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Abstract 

 

Empirical Methods for Comparing Governance Structure 
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Supervisor:  Christopher Jablonowski 

 

     In the Gulf of Mexico offshore exploration and production (E&P) industry, oil company decision-makers 

desire to drill wells for exploration or development purposes.   While a number of organizational 

arrangements are employed by firms in the E&P industry, most drilling arrangements can be categorized as 

one of two types of organizational structure based upon the allocation of planning and supervision 

responsibilities.  Companies can employ internal drilling organizations (best-efforts) to plan and manage 

their drilling operations or choose to contract externally (turnkey) for these activities.  The decision made by 

the exploration and production company as to which organizational form to employ can have significant 

impacts on the efficiency and profitability of any given well or drilling campaign.  This research examines 

this choice of governance structure.  This paper will examine the drivers of this decision using the theory of 

transaction cost economics.  Regression models are specified and estimated for the turnkey drilling decision, 

and for the underlying cost functions of best-efforts and turnkey drilling.  Results provide support for the 

transaction cost hypothesis as significant in the choice of governance.
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Chapter 1 

 
Introduction 

 

     In the offshore exploration and production (E&P) industry, companies can employ 

internal drilling organizations (best-efforts) to plan and manage their drilling operations, 

choose to contract externally (turnkey) for these activities, or use some combination of 

the two.  The decision by the E&P company as to which organizational form to employ 

can have significant impacts on the efficiency and profitability of any given well or 

drilling campaign.  This paper will examine the drivers of this decision using the theory 

of transaction cost economics.  The theory of transaction costs suggests that the choice of 

drilling form is determined by the expected costs of organizing activities internally versus 

transacting with the market for the same services. 

     In a recent study of the organizational structure choices employed in the E&P well 

drilling industry, Proehl (2002) defined two categories of drilling actors, risk-

management contractors (turnkey for the purposes of this paper), and best-efforts 

operators.  He then went about developing a conceptual framework to define and analyze 

actual drilling performance, and then assigned a cardinal grading system for the wells 

based upon the well known grade point averages used in schools. The quantitative 

analysis was based upon two sets of 50 wells each.  One set covered the best-efforts wells 

and the other set covered turnkey wells.   Each set was made up entirely of exploratory 

wells, all of which were located in the Gulf of Mexico.  
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     Proehl (2002) theorized that wells drilled by organizations whose core competence is 

a core business (turnkey) would perform better than those drilled by organizations whose 

core competence is not a core business (best efforts).  He maintained that personnel, 

technology, process issues, and economic theory; specifically economic risk and reward 

principles are the root causes of this performance differential.    

     The Proehl (2002) data set is used in this study to generate and test hypotheses 

regarding the impact of transaction attributes on the choice of organizational form.  

Regression models are specified to model the turnkey drilling decision and to provide a 

framework that decision-makers (DM’s) may use to assist in making similar choices in 

the future. 

     There are sound reasons for carrying out this modeling process.  Proponents of 

transaction-cost theory believe that it is imperative for decision-makers to obtain 

information about the performance of competing organizational forms and technologies 

in order to make the most informed decision possible concerning the cost-effectiveness of 

the organizational structure eventually chosen.  As Masten et al. (1991) notes, the tenet to 

which all transaction-cost economists subscribe is that choice among alternative 

organizational arrangements hinges on a comparison of the costs of transacting under 

each.  In the arena of offshore drilling in the Gulf of Mexico, there are only two (a 

hypothetical construct for this analysis) organizational forms for an exploration and 

development company to choose from, best-efforts or turnkey
1
. 

                                                           
1 There are other drilling arrangements that are employed in the Gulf of Mexico:  footage contracts, 

incentive-based contracts, shared risk and integrated services (Day et al,. 1997; Hart, 1998).  Each of these 
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     The firms are thus faced with the choice of using best-efforts or turnkey drilling to 

complete their exploratory wells.  Clearly DM’s would benefit from having access to the 

performance data of, in this instance, the competing organizational forms of best-effort 

versus turnkey; as well as the technologies employed in similar well types.  Therein lays 

the motivation for analyzing organizational governance in the offshore well drilling 

industry.  By modeling historical well data utilizing regression analysis and transaction 

cost theory, we hope to provide DM’s with helpful tools to use in making their 

organizational decisions. 

     The remaining sections of this paper are organized as follows.  Section 2 will briefly 

describe the theory of transaction costs, and the DM’s need to obtain information about 

the performance of competing organizational forms.  Section 3 will specify the empirical 

methods to be used.  Section 4 presents a case study in offshore drilling, including the 

description, transaction theory hypotheses, data set, models, and results of the study.  

Section 5 concludes the study. 

 

 

 

 

 

 

 

 

 

 

 

 

                                                                                                                                                                             
other drilling forms has more similarity to best effort or turnkey drilling than differences.  Therefore, this 

analysis focuses on the fundamental and readily observable choice of best effort versus turnkey drilling. 
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Chapter 2    

Explaining Organizational Governance: The Theory of Transaction Costs      

 

Transaction Cost Economics 

 

     The concept of transaction costs was introduced by Coase (1937), as a means to 

explain the organizational forms of markets and firms.  Transaction cost theory is 

intended to explain why firms emerge as a means of organizing productivity when an 

efficient, specialized economy (the free-market) already exists.  Coase and other authors 

have argued that economic institutions (firms) exist to minimize the cost of making 

transactions (Joskow, 1985). 

     After its initial introduction, the concept received relatively scant attention for several 

decades until Williamson took the subject back up in the 1960’s.  His work largely 

focused on vertical integration and the values of internal organization, and is broadly 

recognized as having reinvigorated interest in the topic.  More recently, Masten (1984) 

promoted the idea that internal coordination (transaction) costs are as important as 

conventional transaction (external) costs. That is the stance adopted in this paper. To 

assume that costly behaviors such as opportunism do not occur, or is not significant 

within firms imposes an overly idealistic view of the efficiency of internal governance.  

Therefore, any complete study of organizational choice should identify not only those 

elements of a transaction that increase the hazards and costs of market exchange, but also 

those elements that increase the hazards and costs of internal organization. 
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     One aspect of transaction costs is measurement cost.  The measurement cost 

interpretation of the theory emphasizes the costs of measuring or valuing the component 

parts of a product that is to be exchanged, or of enforcing the terms of the contract 

(Hallwood, 1991).  Economizing these measurement costs can explain the existence of 

product warranties, as these have the effect of reducing measurement costs ex ante, and 

therefore increase the attractiveness of purchases (Hallwood, 1991). 

     Perhaps the most easily understood interpretation of transaction theory is that of 

discovery or information cost.  In fact, one of Coase’s (1937) most significant 

conclusions was that there is a cost of using the price mechanism in an exchange 

economy.  He put forth that the most obvious cost of ―organizing‖ production through the 

price mechanism is that of discovering what the relevant prices are.  There will always be 

a cost associated with determining what the fair market-price of any product actually is.  

Again, as Coase (1937) noted; even given the existence of specialists who are willing to 

sell this information, the discovery cost may be reduced, but will not be eliminated. 

     Another component of transaction costs is that of contracting costs.  Joskow (1985) 

and others have separated these costs into categories: the costs of negotiating and writing 

contingent contracts; the costs of monitoring contractual performance; the costs of 

enforcing contractual promises; and the costs associated with breaches of contractual 

promises.  For brevity’s sake, the discrete categories will remain together under the more 

generic term of contracting costs in this paper.  Joskow (1985) also listed the possible 

costs of acquiring and processing information: legal costs; organizational costs; and 
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others; as expenses that may be associated with contract costs independent of other 

transaction costs. 

     A central tenet of transaction cost theory is that it can be used to find specific 

combinations of transactional characteristics that lead to predictable cost-minimizing 

organizational and contractual responses (Joskow, 1987).  That is, along the entire 

spectrum of potential governance structures, with vertical integration at one end of the 

continuum and Walrasian auction markets
2
 being at the other, transaction theory can be 

used to find the most efficient organization of the firm (Joskow, 1985).  In order to do 

this, the application of transaction theory must, to the extent possible, minimize the 

existence of opportunism (Joskow, 1985). 

     Opportunism occurs when one or both parties to a contract exhibit ―bad behavior,‖ 

which involves actions that do not maximize joint profits (inefficiencies) and entails the 

appropriation of wealth (rent appropriation).  Joskow (1985) theorized that contractual 

incompleteness gives rise to this ―bad behavior,‖ and that while markets are competitive 

ex ante, opportunism may emerge ex post because certain characteristics of the 

relationship give one or both parties to the transaction some monopoly power when 

certain contingencies arise.  Hallwood (1991) uses rent appropriation as a partial 

explanation for the rise of multinational corporations in the oil supply industry, but 

stresses the role that measurement cost economizing plays.  Finally, it is also evident that 

                                                           
2 A Walrasian auction, introduced by Leon Walras, is a type of simultaneous auction where each agent 

calculates its demand for the good at every possible price and submits this to an auctioneer. The price is 

then set so that the total demands across all agents equals the total amount of the good. Thus, a Walrasian 

auction perfectly matches the supply and the demand. 
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opportunism can occur as a result of information asymmetry between parties, resulting in 

the conventional example of moral hazard.
3
 

     In an effort to combat opportunism, proponents of transaction cost theory argue that 

there are both selected organizational arrangements and natural market deterrents to 

agents behaving badly.  In the area of market organizational arrangements, Joskow 

(1985) describes the use of long-term contracts between firms as a means of ameliorating 

rent appropriation problems.  Whereas Hallwood (1991) argues that oil companies cope 

with the issue by using an invited tender-bid auction
4
 to determine the terms of service 

contracts.  For natural deterrents, Joskow (1985) again puts forth that there is a potential 

cost to breaches of contract, such as loss of future business.  Hence, reputational 

constraints can create disincentives to opportunism.  Additionally, contracts that would 

appear more susceptible to rent appropriation ex ante will build-in additional safeguards, 

although this approach will necessarily increase contract costs as Williamson (1971) 

notes; exhaustive stipulation, assuming that it is feasible, is itself costly. 

                                                           
3 Moral hazard is the prospect that a party insulated from risk may behave differently from the way it 

would behave if it were fully exposed to the risk. Moral hazard arises because an individual or institution 

does not bear the full consequences of its actions, and therefore has a tendency to act less carefully than it 

otherwise would, leaving another party to bear some responsibility for the consequences of those actions. 

4 In order to determine the prices of intermediate goods and services needed for oil gathering, oil 

companies operate a market arrangement known as the invited tender bid auction. The invited tender-bid 

auction has two unusual features. First, bidding is by invitation. This practice may appear to be against the 

interests of the buyers, as open bidding, by not limiting entry, may generate more price competition. 

Second, oil companies do not announce information on bid prices ex post auction – in fact they much prefer 

price secrecy. This feature is at odds with those theories of exchange which take it for granted that prices, 

certainly the history of prices from earlier transactions, are at least potentially knowable by transactors 

(Hallwood, 1996). 
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     Measurement costs, discovery costs and contract costs are certainly not the only 

factors that are associated with transaction cost theory.  This paper is not meant to be an 

exhaustive study of all possible characteristics of the transaction cost model, rather it is 

an attempt to provide a general primer, and then to apply it to the drilling governance 

decision in the E&P industry.  Now that the more ubiquitous types of transaction costs 

have been examined, it is time to scrutinize the generally less emphasized components of 

internal coordination (transaction) costs. 

     As mentioned earlier, efforts to suppress opportunism contractually are limited by the 

costs of writing and enforcing contractual agreements, which become more costly with 

the increased complexity and uncertainty associated with any given transaction (Masten, 

et al., 1991).  Organization within the firm (internalization) does mitigate these problems, 

but by eschewing the advantages of market exchange incentives, the firm is then forced 

to assume the burden of greater internal coordination costs (Masten, et al., 1991).  While 

the costs associated with these activities are real, there have been relatively few attempts 

to quantify these costs of internalization. 

     In their analysis of naval shipbuilding, Masten et al. (1991) gave explicit attention to 

the role of internal organization costs in integration decisions and identified ways of 

overcoming the difficulties inhibiting direct tests of transaction cost arguments.  They 

found that while organization costs cannot be directly observed for organizational forms 

not chosen, this selection problem can be mitigated by relating the incidence of 

transaction costs to observable characteristics of the transaction and then basing 

predictions of organizational form on those predictions (Masten et al., 1991).  While 
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Coase (1937) theorized that internal organization costs are likely to be higher for 

transactions that are differentiated—by either their location or characteristics—from 

other activities in which the firm is engaged, and for which there is a greater degree of 

uncertainty, Masten et al., (1991) found the opposite to be true, namely, that higher levels 

of uncertainty and complexity would lead, in general, to a greater likelihood of 

integration.   

     In the final analysis, Masten et al. (1991) found that the costs of internal organization 

are likely to be greater for activities outside of the firm’s main area of expertise.    

Therefore, any complete study of organizational choice should identify not only those 

elements of a transaction that increase the costs of market exchange, but also those that 

increase the costs of internal organization.  Masten, Meehan, and Snyder’s (1991) work 

identifies and then quantifies a suite of both internal and market transaction costs.  Their 

work is, in this instance, particularly important for its development and application of a 

regression model of decision making, and as such inspires much of the methodology used 

in the present analysis.  

 

Determinants of Organization Governance 

 

     In a free-market economy, part of the costs that must be taken into account, in addition 

to the ordinary production costs (labor, capital, etc.), are real transaction costs.  These 

transaction costs include discovery or information costs, measurement costs, contract 

costs, and (inherently) the costs of bounded rationality.  Transaction cost theory then 
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postulates that by internalizing some of these transaction costs under one authority (an 

entrepreneur-coordinator), the firm is able to significantly reduce said costs.  This would 

seem to implicitly be the case; otherwise, as Arrow (1969), Williamson (1971), and 

others have pointed out, if, as is often assumed, the costs of operating competitive 

markets are zero, why integrate (internalize)?  Clearly, there are some cost-savings 

enjoyed by decision-makers in internalizing some aspects of production, or else all 

exchanges would be carried out more efficiently in the free-market.  The existence and 

extent of the firm is therefore dictated by maximization of the cost-saving efficiencies 

found between the open market and the internal organization of the firm. 

     As Ho et al. (2009) surmise; according to the cost-based perspective (CBP) model, 

optimal governance forms should minimize transaction overheads, which may include 

opportunism costs and certain management costs, such as the costs of coordination, 

contracting, and monitoring.  This can be taken to mean that the appropriate governance 

structure is obtained by minimizing transaction costs, presumably by attempting to obtain 

information on competing organizational forms and then applying this information in the 

most cost-effective manner.  Ho et al. (2009) went on to state that while transaction 

overheads (in essence external transaction costs) are usually assumed to shape 

governance structure, they are not the only factors that influence governance decisions.   

     Applying these theories to the E&P industry, it can be seen that DM’s would benefit 

from a framework that would provide systematic quantitative methods to analyze the 

choice of organizational governance structure.  A drilling manager that had conducted a 

study of this nature would be able to present his CEO with measurable results of how the 
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organizational structure chosen had been based upon an analysis of the most efficient and 

cost-effective manner of drilling the well, utilizing available data.  Creating a prototype 

of just such a quantitative model is part of the goal of this study.   

          The present research investigates the drilling governance decision in the Gulf of 

Mexico offshore E&P drilling industry.  Offshore drilling provides a uniquely suited 

candidate for a study of this nature.  In practice, an oil company decision-maker desires 

to drill a well for exploration or development purposes (in this instance, only exploration 

well data is utilized).  While a number of organizational arrangements are employed by 

firms in the E&P industry, most drilling arrangements can be categorized as one of two 

types of organizational structure based upon the allocation of planning and supervision 

responsibilities. 

     Using Proehl’s (2002) definitions of the actors that manage the drilling of wells, there 

are two kinds of organizations that provide drilling services to exploration and production 

companies.  Risk-management contractors (turnkey) undertake to provide finished wells 

consistent with defined specifications (Proehl, 2002).  In this case, the oil company 

defines general specifications for the well (e.g. total depth and targets, minimum hole 

sized at total depth, formation evaluation requirements) and then retains a turnkey 

company to plan and supervise drilling of the well.  The compensation they receive is 

explicitly linked to the results achieved, and they are independent of exploration and 

production companies (Proehl, 2002). 

     Best-efforts operators, on the other hand, are employees of companies engaged in 

exploration and production activities (Proehl, 2002).  This type of arrangement is the 
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internally drilled well where the oil company retains control and holds the risk.  The oil 

company directs the work and makes all major decisions regarding the progress of the 

well and holds all of the risk of cost overruns.  The best efforts operator attempts to 

provide finished wells consistent with defined specifications, but their compensation is 

independent of the results they achieve (Proehl, 2002). 

     There is a limited amount of economic literature on the subject of organizational 

structure with respect to drilling organizations.  Hallwood (1990, 1991) investigates the 

level of integration within the exploration and production sector, providing some basic 

statistical evidence on the organizational structure of oil companies, but does not provide 

an assessment for the impetus of integration decisions.  Corts and Singh (2004) focus on 

the effect of reputation and conclude that repeated contracting with specific drilling 

contractors makes turnkey drilling more unlikely.  In this paper, we will use Proehl’s 

(2002) investigation of the cost and schedule performance of risk-management (turnkey) 

versus best-efforts drilling actors, but will focus on the issue of transaction costs that he 

does not address.  Thus, this research will attempt to fill what remains an important gap 

in the literature. 
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Chapter 3 

Empirical Methods 

 

 Regression Analysis Overview 

 

     There were two types of equations utilized in this study, a set of linear ordinary least 

squares (OLS) models, and a set of binary (hereafter referred to as choice models) consisting 

of both OLS and Probit equations.  The methodology behind the linear models will be quickly 

explained, followed by an examination of the choice models. The primary purpose of 

regression analysis is to specify and estimate mathematical models of the relationship between 

a dependent variable (e.g. actual cost, actual days) and independent variables (e.g. actual 

drilled footage, MMS district) that influence the dependent variable.    

 

 Ordinary Least Squares 

 

     The most basic of regression methods is called Ordinary Least Squares, or OLS regression. 

To implement OLS, the operator first specifies a relationship: 

       (1) 

The variable y is the dependent variable, the x’s are independent variables, the ’s are 

coefficients, and   is a random error term.   The goal of OLS is to estimate the 

coefficients of this relationship based on a sample of data.   That is, the ’s are the ―true‖ 

  kk xxxy ...2211
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coefficients (typically unknowable), and the operator estimates their values (Jablonowski 

and MacEachern, 2009).  

     To implement OLS for a sample size of n observations and k independent variables, 

the relationship to be estimated can be defined as follows:  

    (2) 

The y and the x’s are identical to their value in Equation (1), but the b’s represent the 

estimates of the ’s. The residual e is defined as the difference between the actual y value 

and the predicted y value.   

     The OLS method solves for the vector b that minimizes the sum of the squared 

residuals as follows (in matrix notation): 

       (3) 

The result of this minimization yields the following vector of parameter estimates: 

         (4) 

If we assume that the error term is independently and identically distributed with a mean 

of zero and a constant variance (plus other assumptions, see Johnston and DiNardo 

(1997)), then the coefficient estimates will be unbiased.  

     Because the b’s are only estimates of the ’s, we must test the null hypothesis, Ho: bk = 0, 

for each coefficient.  The simplest test is a t-test, and the standard for statistical significance in 

empirical work is a 95% confidence interval.  It is common procedure to remove statistically 
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insignificant variables from the model and re-estimate using only significant variables, and 

that is the methodology applied in this study.  The models to be estimated in this study have 

the following form: 

Cost/Duration of best-efforts well = BEi = 
1 1 1i iX e     (5) 

Cost/Duration of turnkey well = TKi = 2 2 2i iX e      (6) 

 

Binary Choice Models 

 

(1) OLS 

     In an OLS choice model, the dependent variable takes on a value of 0 or 1. This 

variable represents a choice between two alternatives, for example, best-efforts or 

turnkey drilling. All of the previous results regarding OLS apply. The primary deficiency 

with this specification is that predicted values are not constrained to be between 0 and 1. 

  

(2) Probit 

     In the Probit model, a latent (unobservable) variable *

iy  is defined which indicates that 

the propensity to employ turnkey drilling on project i: 

 

*

i i iy Z u  .         (7) 
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However, *

iy  is not observable; instead, one observes iy , which takes on values of 0 

(best efforts) or 1 (turnkey) according to the rule: 

 

*1,  if 0

0 otherwise

i

i

y
y

 
 


        (8) 

 

where: 

iZ  = vector of prospect attributes 

  = vector of coefficients for prospect attributes 

iu  = random error term,  2~ 0,N  . 

 

From here one can derive the standard binary probit model: 

 

   *Pr 1 Pr 0i iy y    

   Pr 1 Pri i iy u Z      

 Pr 1 Pr i
i i

u
y Z



 

 
    

 
.       (9) 
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Dividing by  in Eqn. (3) is convenient because the quantity iu   is distributed as 

standard normal (zero mean and unit variance).5 This leads to the following result: 

 Pr 1i iy Z




 
   

 
, and therefore,  Pr 0 1i iy Z





 
   

 
,   (10, 11) 

Where   is the cumulative density function CDF of the standard normal distribution. If 

there are n observations in total, the likelihood function L for the sample is: 

1

1

1

i iy y
n

i i
i

L Z Z
 

 





      
        

      
 .     (12a) 

For purposes of optimization, the log-likelihood function ln(L) = l is often employed:6 

 
1

1 ln 1 ln
n

i i i i

i

l y Z y Z
 

 

       
           

       
 .    (12b) 

 

 Accounting for Sample Selection  

 

     The equations specified above can provide much information about the governance 

decision.  OLS can be used to estimate cost or duration models for each choice of 

governance.  The choice model can be used to examine the drivers of the decision.  But 

one must also recognize that the structure of the drilling governance decision results in a 

                                                           
5 The quantity 

iu   is standard normal because ui has been transformed by subtracting its mean and 

dividing by its standard deviation.  

6 The log-likelihood function is globally concave and is maximized numerically. The asymptotic 

covariance matrix is computed by evaluating the negative inverse of the Hessian at the maximum 

likelihood estimates. Also observe that  and  are not individually identified, therefore, it is convenient to 

normalize  to be one. 
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non-trivial sample selection problem.  Sample selection problems in statistics and 

regression analysis occur when the sampling is not random.  In this case study, the 

samples of turnkey and best efforts wells are the result of a selection process assumed to 

be based on cost minimization.  Therefore, the observations cannot be construed as a 

random sample and additional computations are required to correct for this feature of the 

data.  

     The sample selection problem manifests itself in the estimation of Equations 5 and 6, 

that is, the coefficient estimates are biased.  If we assume that the error terms in 

Equations 5 and 6 and the error term in the probit choice model are trivariate normal with 

means of zero, the covariance matrix is defined as follows: 

 



















1

2

2

2

112

2

1

u

u





 

 

Therefore, the expectation of the error term in Equation 5 for best efforts can be 

estimated as follows: 

   
 

 1 1 11 , , , 1

i

i i i e u i i i e u e u i

i

Z
E e u Z E u u Z

Z

 
     



 
            

 (13) 

where  is the probability density function (pdf) of the standard normal distribution. 

Similarly for Equation 6 for turnkey:  
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 2 22 , , 2

i

i i i e u e u i

i

Z
E e u Z

Z

 
   



 
      

.     (14) 

 

Therefore, estimating the schedule models without accounting for the selectivity bias 

would be inappropriate, unless it is shown that the bias is insignificant.  

     These results enable a two stage procedure to correct for the sample selection. Results 

from the first stage governance choice model, , can be used to compute the expected bias 

for each observation, i.  This new variable is added as a regressor to the individual 

schedule equations, where its coefficient is an estimate of 
1 ,e u  or 

2 ,e u  (see Maddala 

(1983) for a detailed description of this approach).  The corrected equations would be 

appropriate to use for analysis of past performance.  That is, a comparison of actual 

decisions and outcomes with predictions using the choice model and the corrected 

equations.  
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Chapter 4 

A Case Study in Offshore Drilling 

     

Description 

      

     Exploration and production companies must weigh many factors when making the 

decision on whether to use best-efforts or turnkey drilling to drill their wells.  This 

assessment process inevitably involves discovery costs that are incurred when firms 

engage in seeking out the most cost-effective option.  If handled efficiently, this expense 

should be, at a minimum, offset by the cost-savings produced by choosing the more 

efficient governance structure, thereby reducing transaction production costs ex ante.  

The purpose of this study is to demonstrate models that can be used by E&P and other 

companies to achieve this goal with existing data.  By obtaining historical data and then 

subjecting it to regression analysis, DM’s can produce results that should help dictate the 

appropriate and most efficient governance structure for a given set of parameters.  While 

this approach does have certain limitations that will be discussed later in the section, this 

methodology has applications that extend well beyond the E&P industry. 

 

 Data 

 

     The data for this analysis was taken from Proehl’s (2002) study, and then expanded to 

include Minerals Management Service (MMS) district information for the Gulf of 
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Mexico.  It originally consisted of two sets of well data with each set containing figures 

from 50 exploratory wells.  For each set, 14 of the wells were drilled with floating 

drilling units; 20 of the wells were vertical jackup wells into high abnormal pressure; and 

the remaining 16 were directional, jackup wells into high abnormal pressure (Proehl, 

2002).  All of the wells were drilled in either the central or western sections of the Gulf of 

Mexico.  For Proehl (2002), the single criterion for inclusion of the best-efforts wells was 

access to inclusive data on objectives, time and dollars.  The risk-managed (turnkey) 

wells were then selected to best mirror the depth and rig-type characteristics of the best-

efforts wells (Proehl, 2002).   

 

      Measure of Regression Variables 

 

     Actual Days:  This variable measured the number of calendar day between the 

spudding of the well and when drilling was completed.  It is highly correlated with cost, 

and it is used as a dependent variable as a proxy for cost to avoid making a correction for 

inflation (the author does not have sufficient data to make such a correction).  

     Actual Drilled Footage (FTG):  This variable was used to measure the total number 

of feet drilled below ground for each well upon its completion. 

     Year:  This variable denotes the year in which each well was spudded. 

     Lease Area Block (Area):  This variable indicates the lease are block in which the 

well was physically located.  There were 20 separate blocks in which wells were drilled 

in this study, providing for 19 binary variables to represent these areas (BR, EC, EI, EW, 
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GA, GB, GC, GI, HI, MC, MI, MP, SA, SM, SS, ST, VR, and WD).  See table 3A in 

Appendix 1 for a description of the variables. 

     Minerals Management Service District (MMS):  This variable represents the MMS 

regulatory district in which each well was drilled.  There are 6 MMS districts in the Gulf 

of Mexico, represented by 5 binary variables (LJD, LCD, LAD, HOD, and NOD).  See 

table 3B in Appendix 1 for a description of the variables. 

     AFE Days:  This variable denotes the number of days it was estimated it would take 

to complete the well, prior to it being spudded. 

     Days Per Thousand Feet (DPTF):  This variable is used in later models as a 

replacement for Actual Drilled Footage and AFE Days.  Days Per Thousand Feet can be 

expressed as AFE Days /(FTG/1000).  The inclusion of this variable was motivated by 

intermediate regression results (discussed below).  It serves as a more general measure of 

a well’s complexity.    

 

 Regression Analysis 

   

     Ordinary least squares (OLS), Probit, and Logit model linear regression analysis is 

used to test our hypotheses.  It has been firmly established that OLS estimators are the 

best linear unbiased estimators, i.e. the least-squares estimator has the smallest variance 

of all linear unbiased estimates (Johnston: 1963, 1972).  Nonetheless, regression 

diagnostics are necessary to make certain that basic OLS regression assumptions are 

satisfied (Ho et al., 2009).  In this study, STATA statistical software was used to run the 
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models and to determine whether the data met the homoskedasticity assumption of the 

OLS regression.  The empirical model designed to test our first set of propositions is 

shown in linear Equation 15:   

 

𝑦 = 𝐶 + 𝛽1𝐹𝑇𝐺 +  𝛽2𝑌𝑒𝑎𝑟 +   𝛽𝑘
22
𝑘=3 𝐴𝑟𝑒𝑎 𝑘 +   𝛽𝑘

28
𝑘=23 𝑀𝑀𝑆𝑘 +  𝜀             (15) 

 

     This simple Ordinary Least Squares (OLS) equation was the first representation run, 

hence it is denoted as Model (1).  For this linear model, y is the dependent or outcome 

variable Actual Days.  This dependent variable was used throughout the study as a proxy 

for actual cost.  𝐶 is the constant, 𝛽1 ~ 𝛽𝑘  are the regression coefficients, and 𝜀 is the 

random error term.  The first independent variable or regressor is labeled as FTG, and 

represents actual drilled footage.  The second independent variable is Year.  The third 

regressor, Area, denotes the area lease block in which each well was drilled.  The last 

independent variable for this equation is MMS, the MMS inspection district within which 

the well was located. 

     To test this and every following hypothesis, we utilized the STATA software to 

evaluate the data against the null hypothesis that the independent variables have no 

significant impact on the dependent variable.  A two-tailed significance level is also used, 

because of its more conservative criterion. 

     The second set of models (2A & 2B), utilize the identical equation of that used in the 

first model.  The only difference between the models being that in the former (Model 1), 

the data was pooled (n=100), whereas in the latter, only the unpooled (n=50) turnkey data 
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set is applied in 2A, while the unpooled data from the best-efforts set is used in 2B.  The 

data sets can be viewed as Table 1A and 1B in Appendix A, respectively. 

     The third model (3) is depicted as shown in Equation 16: 

 

𝑦 = 𝐶 + 𝛽1𝐹𝑇𝐺 +  𝛽2𝑌𝑒𝑎𝑟 +   𝛽𝑘
22
𝑘=3 𝐴𝑟𝑒𝑎 𝑘 +   𝛽𝑘

28
𝑘=23 𝑀𝑀𝑆𝑘 + 𝛽𝑘  1/0 +  𝜀   (16) 

 

This linear model is similar to the previous equations with a notable exception.  The 

dependent variable, constant, error term, regression coefficients, and all but the last 

independent variable are identical to the prior models.  The addition of a binary or 

dummy independent variable is the only manner in which the model has been altered.  

The binary variable takes on values of 1 (turnkey) or 0 (best-efforts). 

      The penultimate set of models (4A, 4A’, 4B, and 4B’) that are analyzed for the 

purposes of this paper are choice models.  The equation used to represent (4A & 4B) is 

shown in Equation 17: 

 

1/0 = 𝐶 + 𝛽1𝐹𝑇𝐺 +  𝛽2𝑌𝑒𝑎𝑟 +  𝛽𝑘
22
𝑘=3 𝐴𝑟𝑒𝑎 𝑘 +   𝛽𝑘

28
𝑘=23 𝑀𝑀𝑆𝑘 +  𝛽𝑘𝐴𝐹𝐸 𝐷𝑎𝑦𝑠𝑘 + 𝜀   (17) 

 

For this model, the dependent variable has now become the binary variable turnkey or 

best-efforts (1/0).  Additionally; while the constant, error term, regression coefficients, 

and all but the last independent variable are familiar, a new regressor, AFE Days, has 

been added.  Of note, model 4B shares Equation 17 with 4A, and varies only in that 

instead of using OLS modeling, a Probit model was utilized instead.  Also, a Logit model 
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was also run on this equation, but the results were not significantly different from those in 

the Probit model.  Therefore, the Logit model is not included in the body of the paper, but 

a short summary of the results can be found in Appendix B.   

     In the remaining models (4A’ & 4B’), the equation is largely the same as the one 

utilized above.  The difference between the models being that Year has been removed as 

an independent variable.  It can be seen below as Equation 18: 

 

 1/0 = 𝐶 + 𝛽1𝐹𝑇𝐺 +   𝛽𝑘
22
𝑘=3 𝐴𝑟𝑒𝑎 𝑘 +  𝛽𝑘

28
𝑘=23 𝑀𝑀𝑆𝑘 + 𝛽𝑘𝐴𝐹𝐸 𝐷𝑎𝑦𝑠𝑘 + 𝜀   (18) 

    

  Finally, one more set of Probit models is run on the data.  The models are labeled as 4C 

& 4C’.  (4C) is demonstrated in Equation 19: 

 

1/0 = 𝐶 + 𝛽1𝑌𝑒𝑎𝑟 +   𝛽𝑘
22
𝑘=3 𝐴𝑟𝑒𝑎 𝑘 +  𝛽𝑘

28
𝑘=23 𝑀𝑀𝑆𝑘 +  𝛽𝑘𝐷𝑃𝑇𝐹𝑘 + 𝜀   (19) 

 

Again, the equation is largely familiar, but in this equation (4C), Days Per Thousand Feet 

(DPTF) has replace Actual Drilled Footage (FTG) and AFE Days on the independent 

variable side of the equation.  Lastly, in (4C’) the equation is the same except for the 

removal of Year as an independent variable.  It is shown below: 

 

1/0 = 𝐶 +  𝛽𝑘
22
𝑘=3 𝐴𝑟𝑒𝑎 𝑘 +   𝛽𝑘

28
𝑘=23 𝑀𝑀𝑆𝑘 + 𝛽𝑘𝐷𝑃𝑇𝐹𝑘 + 𝜀    (20) 
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Transaction Cost Hypotheses (Model Estimates) 

    

  Based upon the perspective of transaction cost theory, a few hypotheses can be put forth 

concerning the E&P industry’s drilling governance structure in the GOM.  Investigating 

the equation which was used in the first set of models (1, 2A, & 2B), the relationships 

would appear to be largely straight-forward.  As Actual Days is the dependent or 

outcome variable, a few predictions based upon its relationship with the independent 

variables of FTG, Year, Area, and MMS can now be made. 

    The variable FTG should be positively signed in Models 1, 2A, and 2B. Every 

incremental foot of drilling takes additional time. There are no hypotheses regarding 

which type of governance should have a larger coefficient. In fact, because drilling 

technology and practices are widely shared within industry, it is possible that the two 

coefficients will not be statistically different. 

     In an analysis of the variable Year for the first three models (1, 2A, & 2B), we 

conjecture that costs (e.g. Actual Days) will decrease with incremental positive changes 

in years for both turnkey and best-efforts operators.  The theory behind this being that 

over time, both types of operators will become more efficient and cost-effective at 

drilling wells.  For the turnkey option, one would expect measurement costs, information 

costs and contract costs to decline over time as knowledge becomes more widespread 

throughout the industry in this relatively new E&P endeavor.  The same is true for 

internal best-efforts operators.  One expects that with gained experience, information, 

monitoring and administrative costs of drilling an exploratory well will go down for best-
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efforts operators while efficiency improves.  In both instances, the increase in savings 

and efficiency should be represented by a decrease in Actual Days spent drilling in these 

models with an increase in Year. 

     Looking at lease block area (Area) and MMS inspection district (MMS) in these 

models, one expects the response of Actual Days to changes in both variables to 

fluctuate.  Area can be viewed as a proxy for geological variability, and would be 

expected to be positively related to Actual Days in geologically difficult lease blocks.  

MMS on the other hand, can represent differences in regulatory framework in the various 

districts, and would also be assumed to be positively related to Actual Days in districts 

with more stringent oversight.  While it is beyond the scope of this study to provide an in-

depth analysis of these two regressors, this is certainly an avenue that deserves further 

research consideration.   

     The next model (3), is, as mentioned, very similar to the models just discussed, the 

difference being the addition of the binary or dummy variable.  Viewing this model from 

a transaction theory standpoint, it is hypothesized that the independent variable turnkey 

(1) will have a negative relation with the outcome variable Actual Days.  There are 

several reasons for this that will be discussed later in the section. 

     The penultimate set of models (4A, 4A’, 4B, & 4B’), are choice models.  These 

equations provide an opportunity to put forth some interesting hypotheses based on 

transaction cost theory.  In these models, the dependent variable is the binary variable 

turnkey/best-efforts (1/0).  So we are now able to develop hypotheses for the turnkey 
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drilling decision and underlying cost functions based on the theories of transaction cost 

economics. 

     In this set of models, the first independent variable is again Actual Drilled Footage.  

We would anticipate this regressor being negatively correlated with the decision to 

turnkey drill.  Since fluid pressure increases with depth, and this pressure increases the 

complexity of the well design and execution, the increased transaction costs associated 

with deeper wells should lead E&P decision-makers to retain the drilling in-house (best-

efforts).  More complex wells lead to more detailed and therefore more costly contracts.  

Similarly, it is reasonable to assume that E&P companies will invest more in monitoring 

costs for deeper wells in an attempt to avoid the higher costs of intervening at the well 

site if the complexity of the operation overwhelms the turnkey contractor. 

     The second independent variable in the choice models is Year, for the 4A and 4B 

versions of the model.  In these, the variable is expected to have a positive correlation 

with turnkey drilling.  Over time, the information costs associated with offshore drilling 

in the GOM should decrease.  As E&P companies repeatedly interact with turnkey 

drillers, there is some incentive for the oil company to disclose particular subsurface and 

technical knowledge to the turnkey contractors that are hired, in an effort to drill the wells 

more efficiently.  This sharing of knowledge gradually spreads throughout the industry, 

driving information costs down for all of the actors involved. 

     Additionally, with repeated interaction, one would expect both contracting and 

monitoring costs to go down for the E&P companies.  At its nascent stage in 1980, it was 

reasonable for oil companies to insist on lengthy and detailed contracts in an attempt to 
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account for every possible contingency and to avoid opportunism on the part of the 

relatively unknown turnkey contractors.  Eventually however, a relationship has been 

established between oil companies and contractors, and this has the effect of placing 

reputational constraints upon bad-acting on the part of the turnkey drillers in the form of 

loss of future business, thereby decreasing the costs of contracting and measurement. In 

the second iteration of this model (4A’ & 4B’), Year was excluded as an independent 

variable as there are concerns that the sample is not random with respect to time; the 

average turnkey well was drilled in 1995 while the average best-efforts well was drilled 

in 1989. 

     For these choice models, it is again expected that lease area block (Area) and MMS 

districts will show an array of positive and negative correlations with the decision to 

turnkey.  While it is again beyond the purview of this study to provide detailed analysis 

of these variables, a few comments seem appropriate.  In lease blocks that are found to 

have geologically complex natures, we would expect a negative relation with the decision 

to turnkey.  This is again based on the likelihood of increasing information, measurement, 

and contracting costs associated with complex wells.  In MMS districts with more 

stringent oversight, we would also expect a negative relationship with turnkey drilling.  

We hypothesize that this is due to the assumption that the risk of the contractor violating 

regulations and thereby incurring significant penalties for the oil company would force 

the E&P decision-maker to increase expenditures on monitoring and contracting costs. 

     The last variable considered for this set of choice models is AFE Days.  We would 

expect this regressor to react in a manner similar to that of actual drilled footage, and for 
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largely the same reasons.  Increased estimated days of drilling (AFE Days) can be viewed 

as a proxy for estimated well complexity.  As reasoned previously, increased complexity 

should lead to higher measurement and contracting costs; and likely higher information 

costs as well.  Therefore, we would anticipate AFE Days having a negative correlation 

with the decision to turnkey drill. 

     Finally, and as a response to the results obtained from the earlier data, choice models 

4C and 4C’ are also run.  Both are Probit models in which both the Actual Drilled 

Footage (FTG) and AFE Days variables have been replaced by a new variable, Days Per 

Thousand Feet (DPTF).  This variable was introduced in an attempt to negate possible 

collinearity issues between the two former variables.  As it serves as a proxy for a well’s 

complexity, we expect it to have a negative relation with the decision to turnkey, and for 

the same reasons as those expounded upon above for FTG and AFE Days. Lastly, 4C 

differs from 4C’ only in that the latter excludes Year as a variable, again over concerns 

that it may be an artifact of the data. 

       

     

 

 

 

 

 

 



 31 

 Empirical Result of Hypotheses Tests 

 

 Model 1.   y = f(Actual Drilled Footage, Year, Area, MMS District), pooled, n=100 

Actual Days = (Act_Drill_Ft Year EC GA HI VR WC WD LCD) 

 

     As we can see from the results shown above, an analysis of model 1 largely conforms 

to what we hypothesized in the previous section.  Actual Drilled Footage is positively 

correlated with Actual Days, and this reinforces the concept that deeper, more complex 

wells increase expenditures of time and therefore cost of each type of well across the 

board.  As postulated, Year shows a negative relationship with days drilled (Actual 

Days), suggesting that both types of drillers have become more efficient over time, again 

as expected.  In this finding, the majority of lease area blocks (Area) that had a 

statistically significant result were negatively correlated with drilling days, with only one 

having a positive correlation; but this again is largely in keeping with the anticipated 

results for the model.  Lastly, only one MMS district had a significant result, and it 

showed a relatively strong positive relationship with actual days spent drilling.  One 

                                                                              
       _cons     5551.866   1284.045     4.32   0.000     3000.886    8102.846
         LCD     80.76233   23.91749     3.38   0.001     33.24607    128.2786
          WD    -29.33882   17.21751    -1.70   0.092     -63.5444    4.866761
          WC    -73.16758   27.36224    -2.67   0.009    -127.5274   -18.80771
          VR    -69.18535   27.97995    -2.47   0.015    -124.7724    -13.5983
          HI     33.53081   15.42751     2.17   0.032     2.881377    64.18024
          GA    -70.10886   33.26623    -2.11   0.038     -136.198    -4.01968
          EC    -94.75438   26.92295    -3.52   0.001    -148.2415   -41.26723
        Year    -2.797716   .6455413    -4.33   0.000    -4.080196   -1.515235
Act_Drill_Ft     .0063054   .0010806     5.84   0.000     .0041586    .0084522
                                                                              
 Actual_Days        Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval]
                                                                              

       Total    180062.099    99  1818.80908           Root MSE      =  33.231
                                                       Adj R-squared =  0.3928
    Residual    99387.5285    90  1104.30587           R-squared     =  0.4480
       Model    80674.5708     9   8963.8412           Prob > F      =  0.0000
                                                       F(  9,    90) =    8.12
      Source         SS       df       MS              Number of obs =     100
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could speculate from this that the Lake Charles District (LCD) may in fact have more 

stringent oversight relative to other inspection districts. 

 

Model  2A.   y = f(Actual Drilled Footage, Year, Area, MMS District), not pooled, n = 50 

(Turnkey) 

Actual Days = (Act_Drill_Ft) 

 

     Model 2A (turnkey wells only), is noteworthy in that only actual drilled footage had a 

statistically significant result out of all the variables.  As expected however, an increase 

in drilled footage again shows a positive relationship with actual days spent drilling the 

well. 

 

Model  2B.   y = f(Actual Drilled Footage, Year, Area, MMS District), not pooled, n = 50 

(Best-efforts) 

Actual Days = (Act_Drill_Ft Year EI HI SA) 

                                                                              
       _cons    -17.59251   15.63314    -1.13   0.266    -49.02505    13.84002
Act_Drill_Ft      .004659   .0010535     4.42   0.000     .0025407    .0067773
                                                                              
 Actual_Days        Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval]
                                                                              

       Total    34184.9687    49  697.652422           Root MSE      =  22.495
                                                       Adj R-squared =  0.2747
    Residual     24289.176    48    506.0245           R-squared     =  0.2895
       Model    9895.79269     1  9895.79269           Prob > F      =  0.0001
                                                       F(  1,    48) =   19.56
      Source         SS       df       MS              Number of obs =      50
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     The last of our most basic models’ (2B) results are shown above.  The best-efforts 

only wells show more inclusive findings than the turnkey only wells of the previous 

model, with five variables showing statistically significant results.  Actual Drilled 

Footage is again positively correlated with Actual Days, the same result as in the 

previous two models.  However, in this model, unlike in the turnkey model, the variable 

Year shows a marginally significant negative correlation with days spent drilling (Actual 

Days).  This may indicate that best-efforts operators are showing more increased 

efficiency over time than their turnkey counterparts.  Lastly, all three lease area blocks 

(Area) with significant results showed a positive correlation to Actual Days, indicating 

that the geology of these areas may be more difficult than that of other lease area blocks 

on average. 

 

3.  Actual Days = f(Actual Drilled Footage, Year, Area, MMS District, 1/0(TK/BE)), n=100, 

pooled 

Actual Cost = (Act_Drill_Ft EC GA VR WC LCD Turnkey) 

                                                                              
       _cons     2862.862   1555.577     1.84   0.072    -272.1977    5997.922
          SA      137.862   29.90591     4.61   0.000     77.59061    198.1334
          HI     67.64846   17.94156     3.77   0.000     31.48963    103.8073
          EI     34.53745   13.64196     2.53   0.015     7.043884    62.03101
        Year    -1.441376   .7815025    -1.84   0.072    -3.016391     .133639
Act_Drill_Ft     .0059944   .0013013     4.61   0.000     .0033719     .008617
                                                                              
 Actual_Days        Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval]
                                                                              

       Total    107836.529    49   2200.7455           Root MSE      =  29.279
                                                       Adj R-squared =  0.6105
    Residual    37719.3489    44  857.257929           R-squared     =  0.6502
       Model    70117.1805     5  14023.4361           Prob > F      =  0.0000
                                                       F(  5,    44) =   16.36
      Source         SS       df       MS              Number of obs =      50
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     Looking at the last of the non-choice models, one can again see some of the 

hypothesized results.  In this model, which included turnkey as a binary independent 

variable, there is again a positive correlation between Actual Drilled Footage and Actual 

Days, as expected.  The variable Year did not have a statistically significant result.  Lease 

area blocks (Area) with significant results were all negatively correlated with days 

drilling (Actual Days) in this model, again showing results that may require further 

analysis to provide meaningful interpretations.  This model, like the first (1), had only 

one MMS district showing significant results, LCD, and it again had a positive 

correlation with Actual Days.  This may further indicate that the regulatory policies of 

this inspection district could be negatively impacting the efficient drilling of wells in this 

region.  Finally, the inclusion of the turnkey binary variable results in a strong negative 

correlation with Actual Days.  This would seem to indicate that in the absence of other 

factors, turnkey drilling is done more quickly and efficiently than best–efforts, a finding 

strongly supported by Proehl (2002). The weakness of this conclusion is that this Model 

                                                                              
       _cons     8.599087   14.17471     0.61   0.546    -19.55311    36.75128
     Turnkey    -46.15285   6.076017    -7.60   0.000    -58.22034   -34.08535
         LCD     70.68843   21.19434     3.34   0.001     28.59464    112.7822
          WC    -66.52247   24.20041    -2.75   0.007    -114.5866   -18.45837
          VR    -50.93059   24.75177    -2.06   0.042    -100.0897   -1.771434
          GA    -67.89406   29.60289    -2.29   0.024    -126.6879   -9.100167
          EC    -102.3973   23.98548    -4.27   0.000    -150.0345   -54.76007
Act_Drill_Ft     .0058824   .0009445     6.23   0.000     .0040066    .0077582
                                                                              
 Actual_Days        Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval]
                                                                              

       Total    180062.099    99  1818.80908           Root MSE      =  29.574
                                                       Adj R-squared =  0.5191
    Residual     80466.606    92  874.637021           R-squared     =  0.5531
       Model    99595.4933     7  14227.9276           Prob > F      =  0.0000
                                                       F(  7,    92) =   16.27
      Source         SS       df       MS              Number of obs =     100
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constrains the other coefficients to be the same for each choice of governance which is 

really only a hypothesis to be tested.  

 

Model  4A.  1/0 = f(Actual Drilled Footage, Year, Area, MMS District, AFE Days) 

1/0 = (Act_Drill_Ft  Year EC EW SS AFE_Days) 

 

     The results for the first choice model (4A) shown above, indicate findings that are not 

completely in agreement with our hypotheses.  We postulated that Actual Drilled Footage 

would be negatively correlated with the decision to turnkey drill based on the assumption 

that deeper wells increase complexity, resulting in higher contract and monitoring costs 

for the E&P company.  These increased transaction costs should lead a decision-maker to 

choose best-efforts drilling instead.  This does not seem to be supported by these results.  

However, as theorized, AFE Days do show a negative correlation with the choice to 

turnkey drill, supporting the theory that increased complexity should lead an oil company 

to retain drilling in-house (best-efforts).   

     Perhaps the assumption that deeper wells necessarily result in more complex and 

therefore more costly (from a measurement and contracting perspective) wells is in error.  

                                                                              
       _cons    -57.39361    16.5321    -3.47   0.001     -90.2231   -24.56413
    AFE_Days    -.0119864   .0022335    -5.37   0.000    -.0164217   -.0075512
          SS    -.1831845   .1010466    -1.81   0.073    -.3838431     .017474
          EW    -.4226158   .1495728    -2.83   0.006    -.7196378   -.1255938
          EC    -.5017654   .1445387    -3.47   0.001    -.7887906   -.2147402
        Year     .0290818   .0083192     3.50   0.001     .0125616    .0456021
Act_Drill_Ft     .0000535   .0000164     3.28   0.001     .0000211     .000086
                                                                              
     Turnkey        Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval]
                                                                              

       Total            25    99  .252525253           Root MSE      =  .35599
                                                       Adj R-squared =  0.4982
    Residual    11.7858216    93  .126729265           R-squared     =  0.5286
       Model    13.2141784     6  2.20236306           Prob > F      =  0.0000
                                                       F(  6,    93) =   17.38
      Source         SS       df       MS              Number of obs =     100
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It may be the case that deeper, but relatively less technically complex wells are indeed 

farmed out to turnkey contractors because the E&P company with its greater breadth of 

geological and technical information can be confident that measurement and contracting 

costs for the deep, but relatively simple wells should not be excessive.  The oil company 

would then retain the more complex wells in-house, in keeping with the transaction cost 

theory analysis.  Of course, collinearity between Actual Drilled Footage and AFE Days is 

a concern, so models 4C and 4C’are run as a response to these results.  It may simply be 

the case that the variables FTG and AFE Days are canceling each other out, explaining 

the opposite signs and statistically significant results both are demonstrating.  The results 

of the correlation matrix can be seen in table 3 of Appendix A. 

     Continuing with the analysis of model 4A, the variable Year as anticipated, is 

positively correlated to the choice to turnkey drill.  Thus more E&P companies are using 

turnkey drilling over time, a fact supported by industry data.  Lastly, perhaps another 

significant finding in the model is that all three of the lease areas with significant results 

show a negative correlation to the decision to turnkey drill.  It would be interesting to 

conduct a study of their geological complexity relative to other areas. 
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Model  4B.  (Probit) 1/0 = f(Actual Drilled Footage, Year, Area, MMS District, AFE Days) 

1/0 = (Act_Drill_Ft  Year  AFE_Days) 

 

     The last of the original models analyzed is the Probit choice model (4B).  The results 

shown above are consistent with those of the OLS model (4A).  Again, Actual Drilled 

Footage is positively correlated with the decision to turnkey while AFE Days has a 

negative relation.  The independent variable Year is also positively correlated, supporting 

our hypotheses. 

 

4A’.  1/0 = f(Actual Drilled Footage, Area, MMS District, AFE Days) 

1/0 = (Act_Drill_Ft   EC  AFE_Days) 

 

                                                                              
       _cons     -300.157   105.9115    -2.83   0.005    -507.7397   -92.57431
    AFE_Days    -.0670533   .0153263    -4.38   0.000    -.0970922   -.0370144
        Year      .150264   .0532289     2.82   0.005     .0459372    .2545908
Act_Drill_Ft     .0003146   .0000858     3.67   0.000     .0001465    .0004827
                                                                              
     Turnkey        Coef.   Std. Err.      z    P>|z|     [95% Conf. Interval]
                                                                              

Log likelihood =  -38.17937                       Pseudo R2       =     0.4492
                                                  Prob > chi2     =     0.0000
                                                  LR chi2(3)      =      62.27
Probit regression                                 Number of obs   =        100

Iteration 5:   log likelihood =  -38.17937
Iteration 4:   log likelihood = -38.179805
Iteration 3:   log likelihood = -38.256113
Iteration 2:   log likelihood = -39.302797
Iteration 1:   log likelihood = -44.089425
Iteration 0:   log likelihood = -69.314718

                                                                              
       _cons     .3193788   .1798267     1.78   0.079    -.0375743    .6763319
    AFE_Days    -.0159351   .0019493    -8.17   0.000    -.0198045   -.0120657
          EC    -.4543774   .1534991    -2.96   0.004    -.7590707   -.1496841
Act_Drill_Ft      .000082    .000015     5.46   0.000     .0000522    .0001119
                                                                              
     Turnkey        Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval]
                                                                              

       Total            25    99  .252525253           Root MSE      =  .38344
                                                       Adj R-squared =  0.4178
    Residual    14.1145636    96  .147026704           R-squared     =  0.4354
       Model    10.8854364     3   3.6284788           Prob > F      =  0.0000
                                                       F(  3,    96) =   24.68
      Source         SS       df       MS              Number of obs =     100
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     Models 4A’, 4B’, 4C, and 4C’ were run in an attempt to clarify the results obtained 

from the earlier models.  In OLS choice model 4A’, the independent variable Year was 

withheld from the equation, with all else remaining the same as in 4A.  As expected, the 

results are similar to those seen in the earlier models.  The continued statistically 

significant existence of Area EC does indicate that it may have unique and possibly 

geologically complex properties that may make it especially ill-suited for turnkey 

drilling. 

 

4B’.  (Probit) 1/0 = f(Actual Drilled Footage, Area, MMS District, AFE Days) 

(ii)  1/0 = (Act_Drill_Ft   AFE_Days) 

 

 

     Probit choice model 4B’ is the nearly mirror image of 4B.    The results shown above are 

consistent with the earlier model, again with the removal of variable Year being the 

exception.  As before, Actual Drilled Footage is positively correlated with the decision to 

turnkey while AFE Days has a negative relation.   

 

                                                                              
       _cons    -1.305174   .6982066    -1.87   0.062    -2.673634     .063286
    AFE_Days    -.0709825    .014053    -5.05   0.000    -.0985259   -.0434392
Act_Drill_Ft     .0003793   .0000802     4.73   0.000     .0002222    .0005365
                                                                              
     Turnkey        Coef.   Std. Err.      z    P>|z|     [95% Conf. Interval]
                                                                              

Log likelihood = -43.304793                       Pseudo R2       =     0.3752
                                                  Prob > chi2     =     0.0000
                                                  LR chi2(2)      =      52.02
Probit regression                                 Number of obs   =        100

Iteration 5:   log likelihood = -43.304793
Iteration 4:   log likelihood = -43.304795
Iteration 3:   log likelihood = -43.310397
Iteration 2:   log likelihood = -43.628957
Iteration 1:   log likelihood = -46.902737
Iteration 0:   log likelihood = -69.314718
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4C. (Probit) 1/0 = f(Year, Area, MMS District, DaysPerThousandFeet) 

(ii) 1/0 = (Year EC  Day_Thou_Ft) 

 

 

     Probit choice models 4C and 4C’ are run in an attempt to account for the cancelling 

out result that was being obtained when using the FTG and AFE Days variables 

simultaneously in earlier models.  In response to this, the DPTF variable is used as a 

single proxy for well complexity in these last two models.  As hypothesized, DPTF has a 

strong negative relation to the decision to turnkey drill.  This reemphasizes the finding 

that according to transaction cost theory and our models, as well complexity and 

difficulty increases, firms are less likely to contract with turnkey drillers because of the 

increased costs involved. 

 

4C’. (Probit) 1/0 = f( Area, MMS District, DaysPerThousandFeet) 

(ii) 1/0 = (EC  Day_Thou_Ft) 

 

                                                                              
       _cons    -310.0688   103.2472    -3.00   0.003    -512.4296    -107.708
 Day_Thou_Ft    -.9227064   .2078555    -4.44   0.000    -1.330096    -.515317
          EC    -1.697008   .7106653    -2.39   0.017    -3.089887     -.30413
        Year     .1574529   .0518918     3.03   0.002     .0557468     .259159
                                                                              
     Turnkey        Coef.   Std. Err.      z    P>|z|     [95% Conf. Interval]
                                                                              

Log likelihood = -36.593409                       Pseudo R2       =     0.4721
                                                  Prob > chi2     =     0.0000
                                                  LR chi2(3)      =      65.44
Probit regression                                 Number of obs   =        100
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     The final model run is 4C’, shown above.  With the independent variable Year 

withheld, the results are closely and predictably similar to those of 4C.  Again the 

appearance of Area EC as having a consistently significant negative relation with turnkey 

is noteworthy, as is the strong negative correlation shown by the new variable DPTF.  

These findings are strongly in keeping with our hypotheses. 

     As described in Chapter 3, the previously estimated equations can provide much 

information about the governance decision. OLS is used to estimate duration models for 

each choice of governance. The choice model can be used to examine the drivers of the 

decision.  But one can also correct for sample selection and re-estimate the individual 

duration models. If sample selection is indeed a problem, then any analysis of past or 

prospective decisions should employ the corrected equations. 

     To demonstrate this procedure, the probit choice model 4B’ is used.  As described 

above, a two stage procedure is used.  Results from the first stage governance choice 

model, , are used to compute the expected bias for each observation, i. This new 

                                                                              
       _cons     3.899691   .7259554     5.37   0.000     2.476844    5.322537
 Day_Thou_Ft    -.9383377   .1797525    -5.22   0.000    -1.290646   -.5860292
          EC    -1.807513   .6528609    -2.77   0.006    -3.087097   -.5279291
                                                                              
     Turnkey        Coef.   Std. Err.      z    P>|z|     [95% Conf. Interval]
                                                                              

Log likelihood =  -42.86084                       Pseudo R2       =     0.3816
                                                  Prob > chi2     =     0.0000
                                                  LR chi2(2)      =      52.91
Probit regression                                 Number of obs   =        100

Iteration 5:   log likelihood =  -42.86084
Iteration 4:   log likelihood = -42.860841
Iteration 3:   log likelihood = -42.864782
Iteration 2:   log likelihood = -43.205998
Iteration 1:   log likelihood = -47.255873
Iteration 0:   log likelihood = -69.314718
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variable is added as a regressor to the individual schedule equations, where its coefficient 

is an estimate of 
1 ,e u  or 

2 ,e u . 

     If Model 2A is run with the new sample selection variable (imr4bprime), the results 

are as follows: 

 

. reg  actual_days  act_drill_ft  imr4bprime if turnkey==1 

 

      Source |       SS       df       MS              Number of obs =      50 

-------------+------------------------------           F(  2,    47) =   12.62 

       Model |  11942.1264     2  5971.06319           Prob > F      =  0.0000 

    Residual |  22242.8423    47  473.251964           R-squared     =  0.3493 

-------------+------------------------------           Adj R-squared =  0.3217 

       Total |  34184.9687    49  697.652422           Root MSE      =  21.754 

 

------------------------------------------------------------------------------ 

 actual_days |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval] 

-------------+---------------------------------------------------------------- 

act_drill_ft |   .0056885   .0011328     5.02   0.000     .0034096    .0079673 

  imr4bprime |   20.16596   9.697882     2.08   0.043     .6563383    39.67558 

       _cons |  -42.37662    19.2516    -2.20   0.033    -81.10584   -3.647409 

------------------------------------------------------------------------------ 

 

The sample selection is in fact statistically significant, and the other coefficients have 

changed considerably from the uncorrected model. The Y-intercept was -17.6 and is now 

-42.4, and the FTG coefficient was 0.00467 and is now 0.0057. 

     If Model 2B is run with the new sample selection variable (imr4bprime), the results 

are as follows: 

 

. reg  actual_days  act_drill_ft  year ei hi sa  imr4bprime if turnkey==0 

 

      Source |       SS       df       MS              Number of obs =      50 

-------------+------------------------------           F(  6,    43) =   17.81 

       Model |   76890.118     6  12815.0197           Prob > F      =  0.0000 

    Residual |  30946.4113    43  719.683984           R-squared     =  0.7130 

-------------+------------------------------           Adj R-squared =  0.6730 

       Total |  107836.529    49   2200.7455           Root MSE      =  26.827 

 

------------------------------------------------------------------------------ 
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 actual_days |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval] 

-------------+---------------------------------------------------------------- 

act_drill_ft |    .005651   .0011975     4.72   0.000     .0032359     .008066 

        year |  -.4997286   .7790715    -0.64   0.525    -2.070876    1.071419 

          ei |   42.35549   12.75663     3.32   0.002     16.62929     68.0817 

          hi |   59.88599    16.6326     3.60   0.001     26.34316    93.42882 

          sa |   122.2166   27.87193     4.38   0.000     66.00748    178.4257 

  imr4bprime |  -26.63283   8.681598    -3.07   0.004    -44.14094   -9.124717 

       _cons |   1006.797     1548.4     0.65   0.519     -2115.85    4129.444 

------------------------------------------------------------------------------ 

 

The sample selection is again statistically significant, and the other coefficients have 

changed from the uncorrected model. For the variable Year, it is now clearly statistically 

insignificant. 

 

Limitations of the Study 

     Some limitations of our econometric analysis deserve mentioning.  Firstly, our model 

simplistically assumed that all governance structures in the offshore Gulf of Mexico 

exploration and production industry could neatly be fit into either the turnkey or best-

efforts organizational categories.  This may simply not be the case.  Future research may 

want to focus on expanding the robustness of the choice model. 

     Secondly, Actual Days is not a perfect proxy for actual costs; the two variables are not 

perfectly correlated.  However, given the difficulty in adjusting cost data over time, 

Actual Days may indeed be the most efficient approach for estimating such models. 

     Thirdly, this study has incomplete knowledge of the lease area blocks (Area) and 

MMS Districts utilized in the study.  Fuller research into the geology and water depth of 

the Areas, and the geography and regulatory framework of the MMS Districts could 

prove fruitful.  Perhaps a hierarchical ranking of the geologic complexity of the lease 
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blocks and the regulatory strictness of the districts using binary variables is a worthwhile 

pursuit. 

     Lastly, the data set analyzed consisted of a relatively small data set (n=100).  A more 

complex analysis may benefit from a larger number of wells, if the necessary information 

becomes available.  
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Chapter 5 

Conclusion 

     The organizational governance structure choices in the offshore E&P industry are 

critical to ensuring the profitability of each well or drilling campaign.  This research 

examined oil company decisions to use turnkey drilling under the theoretical framework 

of transaction costs.  Choice models for governance choices in exploratory oil wells in 

the Gulf of Mexico were empirically tested and an econometric analysis was conducted 

to test the models.  The results provide significant support for the conclusion that 

transaction costs are influential in the decision-making process.  While not all initial 

hypothesis are consistent with the coefficient signs postulated, further analysis provides a 

reasonable explanation for this variance. 

     Results from the estimation of the underlying internal and turnkey functions remain 

open to some interpretation.  However, the results strongly support the supposition that 

oil company decision-makers are more likely to choose turnkey drilling over time.  

Additionally, the findings indicate that oil companies are more likely to retain control 

(through best-efforts operators) of drilling of wells that are estimated to be of an extended 

duration.  Likewise, with the addition of the DPTF variable, the data shows that oil 

companies are more likely to retain wells that are technically and geologically complex.  

According to transaction cost theory, this may be the result of E&P companies attempting 

to minimize measurement and transaction costs. 
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Appendix A. 
TABLE 1, BEST EFFORTS WELL GRADES 

WELL YEAR 
ACTUAL DRILLED 

FOOTAGE 
ACTUAL 

DAYS 
DAYS PER 

THOUSAND FEET 

EC 1993 18023 83 4.605 

EC 1988 12675 56 4.181 

EC 1990 6044 19 2.151 

EC 1991 9106 41 4.722 

EC 1992 11546 24 2.6 

EC 1992 13103 32 3.51 

EI 1977 20138 190 6.207 

EI 1983 18797 202 5.692 

EI 1992 17065 106 4.102 

EI 1993 14939 53 2.477 

EI 1984 15135 187 8.788 

EI 1987 10188 48 4.221 

EW 1995 15466 113 5.367 

EW 1999 12618 48 4.676 

EW 1996 15100 90 6.159 

EW 1991 13415 62 3.578 

EW 1996 11260 78 5.24 

EW 1996 13594 62 5.296 

GA 1993 11855 73 3.374 

GB 1988 6608 63.4 10.442 

GB 1994 16557 72 3.926 

GB 1987 7035 38 9.666 

GB 1985 14378 86 6.955 

GI 1984 13156 119 6.917 

GI 1991 16489 91 6.186 

HI 1994 13269 193 4.145 

HI 1982 15976 126 6.635 

HI 2000 18938 147.7 6.125 

MC 1998 13186 67 3.64 

MC 1992 13227 81 5.821 

MC 1993 12767 55 3.916 

MP 1984 13237 98 6.044 

SA 1994 15244 218 6.298 

SS 1992 16972 78 3.241 

SS 1985 14502 79 4.482 

SS 1993 12822 77 4.286 

SS 1986 15962 93 4.385 

SS 1995 7940 50 2.771 

SS 1984 10361 74 5.887 

SS 1993 14346 64 4.601 

ST 1986 19847 90 6.298 

ST 1988 16622 136 4.42 

ST 1987 16967 83 5.114 

VK 1997 21117 124 5.683 

VR 1982 16248 129 5.293 

VR 1979 14354 78 4.528 

WC 1991 11064 125 3.525 

WC 1983 12367 52 5.418 

WC 1978 11763 48 5.441 

WC 1995 11182 53 4.203 

50 WELLS         

SUM   694570 4455.1 253.238 

AVERAGE 1990 13891.40 89.10 5.06 

STD DEV   3349.34 46.44 1.65 
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TABLE 2, RISK MANAGED WELL GRADES 

WELL YEAR 
ACTUAL DRILLED 

FOOTAGE 
ACTUAL 

DAYS 
DAYS PER 

THOUSAND FEET 

BR 1995 15640 58.4 3.734 

EC 1997 13452 30.9 3.643 

EI 1996 18135 60.6 3.8 

EI 1997 19268 91.5 3.82 

EI 1999 14991 89.6 3.442 

EI 1998 16848 39.4 3.063 

EI 1989 15895 43 3.397 

EI 1988 14988 39.4 2.535 

EI 1997 13954 34.5 2.343 

EI 1996 17643 44.6 4.217 

EW 1997 11980 48.3 4.182 

GA 1996 15764 66.1 4.339 

GB 1994 11110 35.5 3.609 

GB 1995 14738 51.3 3.413 

GB 1996 9702 33.1 5.267 

GC 1994 6868 12.1 2.169 

GI 1994 10673 34.4 2.67 

GI 2000 18773 59 4.475 

GI 1988 9573 19.2 2.612 

HI 1994 16369 49.1 3.946 

HI 1988 10014 21.7 2.896 

MC 1990 7233 24.8 3.664 

MC 1990 10861 38.3 4.125 

MC 1990 6203 21.6 3.192 

MI 1993 14335 55.9 4.304 

SA 1997 15131 73.1 3.139 

SMI 1990 15982 61.3 3.729 

SMI 2000 16311 38 2.912 

SS 1994 12469 23.1 2.31 

SS 1994 16822 82.8 4.476 

SS 2000 16576 35.2 2.576 

SS 1998 14341 49.7 4.107 

SS 1998 14245 38.2 2.815 

SS 1996 16876 57.3 3.786 

SS 1995 16573 54.7 3.083 

SS 2000 16512 41.3 2.295 

SS 1994 13475 16.8 1.558 

ST 1994 14564 49 2.808 

ST 1999 13574 36.6 3.293 

ST 1996 16733 51.7 3.43 

ST 1997 15765 79.8 2.379 

VR 1997 15187 155 3.753 

VR 1996 15369 33.9 3.318 

VR 1999 13960 49.3 3.417 

WC 1997 18465 133.8 3.764 

WC 1997 18002 59.8 3.494 

WD 1995 16801 50.7 3.928 

WD 1995 15590 52.4 3.791 

WD 1998 15987 39.7 2.702 

WD 1988 16086 39.2 2.362 

50 WELLS         

SUM   726406 2504.7 168.082 

AVERAGE 1995 14528.12 50.09 3.36 

STD DEV   3019.59 26.15 0.73 
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Table 3A, Gulf of Mexico Lease Area Block (Area) Descriptions 

BR: Brazos 

EC: East Cameron 

EI: Eugene Island 

EW: Ewing Bank 

GA:  Galveston 

GB: Garden Banks 

GC: Green Canyon 

GI: Grande Isle 

HI: High Island 

MC: Mississippi Canyon 

MI: Matagorda Island 

MP: Main Pass 

SA: Sabine Pass 

SM: South Marshal Island 

SS: Ship Shoal 

ST: South Timbalier 

VK: Viosca Knoll* 

VR: Vermilion 

WC: West Cameron 

WD: West Delta 
* Variable withheld for soundness of 

econometric model (see Johnston, 1972). 

 

Table 3B, Gulf of Mexico MMS Inspection District Descriptions 

CCD: Corpus Christi District* 

LJD: Lake Charles District 

LCD: Lake Charles District 

LAD: Lafayette District 

HOD: Houma District 

NOD: New Orleans District 
* Omitted variable to avoid collinearity (see 

Johnston, 1972). 
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Table 4, Correlation Matrix of Independent Variables 

 

 

 

  

 

 

. 

 Day_Thou_Ft    -0.0626   0.1723  -0.1345   0.0018   1.0000
         NOD    -0.2404  -0.2473  -0.3033   1.0000
         HOD    -0.3560  -0.3663   1.0000
         LAD    -0.2903   1.0000
         LCD     1.0000
                                                           
                    LCD      LAD      HOD      NOD Day_Th~t

 Day_Thou_Ft     0.0802  -0.0253   0.0059   0.1200   0.0471  -0.0831  -0.1912  -0.0447  -0.0226   0.0155  -0.1354   0.0604
         NOD    -0.1038   0.5582  -0.0455   0.2221  -0.0647  -0.0647  -0.1975  -0.1242  -0.1038  -0.1143   0.4510  -0.1143
         HOD    -0.1538  -0.1693  -0.0674  -0.0674  -0.0958  -0.0958   0.6511   0.4093  -0.1538  -0.1693  -0.1368  -0.1693
         LAD    -0.1254  -0.1381  -0.0549  -0.0549  -0.0781   0.2614  -0.2385  -0.1499  -0.1254  -0.1381  -0.1116  -0.1381
         LCD    -0.1218  -0.1342  -0.0534  -0.0534   0.2690  -0.0759  -0.2318  -0.1457   0.4320   0.4757  -0.1084  -0.1342
         LJD     0.9081  -0.0638  -0.0254  -0.0254  -0.0361  -0.0361  -0.1103  -0.0693  -0.0580  -0.0638  -0.0516   1.0000
          WD    -0.0468  -0.0516  -0.0205  -0.0205  -0.0292  -0.0292  -0.0891  -0.0560  -0.0468  -0.0516   1.0000
          WC    -0.0580  -0.0638  -0.0254  -0.0254  -0.0361  -0.0361  -0.1103  -0.0693  -0.0580   1.0000
          VR    -0.0526  -0.0580  -0.0231  -0.0231  -0.0328  -0.0328  -0.1001  -0.0629   1.0000
          ST    -0.0629  -0.0693  -0.0276  -0.0276  -0.0392  -0.0392  -0.1197   1.0000
          SS    -0.1001  -0.1103  -0.0439  -0.0439  -0.0623  -0.0623   1.0000
          SM    -0.0328  -0.0361  -0.0144  -0.0144  -0.0204   1.0000
          SA    -0.0328  -0.0361  -0.0144  -0.0144   1.0000
          MP    -0.0231  -0.0254  -0.0101   1.0000
          MI    -0.0231  -0.0254   1.0000
          MC    -0.0580   1.0000
          HI     1.0000
                                                                                                                          
                     HI       MC       MI       MP       SA       SM       SS       ST       VR       WC       WD      LJD

 Day_Thou_Ft    -0.4482   0.0005   0.7556  -0.5552  -0.0314  -0.1043  -0.0165   0.1279  -0.0332   0.3523  -0.1339   0.0537
         NOD    -0.0217  -0.0881  -0.0148   0.0799  -0.0455  -0.1242  -0.1826  -0.1242  -0.0647  -0.1242  -0.0455   0.5069
         HOD     0.1741   0.0315  -0.0840  -0.0216  -0.0674  -0.1839  -0.2704   0.4093  -0.0958  -0.1839   0.1499  -0.1538
         LAD    -0.0937   0.1007   0.1302   0.0713  -0.0549  -0.1499   0.7382  -0.1499  -0.0781   0.5020  -0.0549  -0.1254
         LCD    -0.0750  -0.0958  -0.0957  -0.1448  -0.0534   0.5166  -0.2143  -0.1457   0.2690  -0.1457  -0.0534  -0.1218
         LJD    -0.0126   0.0650   0.1200   0.0000   0.3978  -0.0693  -0.1019  -0.0693  -0.0361  -0.0693  -0.0254  -0.0580
          WD     0.0605   0.1214  -0.0682   0.2041  -0.0205  -0.0560  -0.0824  -0.0560  -0.0292  -0.0560  -0.0205  -0.0468
          WC    -0.1079  -0.0317  -0.0161  -0.0842  -0.0254  -0.0693  -0.1019  -0.0693  -0.0361  -0.0693  -0.0254  -0.0580
          VR    -0.0792   0.0583   0.0143   0.0459  -0.0231  -0.0629  -0.0926  -0.0629  -0.0328  -0.0629  -0.0231  -0.0526
          ST    -0.0001   0.1786   0.0746   0.0392  -0.0276  -0.0753  -0.1107  -0.0753  -0.0392  -0.0753  -0.0276  -0.0629
          SS     0.0933   0.0293  -0.1585   0.0546  -0.0439  -0.1197  -0.1761  -0.1197  -0.0623  -0.1197  -0.0439  -0.1001
          SM     0.0693   0.0863  -0.0363   0.1429  -0.0144  -0.0392  -0.0576  -0.0392  -0.0204  -0.0392  -0.0144  -0.0328
          SA     0.0828   0.0436   0.0693  -0.0000  -0.0144  -0.0392  -0.0576  -0.0392  -0.0204  -0.0392  -0.0144  -0.0328
          MP    -0.1599  -0.0305   0.0824  -0.1005  -0.0101  -0.0276  -0.0406  -0.0276  -0.0144  -0.0276  -0.0101  -0.0231
          MI     0.0108   0.0039   0.0077   0.1005  -0.0101  -0.0276  -0.0406  -0.0276  -0.0144  -0.0276  -0.0101  -0.0231
          MC    -0.0126  -0.2862  -0.1585  -0.0000  -0.0254  -0.0693  -0.1019  -0.0693  -0.0361  -0.0693  -0.0254  -0.0580
          HI    -0.0359   0.0504   0.1333  -0.0459  -0.0231  -0.0629  -0.0926  -0.0629  -0.0328  -0.0629  -0.0231  -0.0526
          GI    -0.0446  -0.0341   0.0587   0.0459  -0.0231  -0.0629  -0.0926  -0.0629  -0.0328  -0.0629  -0.0231   1.0000
          GC     0.0298  -0.2303  -0.1832   0.1005  -0.0101  -0.0276  -0.0406  -0.0276  -0.0144  -0.0276   1.0000
          GB    -0.0592  -0.2365   0.0396  -0.0392  -0.0276  -0.0753  -0.1107  -0.0753  -0.0392   1.0000
          GA     0.0558  -0.0178  -0.0325  -0.0000  -0.0144  -0.0392  -0.0576  -0.0392   1.0000
          EW     0.1700  -0.0738   0.0724  -0.1960  -0.0276  -0.0753  -0.1107   1.0000
          EI    -0.0980   0.2612   0.1434   0.0576  -0.0406  -0.1107   1.0000
          EC    -0.0297  -0.1898  -0.1728  -0.1960  -0.0276   1.0000
          BR     0.0487   0.0449  -0.0057   0.1005   1.0000
     Turnkey     0.5038   0.0993  -0.4302   1.0000
    AFE_Days    -0.3086   0.5990   1.0000
Act_Drill_Ft     0.1600   1.0000
        Year     1.0000
                                                                                                                          
                   Year Act_Dr~t AFE_Days  Turnkey       BR       EC       EI       EW       GA       GB       GC       GI

(obs=100)
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Appendix B: Summary of Logit model results 

(Logit) 1/0 = f(Actual Drilled Footage, Year, Area, MMS District, AFE Days) 

[(i), w/ AFE Days & Actual Drilled Footage] 

1/0 = (Act_Drill_Ft Year GI MC LCD LAD HOD AFE_Days) 

 

 

[(ii), w/ Actual Drilled Footage (no AFE Days)] 

1/0 = (Act_Drill_Ft Year GB SS ST) 

 

                                                                              
       _cons    -698.0178   243.3856    -2.87   0.004    -1175.045   -220.9908
    AFE_Days    -.1301513    .030853    -4.22   0.000    -.1906221   -.0696805
         HOD     -2.02616   1.105583    -1.83   0.067    -4.193063    .1407435
         LAD    -.6997235   1.139069    -0.61   0.539    -2.932257     1.53281
         LCD    -2.429645   1.130221    -2.15   0.032    -4.644836   -.2144532
          MC    -.4217654   1.440777    -0.29   0.770    -3.245637    2.402106
          GI     1.672299    2.67974     0.62   0.533    -3.579894    6.924493
        Year     .3505033   .1223319     2.87   0.004     .1107372    .5902694
Act_Drill_Ft     .0005673   .0001748     3.24   0.001     .0002246      .00091
                                                                              
     Turnkey        Coef.   Std. Err.      z    P>|z|     [95% Conf. Interval]
                                                                              

Log likelihood = -33.288769                       Pseudo R2       =     0.5197
                                                  Prob > chi2     =     0.0000
                                                  LR chi2(8)      =      72.05
Logistic regression                               Number of obs   =        100

Iteration 6:   log likelihood = -33.288769
Iteration 5:   log likelihood =  -33.28878
Iteration 4:   log likelihood = -33.298412
Iteration 3:   log likelihood = -33.604521
Iteration 2:   log likelihood = -35.478127
Iteration 1:   log likelihood = -41.032218
Iteration 0:   log likelihood = -69.314718

                                                                              
       _cons    -537.1162     127.22    -4.22   0.000    -786.4628   -287.7696
          ST     .6278928   1.003189     0.63   0.531    -1.338322    2.594108
          SS     .1200495   .6454202     0.19   0.852    -1.144951     1.38505
          GB     .0189207   .9203867     0.02   0.984    -1.785004    1.822846
        Year     .2696502     .06398     4.21   0.000     .1442518    .3950487
Act_Drill_Ft    -.0000227   .0000785    -0.29   0.773    -.0001765    .0001312
                                                                              
     Turnkey        Coef.   Std. Err.      z    P>|z|     [95% Conf. Interval]
                                                                              

Log likelihood = -54.304576                       Pseudo R2       =     0.2166
                                                  Prob > chi2     =     0.0000
                                                  LR chi2(5)      =      30.02
Logistic regression                               Number of obs   =        100

Iteration 4:   log likelihood = -54.304576
Iteration 3:   log likelihood = -54.304639
Iteration 2:   log likelihood = -54.337962
Iteration 1:   log likelihood = -55.261716
Iteration 0:   log likelihood = -69.314718
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[(iii) w/ AFE Days (no Actual Drilled Footage)] 

1/0 = (Year EC SS ST AFE_Days) 

 

 

 

 

 

 

 

 

 

 

 

                                                                              
       _cons    -602.0729   162.4585    -3.71   0.000    -920.4857     -283.66
    AFE_Days    -.0582202    .015361    -3.79   0.000    -.0883272   -.0281133
          ST     .8903135   1.501994     0.59   0.553     -2.05354    3.834167
          SS    -.4599962   .7536715    -0.61   0.542    -1.937165    1.017173
          EC    -2.799528   1.218269    -2.30   0.022    -5.187292   -.4117645
        Year     .3038622   .0816456     3.72   0.000     .1438397    .4638847
                                                                              
     Turnkey        Coef.   Std. Err.      z    P>|z|     [95% Conf. Interval]
                                                                              

Log likelihood = -42.429535                       Pseudo R2       =     0.3879
                                                  Prob > chi2     =     0.0000
                                                  LR chi2(5)      =      53.77
Logistic regression                               Number of obs   =        100

Iteration 5:   log likelihood = -42.429535
Iteration 4:   log likelihood = -42.429571
Iteration 3:   log likelihood = -42.450337
Iteration 2:   log likelihood = -42.999747
Iteration 1:   log likelihood = -46.457901
Iteration 0:   log likelihood = -69.314718
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