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ABSTRACT 
 

Governments receive several revenue streams from companies that hold and operate oil 

and gas leases on public lands.  These revenues vary in their timing and certainty. When the 

profitability of the resources increases, governments are tempted to increase their fiscal terms to 

capture the upside on future production.  Do policies aimed at capturing these additional future 

revenues result in lower prepayments for development rights?  If so, what is the effect?  

Understanding producer response to increased terms and the other factors that influence bonus 

bids can help governments maximize the net return for mineral development on public lands. 

This study analyzes the relationship between royalty rates and bonus bids for oil and gas 

parcels auctioned by the state of North Dakota over the past five years. The study uses multiple 

regression analysis and a spatial-autoregressive with spatial-autoregressive disturbances 

(SARAR) model to examine the spatial lag of bonus bids while allowing for disturbances to be 

generated by the spatial-autoregressive process.  The results indicate that higher royalty rates 

generally reduce bonus bids.  The study also provides evidence that the effects vary by the type 

of oil resource.  Higher royalty rates reduce bonus bids for conventional oil resources but fail to 

reduce bonus bids for continuous oil resources.  This suggests that governments may capture 

additional royalties in continuous oil areas without jeopardizing bonus bid revenue. 
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INTRODUCTION 
 

U.S. federal and state governments lease public lands for oil and gas development under a 

given set of terms and conditions.  Unlike private mineral owners, who may negotiate terms on a 

lease-by-lease basis, governments generally establish uniform terms for leases within their 

jurisdiction and then award the development rights to the company that bids the highest amount 

at auction.  This amount, called the bonus bid, is paid upfront and thus guaranteed revenue for 

governments.   

Governments may also receive revenue in the form of rental payments, royalties, 

severance or other production taxes, corporate income taxes, and other fees.  Unlike bonus bids, 

however, these revenue streams rely on how a company develops the lease and whether 

production occurs.1

When the profitability of oil and gas resources increase, e.g. if commodity prices or 

recoverable reserve estimates rise, governments are tempted to increase the royalty rates on new 

leases to capture the future upside on production.  This policy change raises important questions.  

How do companies change their bidding behavior in response to increased royalty rates?  If 

companies reduce bid amounts, then governments would jeopardize upfront and guaranteed 

revenue.  If companies do not reduce bid amounts, then governments may capture additional 

royalties without risking bonus revenue.  Also, does the response vary depending on the relative 

  For example, companies will only pay a royalty, in the form of a percent 

share of the produced resource, if and when production occurs.  Since production is not 

guaranteed, these payments are not guaranteed.  

                                                 
1 A company owes rental payments while it holds a lease that is not producing.  If the company chooses not to 
develop the lease or it drills a dry hole, then it will only pay rental payments for the lease term or until it relinquishes 
the lease, whichever comes first. 
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attractiveness of the resource?  If companies do not reduce bonus bids in certain areas, then 

governments may want to target those areas for royalty rate increases. 

In this paper, I examine the impact of increased royalty rates on bonus bids for parcels 

auctioned by the state of North Dakota from 2007 to 2011.  North Dakota lies within the 

Williston Basin, an area that the United States Geological Survey (USGS) estimates contains 

3.65 billion barrels (bbls) of undiscovered and technically recoverable oil.2

A large literature examines the effects of royalty systems on overall government revenues 

received for offshore oil and gas parcels auctioned between 1978 and 1983.  The research 

primarily uses a structural framework with empirical evidence of bonus bids and estimates future 

production to generate net government revenues occurring over the life of a lease.  At least one 

reduced form analysis specifically examines the effect of royalty rates on bonus bids and does 

not find a statistically significant impact.  

  On one hand, the 

high resource estimates and price of oil make parcels in the basin very attractive for investment.  

However, the area contains a tight-oil formation, which due to low porosity and permeability of 

the reservoir rock can present challenges to production. 

This study contributes to previous research in several ways.  First, this study revisits the 

subject after technology and commodity price shifts over the past few decades.  Also, offshore 

and onshore areas represent different investment environments.  Offshore resources require 

larger amounts of capital and may provide greater payoff.  As such, the impact of higher royalty 

rates for onshore resources might be muted.  Similarly, differences in the auction formats for 

onshore and offshore resources might have different implications for operator response. 

                                                 
2 Recoverable reserve estimates vary by source.  The USGS’s mean estimate is 3.65 billion bbls, with a range of 
3.06 to 4.32 billion bbls (USGS, 2008c).  Meanwhile, most private companies estimate larger reserves.  Continental 
Resources estimates recoverable reserves of 24 billion bbls (E&E Publishing, LLC, 2011). 
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This study builds upon past research by using geospatial information to control for parcel 

quality and to examine the spatial autocorrelation among geographic units.  The inherent 

connectivity among geographic units represents a source of endogeneity that likely biases 

ordinary least squares (OLS) estimates.  This study implements the spatial-autoregressive with 

spatial-autoregressive disturbances (SARAR) model to consider the spatial lag in the dependent 

variable.  That is, the study uses a spatial-weighting matrix to examine the effect that the value of 

surrounding parcels have on the value of a particular parcel at auction.  Further, the model allows 

for spatial-autoregressive disturbances in the exogenous variables.  These disturbances measure 

the effect that shocks to exogenous variables in surrounding parcels have on the value of a 

particular parcel. 

  The results show that, when considering the parcels together, a royalty rate increase from 

one-eighth to one-sixth decreases bonus bids per acre, on average, by about 70 to 72 percent.  

The location of the parcel within the Bakken formation, well productivity, and production 

incentives, are associated with bonus bid increases.  These estimates account for the spatial 

autocorrelation between parcels.   

  The analysis also examines whether the effect of royalty rates on bonus bids varies by the 

type of oil resource by comparing parcels in conventional and continuous oil areas.  Within the 

Williston Basin, the continuous oil areas examined are relatively more attractive than the 

conventional oil areas, because they are associated with much higher recoverable reserves.  Also, 

the different geological characteristics of the areas have implications on parcel values.  

“Conventional oil and gas resources gradually migrate away from the source rock into other 

formations, whereas continuous resources, such as shale oil and shale gas, remain trapped within 

the original source rock” (USGS, 2012).  Thus, parcels in continuous oil areas might be more 
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desirable because there is no risk of resource migration; however, the source rock may make 

resource recovery more difficult.   

  The results show that the private sector responds differently depending on the type of oil 

resource.  Companies adjust bonus bids downward in areas where the oil resources are 

conventional.  A royalty rate increase from one-eighth to one-sixth decreases bonus bids per 

acre, on average, by about 78 to 80 percent.  Results in continuous oil areas indicate that higher 

royalty rates do not affect bidding behavior.  



 

5 
 

BACKGROUND 

Policies in the Williston Basin 

The Williston Basin covers all of North Dakota and parts of Montana and South Dakota.  

As such, the states of North Dakota, Montana, and South Dakota, the U.S. Federal Government, 

and private landowners all manage subsurface mineral rights within the basin.  During the period 

of analysis, these resource managers pursued different fiscal policies with respect to the setting 

of royalty rates and other incentives.   

From May 2003 to August 2008, the state of North Dakota applied a one-sixth royalty 

rate to new leases located within 3 miles of a known producing well and a one-eighth royalty rate 

to all other leases.  After August 2008, North Dakota applied a one-sixth royalty rate to all new 

leases regardless of location.3  In addition, North Dakota introduced incentives for horizontal 

wells drilled and completed after July 1, 2007.4

Meanwhile, Montana maintained a one-sixth royalty rate for state-managed leases and the 

U.S. Federal Government maintained a one-eighth royalty rate for federal leases.

   

5

 

   

Literature Review 

Previous literature examines the 5-year period following the passage of the Outer 

Continental Shelf (OCS) Lands Act Amendments of 1978.  During this time, the U.S. 

Department of the Interior (DOI) implemented a number of leasing systems and rules designed to 

                                                 
3 North Dakota subsequently increased the royalty rate to three-sixteenths in certain counties, effective February 
2012. 
4 From July 1, 2007 to June 30, 2009, the first 75,000 bbls produced within 18 months following well completion 
was subject to a 2 percent extraction tax rate.  After July 1, 2009, the first 75,000 bbls or the first $4,500,000 of 
gross value at the well, whichever comes first, within 18 months following well completion is subject to the 2 
percent rate. 
5 Before the analysis period, effective September 7, 2005, the state of Montana increased the royalty rate from one-
eighth to one-sixth for new leases. 
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increase competition for and maximize government revenue from offshore oil and gas leases.  

Economists who studied the policy effects generally applied a structural framework and 

calculated net revenues under the various leasing systems.  Their conclusions were based on both 

theoretical and empirical analyses, which estimated future production and returns.   

A potential limitation of the OCS studies is the general geographical or other treatment of 

parcel value.  Mead et al. (1985) find that higher perceived lease quality increases bonus bid 

amounts, and higher costs decrease bonus bid amounts.  Also, parcels located in regions with 

higher reserve estimates or those with higher government presale values receive higher bonus 

bids (Moody and Kruvant, 1988, 1990; Moody, 1994). 

The most common ways used to control for parcel quality are identification with an OCS 

region and the DOI presale valuation of the tract.  Brannman et al. (1987) also control for tract 

quality with variables indicating whether the tract successfully produced oil or gas, the quantity 

of oil extracted during the first five years of production, the number of acres, and the presale 

valuation.  Note that the first two variables are retrospective and are not known by bidders at the 

time of the auction.  Meanwhile, Englebrecht-Wiggans et al. (1986) use the number of bids 

received, which is also retrospective.  Hendricks and Kovenock (1989) note the externality of 

information about tract quality and the role of information gathering after the lease sale occurs.   

Determining quality for onshore parcels likewise requires a different approach.  Unlike 

offshore leases, onshore mineral owners typically do not publish presale valuation for parcels, 

instead relying on bidders to perform their own valuations.  Also, OCS regions are quite vast and 

represent a rather general treatment of geographic location.  It is for these reasons that I use 

geospatial information to locate parcels within the Williston Basin. 
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The OCS studies also fail to account for the potential spatial autocorrelation between 

tracts.  Spatial autocorrelation is the principle that geographic units have an inherent relationship 

based on their proximity to one another.  When studying bonus bids, one would expect a parcel’s 

value to be correlated, to some extent, with the values of surrounding parcels.  Gilley and Karels 

(1981) recognize the autocorrelation between values for parcels located over a common 

geological structure or for which a bidder already owning adjacent tracts would likely have an 

information advantage over competitors.  Milgrom and Weber (1982) and Milgrom (1989) go a 

step further and introduce the concept of “affiliation,” where a bidder expects others to increase 

their valuation of the resource if he increases his valuation, thus, making higher values more 

likely.  

If there is spatial autocorrelation among the data, then OLS estimators are 

“unsatisfactory” and might signal “(a) the omission of one or more regressor variables, (b) the 

presence of non-linear relationships between the regression variables, or (c) that the regression 

model should have an autoregressive structure” (Cliff and Ord, 1970, p. 270).  The analysis 

herein therefore considers the spatial-autoregressive model with spatial-autoregressive 

disturbances (SARAR) and exogenous regressors.  Building upon work by Whittle (1954) and 

Cliff and Ord (1970), Kelejian and Prucha (2010) refine the model.  Drukker et al. (2011) define 

the functional form of the model, which I discuss in the “Methodology” section of this paper. 

 

Prior Conclusions Concerning the Relationship of Bonus Bids and Royalties 

Possibly due to the focus on structural analyses, the effect of royalty rates on bonus bids 

for fixed royalty bonus bid auctions has received little attention.  Moody (1994), using a reduced 

form framework, finds a positive, but not statistically significant, correlation between royalty 
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rates and bonus bids at sealed-bid auctions.  The results show that lower royalty rates actually 

result in fewer bids, so he argues that companies anticipate more competition and are less likely 

to submit bids because they expect bonus bids to be higher.  Thus, the increased competition 

negatively influences the bonus bid amounts.   

I emphasize that these results are for sealed-bid auctions.  At progressive auctions, the 

expectations of higher bonuses and competition are less likely to discourage a bidder from 

participation.  In his seminal work on auction formats, Vickrey (1961) finds that progressive 

auctions result in Pareto-optimal solutions, because the highest bid will always be made by the 

bidder who values the item the greatest.  However, bidders at sealed-bid auctions must account 

for other factors, such as their appraisal of the item, their estimate of competitors’ appraisals, and 

their expectations for competitors’ bidding strategies. 

Taken together, one might expect that a more detailed treatment of parcel quality and 

consideration of spatial autocorrelation might result in different point estimates and effects. In 

addition, one might expect results to differ for onshore resources where governments use 

progressive auctions to award mineral rights.     
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THEORY 

The bonus amounts that companies are willing to pay for the rights to develop a parcel 

are generally a function of the net present value of net revenues expected over the life of a lease.  

Net revenues are gross revenues less costs, where gross revenues are a function of commodity 

prices and the quantity of the resource produced and sold, and costs include capital and operating 

costs to find, develop, extract, and produce the resource.  Fiscal terms, including royalty rates, 

also factor into the cost estimation.  One would naturally expect that an increase in the royalty 

rate would lower expected net revenues and that companies would respond by reducing their 

bonus bid amounts.   

Although one would expect companies to make decisions based on expected revenues 

from a project, they may also be particularly interested in parcels in the Bakken formation 

because the high recoverable reserve estimates allow them to substantially increase their 

holdings and attract investment.  Also, companies may secure the rights to develop a resource 

with the intent to sell the rights to another company.  Trends show that bonus bids for parcels in 

the basin are increasing faster than production (see Appendix A-1), a possible indication that 

companies are making investment decisions based on the prospects of production or the fear that 

they may miss out on a potential tight oil boom (Snow, 2011). 

To estimate the effect of royalty rates on bonus bid payments in the Bakken formation, 

this paper uses a reduced form approach primarily because company characteristics, such as 

knowledge of its cost structure, resource estimates, and risk preferences, are largely 

unobservable.  I expect these factors to influence the amount that each company is willing to pay 

in bonus and therefore bias the estimates generated from an OLS regression.  Also, companies 

may have different amounts of information about a parcel.  Companies who hold nearby leases 
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might have a better idea about the “true” value of a given parcel, whether it will ultimately 

produce and how much resource can be recovered.   

The influence of nearby parcel values represents another source of endogeneity, unless it 

is considered.  Tobler (1970, p. 236) writes, “everything is related to everything else, but near 

things are more related than distant things.”  This principle likely extends to bonus bid values, 

where I would expect a parcel to receive a higher bonus bid if neighboring parcels received high 

bids.  It may also capture the information asymmetry and prospecting discussed above.  Without 

consideration of this influence, I would expect the effect of royalty rates on bonus bids to be 

biased upwards in areas of higher lease activity and downwards in areas of low activity.   

 The last consideration is the treatment of geographic location.  I expect formation 

boundaries to provide better information about a parcel than political boundaries, since 

geological characteristics are tied to the subsurface formation.  Also, I expect values of parcels to 

vary depending on its location within a formation, particularly within the Bakken formation 

where reservoir rock varies in porosity and permeability, factors affecting resource recovery.   

 The SARAR model accounts for the spatial autocorrelation among parcels in the data set.  

The model accounts for the spatial lag in bonus bids - that is, for the bonus bid of each parcel, it 

considers the influence of bonus bid values for surrounding parcels.  Also, it considers the 

influence of shocks to the observable characteristics in surrounding parcels.  As such, I posit that 

the SARAR model accounts for a large amount of the endogeneity that is otherwise present in 

the OLS models. 
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DATA 

This analysis covers only parcels auctioned by the state of North Dakota.  Therefore, the 

data set is a subset of the total number of parcels auctioned or available within the basin during 

that time period.  The decision to focus solely on parcels auctioned by the state of North Dakota 

is due to data availability and consistency.  North Dakota combines auction results and 

geospatial data in one data set, while the other resource managers do not.   

Five sources of data are used in the main empirical work: a geographic data set indicating 

the location and characteristics of auctioned parcels (North Dakota State Lands Department, 

2012b); a geographic data set containing boundary information for assessment units within the 

Williston Basin (USGS, 2008b); and well productivity (North Dakota Oil and Gas Division, 

2012),  commodity price (United States Energy Information Administration, 2012) and capital 

cost data (Information Handling Services Cambridge Energy Research Associates, 2012) from 

three additional sources.  All data are publically available. 

I linked the geographic data sets using spatial mapping software (ArcGIS) and created 

binary variables to associate the center of each parcel with an assessment unit within the basin.  

Afterwards, I imported the data set into Stata to conduct the statistical analysis.6

 

   

Primary Data Set  

The primary data set is the “Mineral Tracts – Shapefile” sponsored by the North Dakota 

State Land Department (NDSLD), Minerals Management Division.7

                                                 
6 The spatial analysis requires X-Y coordinates for each parcel.  I generated the X-Y coordinates using centroid 
values calculated in ArcGIS.   

  The NDSLD maintains the 

data set as an inventory of state-managed parcels and updates it after each lease sale.  Thus, the 

7 The file name is Trustland_Minerals_Feb2012.zip.   
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timing of retrieval is important.  This study examines only parcels auctioned within the last five 

years, because North Dakota stipulates that a company must produce from the lease or hold it by 

drilling within five years in order to maintain the lease rights.  As such, parcels auctioned after 

this cutoff are fundamentally different than those auctioned prior.8

Another consideration is that NDSLD labels the data set “draft” and cautions that “some 

parcels located on the Missouri River are missing and that other data needs correction.”  A 

consistency check with auction results published by the NDSLD reveal 228 missing observations 

from the data set.  The average bonus bid of the missing parcels ($2,156/acre) is higher than the 

average of parcels in the shapefile ($990/acre); however, this may be due to the fact that 29 

percent of the missing parcels are auctioned in 2011 when bonus bids are higher versus 16 

percent in the data set.  I did not add these observations due to lack of available geospatial data.  

The check also revealed 42 apparent errors in the bonus bid values.  For those observations, I 

imputed the published bonus bid values into the data set.   

   

I performed several checks to remove duplicate parcels from the data set.  First, I checked 

for duplicates in the serial number identifying the parcels and found 98 duplicate pairs.  I 

dropped those duplicates.  Next, I ran a check for duplicate centroids and did not find any.  After 

these modifications, the data set consists of 6,848 observations of distinct parcels.   

 

  

                                                 
8 Parcels appearing in the data set that were auctioned within the past five years may either be producing, held by 
drilling, or not producing, while parcels auctioned prior may only be producing or held by drilling.   
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Dependent and Independent Variables 

 The dependent variable is bonus bid per acre and comes from the Mineral Tracts – 

Shapefile or was imputed from published data by the NDSLD.  I standardized this variable so 

that all values are expressed in 2011 dollars.9

 Data for the royalty rate, gross acreage, and state ownership of a parcel come from the 

Mineral Tracts – Shapefile.  North Dakota generally auctions a bundle of mineral rights 

including some that are state-managed and some that are other lands.  The state’s fiscal terms 

apply to the state portion, while the other areas may have different terms, royalty rates or 

stipulations that apply to production from those areas. 

 

I inferred data for the number of parcels auctioned at the lease sale and incentive from the 

Mineral Tracts – Shapefile.  North Dakota implemented a variable royalty rate policy from May 

2003 to August 2008, in which parcels located within three miles of a known producing well 

were assigned a one-sixth royalty rate.  I created a binary variable indicating that status.  I expect 

bidders to assign greater value to parcels located near existing production, because they can infer 

more information about the value of the parcel being auctioned.  Thus, the binary variable is 

important to account for the likely positive correlation between bonus bids and royalty rates for 

these parcels.  I cannot infer whether parcels auctioned after August 2008 were near production, 

since royalty rates are fixed.  Therefore, the only interpretation of this variable is whether parcels 

auctioned through August 2008 are near production. 

For monthly oil production per well, oil prices, and capital costs, the value associated 

with each parcel is the monthly average at the time of the auction (or nearest point in time prior).  

I standardized oil price in 2011 dollars.  The upstream capital cost data is an index with a base 
                                                 
9 Total bonus was adjusted for inflation and then divided by state acres auctioned.  Inflation data for bonus bid and 
price adjustments come from United States Bureau of Labor Statistics (2012). 
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year of 2000.  It is not specific to onshore projects or the type of development in the Williston 

Basin, but incorporates data from offshore, pipeline and LNG projects as well.   

Finally, I constructed six binary variables indicating a parcel’s location within the basin.  

In its 2008 assessment of Williston Basin, the USGS identifies six primary assessment Units 

(AU) with unique recoverable reserves estimates.  Table 1 lists the USGS recoverable reserve 

estimates for the AUs.  Where appropriate, I matched the centroid of each parcel to a USGS AU 

using geospatial data contained in the NDSLD and USGS shapefiles.  Parcels that do not lie 

within these AUs represent the reference case.10

Figure 1 presents a map of the parcels auctioned by the NDSLD between 2007 and 2011 

and the six primary USGS AUs.  Because I created the X-Y centroids in ArcGIS and then 

conducted the spatial analysis in Stata, I also include a Stata-generated scatter plot of the parcels 

as Appendix A-1.  My purpose in providing both representations is to show the consistency of 

coordinates across platforms. 

  Table 2 defines the binary variables used in this 

study. 

  

  

                                                 
10 To avoid multicollinearity, the regressions must exclude one group of parcels.  In this case, the excluded group 
contains parcels that are not located within one of the six AUs.  The coefficients of the binary variables indicating 
location represent the incremental effect of being located in that particular AU relative to not being located in an 
AU, while holding the other regressors constant. 
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Table 1.  USGS Undiscovered Recoverable Reserve Estimates 

Total Petroleum System and 
Assessment Units 

Oil Field 
Type 

Mean of Total Undiscovered Resource 
Estimates 

Oil  
(MMBO) 

GAS  
(BCFG) 

NGL 
(MMBNGL) 

Elm Coulee-Billings Nose AU Continuous 410 208 17 
Central Basin-Poplar Dome AU Continuous 485 246 20 
Nesson-Little Knife Structural AU Continuous 909 461 37 
Eastern Expulsion Threshold AU Continuous 973 493 39 
Northwest Expulsion Threshold AU Continuous 868 440 35 
Middle Sandstone Member AU  Conventional 4 2 0 
Total Undiscovered Oil Resources  3,649 1,850 148 
Source: USGS, 2008a   

 
 
 

Table 2.  Binary Variable Definitions 
 
Variable Description 
Royalty Rate of 16.67% 0 = No (Royalty Rate = 12.5%) 
roy1667 1 = Yes (Royalty Rate = 16.67%) 
Near Production (before Nov 2008) 0 = No (not within 3 miles of producing well or after Nov. 4, 2008) 
nrprod 1 = Yes (within 3 miles of producing well and before Nov. 4, 2008) 
Incentive 0 = Auctioned before July 1, 2007 
incent 1 = Auctioned after July 1, 2007 
Elm Coulee-Billings Nose AU 0 = No 
loc_ecb 1 = Yes (located within the Elm Coulee-Billings Nose AU) 
Central Basin-Poplar Dome AU 0 = No 
loc_cbp 1 = Yes (located within the Central Basin-Poplar Dome AU) 
Nesson-Little Knife Structural AU 0 = No 
loc_nlk 1 = Yes (located within the Nesson-Little Knife Structural AU) 
Eastern Expulsion Threshold AU 0 = No 
loc_eet 1 = Yes (located within the Eastern Expulsion Threshold AU) 
Northwest Expulsion Threshold AU 0 = No 
loc_net 1 = Yes (located within the Northwest Expulsion Threshold AU) 
Middle Sandstone Member AU 0 = No 
loc_msm 1 = Yes (located within the Middle Sandstone Member AU) 

 
 



 

16 
 

Figure 1. 
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METHODOLOGY 

Research Design 

 This study first explores an OLS model using a log-level form.  The log-level model 

allows for diminishing returns of the explanatory variables.  It also means that the estimates must 

be interpreted as percent changes in the bonus bid values. This study then uses a generalized 

spatial two-stage least-squares (GS2SLS) model to test for the presence of spatial autocorrelation 

among parcels distributed geographically across the region.   

The Model 

Drukker et al. (2011) provide the model, as follows:  

(1) y = λWy + Xβ + u |λ| < 1  

(2) u = ρMu + ε  |ρ| < 1 

where 

• y is an η x 1 vector of observations on the dependent variable; 

• W and M are η x η spatial-weighting matrices (with zero diagonal 

elements); 

• Wy and Mu are η x 1 vectors typically referred to as spatial lags, and λ 

and ρ are the corresponding scalar parameters typically referred to as 

spatial-autoregressive parameters; 

• X is an η x k matrix of observations on k right-hand-side exogenous 

variables (where some of the variables may be spatial lags of exogenous 

variables), and β is the corresponding p x 1 parameter vector; 

• ε is an η x 1 vector of innovations.11

                                                 
11 The model allows for heteroskedastic “innovations” to be generated in the disturbance process and still provide 
consistent estimates. 
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RESULTS 

Summary Statistics 

 Table 3 presents the summary statistics for the 6,848 observations in the sample.  Eighty 

percent of the parcels in the sample have a one-sixth royalty rate, and five percent were located 

within three miles of a producing well when auctioned before November 2008.   

The average bonus bid per acre is $962 with a standard deviation of $1,609.  The 

distribution of bonus bids per acre is positively skewed and not normally distributed across the 

observations.   

 

Table 3.  Descriptive Statistics 
 

Variable Mean Median Std Dev Min Max Abbrev. 
Bonus bid per acre (in 2011 dollars) 962.16 236 1608.68 1 14000 bonusacre 

Royalty rate of 16.67% 0.80 1 0.40 0 1 roy1667 
Near production (before Nov 2008) 0.05 0 0.22 0 1 nrprod 

Monthly barrels per well 1683 1670 390 95 2524 bblswell 
Oil price (in 2011 dollars) 84.32 79.02 18.13 40.99 131.01 oilprice 

Upstream capital cost index 206.68 207 10.98 179 230 ucci 
Number of parcels auctioned 467 481 196 75 761 numparcel 
Gross acreage  131.67 160.00 44.73 0.01 239.24 grossacre 
State ownership percentage of parcel 0.60 0.50 0.27 0.05 1.00 ownpct 
Incentive 0.93 1 0.25 0 1 incent 
Elm Coulee-Billings Nose AU 0.03 0 0.18 0 1 loc_ecb 
Central Basin-Poplar Dome AU 0.16 0 0.37 0 1 loc_cbp 
Nesson-Little Knife Structural AU 0.18 0 0.38 0 1 loc_nlk 
Eastern Expulsion Threshold AU 0.11 0 0.31 0 1 loc_eet 
Northwest Expulsion Threshold AU 0.09 0 0.28 0 1 loc_net 
Middle Sandstone Member AU 0.25 0 0.43 0 1 loc_msm 
N = 6,848 for all variables       
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Appendix A-2 shows the increase of bonus bids per acre and production across North 

Dakota from 2000 to 2010.  The figure clearly indicates that average bonus bids per acre 

increases drastically starting in 2008, the year of the royalty rate increase and a year after the 

incentives take effect.  This increase indicates that there is another factor driving bonus bids 

higher, since one would not expect bonus bids to increase with higher royalty rates.  Though the 

basin witnessed increasing productivity and investment at this time, well productivity was also 

increasing.  These factors likely drove the increase in bonus bids.   

 

Tests for Differences in Bonus Bids 

 Table 4 reports the differences in means between parcels auctioned before and after the 

royalty rate change to a fixed one-sixth rate for all parcels.  The NDSLD auctions oil and gas 

parcels at lease sales held quarterly.  The table illustrates some of the difficulties with inferring 

causality by comparing average bonus bids per acre before and after the policy change. 

 First, the average bonus bids per acre before the policy change are confounded with the 

variable royalty rate policy, since the proximity to a producing well is not known for parcels 

after the change.  Second, while there is evidence that bonus bids are lower after the policy 

change, the difference in means varies by location, indicating that operator response varies 

depending on the resource.   

 Lastly, the average bonus bid per acre for all parcels is higher after the royalty rate 

change when considering parcels auctioned four lease sales before and after the change.  This 

difference in mean bonus bids lends further evidence that investment in the basin is growing 

during the time of the policy change and offsets the downward influence of increased royalty 

rates on bonus bids. 
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Table 4.  Difference in Bonus Bids Per Acre (HO=0; H1≠0) 
 

One Lease Sale Before and After 
Royalty Rate Change 

Mean 
(Before) 

Mean 
(After) Difference t-statistic  

All Parcels 336.09 111.24 224.86 3.22*** 
Elm Coulee-Billings Nose AU 579.84 548.50 31.34 0.1106 
Central Basin-Poplar Dome AU 3742.46 251.88 3490.59 8.27*** 
Nesson-Little Knife Structural AU 3479.33 193.85 3285.49 10.58*** 
Eastern Expulsion Threshold AU 196.49 --- --- --- 
Northwest Expulsion Threshold AU 331.71 118.47 143.24 1.70 
Middle Sandstone Member AU 98.39 96.57 1.82 0.08 
Other Parcels (non-AU) 99.67 12.46 87.21 8.08*** 
Two Lease Sales Before and After 

Royalty Rate Change 
Mean 

(Before) 
Mean 
(After) Difference t-statistic  

All Parcels 283.54 145.43 138.11 3.01** 
Elm Coulee-Billings Nose AU 386.91 381.45 5.46 0.05 
Central Basin-Poplar Dome AU 2369.79 210.42 2159.37 5.41*** 
Nesson-Little Knife Structural AU 2295.41 213.01 2082.39 9.91*** 
Eastern Expulsion Threshold AU 567.80 58.98 508.82 1.30 
Northwest Expulsion Threshold AU 301.49 188.47 113.01 1.32 
Middle Sandstone Member AU 110.34 80.94 29.40 1.08 
Other Parcels (non-AU) 73.79 12.84 60.95 6.15*** 

Three Lease Sales Before and 
After Royalty Rate Change 

Mean 
(Before) 

Mean 
(After) Difference t-statistic  

All Parcels 232.63 211.35 21.28 0.71 
Elm Coulee-Billings Nose AU 386.91 404.99 -18.08 -0.20 
Central Basin-Poplar Dome AU 2282.60 467.22 1815.38 6.27*** 
Nesson-Little Knife Structural AU 1810.28 325.84 1484.45 7.40*** 
Eastern Expulsion Threshold AU 748.10 34.24 713.86 6.11*** 
Northwest Expulsion Threshold AU 306.46 129.20 117.26 2.77* 
Middle Sandstone Member AU 117.78 35.49 82.29 6.70*** 
Other Parcels (non-AU) 68.35 14.10 54.25 5.98*** 
Four Lease Sales Before and After 

Royalty Rate Change 
Mean 

(Before) 
Mean 
(After) Difference t-statistic  

All Parcels 231.15 350.84 -119.69 -4.45*** 
Elm Coulee-Billings Nose AU 335.51 351.04 -15.53 -0.17 
Central Basin-Poplar Dome AU 1881.45 450.56 1430.90 7.86*** 
Nesson-Little Knife Structural AU 1437.26 547.18 890.08 4.38*** 
Eastern Expulsion Threshold AU 543.03 356.22 186.81 1.63 
Northwest Expulsion Threshold AU 306.46 137.94 168.52 4.89*** 
Middle Sandstone Member AU 134.85 32.26 102.59 8.84*** 
Other Parcels (non-AU) 63.28 14.43 48.85 5.56*** 
* p<0.05 ** p<0.01 *** p<0.001     
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OLS Results 

 First-stage estimates for treatment are presented in Table 5.  For all columns, I use the log 

of bonus bids per acre as the dependent variable to stabilize the variance in the sample.  By using 

a logarithmic transformation, the distributions are normalized. 

Column 1 shows a positive correlation between royalty rates and bonus bids, but there are 

clearly omitted variables that bias the estimates.   

Column 2 presents results when I add exogenous variables for well productivity, oil 

prices, capital costs, incentives, and other observable characteristics to the regression.  The 

correlation between royalty rates and bonus bids becomes negative but is not statistically 

significant (t = -0.84, n = 6,848). 

 In column 3, I add observable variables indicating the location of each parcel within the 

basin.  I would expect that location within these assessment units is positively correlated with 

both royalty rates and bonus bids due to the high reserve estimates.  Thus, the omission of these 

variables would bias the coefficient on royalty rates upwards.   

I see that the correlation between royalty rates and bonus bids is statistically significant 

and becomes more negative with the inclusion of the location variables.  Holding all of the other 

variables fixed, the higher royalty rate is associated, on average, with a 55 percent decrease in 

bonus bids per acre (t = -4.32, n = 6,848).  The expected percent change in bonus bids per acre is 

given by the equation: %∆𝑦� = 100[exp (𝛽𝚤� ) − 1]. 

Other explanatory variables are very large in significance and magnitude. Also, note that 

the explanatory power of the model increases with the inclusion of the location variables.   
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Table 5.  OLS Regression Results for All Parcels 
 

 (1) (2) (3) 
VARIABLES lbonusacre lbonusacre lbonusacre 
    
roy1667 2.328*** -0.166 -0.806*** 
 (0.0666) (0.198) (0.186) 
nrprod -1.867*** 0.908*** 0.509* 
 (0.125) (0.244) (0.215) 
bblswell  0.00268*** 0.00262*** 
  (0.000146) (0.000125) 
oilprice  0.00258 0.0194*** 
  (0.00326) (0.00282) 
ucci  -0.111*** -0.0555*** 
  (0.00362) (0.00336) 
numparcel  -0.00123*** -0.000836*** 
  (0.000176) (0.000148) 
ownpct  0.857*** 0.527*** 
  (0.0876) (0.0703) 
incent  5.309*** 2.652*** 
  (0.167) (0.172) 
grossacre  -0.00424*** -0.000980* 
  (0.000530) (0.000414) 
loc_ecb   3.501*** 
   (0.103) 
loc_cbp   3.861*** 
   (0.0723) 
loc_nlk   3.225*** 
   (0.0752) 
loc_eet   3.066*** 
   (0.0824) 
loc_net   2.868*** 
   (0.0762) 
loc_msm   1.084*** 
   (0.0741) 
constant 3.325*** 18.98*** 6.703*** 
 (0.0593) (0.612) (0.584) 
    
Observations 6,848 6,848 6,848 
R-squared 0.168 0.352 0.598 

Robust standard errors in parentheses 
* p<0.05, ** p<0.01, *** p<0.001 
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Though the OLS model controls for a large number of variables and explains 58 percent 

of the variation in log bonus bids, I do not believe that the coefficient on the royalty rate variable 

gives the causal effect of a higher royalty rate on bonus bids.  The OLS model does not account 

for the potential spatial autocorrelation among parcels that is omitted from the regression and 

potentially correlated with both royalty rates and bonus bids.  Without accounting for this spatial 

component, I expect the coefficient on royalty rate to be biased upwards, because I would expect 

the spatial autocorrelation to be positively correlated with both royalty rates and bonus bids. 

 

SARAR Results 

In this section, I generate 5 different SARAR models with varying boundaries beyond 

which the models do not consider any relation; meaning, zero is the assigned spatial weight if the 

distance between parcels is beyond a specified number of miles.  I refer to the distance as the 

“truncation specification,” since the model truncates values of the spatial-weighting matrix to 

zero for parcels beyond that specified distance.  Table 6 displays the values of the inverse-

distance spatial-weighting matrices.  The table provides minimum, mean, and maximum values 

contained in the spatial-weighting matrices.  The centroids of the two closest parcels lie around 

six one-thousandths (1/160.698) of a mile (or about 33 feet) from each other.  This distance 

seems very close and could possibly indicate duplicate observations, measurement error, or that a 

parcel was auctioned twice during the period of analysis with slightly different boundaries.  The 

maximum distance considered for each model is provided in the heading and confirmed by 

dividing 1 by the value in the “Max” field.  For the model with no truncation specification, the 

furthest distance between two parcels is about 314 miles.   
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Table 6.  Values of Spatial-Weighting Matrices Used in SARAR Models 
 

 (1) (2) (3) (4) (5) 
Truncation None 100 Miles 50 Miles 25 Miles 10 Miles 
Min 0 0 0 0 0 
Min>0 0.003 0.010 0.020 0.04 0.100 
Mean 0.020 0.017 0.012 0.007 0.004 
Max 160.698 160.698 160.698 160.698 160.698 

 
 

The GS2SLS estimates are presented in Table 7.  The difference in the models lies in the 

truncation specifications when creating the spatial-weighting matrices.  Column 1 treats all 

parcels, regardless of the distance, as geographically relevant.  Columns 2, 3, 4, and 5 only 

consider parcels within 100, 50, 25, and 10 miles of each other, respectively, as having influence 

on one another.   

For all of the models, the estimated lambda is positive and statistically significant, 

indicating spatial-autoregressive dependence in logged bonus bids per acre.  In other words, the 

value of a parcel is affected by the value of neighboring parcels.  However, the magnitude is 

small, suggesting weak dependence.  As the distance by which the model considers parcels to 

influence one another grows smaller, the spatial lag grows smaller in magnitude.   

The estimated rho coefficient is positive and statistically significant only in models with a 

10 and 25 mile truncation specification, indicating spatial-autoregressive dependence in the error 

term only when parcels are located 25 miles from each other or less.  This means that an 

exogenous shock to one parcel, such as a change in well productivity, will cause changes in the 

bonus bids of neighboring parcels.  The coefficient, though small, is larger in magnitude than the 

lambda estimate and grows slightly in magnitude as the inverse-distance grows smaller. 
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Table 7.  SARAR Model Results for All Parcels 
 

 (1) (2) (3) (4) (5) 
VARIABLES lbonusacre lbonusacre lbonusacre lbonusacre lbonusacre 
      
roy1667 -1.209*** -1.230*** -1.201*** -1.067*** -0.873*** 
 (0.198) (0.198) (0.200) (0.194) (0.195) 
nrprod 1.248*** 1.276*** 1.233*** 1.091*** 0.816*** 
 (0.206) (0.205) (0.207) (0.201) (0.206) 
bblswell 0.00319*** 0.00321*** 0.00317*** 0.00309*** 0.00303*** 
 (0.000125) (0.000122) (0.000125) (0.000126) (0.000129) 
oilprice 0.00533 0.00454 0.00619* 0.00762** 0.00955*** 
 (0.00286) (0.00287) (0.00290) (0.00281) (0.00288) 
ucci -0.0356*** -0.0347*** -0.0343*** -0.0348*** -0.0358*** 
 (0.00333) (0.00333) (0.00330) (0.00336) (0.00371) 
numparcel 0.000310* 0.000371* 0.000287 7.87e-05 -0.000239 
 (0.000157) (0.000155) (0.000157) (0.000158) (0.000161) 
ownpct 0.0925 0.0844 0.108 0.0886 0.139* 
 (0.0660) (0.0660) (0.0651) (0.0622) (0.0583) 
incent 2.158*** 2.125*** 2.157*** 2.287*** 2.284*** 
 (0.188) (0.189) (0.186) (0.175) (0.178) 
grossacre 0.00120*** 0.00119*** 0.00121*** 0.00130*** 0.00115*** 
 (0.000348) (0.000342) (0.000350) (0.000354) (0.000334) 
loc_ecb 1.386*** 1.047*** 1.554*** 2.406*** 3.109*** 
 (0.172) (0.172) (0.166) (0.166) (0.172) 
loc_cbp 1.506*** 1.125*** 1.635*** 2.535*** 3.230*** 
 (0.273) (0.280) (0.268) (0.181) (0.123) 
loc_nlk 1.352*** 1.026*** 1.314*** 2.174*** 2.977*** 
 (0.229) (0.243) (0.215) (0.165) (0.131) 
loc_eet 1.485*** 1.223*** 1.482*** 2.051*** 2.911*** 
 (0.204) (0.217) (0.186) (0.150) (0.136) 
loc_net 1.369*** 1.087*** 1.352*** 1.946*** 2.541*** 
 (0.275) (0.283) (0.260) (0.168) (0.134) 
loc_msm 0.665*** 0.646*** 0.769*** 0.737*** 0.959*** 
 (0.159) (0.149) (0.140) (0.146) (0.120) 
constant 1.505* 1.862** 2.158*** 2.686*** 2.909*** 
 (0.667) (0.624) (0.601) (0.599) (0.659) 
lambda 0.00379*** 0.00390*** 0.00383*** 0.00251*** 0.00115*** 
 (0.000493) (0.000410) (0.000421) (0.000356) (0.000131) 
rho 0.0209 0.0212 0.0198 0.0213*** 0.0361*** 
 (0.0498) (0.0637) (0.0462) (0.00244) (0.000486) 
      
Truncation None 100 Miles 50 Miles 25 Miles 10 Miles 
Observations 6,848 6,848 6,848 6,848 6,848 

Robust standard errors in parentheses 
* p<0.05, ** p<0.01, *** p<0.001 
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Results from the SARAR models indicate that the royalty rate increase from one-eighth 

to one-sixth decreases bonus bids amounts and that the effect is statistically significant.  The 

inclusion of the spatial lag in the SARAR model implies that outcomes are determined 

simultaneously, since a change in the characteristic of one parcel potentially changes the 

predicted bonus bid values of other parcels.  Thus, the interpretation of the coefficient on royalty 

rate requires special treatment. 

Drukker et al. (2011) provide two post-estimation commands that calculate the marginal 

effects for coefficients generated by the SARAR models.  First, the average total direct impact 

(ATDI) command measures the increase in royalty rate for each parcel independently, and then 

reports the average impact on bonus bids.  Next, the average total impact (ATI) command 

measures the average impact on bonus bids by simultaneously increasing the royalty rate for all 

parcels at the same time.  Table 8 provides the results of both post-estimation procedures on the 

estimates for royalty rate under the different truncation specifications.  As I reduce the 

geographic distance between which two parcels are considered to influence each other, the effect 

grows smaller in magnitude; that is, the effect moves closer to the results from the OLS 

regression. 

  

Table 8.  Beta Estimates, ADTI and ADI for Royalty Rate in SARAR Models 
 

  (1) (2) (3) (4) (5) 
Truncation None 100 Miles 50 Miles 25 Miles 10 Miles 
ßroy1667 -1.20899 -1.229524 -1.200903 -1.067367 -0.8726003 
ATDI -1.20899368 -1.229529281 -1.200905521 -1.067367207 -0.872601599 
ATI -1.261488988 -1.283852051 -1.228803363 -1.071589013 -0.867033848 
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Table 9 displays the estimates for all variables in the SARAR model, including the 

estimates generated with the ADTI12

Depending on the post-estimation command, the results show that when no truncation is 

specified, a royalty rate increase from one-eighth to one-sixth results, on average, in a 70 and 72 

percent decrease in bonus bids per acre, holding well productivity, oil price, capital costs, 

incentives, location, and other parcel characteristics fixed.  These results are consistent with the 

hypothesis that the omission of the spatial effect biases the coefficient on royalty rate upwards.   

 and ATI post-estimation commands and the interpretation 

of the estimates given as the percent change in bonus bids per acre.  Again, the expected percent 

change in bonus bids per acre is given by the equation, %∆𝑦� = 100[exp (𝛽𝚤� ) − 1] where 𝛽𝚤�  is 

the ADTI or ATI-generated coefficient. 

Other factors contribute significantly to the overall bonus bid values.  The strongest 

determinants are the presence of incentives and the location of a parcel within one of the six 

assessment units.  Parcels auctioned with incentive provisions, on average, receive bonus bids 

per acre that are 765 and 850 percent higher than parcels auctioned without incentives, holding 

all other variables in the regression constant.  This effect is statistically significant at all 

conventional confidence levels.   

Similarly, parcels located within an AU are statistically significantly associated with 

higher bonus bid values than those not located within an AU.  For example, location within the 

Elm Coulee-Billings Nose AU is associated, on average, with bonus bids per acre that are about 

300 and 325 percent (depending on the post-estimation command) higher than parcels not 

located within one of the six AUs.   

                                                 
12 In Tables 9, 11 and 12, the ADTI estimates are rounded to relevant decimals and appear equivalent to the 
estimates generated in the SARAR model.  As evident in Table 8, these estimates may actually vary by small 
amounts.. 



 

28 
 

Table 9.  SARAR Results: Estimates on Log Bonus Bids Per Acre and Interpretation  
 

VARIABLES 
β 

estimate 

β 
estimate 

using ADTI 
command 

Percent ∆ 
in bonus bids 

per acre 
with 1-unit 

increase in X 
(ADTI est.) 

β 
estimate  

using ATI 
command 

Percent ∆ 
in bonus bids 

per acre 
with 1-unit 

increase in X 
(ATI est.) 

      
roy1667 -1.209*** -1.209*** -70.150 -1.261*** -71.677 
nrprod 1.248*** 1.248*** 248.348 1.302*** 267.746 
bblswell 0.00319*** 0.00319*** 0.319 0.00333*** 0.333 
oilprice 0.00533 0.00533 0.535 0.00556 0.558 
ucci -0.0356*** -0.0356*** -3.502 -0.0372*** -3.651 
numparcel 0.000310* 0.000310* 0.0310 0.000324* 0.0324 
ownpct 0.0925 0.0925 9.696 0.0966 10.138 
incent 2.158*** 2.158*** 765.109 2.251*** 850.078 
grossacre 0.00120*** 0.00120*** 0.120 0.00125*** 0.125 
loc_ecb 1.386*** 1.386*** 299.736 1.446*** 324.525 
loc_cbp 1.506*** 1.506*** 350.988 1.572*** 381.470 
loc_nlk 1.352*** 1.352*** 286.495 1.411*** 309.863 
loc_eet 1.485*** 1.485*** 341.352 1.549*** 370.742 
loc_net 1.369*** 1.369*** 293.014 1.428*** 317.078 
loc_msm 0.665*** 0.665*** 94.528 0.694*** 100.230 
constant 1.505* 1.505* 350.210 1.570* 380.603 
      

* p<0.05, ** p<0.01, *** p<0.001 
No Truncation for SARAR Model 

 

OLS and SARAR Results by Type of Oil Resource 

Table 10 displays the OLS and SARAR results by continuous and conventional oil 

resources.  I choose to run separate regressions for the two groups rather than a single regression 

with an interaction term, because I do not want to constrain the explanatory variables or the y-

intercept to be the same between the groups.  Nonetheless, I present results for the regression 

with the interaction term as Appendix A-3 to show that the estimates on royalty rate are similar. 

The regression of the continuous oil resources includes parcels located in the Elm 

Coulee-Billings Nose, Central Basin-Poplar Dome, Nesson-Little Knife Structural, Eastern 

Expulsion Threshold, or Northwest Expulsion Threshold assessment units.  The regression of 
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conventional oil resources includes parcels located in the Middle Sandstone Member AU or 

those located outside of the USGS identified AUs.  For the SARAR model, I do not use a 

truncation specification, so all parcels are considered to influence each other within the 

subsample of parcels.   

 

Table 10.  OLS and SARAR Results by Type of Oil Resource 

 (1) (2) (3) (4) 
Model OLS OLS SARAR SARAR 
Type of Resource Conventional Continuous Conventional Continuous 
VARIABLES lbonusacre lbonusacre lbonusacre lbonusacre 
     
roy1667 -1.730*** 0.485* -1.592*** -0.101 
 (0.318) (0.241) (0.334) (0.259) 
nrprod 1.722*** -0.344 1.625*** 0.316 
 (0.354) (0.263) (0.354) (0.246) 
bblswell 0.00231*** 0.00274*** 0.00272*** 0.00327*** 
 (0.000255) (0.000117) (0.000273) (0.000124) 
oilprice -0.00861 0.0385*** -0.00960* 0.0210*** 
 (0.00467) (0.00308) (0.00455) (0.00340) 
ucci -0.0437*** -0.0675*** -0.0253*** -0.0398*** 
 (0.00447) (0.00478) (0.00506) (0.00408) 
numparcel -0.00176*** 5.75e-05 -0.000745** 0.000507** 
 (0.000247) (0.000167) (0.000286) (0.000177) 
ownpct -0.0593 0.791*** -0.177 0.267*** 
 (0.116) (0.0770) (0.102) (0.0651) 
incent 3.974*** 2.068*** 2.571*** 1.966*** 
 (0.209) (0.237) (0.259) (0.225) 
grossacre 0.000390 -0.00414*** 0.00176** 0.000548 
 (0.000755) (0.000429) (0.000643) (0.000359) 
constant 7.793*** 9.980*** 2.166* 3.494*** 
 (0.719) (0.823) (0.871) (0.735) 
lambda   0.00780*** 0.00189*** 
   (0.000669) (0.000211) 
rho   0.0350*** 0.0236*** 
   (0.000715) (0.00195) 
     
Observations 3,001 3,847 3,001 3,847 
R-squared 0.245 0.465   

Robust standard errors in parentheses 
*** p<0.001, ** p<0.01, * p<0.05 
No Truncation for SARAR Models 
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Results indicate that a higher royalty rate affects bonus bids differentially, depending on 

the type of resource.  Royalty rates have a negative effect on bonus bids for parcels in the 

conventional oil areas, which are also those associated with lower recoverable reserve estimates.  

This effect is statistically significant at all conventional confidence levels.  Presented in Table 

11, the ADTI and ATI estimates show that a royalty rate increase from one-eighth to one-sixth 

results, on average, in a about an 80 and 78 percent decrease, respectively, in bonus bids for 

conventional oil parcels, holding well productivity, oil price, capital costs, incentives, and other 

parcel characteristics fixed.  Meanwhile, the results do not reveal a statistically significant effect 

of a higher royalty rate on bonus bids in continuous oil areas, shown in Table 12.   

 
 

Table 11.  SARAR Results for Conventional Oil Resources:  
Estimates on Log Bonus Bids Per Acre and Interpretation 

 

VARIABLES 
β 

estimate 

Β 
estimate 

using ADTI 
command 

Percent ∆ 
in bonus bids 

per acre 
with 1-unit 

increase in X 
(ADTI est.) 

β 
estimate  

using ATI 
command 

Percent ∆ 
in bonus bids 

per acre 
with 1-unit 

increase in X 
(ATI est.) 

      
roy1667 -1.592*** -1.592*** -79.657 -1.517*** -78.065 
nrprod 1.625*** 1.625*** 407.645 1.548*** 370.092 
bblswell 0.00272*** 0.00272*** 0.272 0.00259*** 0.259 
oilprice -0.00960* -0.00960* -0.955 -0.00914* -0.910 
ucci -0.0253*** -0.0253*** -2.501 -0.0241*** -2.384 
numparcel -0.000745** -0.000745** -0.0745 -0.000710** -0.0710 
ownpct -0.177 -0.177 -16.257 -0.169 -15.551 
incent 2.571*** 2.571*** 1207.376 2.449*** 1057.677 
grossacre 0.00176** 0.00176** 0.176 0.00168** 0.168 
      

* p<0.05, ** p<0.01, *** p<0.001 
No Truncation for SARAR Model 

 

For the conventional and continuous models, the estimated lambda is positive and 

statistically significant, indicating spatial-autoregressive dependence in logged bonus bids per 
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acre.  However, the magnitude is small, suggesting weak dependence.  The estimated rho 

coefficient is positive and statistically significant, but the magnitude is also small.   

The OLS and SARAR results for the conventional resources show that by omitting the 

spatial effect, the coefficient on royalty rate is biased downwards.  Conversely, the results for the 

continuous resources suggest that by omitting the spatial effect, the coefficient on royalty rate is 

biased upwards.   

Beyond royalty rates, there are interesting differences in the regression results for the 

conventional and continuous oil areas.  Incentives are statistically significantly correlated with 

bonus bids in both conventional and continuous oil areas; however, the magnitude is larger in 

conventional areas.   

 
 

Table 12.  SARAR Results for Continuous Oil Resources:  
Estimates on Log Bonus Bids Per Acre and Interpretation 

 

VARIABLES 
β 

estimate 

β 
estimate 

using ADTI 
command 

Percent ∆ 
in bonus bids 

per acre 
with 1-unit 

increase in X 
(ADTI est.) 

β 
estimate  

using ATI 
command 

Percent ∆ 
in bonus bids 

per acre 
with 1-unit 

increase in X 
(ATI est.) 

      
roy1667 -0.101 -0.101 -9.592 -0.107 -10.149 
nrprod 0.316 0.316 37.151 0.335 39.832 
bblswell 0.00327*** 0.00327*** 0.327 0.00347*** 0.347 
oilprice 0.0210*** 0.0210*** 2.118 0.0222*** 2.249 
ucci -0.0398*** -0.0398*** -3.899 -0.0422*** -4.133 
numparcel 0.000507** 0.000507** 0.0507 0.000538** 0.0538 
ownpct 0.267*** 0.267*** 30.591 0.283*** 32.745 
incent 1.966*** 1.966*** 614.548 2.0870*** 706.063 
grossacre 0.000548 0.000548 0.0548 0.000582 0.0582 
      

* p<0.05, ** p<0.01, *** p<0.001 
No Truncation for SARAR Model 
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 Information about whether nearby parcels are producing appears to be more valuable to 

companies in conventional oil areas.  The relationship between this information and bonus bids 

is positive and statistically significant in conventional areas, but it is not statistically significant 

in continuous areas. 

Well productivity has a positive effect on bonus bids in conventional and continuous 

areas and the effect is statistically significant at all conventional confidence levels.  The 

magnitude of the effect is greater in continuous areas than it is in conventional areas.  An 

increase in the average monthly well productivity of 100 bbls increases bonus bids per acre, on 

average, by about 33 and 35 percent, depending on the post-estimation command.   

 Oil price also has a statistically significant effect on bonus bids in both types of resource 

areas, though the results differ.  In conventional areas, oil price has a negative association with 

bonus bids and is significant at the 95 percent confidence level.  A one dollar increase in oil price 

is associated, on average, with about a 0.91 and 0.96 percent decrease in bonus bids per acre.  

Conversely, in continuous areas, oil price is positively associated with bonus bids and is 

statistically significant at all conventional areas.  A one dollar increase in oil price is associated, 

on average, with a 2.12 and 2.25 percent increase in bonus bids per acre. 

 Capital costs are negatively associated with bonus bids in both conventional and 

continuous areas and the relationships are statistically significant at all conventional confidence 

levels.  The magnitude is greater in continuous areas, where a one point increase in the UCCI 

index is associated with a decrease in bonus bids per acre, on average, by about 4 percent. 

 The amount of the parcel which the government owns, indicated by the ownership 

percentage, is positively associated with bonus bids in the continuous areas.  A one percentage 

point increase in ownership percent is associated, on average, with about a 31 and 33 percent 
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increase in bonus bids per acre, depending on the post-estimation command.  That relationship is 

statistically significant at all conventional confidence levels.  This result is expected since the 

upside on production is larger in continuous areas and parcels with more state ownership are 

more attractive because royalty rates on government lands are generally lower than those on 

private lands.  Ownership percentage does not have a statistically significant relationship with 

bonus bids in conventional areas. 

 Other factors examined are less relevant.  While the supply of parcels, given by the 

number of parcels available at auction, is statistically significant at all conventional levels in both 

resource areas, the association with bonus bids is negative in conventional areas and positive in 

continuous areas.  In both cases, however, the coefficient on the number of parcels variable is 

small in magnitude, making the variable irrelevant.  Parcel size is significant at the 99 percent 

confidence level for conventional areas but not statistically significant in continuous areas.  This 

result makes sense, since the production of conventional resources requires more acreage than 

continuous resources, where producers use horizontal drilling techniques. 
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POLICY IMPLICATIONS 

 The findings of this study have several policy implications.  Overall, companies adjust 

their bonus bids downwards in response to increases in the royalty rate for oil and gas leases.  

This result is not particularly surprising as one would expect companies to factor higher royalty 

payments into their expected net revenue calculations.  This research shows that the royalty rate 

increase from one-sixth to one-eighth on state-managed oil and gas leases in North Dakota 

decreased bonus bids, on average, by about 70 to 72 percent.  It supports the foundations of the 

structural analyses conducted on the OCS leases, and refutes the findings of the reduced form 

analysis of Moody.    

 However, the research also lends evidence that companies adjust their bonus bids 

differentially depending on the type of resource.  The analysis suggests that companies, on 

average, reduce bonus bids for parcels with conventional oil resources.  In the Williston Basin, 

conventional areas are those with lower recoverable reserve estimates.  For these areas, a royalty 

rate increase from one-eighth to one-sixth results, on average, in a decrease in bonus bids per 

acre by 78 to 80 percent.  Thus, a government should expect reduced bonus revenue for 

conventional resources if it increases the royalty rate. 

Meanwhile, the results fail to show that companies reduce bonus bids for parcels with 

continuous oil resources, which in this basin are associated with high recoverable reserve 

estimates.  These results suggest that a government could raise royalty rates on production in 

these areas and capture more of the potential economic rent.   

The regressions reveal other differences in the way companies perceive conventional and 

continuous resources.  Information about whether nearby parcels are producing appears to be 

more valuable to companies in conventional oil areas.  Well productivity is a significant and 
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positive factor in bonus bids; however, it has a greater impact in continuous areas.  Also, 

incentives have a greater positive impact on bonus bids in conventional oil areas.  

There are several opportunities for further research.  It is possible that higher royalty rates 

failed to reveal an impact on the bonus bids for continuous oil parcels because the royalty rate 

change was below a level that would alter private sector investment.   Earlier this year, the state 

of North Dakota increased the royalty rate on oil production from one-sixth to three-sixteenths.  

It is possible that an examination of this royalty rate change would provide different results. 

Further research in other resource areas could yield different results.  This study 

examines tight oil and conventional oil resources in the Williston Basin, an area able to attract 

increased investment due to its high recoverable reserve estimates.  Research in locations outside 

of the Williston Basin, whether on conventional oil or natural gas resources, might reveal 

different estimates. 

Also, this research does not consider all of the parcels available within the basin despite 

the likelihood that the policies of one resource manager have a spillover effect onto neighboring 

resource areas or jurisdictions.  For example, did resources on federal, state lands in Montana, or 

private lands become more attractive when the royalty rate increased on North Dakota state 

leases?  Future research in this area might inform policymakers about appropriate responses to 

policies in neighboring jurisdictions, namely whether it is prudent to mimic the policies in 

neighboring areas.  
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CONCLUSION 

This study shows that, overall, policies aimed at capturing additional future revenues 

result in lower prepayments for development rights.  Specifically, an increase in the royalty rate 

from one-eighth to one-sixth reduces bonus bids, on average, for oil and gas leases in the 

Williston Basin. 

However, a closer examination of areas within the basin shows that the private sector 

responds differently depending on the type and relative attractiveness of the resource.  For 

conventional oil resources and those with smaller recoverable reserves estimates, increased 

royalty rates result in lower bonus bids.  For continuous oil resources, the results of this study do 

not reveal an effect of increased royalty rates on bonus bids.   

The spatial analysis indicates a significant, albeit weak, spatial autocorrelation among oil 

and gas parcels in the Williston Basin.  When considering all of the parcels together, failing to 

account for the spatial autocorrelation biases the coefficient on royalty rate upwards.  Since the 

effect of a higher royalty rate in bonus bids is negative, the omission understates the effect of 

royalty rates on bonus bids.   

However, when considering conventional and continuous areas separately, the spatial 

autocorrelation has different implications.  Omission of the spatial effect biases the coefficient on 

royalty rate downwards in conventional oil areas, but it biases the coefficient upwards in 

continuous oil areas. 
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APPENDIX 
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A-1.  Stata Scatter Plot of XY Centroids Generated in ArcMap10 
 

 
 
Note: The scatter plot is not projected and therefore appears stretched when compared against the 
representation in Figure 1. 
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A-2.  Annual Oil Production in ND and Bonus Bids Per Acre for ND State Lands 
 

 
 

Source Data:  North Dakota Oil and Gas Division (2012) and North Dakota State Lands 
Department (2012a) 
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A-3.  OLS and SARAR Regressions with Interaction Term 
 

 (1) (2) 

Model OLS SARAR 
VARIABLES lbonusacre lbonusacre 
   
roy1667 0.0355 -0.435 
 (0.222) (0.239) 
loc_conv -1.211*** -0.279 
 (0.142) (0.162) 
roy1667_conv -1.706*** -1.101*** 
 (0.148) (0.149) 
nrprod 1.226*** 1.334*** 
 (0.207) (0.207) 
bblswell 0.00276*** 0.00322*** 
 (0.000118) (0.000124) 
oilprice 0.0145*** 0.00533 
 (0.00285) (0.00289) 
ucci -0.0688*** -0.0388*** 
 (0.00326) (0.00339) 
numparcel -0.000789*** 0.000174 
 (0.000151) (0.000161) 
ownpct 0.545*** 0.0680 
 (0.0681) (0.0634) 
incent 3.535*** 2.269*** 
 (0.147) (0.190) 
grossacre -0.00238*** 0.00135*** 
 (0.000405) (0.000348) 
constant 11.386*** 2.740*** 
 (0.543) (0.755) 
lambda  0.00388*** 
  (0.000400) 
rho  0.0191 
  (0.0362) 
   
Observations 6,848 6,848 
R-squared 0.580  

Robust standard errors in parentheses 
*** p<0.001, ** p<0.01, * p<0.05 
No Truncation for SARAR Model 

 
Note:  In both models, the higher royalty rate is associated with a larger reduction in bonus bids in 
conventional oil areas.  This association is significant at all conventional alpha levels.  In the 
SARAR model, the estimate of royalty rate in conventional areas is given by βroy1667 + βroy1667_conv 
and is similar to the estimate in Table 9.  A joint test of significance indicates that the effect is 
significant at all conventional alpha levels (F = 108.65, df = 2, 6836).   
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