
19



STATE TAXATION, EXPLORATION, AND PRODUCTION 
IN THE U.S. OIL INDUSTRY*

Mitch Kunce 
Department of Economics and Finance 

University of Wyoming 
Laramie, WY 82071-3985 

mkunce@uwyo.edu

Shelby Gerking 
Department of Economics 

University of Central Florida 
Orlando, FL 32812-1400 

sgerking@bus.ucf.edu

William Morgan 
Department of Economics and Finance 

University of Wyoming 
Laramie, WY 82071-3985 

wemorgan@uwyo.edu

Ryan Maddux 
University of Wyoming 

Laramie, WY 82071-3985

November 26, 2001

* This research was partially supported by an appropriation from the Wyoming 
Legislature (1999 Wyoming Session Laws, Chapter 168, Section 3). However, this paper 
may or may not reflect the views of public officials in the State. Gerking acknowledges 
the hospitality of CentER, Tilburg University, where portions of this paper were 
completed, as well as support from visiting grant B46-386 from the Netherlands 
Organization for Scientific Research (NWO). Maddux acknowledges the support o f a 
student EPSCoR research fellowship from the University o f Wyoming. We thank Laura 
Marsiliani and John Livernois for a number of constructive suggestions on earlier drafts.

mailto:mkunce@uwyo.edu
mailto:sgerking@bus.ucf.edu
mailto:wemorgan@uwyo.edu


STATE TAXATION, EXPLORATION, AND PRODUCTION 
IN THE U.S. OIL INDUSTRY

o

Abstract

How do firms in nonrenewable resource industries respond to changes in state 

taxes? This paper employs state-specific estimates of Pindyck’s (1978) widely cited 

model of natural resource supply to simulate effects of changes in state production 

(severance) tax policy on the timing o f exploration and output by firms in the U.S. oil 

industry. The framework developed can be applied to any o f 15 states that produce 

significant quantities of oil, and allows for interactions between taxes levied by different 

levels of government. Results of this study suggest that oil production is highly inelastic 

with respect to changes in production taxes. A production tax rate increase is shown to 

decrease early period exploration effort, affect little change in reserve additions and 

future production, and substantially increase discounted tax revenue. Policy implications 

of this outcome suggest that state officials may consider raising production tax rates as a 

way to increase revenue while risking little in the way of loss to future oil activity.

1
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How do firms in nonrenewable resource industries respond to changes in state 

taxes? It may be tempting to look for answers to this question in the empirical literature 

on effects of state taxation (see, for example, Bartik 1985, Helms 1985, Papke 1991,

1994, and Holmes 1998). These papers focus on firms with mobile capital that choose 

where to locate on the basis of factors affecting revenues and costs. This perspective, 

however, is not particularly relevant when looking at the behavior of firms extracting 

nonrenewable natural resources. Such firms cannot change location because they are tied 

to a geographically immobile reserve base that makes up a key component o f their capital 

stock. On the other hand, extractive firms can and probably do alter the timing of their 

activities when state taxes and other public policies change. Yet, little is known about the 

extent to which they do this even though commercially valuable deposits of natural 

resources are found in most U.S. states and some states such as Texas, Oklahoma, 

Louisiana, Wyoming, and Alaska rely heavily on taxation o f oil, gas, and/or coal 

production to fund public services.

This paper uses state-specific estimates of Pindyck’s (1978) widely cited model of 

natural resource supply to simulate effects of changes in state production (severance) tax 

policy on the timing of exploration and output by firms in the U.S. oil industry. The 

framework developed can be applied to any of 15 states that produce significant 

quantities of oil, and allows for interactions between taxes levied by different levels of 

government. It is arguably superior to and more comprehensive than previous efforts to 

develop econometric and/or simulation models o f taxation and natural resource 

exploration and production. For example, Deacon, DeCanio, Freeh, and Johnson (1990)

/. Introduction



and Moroney (1997) focus only on one state (California and Texas, respectively), and 

estimate econometric equations that may not be consistent with a dynamic profit- 

maximizing framework. Pesaran (1990) estimates an econometric model of offshore oil 

production in the UK that can be better justified theoretically, but does not consider the 

role o f taxes. Simulation studies conducted by Yucel (1989) and Deacon (1993) examine 

effects of various types of tax changes on exploration and production, but do not consider 

interactions between tax bases claimed by different levels of government. Additionally, 

these studies do not allow for possible interstate differences in exploration and extraction 

costs and are aimed mainly at assessing the generality o f theoretical results obtained in 

more limited settings (see, for example, Burness 1976, Conrad and Hool 1980, and Heaps 

1985) rather than analyzing possible outcomes o f changes in state tax policies.

Results of this study suggest that oil production is highly inelastic with respect to 

changes in production taxes so deadweight losses from altering these taxes are likely to 

be small. As a consequence, state officials may consider raising production tax rates as a 

way to increase revenue. It is worth noting in this context that because state production 

taxes are deductible against federal corporate income tax liabilities, increases in 

production tax rates increase state revenues partly at the expense of federal tax 

collections. These points are more fully discussed in Section 3 after developing the 

framework for the simulation model in the next section.

2. The Simulation Model

This section shows how Pindyck’s (1978) model of nonrenewable resource 

development is adapted to simulate effects o f state production tax changes. The



discussion begins with a brief overview of the Pindyck model and then discusses 

estimation of key equations and tax parameters.

Conceptual Model

The model assumes that perfectly competitive producers maximize the discounted 

present value of future operating profits from the sale of resources and because one such 

firm is chosen to represent the industry, the common pool problem and well-spacing 

regulations are not considered (see McDonald 1994 for discussion of these issues). The 

firm’s problem is to take the future time path of output prices and taxes as given and then 

choose optimal time paths for exploration and production. This approach is similar to 

that taken in previously cited econometric studies of effects of changes in state tax policy 

on state economic growth and ignores the possibility that choices of tax bases and rates 

are endogenous (i.e., that governments consider the firm’s objective function in choosing 

taxes that maximize community welfare). Also, the model defines exploration to include 

resource development, although the two activities clearly are not the same (Adelman 

1990). The aim of exploration is to add to the reserve base, which as indicated in the 

introduction, is a form of geographically immobile capital.

The firm’s maximization problem is

rrmv

(i)

subject to

R  = x  — q (2)
x  = f ( w , x ) (3)

4 > 0 , w > 0 , t f > 0 , x > 0 (4)

o
4



where a dot over a variable denotes a time rate of change, q denotes the quantity of oil 

extracted measured in barrels, p  denotes the exogenous market price per barrel net of all 

taxes, C( ) denotes the total cost net o f taxes of extracting the resource, which is assumed 

to depend on production (q ) and reserve levels (R), D(w) denotes total cost of 

exploration for additional reserves net o f taxes, w denotes exploratory effort, y denotes 

the net of all tax constant effective property tax rate on reserves, r denotes the discount 

rate which represents the risk-free real rate of long-term borrowing, x denotes cumulative 

reserve additions (discoveries), /(•) denotes the production function for gross reserve

additions ( x ), and R denotes reserve additions net o f production (q) I n  this 

formulation, the net-of-tax price per barrel is related to the wellhead (pre-tax) price (p*) 

according to p -  a pp *, where ap is a tax policy parameter such that 0  < a p < 1 .

Correspondingly, C{q, R) -  a cC * {q, R) and D(w) = a DD * (w ), where ac and aD also are

tax policy parameters that lie on the unit interval. These tax policy parameters are 

discussed more fully later on in this section.

Model Implementation

To implement the model, equations for exploration costs (£>*), production of 

reserve additions (/), and extraction costs (C j  are estimated and then substituted into the 

model along with estimates of the tax parameters ap, ac, aD, and y. Effects of tax changes 

then are obtained by simulation. Estimates of the tax parameters are described first 

followed by discussion of estimates o f equations for D*,f  and C*.



Tax Parameters

General considerations in developing estimates of the four tax policy parameters 

for major oil producing states are briefly outlined below and technical details are 

described in Appendix A. Among major oil producing states, tax structures vary 

considerably and tax bases interact, particularly between the state and federal level. For 

example, among the eight states responsible for about 89% of U.S. oil production 

(Alaska, California, Kansas, Louisiana, New Mexico, Oklahoma, Texas, and Wyoming), 

all states except California levy production taxes against the value of output. Production 

taxes dominate other forms of local taxation in Alaska, Wyoming, and Louisiana. Most 

states do not levy property taxes on the value of reserves in the ground (Texas and 

California do). Most states treat royalty payments (computed as a percentage of gross 

value o f production) for production on public land as deductible items in computing 

severance tax liabilities (Louisiana does not). Public land royalties are prominent in 

Alaska, New Mexico, and Wyoming due to the large shares of publicly owned land.

Most states levy a corporate income tax that applies to oil operators (Wyoming and Texas 

do not). Also, states have granted innumerable exemptions and credits (which differ by 

state) against various tax liabilities for special situations that may be encountered by 

operators. Within states, counties apply their own mill levies to compute property taxes 

on equipment at different rates. However, taxation of structures and equipment are 

usually less important than other sources of revenue and are ignored below.

Regarding federal taxes, all incorporated producers file federal corporate income 

tax returns that allow deductions for various types of operating costs and for state and 

local tax payments. Independent producers (those without downstream refining or retail



interests) are permitted to take a percentage depletion allowance, while major producers 

are allowed only cost depletion, which is significantly less generous. Both major and 

independent incorporated producers can expense intangible drilling costs incurred on 

their federal corporate income tax returns. The fact that some smaller producers are not 

incorporated and may therefore face alternative state and federal tax treatment is ignored.

The myriad of state-specific special features described above creates considerable

complexity in tracking tax law over time. Rather than itemize tax code details, effective

tax rates are used to translate dynamic tax policy into a tractable form. Effective rates 

can be expressed as the ratio of taxes (or royalties) collected from a particular tax to the 

value of production. Thus, the calculation of specific effective tax rates fully account for 

exemptions, incentives, different tax bases, and frequent changes in tax law both at the 

state and federal level. For a detail account of the taxation of the oil industry see 

Gerking, Morgan, Kunce, and Kerkvliet (2000), Chapter 2.

Marginal Cost o f  Reserve Additions

The before-tax marginal cost of reserve additions (Dw*/fw) is computed from 

estimates of equations for drilling costs and for the production of reserve additions. 

Drilling costs are assumed to be proportional to drilling effort as shown in equation (5)

D  (w)=(fnveu (5)

where <p is the parameter to be estimated and the disturbance term eu is lognormally 

distributed with mean of unity and variance au2. The production function for reserve 

additions is specified as

f { w , x )  = A w ^ e  P xev (6)
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where A, p, and [5 are parameters to be estimated and the disturbance e is assumed 

lognormally distributed with mean of unity and variance av2. Equation (6 ) is similar to 

the equation describing the discovery process proposed by Uhler (1976) and later adopted 

by Pindyck (1978) and Pesaran (1990). The idea behind this equation is that the marginal 

product of exploration declines as reserve discoveries cumulate.

Estimation used annual data from the 15 U.S. states for which complete 

information on variables needed could be assembled for the period 1970-98.2 These 

states accounted for 96.5% of total U.S. oil production over this time period. Drilling 

costs are measured by total real costs (both tangible and intangible) of each well 

completed, including dry holes.3 Nominal cost values were deflated using the 1995 GDP 

deflator. Oil reserve additions are defined as extensions, new field discoveries and new 

reservoir discoveries in old fields. The total number of wells drilled for each state since 

1859 (when the first oil well was drilled in Pennsylvania) is used as a proxy for x. Data 

sources and sample means of variables used in the analysis are presented in Table 1.

Equation (5) and equation (6 ) were estimated in natural logarithms. Both 

equations used an instrument for the number of wells drilled because w is an endogenous 

variable in the model presented in Section 2. The instrument was obtained from the 

predicted values from a regression of the number of wells on cumulative drilling and the 

wellhead price as shown in Appendix A. Estimates of the drilling cost equation, equation 

(5), are obtained by regressing drilling cost per well on dummy variables for states and 

years. Coefficients of state and year dummies are jointly significant at the 1% level and 

the R2 is 0.90. The idea behind using this approach is to get state- and time-specific 

estimates of (j). This parameter is expected to vary across states because of differences in



geologic conditions, geographic remoteness o f on-shore oil resources, and whether 

drilling occurs in off-shore coastal waters (note that most states in the data set are 

landlocked). Time varying factors common to all states may include technological 

advancement and macroeconomic cycles. State-specific estimates of 0 test different from 

each other, except Texas and Oklahoma, at the 5% level.

Estimates of equation (6 ), shown below in equation (7), allow for state-specific

intercept terms (time-specific effects were jointly insignificant), common slope

coefficients across states, and are corrected for first-order serial correlation (p =0.431).

In {ADDED RESERVES) = In A + 0.69*ln {PREDWELLS) - 0.000006*CWELLS . (7)
(t) (5.33) (-1.37)

State-specific estimates of A are jointly significant at the 1% level and R2 = 0.40.4 These

results show that the marginal product of drilling (fw) decreases with wells drilled as well

as with cumulative drilling, although the coefficient of cumulative drilling is insignificant

at conventional levels.

Estimates of equations (5) and (6 ) combined show that the marginal cost of 

reserve additions {Dw*/fw) increases with drilling activity. As w increases, the marginal 

cost of drilling is constant, but the marginal product of drilling in finding new reserves 

(fw) falls. Table 2 reports values o f Dw*, f w, and Dw*/fw by state for seven major oil 

producing states. These estimates use 1998 values for numbers of wells drilled and 

cumulative drilling and are corrected for conversion from logarithms (see Greene 1997, 

p. 279). Estimates o f Dw* and f w reflect considerable variation across the seven states. 

Estimates of marginal drilling cost range from $127,943 in Kansas to $1,218,758 in 

Louisiana. Marginal reserve additions from drilling (fw) range from 7,460 barrels in 

Kansas to 64,862 barrels in Louisiana. Thus, while drilling in Louisiana is relatively



more expensive than in Kansas, Louisiana experiences a greater payoff from these more 

costly exploration and development efforts. Values of Dw*/fw for the seven states range 

from a low of $17.15 per barrel in Kansas to a high of $26.04 in Texas.

Extraction Costs

Because data on oil extraction costs are weak, C(q, R) could not be 

econometrically estimated. Instead, this equation was calibrated for each state with a 

Cobb-Douglas functional form using methods described in Deacon (1993). Cost 

parameter calibration specifics are described in Appendix A. Results show that the 1998 

marginal extraction costs range from a low of $4.89 per barrel in Kansas to a high of 

$8.81 per barrel in Louisiana. Additionally, the Cobb-Douglas form implies that 

extraction costs rise without limit as reserves approach zero and that a positive level of 

reserves will remain at any terminal time T. Thus, boundary conditions used in the 

simulations reported in Section 3 allow production to continue after incentives for further 

exploration vanish so that the terminal date for the exploration/production program must 

be set arbitrarily. This fixed program period could be interpreted as the producer's 

relevant planning horizon.

3. Simulation Results

The model presented in Section 2 can be simulated to obtain responses of 

exploration and production to changes in various types o f taxes in any o f 15 oil producing 

states. Simulations presented below focus on production tax changes in Wyoming. The 

production tax is the most important tax levied on the oil industry by oil producing states 

(see Section 2) and changes in production taxes turn out to have quite similar effects in 

all major oil producing states so results from one state are used to represent the others



(for results of tax changes in other major oil producing states, see Gerking, Kunce, 

Morgan, and Kerkvliet 2000). Also, simulations reported are based on the assumption 

that tax changes in one state do not affect the wellhead price of oil seen by operators in 

other states. This assumption probably is not unreasonable in view of the fact that oil 

prices are internationally determined and even the largest producing U.S. state (Texas) 

accounts for only a small percentage (4.2% from 1970-98) o f world output.5 Moreover, 

as shown below, tax changes considered lead to comparatively small changes in output, 

so these interstate effects are not likely to be important in any case.

Simulations for Wyoming were performed using the instrumental variable 

estimates of equations (5) and (6 ), the calibrated production cost function and the tax 

parameters, both derived in Appendix A. The discount rate, r, was set at 4% to reflect the 

risk-free real rate of long-term borrowing and the future price path was fixed at $23.00 

per barrel each year reflecting the real sample mean for all 15 states. Other price 

trajectories were simulated, but the alternative paths have little or no effect on the 

comparative results presented below. The initial value of reserves and cumulative wells 

drilled were fixed to year-end 1998 levels at 550 million barrels and 40,439 wells, 

respectively. To obtain numerical solutions for the optimal time paths of drilling, 

production, and reserves, difference equation approximations are derived for the time 

rates o f change in exploratory effort ( w ), production ( q ), and for the state variable 

evolution equations (2) and (3). For example, the evolution o f reserves, equation (2), is 

approximated by the difference, R, , - R, - f - q , .  The model is then solved recursively by 

iterating over the initial values o f the control variables, q and w, until transversality 

conditions are satisfied. Under these base conditions, exploratory effort approaches zero



after approximately 40 years, thus the terminal time is set to 40 periods. The solver 

algorithm in Microsoft Excel was used to generate numerical solutions.

Before the simulation results are discussed, a historical analysis o f Wyoming’s oil 

experience is warranted. Figure 1 depicts the actual time paths of real price, drilling, 

production, and reserves for Wyoming from 1970-98. In this figure, the vertical axis 

shows price per bbl (dotted line) in $1995 x 10, drilling (dashed line) in total wells, 

production (solid line) in bbls x 1 05, and reserves (bold line) in millions o f barrels 

(MMbbls). In reviewing these data, several observations are noteworthy. Historical 

drilling appears sensitive to price. Total wells drilled increases markedly during the high 

price period o f the early 1980s. Extraction activity, however, appears to map the 

declining proved reserve level in the state. In fact, oil production continued to decline 

during the late 1970s and early 1980s even though real prices increased 2 1/2 fold. The 

increased drilling experienced in the early to mid 1980s failed to replenish the depleting 

oil reserve in the state and production closely followed the reserve decline.

This apparent historical insensitivity o f production to changes in price raises an 

interesting policy question: If severance tax changes are reflected in net price (as 

modeled in section 2), what are the effects of a severance tax increase? Many oil states, 

as previously described—  including Wyoming, rely heavily on production taxes to fund 

local public goods and officials may have incentives to raise production taxes for the 

revenue. The inherent trade off to severance tax increases is the purported loss of 

economic activity generated by the industry within the state. To examine this, the first 

simulation conducted shows the effects of doubling Wyoming’s effective state severance 

tax rate for the full 40-year program. Results detailing the simulated differences in the



timing of drilling, production, and discounted severance tax revenue for the full tax 

interaction model (outlined above) are presented in the top section of Table 3. 

Comparative individual program year results, divided into 10-year increments, show that 

doubling the state severance tax markedly decreases early period drilling. Drilling 

decreases by 19.4% in the first year of the simulated program and this difference 

converges to zero by year 40. Interestingly, 10 year fractional results show that 63.8% of 

the total 1208 well decrease occurs in the first 20 years of the program. Figure 2 

graphically compares the effects of the tax increase (dotted line) to the base drilling 

solution (bold line). With less drilling in the early years o f the program, fewer new 

reserves are identified and, as shown in Figure 3, future production of oil slightly 

diverges downward from the base solution. Production results presented in Table 3 show 

this gradual divergence —  a 2.4% drop in year one falling to an 11.8% decline in year 40. 

Through the life of the program, doubling the state severance tax decreases total 

production by about 48 MMbbls or 5.7% below the base solution.

The largest change associated with doubling the state oil severance tax appears to 

come from discounted severance tax collections. As shown in Table 3, the tax increase 

results in an increase in the present value of Wyoming severance tax collections from 

$609 million to $1165 million, an increase o f over 91%. The majority (87.6%) of this 

$556 million increase occurs in the first half of the simulated program due to the 

relatively small production loss generated by the tax increase and discounting. Because 

severance taxes are deductible in computing federal corporate income tax liabilities, 

discounted tax payments to the federal government decrease by $60 million or about 11% 

below the base simulation. Also, the severance tax increase transfers local government



revenue to the state because of the production decline. Discounted local production taxes 

decrease by $34 million or 5% below the base solution. The same can be said for 

discounted public land royalties which decrease by 4.6% ($50 million) because of the 

decrease in future production.

The tax interactions described above highlight a key feature of the model 

developed here —  oil producers do not face the full effect of an increase in the severance 

tax rate. As shown, tax base and rate interactions partially offset the pure-effect of the 

severance tax rate increase. To illustrate this clearly, counterpart simulations were 

conducted where all tax effects, other than state level production tax rates, were 

effectively zeroed out. The lower section of Table 3 presents the counterpart Wyoming 

results. When all tax interactions are ignored, doubling the state severance tax decreases 

relative drilling by 32.8% and production by 11.2%, a decrease in activity roughly 2 

times larger than found in the full tax interaction model examined above. Timing effects 

are similar to the full tax interaction model results. Because the severance tax increase 

now invokes a larger production loss, discounted state severance taxes increase by 83% 

as compared to the 91% increase in the full tax interaction model. Analyzing taxes 

individually appears to overstate the affects on exploration and production by ignoring 

potential offsets and tax base interactions. These results suggest that taxes should not be 

analyzed independently without careful reference to the entire tax structure applied by all 

levels o f government.

General results of this study suggest that oil production is highly inelastic with 

respect to changes in production taxes. This inelastic response may provide incentives for 

state officials to substantially increase these taxes risking little in the way of reduced



industry activity while gaining much needed tax revenue. State severance tax increases 

clearly reduce the net price faced by producers but it is reserves, not net price, that drives 

production in this industry. Moreover, the effects of increased state severance taxes are 

partially offset by reduced tax collections by all other levels of government.

4. Conclusions

This paper has adapted Pindyck’s (1978) model of nonrenewable natural resource 

production to take account of taxation at the federal and state-local government levels. 

Equations of the model are estimated from panel data on production, exploration and 

reserve additions for 15 states over the period 1970-98. The model is designed so that 

effects of changes in existing state production tax rates on the timing and evolution of 

exploration and production can be simulated into the mid-21st century. Results of this 

study suggest that oil production is highly inelastic with respect to changes in production 

taxes. A production tax rate increase is shown to decrease early period exploration effort, 

invoke little change in reserve additions and subsequently future production, and 

substantially increase discounted tax revenue. Policy implications of this outcome 

suggest that state officials may consider raising production tax rates as a way to increase 

revenue while risking little in the way of loss to future oil activity.
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o Endnotes

'Pindyck’s (1978) original specification of the extraction cost function is retained here in 
spite of the logical inconsistencies discussed by Livernois and Uhler (1987), Livernois 
(1987), and Swierzbinski and Mendelsohn (1989). These authors argue that Pindyck’s 
extraction cost function is defensible when reserves are of uniform quality but in the 
presence of exploration, reserves must be treated as heterogeneous because the most 
accessible deposits are added to the reserve base first. They show that aggregation of 
extraction costs across heterogeneous deposits is not valid except under special 
circumstances. Another problem with this function is that extraction costs should be a 
function o f y  The extraction cost function derived from profit-maximization at a point in 
time subject to a production constraint would have yas an argument because the reserve 
base is an input to oil and gas production. These complications are ignored in the 
analysis below because of severe data constraints on estimating the extraction cost 
function.

2 The Energy Information Administration and the American Petroleum Institute report 
annual production data for 31 states over this period, but data on reserve additions, 
cumulative drilling, and drilling costs are not available in all years for the 16 smallest 
producing states. The 15 states included in the panel are Alaska, Alabama, California, 
Colorado, Kansas, Louisiana, Michigan, Mississippi, Montana, North Dakota, New 
Mexico, Oklahoma, Texas, Utah, and Wyoming.

J Major cost items are for labor, materials, supplies, machinery and tools, water, 
transportation, fuels, power, and direct overhead for operations such as permitting and 
preparation, road building, drilling pit construction, erecting and dismantling 
derricks/drilling rigs, drilling hole, casing, hauling and disposal of waste materials and 
site restoration. For additional details, see Joint Association Survey on Drilling Costs, 
Appendix A (1998).

4 Corrected (see Greene 1997, p. 279) state-specific intercept terms (and t-statistics) for 7 
major producing states are: CA 0.17(2.01), KS 0.06(1.06), LA 0.57(2.21), NM 
0.19(1.68), OK 0.07(1.94), TX 0.01(1.11), WY 0.29(2.03). Equation (6 ) was also 
estimated allowing for both state-specific intercepts and state-specific coefficients for 
p  and /J. This strategy was unsuccessful as it yielded mostly insignificant estimates of 
state-specific slope interactions.

5Source o f world oil production for 1970-98, www.eia.doe.gov/emeu/international/ 
petroleu.html.
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o
Table 1

Variable Definitions, Data Sources, and Sample Means 
(Excludes federal OCS activity.)

Variable Definition

T R C O S T Total drilling cost in millions
o f 1995 dollars, by state and year.

Source

American Petroleum 
Institute, J o in t  A s s o c ia t io n  

S u rvey  on  D r i l l in g  Costs. 

Annual.

A D D E D  Oil reserve extensions,
R E S E R V E S new field discoveries and new

reservoir discoveries in old fields, 
by state and year in millions of 
barrels.

US Energy Information 
Administration, U.S. 

C ru d e  O il, N a tu r a l G a s  

a n d  G a s  L iq u id s  R e se rve s 

A n n u a l R epo rt. Annual

W E L L S Oil wells drilled in a state by 
year.

American Petroleum 
Institute, J o in t  A s s o c ia t io n  

S u rvey  on  D r i l l in g  Costs. 

Annual.

C W E L L S  Cumulative total wells drilled in 
a state beginning in 1859.

American Petroleum 
Institute, P e tro le u m  F a c t s  

&  F ig u re s . 1971 Ed.

P R I C E  Average well head oil price, by American Petroleum
state and year, in 1995 dollars per Institute, B a s ic  P e tro le u m

barrel. D a ta  Book . Annual.

P R 1 C E 2 Average real price per barrel 
squared.

C W E L L S 2 Cumulative oil wells squared.

P R I C E  * Interaction of real price and
C W E L L S  cumulative wells.

Mean

427.6

42.0

943 

1.07E+5 

22.80

656.3

4.3E+10

2.5E+6

o
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o
Table 2

Pre-Tax Marginal Drilling Cost, Marginal Reserve Additions, 
and Pre-Tax Marginal Cost of Reserve Additions for 7 Major Producing States

State Dw (in $) f w (in bbls)a Dw / f w

California 274,675 11,464 23.96

Kansas 127,943 7,460 17.15

Louisiana 1,218,758 64,862 18.79

New Mexico 485,698 22,148 21.93

Oklahoma 345,706 15,223 22.71

Texas 342,266 13,144 26.04

Wyoming 593,162 34,627 17.13

a Assumes wells drilled at the actual 1998 count. State-specific cumulative wells total is set to actual 1998 
values in all calculations.
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o
T able 3

Timing of Drilling, Production, 
and Discounted Severance Tax Revenue

F u ll  Tax Interaction Model Individual Program Year: 
Year 1 Year 10 Year 20 Year 30 Year 40 Total

Drilling (B a se  So lu tion , in w e lls) 

Drilling (D oub le  Tax)

C h an g e  from  B a se

211 

170 

-19.4  %

203 

165 

-18.7 %

187 

152 

-18.7  %

132 

116 

-12.1 %

2

2

0.0 %

6274 

5066 

-19.2 %

Production  (Base , in M M bb ls) 

P roduction  (D oub le  Tax) 

C h an g e  from  B a se

57.7 

56.3 

-2.4 %

27.0 

25.9 

-4.1 %

15.9 

14.7 

-7.5 %

12.1 

10.8 

-10.7 %

7.6

6.7 

-11.8 %

834.3 

786.6 

-5.7 %

S e ve ran ce  T a x  R evenue  (B ase , $M M ) 

S e ve ran ce  T ax  R evenue  (D oub le  Tax) 

C h an g e  from B a se

66.6 

130.2 

95.5 %

21.3 

41.0 

92.5 %

8.2 

15.2 

85.4 %

4.2 

7.4 

76.2  %

1.9 

3.3 

73.7 %

608.6 

1165.2 

91.5 %

10 Year Fractions of Total Change from Base Solution:
Years 1-10 Years 11-20 Years 21-30 Years 31-40

Drilling

P roduction

S e ve ran ce  T ax  R evenue

33.0 % 30.8 % 

2 1 . 2 %  2 4 . 8 %  

67.2 % 20.4  %

25.9 % 

27.0 % 

8.4 %

10.3 %

27.0 %

4.0 %

N o Tax Interaction Model
Individual Program Year: 

Year 1 Year 10 Year 20 Year 30 Year 40 Total
Drilling (B a se  So lu tion , in w ells) 

D rilling (D oub le  Tax)

C h an g e  from  B a se

283 

189 

-33.1 %

271 

183 

-32.6 %

249 

168 

-32.4 %

175 

119 

-32.0 %

1

1

0.0 %

8363 

5624 

-32.8 %

Production  (B ase , in M M bb ls) 

P roduction  (D oub le  Tax) 

C h an g e  from  B a se

59.6 

57.0 

-4.4 %

28.8 

26.4 

-8.3 %

18.0 

15.3 

-15.0  %

14.2 

11.4 

-19.7  %

9.0 

7.2 

-20.1 %

911.0 

809.3 

-11.2 %

S e ve ran ce  T ax  R evenue  (B ase , $M M ) 

S e ve ran ce  T ax  R evenue  (D oub le  Tax) 

C h an g e  from  B a se

75.6 

144.7 

91.4 %

24.9

45.9 

84.3 %

10.2 

17.4 

70.6  %

5.3 

8.6 

62.3  %

2.5

3.9 

56.0 %

714.3 

1307.8 

83.1 %

Drilling
Production
Severance Tax Revenue

10 Year Fractions of Total Change from Base Solution:
Years 1-10 Years 11-20 Years 21-30 Years 31-40

33.2 % 
21.0 % 
68.1 %

30.9 %
25.1 %
20.1 %

25.9 %
26.9 % 
8.0 %

10.0 % 
27.0 % 
3.8 %

o
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F ig u re  1. W y om in g  O il, 1970-98
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F ig u re  2. W y o m in g  D rillin g

Base So lu tion Double State Severance Tax
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Figure 3. Wyoming Production

Base So lu tion Double State Severance Tax
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Appendix A

For most states in most years, yand a, (j=p,c,D) can be specified by noting 

whether reserves are subject to a property tax (see text equation ( 1)) and then evaluating 

equations (A.1)-(A.4).

r  = { ( 1 - 0 ( 1 - ^ ) ^ }  (A.l)

« , = { ( ! -  )(1 -  r , )(1 -  )(1 -  ) + Tm (1 -  xr )S} (A.2)

«C = {0 -  O O  -  r s )} (A.3)

« d  =  { 0  ( A . 4 )

A derivation o f equations (A.1)-(A.4) can be found in Gerking, Morgan, Kunce, and 

Kerkvliet (2000), Appendix C. In (A.1)-(A.4), xus denotes the federal corporate income 

tax rate, Ts denotes the state corporate income tax rate, r R denotes the property tax rate

on reserves weighted by the per unit assessed value, Tr denotes the royalty rate on

production from public (state and federal) land, t denotes the production (severance)

tax rate, 5 denotes the federal percentage depletion allowance weighted by the 

percentage of production attributable to eligible producers (nonintegrated independents), 

and 77 denotes the expensed portion of current and capitalized drilling costs attributable to 

current period revenues. 77 is made up o f two components: ( 1) the percentage of current 

period drilling costs expensed and (2 ) the estimated present value of cost depletion 

deductions for the capitalized portion of current and past drilling expenditures. Producers 

are allowed to expense costs associated with drilling dry holes along with certain 

intangible costs (e.g., labor and fuel) for completed wells as they are incurred. All direct

Tax Policy Parameters
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(tangible) expenditures for completed wells must be capitalized then depleted over the 

life of the producing well. In the illustration at hand, equations (A.1)-(A.4) can be 

simplified because Wyoming does not have a state corporate income tax ( ts=0) and does 

not levy a property tax against reserves in the ground ( t r = 0).

This formulation captures several aspects of the U.S. tax structure as it applies to 

the oil industry. (1) Federal royalty payments are deductible in computing state 

production tax liabilities. (2) Federal royalty payments, state production taxes, state 

property taxes on reserves, extraction costs, and certain drilling costs (described above) 

are deductible in computing both state and federal corporate income tax liabilities. (3) 

State corporate income taxes are deductible against federal corporate income tax 

liabilities. As noted in text section 2, state tax treatment of the oil industry is not uniform 

and there are a number of situations in which these equations would have to be modified. 

Notice that this treatment o f taxes in the model highlights the interaction between tax 

bases and is more detailed than the corresponding treatment given by Moroney (1997) or 

Deacon, DeCanio, Freeh, and Johnson (1990). Also, the entire tax structure is 

incorporated into the model, rather than simply analyzing one tax at a time as in Deacon 

(1993).

All tax parameters in equations (A.1)-(A.4) are effective rather than nominal rates. 

States grant numerous credits and exemptions against taxes levied, so nominal rates 

generally overstate amounts actually paid. State and local data required for these 

effective rate calculations are neither available from a central source nor compiled in a 

common format, so they were obtained directly from tax officials in each state (see 

Gerking, Morgan, Kunce, and Kerkvliet 2000, Chapter 2). In developing the base



solution for Wyoming, royalty rates are computed as the sum of state and federal royalty 

payments divided by the gross value of production and averaged 9% for oil in the late 

1990s. This percentage is higher than for other oil producing states because of the 

comparatively large share of Wyoming’s production on public lands. Production tax 

rates are computed as total production tax collections divided by the prior year’s gross 

value of production net of public land royalties. In Wyoming, there are both local and 

state levies against this one-year-lagged net value o f production. The sum of the two 

average effective rates in the late 90’s totaled approximately 11.9% (local 6.7% and state 

5.2%). At the federal level, data from Statistics of Income (U.S. Department of Treasury, 

1997-1998) for the oil and gas sector show that federal corporate taxes paid averaged 

about 10% of net operating income in 1998. Also, the current nominal percentage 

depletion rate of 15% applied to about 58% of Wyoming oil producers in 1998, thus 8 = 

8.7%. Also, the expensed portion of current period drilling costs is approximately 40% 

for the industry and the present value of depletion deductions for capitalized drilling cost 

can be approximated by (q/R)/(r+ (q/R)), assuming that the ratio of production to reserves 

is constant (Deacon 1993). Wyoming’s mean value of q/R was approximately 8% for the 

sample period 1996-1998, therefore T) = 0.40 + (1 - 0.4)*(0.08 / (0.04 + 0.08)) = 0.8. The 

base tax policy parameters for Wyoming are ap = 0.73, ac= 0.90, aD = 0.72, y= 0.

Estimate o f an Instrument fo r  WELLS

An instrument for the natural logarithm of WELLS was used as an explanatory 

variable in estimating both text equations (5) and (6 ) with CWELLS entering equation (6 ) 

as the proxy for x. Instrumental variable estimation is appropriate because w is an 

endogenous variable in the model presented in Section 2. An instrument for w was



obtained by predicting the natural logarithm of the number of wells drilled from the one­

way fixed-effects regression reported in Table A. 1. Time-specific effects tested 

insignificant at conventional levels and R2 = 0.91. P R IC E  and C W ELLS  were included as 

explanatory variables because they are exogenous variables in the model. P R IC E 2 , 

CW ELLS2, and PR 1C E*C W ELLS  were included to account for non-linearities expected 

in light of relationships in the model (see Table 1 for descriptions). All estimated 

coefficients are significantly different from zero except the interaction term 

P R IC E * C W E LLS . The marginal effect of W ELLS  with respect to P R IC E  increases at a 

decreasing rate. The Pearson correlation between the actual values of In (W ELLS) and the 

corresponding predicted values, In (PR ED W ELLS), is 0.96.

Table A. 1
Construction of Instrument In (P R E D W E LLS )

Explanatory
Variable

Coefficient
(t-statistic)

P R IC E 0.064
(6.49)

PR 1CE2 -0.45E-3
(-2.90)

C W E L L S -0.22E-4
(-5.19)

C W E LLS 2 0.15E-10
(4.17)

P R IC E * C W E L L S 0.18E-7
(1.51)

Extraction Cost Function

Direct operating (lifting) cost for oil by region at depths o f 2,000, 4,000, 8,000, 

and 12,000 feet are available from annual cost index studies published by the DOE/EIA



for the period 1970-1998. However, these data are o f limited value for two reasons.

First, cost estimates are not always disaggregated to the state level and cost estimates for 

other states may not be representative of all production. Second, through the mid-1980s, 

price controls on oil and/or gas distorted production incentives, making historical 

extraction costs difficult to compare with extraction costs in more recent years. As a 

compromise, following Deacon (1993), values of extraction cost parameters are 

calibrated for the following Cobb-Douglas function,

C(q, R) = Kq£R1'£ , (A.5)

where e  = 1 / / J . , f i  is the production share of non-reserve inputs, and k  is a constant value 

that drives the production cost modeled to an average level of lifting costs representative 

of the 1998 DOA/ELA surveyed estimates described above. State-specific estimates for /j. 

are established from the data on operating cost, drilling cost, production, reserve 

additions, and reserve levels described above (see Kunce, Gerking, and Morgan 2001 for 

specific calibration methods). Marginal extraction costs per barrel using 1998 data for 7 

major producing states are: CA $6.12, KS $4.89, LA $8.81, NM $6.27, OK $6.89, TX 

$6.71, and WY $6.43. The 1998 calibrated oil production cost parameters for Wyoming 

are e = 2.93 and k =  141.
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