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Principled design: Analyzing Colorado’s oil and gas Memorandums of 
Understanding (MOUs) using common-pool resource (CPR) theory’s design 

principles (DPs) 
 

 

Abstract 

 This paper analyzes 13 Memorandums of Understanding (MOUs) between local 

governments and oil and gas industry operators in Colorado, taking the first steps to better 

understand the design of these agreements. Specifically, this paper studies MOUs or Operator 

Agreements between 11 different local governments in Colorado and industry operators. Using 

the design principles (DPs) of common-pool resource (CPR) theory as a lens, this paper 

examines the structure of these MOUs. The paper finds that while generally the number of DPs 

present in the MOUs has increased over time, this has not always been the case. This suggests 

that MOU variation is more complex than simply the passage of time or institutional learning. 

Even if MOUs are becoming increasingly more robust, several questions remain. Are certain 

DPs more important than others? How enforceable are MOUs and how effective are they at 

increasing trust in either/both local governments and/or in industry? To fully understand the 

possible linkages between the presence of CPR theory’s DPs in MOUs and their potential to 

increase trust and ameliorate conflict, however, requires further study. 
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Introduction 

This paper is a purely descriptive piece that sets the stage for a larger body of research in 

the form of a doctoral dissertation and provides a foundation for the remaining portions of the 

dissertation. This dissertation will add to the knowledge base on local government regulation of 

the contentious oil and gas extraction method, hydraulic fracturing, by exploring Memorandums 

of Understanding (MOUs) signed between oil and gas companies and local governments in 

Colorado. As discord surrounding hydraulic fracturing has increased and MOUs have become a 

popular way to regulate the practice, it is necessary to understand more about these MOUs. 

Building off of this paper, which examines the design of these oil and gas MOUs and whether 

they comport with the theoretical principles of successful natural resource management, future 

research will examine MOU enforcement in terms of stringency, authority, and what 

enforcement challenges exist and what the relationship is, if any, between MOUs and trust 

namely, whether MOUs increase trust in either government and/or industry with respect to the 

practice of hydraulic fracturing. 

 The paper proceeds as follows. First it defines hydraulic fracturing and discusses its 

expansion in the United States, illuminating why the process of hydraulic fracturing is 

contentious. Next it overviews the literature on MOUs, provides background on Colorado’s oil 

and gas MOUs and characterizes MOUs as voluntary, self-governing environmental agreements 

or institutions. It then discusses the Institutional Analysis and Development (IAD) Framework 

and its companion, common-pool resource (CPR) theory, as method for studying these MOUs 

and places oil and gas development in a CPR context. Next the paper offers a brief overview on 

previous literature that has applied CPR theory’s design principles (DPs) and applies CPR 

theory’s DPs to Colorado’s MOUs. The paper then overviews the data, 13 MOUs across 11 local 
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governments and two shale plays, which includes both variation within and across local 

governments, and the methods for their in-depth examination. Next the paper shares the results 

and offers a discussion of the findings. The paper closes with a conclusion and directions for 

future research. 

The expansion of hydraulic fracturing 
 
The United States Energy Information Administration (USEIA) predicts significant 

growth in global energy demand and a corresponding 45 percent increase in global energy 

consumption from 2012-2040 (USEIA 2016). To meet rising energy demands, U.S. hydrocarbon 

production from shale resources has continued to grow,1 primarily driven by an increase in 

horizontal drilling efficiency from a process known as high volume horizontal hydraulic 

fracturing (USEIA 2014). Hydraulic fracturing2 involves injecting sand, water, and chemical 

additives under high levels of pressure thousands of feet below ground into oil and gas reservoirs 

and wells to extract hydrocarbons (i.e. oil and natural gas) (USGS 2019; COGCC 2019).  

As the hydraulic fracturing market has increased, so has the contentiousness of the 

extraction method. Proponents of oil and gas development that uses hydraulic fracturing 

maintain that it creates jobs, reduces carbon emissions, boosts the economy, lowers the cost of 

energy, and reduces U.S. reliance on foreign oil (Helman 2013). Opponents, however, are 

concerned with many types of potential environmental and health hazards (DeSmogBlog 2010). 

Among these are possibilities of groundwater, drinking water, and soil contamination; release of 

                                                 
1 PR Newswire (2016) predicts that the global hydraulic fracturing and services market will grow at a 9.3% 
compound annual growth rate by 2025. 
2 In this paper, as is widely done, the term hydraulic fracturing refers to the process of fracturing rock formations 
and includes the entire process, from pre-drilling activities—such as sub-surface lease negotiations—to the drilling 
itself, to post-drilling activities—such as transmitting oil and gas to consumers. Please note, oil and gas industry 
operators would object to this wide-ranging use of the term as actual hydraulic fracturing is a relatively minor 
portion of the process. Despite this, my use of use of the term denotes no bias against the oil and gas industry.  
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greenhouse gases, such as carbon dioxide and methane; increased water consumption; and 

potential increased seismic activity (DeSmogBlog 2010). 

With the expansion of oil and gas wells across the nation, researchers have begun to 

speculate on the numbers of Americans potentially impacted by their proximity to wells. Some 

estimate that at least 15.3 million American people live within one mile of a well that that has 

been drilled since the year 2000 (Gold and McGinty 2013), while others estimate this number to 

be 17.6 million Americans living  within 1,600 meters (~1 mile) of one or more confirmed active 

oil or gas wells (Czolowski et al. 2017). Considering the popularity of this extraction method, its 

potential for encroachment on urban and suburban areas, and many related environmental and 

public health concerns—the proximity of these wells to schools, homes, hospitals, and natural 

features, and the ability to regulate the practice—is of great interest to those living in and near 

communities with active oil and gas development.3  

In many instances,4 the public has sought local control over hydraulic fracturing5 despite 

the fact that U.S. states typically have primary regulatory authority (UCS 2015). As the primary 

regulator, the state decides how much regulatory discretion to bestow upon the local level (UCS 

2015). Many states have elected to retain their regulatory authority, which has led to regulatory 

conflict with local governments (Golten, Ward, and Mutz 2016; UCS 2015). Theoretically, 

                                                 
3 The practice of hydraulic fracturing has become so controversial that many U.S. cities, counties, and states, as well 
as foreign nations—among them Wales, Scotland, France, Germany, and Bulgaria—have either issued moratoria or 
bans on the practice (Keep Tap Water Safe 2019). 
4 Keep Tap Water Safe (2019) keeps a running list hydraulic fracturing bans worldwide.  
5 In fact, Colorado citizens recently sought to pass Ballot Initiative 75, Colorado Local Control of Oil and Gas 
Development Amendment; this would have amended the state constitution to allow local governments the authority 
to regulate oil and gas development, to include banning the practice, within the confines of their town’s geographic 
border (Ballotpedia 2016). Initiative 75, however, failed to qualify for the November 2016 ballot (Ballotpedia 2016). 
After proponents of Initiative 75 collected 107,232 signatures, more than the required 98,492 signatures, the 
Colorado Secretary of State’s office rejected 1,380 signatures in the random five percent sample the office uses to 
confirm signature validity (Colorado Secretary of State 2016). With the rejection of those signatures, the projected 
number of valid signatures was 80.85 percent, falling short of the required 110 percent required to put the measure 
on the ballot (Colorado Secretary of State 2016).   
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MOUs may increase public trust in local governments while alleviating regulatory conflict 

between state and local governments. MOUs may also increase public trust in and reduce 

conflict with the industry; the public may view the industry’s active participation in addressing 

the externalities associated with hydraulic fracturing as a reason to trust industry operators.  

Case selection: Why study Colorado?  

This paper emphasizes the potentially influential case of Colorado to empirically analyze 

oil and gas MOUs between local governments and industry. This case analysis represents a 

starting point for deductively testing theories surrounding natural resource management, 

institutional design, regulation enforcement, and trust. When no strong theory exists about the 

mechanism connecting independent to dependent variables, the case analysis generally follows 

an inductive pattern (Gerring and Cojocaru 2016). When, as is the case in this research, a 

theoretical expectation exists, the case analysis takes a more deductive approach to identify the 

mechanism (Gerring and Cojocaru 2016). Influential, diagnostic cases may assess the following: 

measurement error, scope conditions, causal heterogeneity, confounders, and causal 

mechanisms6 (Seawright and Gerring 2008; Gerring and Cojocaru 2016), which is of particular 

interest to the larger body of research where this paper is situated.  

Colorado resembles an influential, diagnostic, case for the following reasons. First, 

Colorado has been a front-runner in oil and gas development that uses hydraulic fracturing. It is 

the fifth-largest natural gas-producing state7 (USEIA 2019) and is home to 11 of the nation’s 100 

                                                 
6 If a researcher wishes to examine the causal mechanism and selects the case based on the dependent variable, then 
the researcher “knows the value of the outcome [(Y)] for cases that are under consideration for intensive study, but 
not the values of X [“the presumed cause of theoretical interest”] or Z [“background factors of no theoretical 
interest”]” (Gerring and Cojocaru 2016, 395). 
7 According to the U.S. Energy Information Administration (USEIA), in 2017 Colorado ranked sixth in terms of 
marketed natural gas production, whereas Texas, Pennsylvania, Oklahoma, Louisiana, and Ohio ranked one through 
five, respectively (USEIA 2017). 
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largest natural gas fields (USEIA 2019).8 Second, the practice of hydraulic fracturing in 

Colorado has been particularly contentious.9 Colorado’s robust economic growth (Mullis et al. 

2016) and rapid population growth (Murphy 2016) has witnessed oil and gas development’s 

encroachment on suburban and urban areas (Davis 2012; Golten, Ward, and Mutz 2016; Shaffer, 

Zilliox, and Smith 2017), which has, in turn, led to conflict between state and local governments 

and between citizens and industry. Third, Colorado is a bellwether state. It has more stringent 

regulations than many other oil and gas producing states (Davis 2012; Richardson, Krupnick, 

and Wiseman 2013)10 and it was the first state to implement MOUs between local governments 

and industry operators.11 Since beginning the practice in 2005, Colorado has signed 47 MOUs—

representing 11 cities/towns or counties—yielding ample data for analysis (Intermountain Oil 

and Gas BMP Project 2019c). Although Colorado is, to the author’s knowledge, the only state to 

implement this type of MOU, we can learn valuable lessons about this approach to governance, 

which may be applicable to similar states.  

While some scholars have investigated the ability of MOUs to facilitate marine 

management in Canada (McCrimmon and Fanning 2010), India’s governance of public sector 

undertakings/state-owned enterprises (Subramanian 2016), and relatedly, whether the existence 

                                                 
8 The state’s crude oil production has also quadrupled since 2010, partly due to the increased use of hydraulic 
fracturing (USEIA 2019a). The Colorado BLM (2017) estimates that ninety percent of 2017 wells drilled in 
Colorado were hydraulically fractured indicating that most new wells drilled in the state use hydraulic fracturing in 
their exploitation.  
9 The cities of Boulder (and Boulder County), Broomfield (City and County), Fort Collins, Longmont, and Lafayette 
have all sought to ban or enact moratoria against hydraulic fracturing (Antonacci 2016). 
10 Colorado was the first state to regulate oil and gas produced methane emissions and was an early adopter of the 
requirement to publicly disclose chemicals in hydraulic fracturing fluids (Heikkila et al. 2014; Rinfret, Cook, and 
Pautz 2014; Shaffer, Zilliox, and Smith 2017). 
11 Some states, including Colorado, have MOUs in place between state regulators and operators, interagency 
agreements, and intergovernmental agreements governing oil and gas development. For example, California’s 
Department of Conservation, Division of Oil, Gas, and Geothermal Resources, has many different MOUs with other 
state and federal agencies (California Department of Conservation 2019). To the author’s knowledge no state other 
than Colorado employs MOUs between local governments and industry operators to govern oil and gas 
development. 
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of an MOU in an Indian central public enterprise increases its financial performance (Gupta, 

Jain, and Yadav 2011), even fewer studies have assessed MOUs in an oil and gas context. 

Fortuitously, the research analyzing MOUs in this context has emphasized Colorado. Shaffer, 

Zilliox, and Smith (2017) and Zilliox and Smith (2017), for example, analyze how MOUs signed 

by local governments and industry operators in Colorado shape public opinion of energy 

production; (Zilliox 2016) discusses the effectiveness of MOUs as a policy strategy for 

mollifying stakeholders’ competing interests; Golten, Ward, and Mutz (2016) study the role of 

MOUs in curbing state versus local regulatory conflict; and Zilliox and Smith (2017b) examine 

the effectiveness of these agreements in terms of inclusion of community concerns, community 

engagement, and enforceability.  

Although these studies lend helpful insight into how MOUs fit within a larger political 

landscape, they do not specifically analyze several important questions regarding MOU design, 

enforcement, and potential to increase trust in either/both industry and/or local government. 

Regarding MOU design, previous literature has left the following questions underexplored: How 

are MOUs related to oil and gas development structured; how do their designs differ across local 

governments and over time; and how do their designs align with the theoretical principles of 

successful natural resource management? Regarding enforcement, there are gaps in the literature 

surrounding the following questions: Does an MOU’s design support enforcement; which entity 

has enforcement authority; and what challenges exist for enforcement? Regarding trust, the 

following question remains: To what extent do MOUs increase trust in either/both industry 

and/or local governments?  
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Literature review 

As a way to understand the questions related to MOU design and provide context for the 

for future research related to enforcement and trust, the literature review proceeds as follows. 

First, it briefly discusses what an MOU is and how it may have advantages over other forms of 

collaboration and defines and characterizes MOUs as voluntary, self-governing environmental 

agreements or institutions. It then offers background on Colorado’s oil and gas MOUs. Next, it 

discusses the IAD Framework and its companion, CPR theory, and places oil and gas 

development in a CPR context, briefly discussing literature on the application of CPR theory’s 

DPs. The literature review concludes with a discussion of how CPR theory’s DPs apply to MOU 

design elements.  

What are MOUs? 

MOUs, simply put, are written agreements—which may or may not be legally 

binding12—that clarify collaboration between two or more entities (Colorado Nonprofit 

Association 2013). MOUs often seek to streamline processes and establish formal relationships 

(Imperial 2005; Payne 1998). Written agreements, such as MOUs, have many advantages. The 

process of creating and revising an MOU, for example, allows parties to set the tone of the 

agreement and to agree upon key issues (Colorado Nonprofit Association 2013). Written 

documents can support accountability and reduce conflict between parties as these documents 

can clearly define expectations, decision-making procedures, roles, and responsibilities 

(Colorado Nonprofit Association 2013). Written documents also can make future collaborative 

efforts less dependent on specific leaders and can lessen potential distrust that may accompany 

losing previously established personal relationships when there is staff turnover (Bardach 1998; 

                                                 
12 This depends on the MOUs specific language. 
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Imperial 2005). With these benefits, MOUs can help build successful and sustainable 

collaborations (Colorado Nonprofit Association 2013).  

At a more complex level, MOUs are a way to “institutionalize shared policies and norms” 

(Imperial 2005, 299). Adopting MOUs thus is “an institutional-level activity because it results in 

rules that govern subsequent actions at the operational or policy-making level” (Imperial 2005, 

289). MOUs also, according to North (1986),13 fit within the definition of an institution, further 

supporting this viewpoint. Considering MOUs through an institutional lens, it is understandable 

that they have become common practice in diverse governance contexts.  

MOUs in a governance context 

Governments, in fact, have used MOUs to address a wide variety of issues beyond oil and 

gas development. While an exhaustive list of MOUs and their specific governance contexts is 

beyond the scope of this paper, it is appropriate to highlight a few MOUs that are outside this 

setting. One example is when the City and Borough of Wrangell (CBW), Alaska, entered into an 

MOU with the Wrangell Cooperative Association, a tribe in the CBW, to set the collaborative 

framework for transportation infrastructure projects in CBW (USDOT 2019). Not only is this 

outside the environmental context, but it also offers evidence that local governments can 

establish MOUs with tribal governments.  

 Local governments, in Colorado and in other states, have also used MOUs to address 

environmental issues beyond oil and natural gas development. California’s Tahoe Regional 

Planning Agency, for example, used MOUs to avoid duplicative efforts and to formally delegate 

some of its watershed permitting responsibilities to local governments (Imperial 2005). The 

Colorado Department of Public Health; the U.S. Environmental Protection Agency, Region 8; 

                                                 
13 “Institutions are rules, enforcement characteristics of rules, and norms of behavior that structure repeated human 
interaction” (North 1986, 6). 
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and the U.S. Department of the Interior, National Park Service, Rocky Mountain Region, enacted 

an MOU to establish a collaborative relationship between the parties to address air quality issues 

in Rocky Mountain National Park; this MOU specifically mandated parties to coordinate and 

consult with local governments (CDPHE 2019, 2005). In the former case, a regional government 

entity established an MOU to work with the local level, and in the latter case, state offices of 

federal agencies worked together to engage local government. These MOU examples offer 

insight into the potential applicability of this paper to other topical areas of interest (e.g., beyond 

either oil and gas development or environmental issues), as well to other levels of governments.  

MOUs as voluntary environmental programs/agreements 

MOUs are also akin to voluntary environmental programs or agreements (VEPs or 

VEAs). VEPs are a form of self-governance of natural resources or of environmental 

externalities from industries and are often used in place of, supplemental to, or in the absence of 

existing command-and-control regulation (Mosier and Fisk 2013; Steelman and Rivera 2006; J. 

E. Rivera and deLeon 2008; Delmas and Terlaak 2001; Coglianese and Nash 2016; Carter, Scott, 

and Mahallati 2018; Koehler 2007). VEPs are institutions that can induce firms to “produce 

positive environmental externalities beyond what government regulations require” (Prakash and 

Potoski 2007, 773; van der Heijden 2012). Some VEP literature likens them to clubs, or 

institutions for allocating and producing goods that are neither fully public (i.e. non-excludable, 

non-rivalrous) nor fully private (i.e. excludable, rivalrous) (Buchanan 1965; Prakash and Potoski 

2007). VEPs can thus generate “positive social externalities to club members,” which can have 

attributes of common property resources (Prakash and Potoski 2007, 276-277).  

Like oil and gas MOUs VEPs are a strategic industry or firm tool that, depending on the 

VEP design, could reduce, or increase—if program membership is particularly taxing—a firm’s 
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regulatory burden (Prakash and Potoski 2007). If regulatory burdens are reduced and firm 

membership is feasible, it could potentially keep regulators from passing additional regulations 

or could reduce the stringency of existing regulations (Khanna et al. 2007). VEPs can also 

communicate firms’ environmental stewardship to both the public and stakeholders (Delmas and 

Terlaak 2001; Prakash and Potoski 2007) as well as to others in industry (Prakash and Potoski 

2007).  

VEPs have been around for decades in the United States (Darnall and Sides 2008; Rivera 

and deLeon 2008) and typically fall into one of three types: public agreements, unilateral 

agreements, and negotiated agreements (McEvoy and Stranlund 2010; Morgenstern and Pizer 

2007; Alberini and Segerson 2002; Koehler 2007). In public agreements, regulators set 

requirements and membership rewards for program participation and firms voluntarily decide to 

join; in unilateral agreements, industry or firms develop and implement the program without 

regulatory involvement, and in negotiated agreements, which are similar to Colorado’s oil and 

gas MOUs, firms/industry and regulators jointly set environmental targets (McEvoy and 

Stranlund 2010).  

Despite the popularity of VEPs, debate as to their effectiveness, defined as the ability to 

meet their environmental goals, continues (Darnall and Sides 2008). Contributing to this debate 

is the heterogeneity present in VEP design and structure (Rivera and deLeon 2008; Darnall and 

Sides 2008). VEPs range from weak designs—with no required standards, reporting, or 

oversight—to strong designs—with performance-based requirements and certification (Rivera 

and deLeon 2008; Darnall and Sides 2008). Each design type, of course, has tradeoffs (Darnall 

and Sides 2008; ten Brink 2002). While weak designs may increase participation and flexibility 

and lower implementation costs, they may be less effective (ten Brink 2002). Similarly, strong 
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designs may see lower participation rates, be more rigid, and have higher implementation costs, 

but they may prove to be more effective than those VEPs with weak designs (ten Brink 2002; 

Carter, Scott, and Mahallati 2018).  

Regardless of design strength, the VEP effectiveness literature discusses the need to 

mitigate two collective action problems in order to increase effectiveness: attracting 

firm/industry participants and ensuring that those who join adhere to the agreed upon objectives 

(Matisoff 2015; Potoski and Prakash 2009; Darnall and Sides 2008). Without active 

participation, whereby participants abide by the agreement, VEPs are largely pointless. As such, 

the literature emphasizes both how VEP design can positively influence participation rates and 

how to avoid free riding and shirking, whereby participants gain VEP benefits without investing 

in its goal (Carter, Scott, and Mahallati 2018; Prakash and Potoski 2007; Koehler 2007; Delmas 

and Terlaak 2001). While subsidies or decreased regulation can incentivize participation, the 

literature has identified two main elements to guard against free riding and shirking: monitoring 

and enforcement mechanisms (Prakash and Potoski 2007; Carter, Scott, and Mahallati 2018; 

Koehler 2007; J. Rivera and de Leon 2004; van der Heijden 2012; Lyon and Maxwell 2007). 

VEP designs with public disclosure of audit information, program sponsor sanctioning, and third 

party monitoring further discourage shirking and free riding (Prakash and Potoski 2007; Darnall 

and Carmin 2005; Darnall and Sides 2008; van der Heijden 2012).  

As Colorado’s oil and gas MOUs are comparable to VEPs, the discussion of how VEP 

design can influence agreement effectiveness directly relates to the exploration of MOUs’ 

structure and the implications for their ability to minimize externalities associated with oil and 

gas development that uses hydraulic fracturing. The following section offers background 

information on the Colorado oil and gas MOUs as a way to provide context for the analysis.    
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Background on Colorado’s oil and gas MOUs 

While an in-depth history of Colorado’s oil and gas regulatory history is beyond the 

scope of this paper, Golten, Ward, and Mutz (2016) remark that the 1980s and 1990s were 

fraught with legal conflicts over the question of state versus local control. These conflicts have 

persisted until the landmark 2016 Colorado Supreme Court decision in City of Longmont v. 

Colorado Oil & Gas Association, which determined that state regulations preempt conflicting 

local regulations if they interfere with the state’s interest in permitting wells to reach their 

“maximum efficient rate of production” (COGCC 2014, 2). At the same time, local ordinances 

may not forbid what state law allows, or allow what state law forbids (COGCC 2014; Golten, 

Ward, and Mutz 2016; Colorado Supreme Court 2016). While the ramifications of this decision 

remain unclear, the Court has clearly ruled that state regulations preempt local ordinances 

prohibiting either oil and gas development more generally, or development specifically using 

hydraulic fracturing (Golten, Ward, and Mutz 2016). 

Considering the financial costs of lawsuits14 and the possibility for decisions that are 

unfavorable, local governments have continued to think beyond the courts as a way to resolve 

conflict (Golten, Ward, and Mutz 2016). Beginning in 2005, for example, La Plata County 

implemented MOUs with several industry operators15 following lawsuits and both regulatory and 

citizen-industry conflicts (Golten, Ward, and Mutz 2016; Intermountain Oil and Gas BMP 

                                                 
14 For example, the City of Fort Collins spent about $191,000 on outside counsel (Marmaduke 2016) and the City of 
Longmont spent $192,028 on special counsel costs for their respective attempts to ban hydraulic fracturing within 
their city limits (Antonacci 2016). The Colorado Oil and Gas Association, an industry group, spent about $1 million 
on its legal costs in their cases against Longmont, Fort Collins, and Broomfield (Antonacci 2016). 
15 In 2005, the Board of County Commissioners of La Plata signed MOUs with BP American Production Company 
and Samson Resources Company and in 2006 with BP American Production Company, ConocoPhillips Company, 
Burlington Resources Oil and Gas Company Elm Ridge Exploration Company, Four Star Oil & Gas Company, 
Maralex Resources Inc., Petrogulf Corporation, and ETO Energy Inc. (Intermountain Oil and Gas BMP Project 
2019b). These MOUs have continued into 2014 for La Plata County and many other counties have followed suit 
(Intermountain Oil and Gas BMP Project 2019a).   
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Project 2019b). Most frequently negotiated through an administrative, rather than a public 

regulatory process, MOUs between industry operators and local governments are legally 

enforceable obligations and skirt the issue of state preemption and the somewhat murky question 

of jurisdiction (Golten, Ward, and Mutz 2016; Wilson 2012). In Colorado, for example, local 

governments typically have local land use authority to govern the placement or allowance of 

industry, such as marijuana dispensaries. The 2016 Colorado Supreme Court decision, however, 

made it clear that local governments lack land use authority when it comes to disallowing (via 

bans or moratoria) hydraulically fractured wells; local governments, however, do retain some 

land use authority that allows them to address other land use impacts, such as truck traffic on 

local roads.  

MOUs potentially represent a non-zero-sum game whereby both industry operators and 

local governments (to include concerned citizens) benefit—in a “win-win” scenario. The MOUs 

that La Plata County signed with industry operators, for example, guaranteed the county certain 

operating practices and road fees in exchange for the operators’ avoidance of lengthy formal 

hearings associated with the county’s land use permitting process (Intermountain Oil and Gas 

BMP Project 2019a). Thus, the MOUs became a way to address local citizen concerns in a site-

specific manner—sometimes above and beyond state regulations—and to avoid costly litigation, 

while ensuring industry operators the receipt of timely permits and development opportunities 

(Golten, Ward, and Mutz 2016).  

Considering that, since 2005, many different counties and industry operators have 

enacted MOUs, variation among them is perhaps expected. MOUs, for example, differ 

substantially from one jurisdiction to another—both in terms of the process local governments 

use to negotiate them and the level of their specificity (Intermountain Oil and Gas BMP Project 
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2019a). In some instances, several operators will sign an MOU that is more general in nature 

with little time spent negotiating terms, and at other times, a single operator will sign a highly 

site-specific MOU following contentious negotiations (Intermountain Oil and Gas BMP Project 

2019a). At times, MOU negotiations have involved industry and regulatory groups, respectively, 

(e.g., the Colorado Oil and Gas Association) and the Colorado Oil and Gas Conservation 

Commission16 (COGCC), while others have not (Intermountain Oil and Gas BMP Project 

2019a). Sometimes MOU negotiations have solicited public input, through public information 

sessions, city council and COGCC meetings, or have informally engaged the community and 

other stakeholders; at other times, the MOU negotiation process has largely excluded the public 

(Intermountain Oil and Gas BMP Project 2019a). Thus, MOUs can be heterogeneous.  

 While MOUs can be dissimilar from one another, they frequently have common 

elements in terms of their components. Generally, most MOUs introduce the reason for the MOU 

and define the parties to the agreement (Intermountain Oil and Gas BMP Project 2019a). While 

not universal, many MOUs also include the following administrative provisions: whether the 

agreement will apply to its successors or assigns, the timeframe for the agreement, definitions of 

terms, and information on default, force majeure (unforeseeable circumstances), waiver of rights, 

and how to end an agreement (Intermountain Oil and Gas BMP Project 2019a). MOUs also have 

common, though not universal, substantive provisions, such as: best management practices 

(BMPs),17 in what context the MOU applies (e.g., for a specific well or for future development), 

fee and enforcement provisions, and information on operator and community incentives for 

enacting the agreement (Intermountain Oil and Gas BMP Project 2019a). Although the 

                                                 
16 The COGCC is the Colorado regulator of oil and gas.  
17 BMPs themselves vary both in terms of where they appear in the MOU, if present, and what they include 
(Intermountain Oil and Gas BMP Project 2019a). 
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Intermountain Oil and Gas BMP Project (2016) has begun to differentiate these MOUs, 

categorizing their similarities and differences, they have not specifically studied whether an 

MOU’s design elements increase of reduce trust in either/both local government and/or industry, 

whether their designs align with the theoretical principles of successful natural resource 

management, or whether and how they are enforceable.  

Oil and gas development in a CPR context  

To analyze MOUs’ design elements, this paper draws on the IAD Framework and its 

companion, CPR theory. The IAD Framework is an overarching framework for studying the 

“ways in which institutions operate and change over time” (McGinnis 2011, 169). The IAD and 

CPR theory also provide insights on how institutional design can be robust for governing natural 

resources, especially though voluntary community-based agreements (Blomquist and deLeon 

2011; McGinnis 2011; Heikkila, Schlager, and Davis 2011). While the broader IAD Framework 

is relevant, this paper emphasizes CPR theory because it provides insights on the types of design 

features of self-governing institutions that are known to be associated with successful 

governance of common-pool resources.  

CPR theory is a valid tool for evaluating the design elements of an MOU between local 

government and industry for two main reasons. First, CPR theory has well-documented, 

empirically tested criteria for evaluating the robustness of self-governing institutions18 e.g., 

MOUs (Carter and Weible 2014; Ostrom and Ostrom 1977; Ostrom 1990). Ostrom (1990), for 

example, studied scenarios in which communities created enduring and robust CPRs by 

                                                 
18 MOUs themselves would qualify as an institution under Crawford and Ostrom's (1995, 582) definition: “Institutions are 
enduring regularities of human action in situations structured by rules, norms, and shared strategies, as well as by the physical 
world. The rules, norms, and shared strategies are constituted and reconstituted by human interaction in frequently occurring or 
repetitive situations.” As previously mentioned, MOUs also qualify under North's (1986, 6) definition: “Institutions are rules, 
enforcement characteristics of rules, and norms of behavior that structure repeated human interaction.” 
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developing their own self-regulation methods—without substantial government intrusion—

which led to long-term, sustainable use of the resource. In this case, MOUs provide an example 

of a “self-governing” (e.g., between industry and local governments) institutional arrangement, 

rather than a self-governing institutional arrangement among the oil and gas producers. Second, 

while not a “pure” CPR, oil and gas development in Colorado shares similar characteristics to 

problems that arise with the governance of CPRs.  

In the absence of property rights to the minerals, oil and gas reserves would fit the classic 

definition of a CPR: a resource where (1) the exclusion of users is either impossible or difficult 

and (2) the consumption of one user takes away from the consumption of another user (Ostrom 

and Ostrom 1977; Quilligan 2019). In Colorado, like all other states in the United States, mineral 

rights to oil and gas reserves are privately owned, which then makes the resource excludable. In 

other words, the institutions governing a CPR can change the characteristics of the resources as a 

“commons.” However, many states, including Colorado, split the ownership (and leasing) of 

surface lands (landowners/leasers) from subsurface lands (mineral rights owners/leasers) (Wilson 

2012). The rights of subsurface owners (e.g., those with mineral rights) and leasers trump the 

rights of surface owners (e.g., homeowners) and leasers, meaning that surface owners cannot 

prevent the development of minerals underlying their property (Wilson 2012).  

This split property rights regime can create adversarial relationships between surface 

owners and mineral rights owners. If, for example, a surface owner wishes to use their land for a 

purpose other than oil and gas extraction (e.g., agricultural production), then this means that the 

mineral rights owner will detract from the consumption of the surface owner. Thus, many 

farmers and ranchers are opposed to hydraulic fracturing as oil and gas leaks and spills may 
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damage crops and kill livestock, and farmers must compete with oil and gas companies for water 

rights (Jaffe 2014; Finley 2012; Healy 2012).  

MOUs also strive to address problems typical of commons governance e.g., the 

externalities caused by resource extraction. These negative externalities, briefly discussed in the 

paper’s introduction, relate to environmental and health hazards, such as possible contamination 

of groundwater, drinking water, and soil and the potential for generating earthquakes  

(DeSmogBlog 2010). These externalities may extend beyond the property (or mineral rights) 

owner’s overlying oil and gas wells. Thus, in the case of oil and gas development, there are 

characteristic impacts on surface owners, as well as other production externalities, that are 

similar to other CPR governance issues e.g., water (Herzog and Ingold 2019). To address these 

externalities, regulatory or top-down institutional arrangements can be (and have been) used. 

Yet, communities and the industry can also work together through collective action, as in the 

case of MOUs, to manage these challenges. Examining MOUs through the lens of CPR theory 

therefore potentially allows for the identification of design elements that will prove most 

effective in successfully addressing these externalities.  

Literature examining natural gas development that uses hydraulic fracturing through a 

CPR lens, while limited, is not absent. Some research has examined the ability of two 

institutions, well-spacing requirements and integration contracts, to minimize environmental 

externalities, and has compared these externalities to non-point source pollution (Holahan and 

Arnold 2013). Others have framed hydraulic fracturing as a CPR problem to examine the rise in 

opposition to compulsory or “forced” pooling19 (Farrer, Holahan, and Shvetsova 2013, 2017).  

                                                 
19 Colorado law permits forced or “statutory” pooling (COGCC 2014). With forced pooling oil and gas companies 
can apply to the Colorado Oil and Gas Conservation Commission (COGCC), the state regulatory body, for an order 
to pool resources located within a drilling area, regardless of whether they have the mineral owner’s consent, 
thereby allowing development to move forward (Sura 2019). Colorado House Bill 1336, “Additional Protections 
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Similarly, some literature has analyzed various applications of CPR theory’s DPs and 

have examined the importance of individual DPs. Cox, Arnold, and Tomás (2010, 2), for 

example conducted a meta review of 91 studies that have applied the DPs, identifying the DPs’ 

primary role as explaining “under what conditions trust and reciprocity can be built and 

maintained to sustain collective action.” While they found differences in the level of support for 

the DPs, the lack of support they found was abstract rather than empirical (Cox, Arnold, and 

Tomás 2010). Overall, they characterize the DPs as being sound foundation for future research 

(Cox, Arnold, and Tomás 2010).  

Recently the International Journal of the Commons published a special issue, where 

Schlager (2016) who wrote the editorial introduction to the issue specifically identified the Cox, 

Arnold, and Tomás (2010) meta review as the starting point to examine how DP patterns relate 

to diverse CPR settings. Included in the special issue is an article that analyzes both the co-

occurrence of the DPs and the combinations of DPs that lead to social and ecological success 

(Baggio et al. 2016). Ultimately, they find that the importance of the DPs depends on the human 

made and natural infrastructure (i.e. equipment, canals) e.g., monitoring is more important when 

the infrastructure is static rather than mobile, and that the congruence between rules and local 

conditions and the proportionality between extraction and investment are key to a CPR’s success. 

Despite the meta review and special issues consideration of the DPs, they have not emphasized 

MOUs’ specific DPs. Thus, there is a gap in the literature.  

  

                                                 
Forced Pooling Order,” intended to offer greater protections against forced pooling, passed the Colorado house in 
April 2017, but the Senate Committee on State, Veterans, & Military Affairs, postponed it indefinitely (BillTrack50 
2019). Since then, Senate Bill 18-230 passed in June 2018; it clarifies that drilling may apply to more than one well 
and provides limited immunity from nonconsenting mineral owners and modifying the conditions for entering 
forced pooling (Colorado General Assembly 2018). 
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CPR theory’s DPs and their application to MOU design elements 

Although local governments and industry have enacted MOUs to manage the 

externalities of the oil and gas production process, to mitigate conflict, and to promote 

development, it is unclear which MOU design elements, if any, will be most effective at 

mitigating citizen-industry conflict and promoting sustainable use of the reserves, or whether all 

design elements must be present to witness the sustainable management of the resource. As both 

oil and gas industry development and related MOUs fit well in a CPR context, this paper uses 

CPR theory’s design principles (DPs) as a way to evaluate the robustness of MOUs’ design 

elements and thus their potential ability to sustainably govern oil and gas development that uses 

hydraulic fracturing.  

This paper emphasizes six of the eight DPs. The first DP, “clearly defined boundaries” 

and the seventh CPR principle, “minimal recognition of rights to organize,” do not vary in the 

Colorado context as all communities within the state have the authority to enter into MOUs and, 

as legal documents, all MOUs clearly specify both the parties to the agreement and the resource 

boundaries. Therefore, this paper does not examine the first or seventh DP. Appendix A 

overviews and briefly defines the eight DPs that empirical evidence has shown to produce long-

enduring CPR institutions (Ostrom 1990, 90).  

Groups that structure institutional arrangements based on these DPs are likely to be more 

robust and to survive over time (Ostrom 2008). CPR users follow operational rules, or “agreed-

upon and enforced prescriptions that require, forbid, or permit specific actions for more than a 

single individual” (Schlager and Ostrom 1992, 250) and they collectively participate in shaping 

the rules for participation and action, the most important of which are access and withdrawal 

(Schlager and Ostrom 1992). Similarly, if “enough of the design principles are in use,” 
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institutions may solve their immediate CPR problem, but will not endure “unless further 

institutional development occurs and the arrangements come closer to meeting the full set of 

design principles” (Ostrom 1990, 181). These DPs work together in a variety of ways to mitigate 

conflict and to promote the sustainable management of the CPR. 

What follows is a brief discussion of each of the six DPs analyzed in this paper, and how 

they relate to MOUs.  

DP #2, “congruence between appropriation and provision rules and local conditions,” 

equates to a “proportional equivalence” between costs and benefits. For MOUs, this principle 

equates to clear industry operation guidelines specific to the local setting, with funds for their 

implementation. 

DP #3, Ostrom's (2008) “collective-choice arrangements,” allows affected users to have a 

voice in crafting or changing rules. In MOUs this principle translates to “opportunities for 

relevant actors to participate in collective choice arrangements,” which translates to the ability to 

define and/or change the rules. Not only does this principle allow users to create an agreement 

that considers the local context, it also helps to maintain the agreements as environments change 

over time (Ostrom 2008). In the MOU context, this involves the participation of all relevant 

stakeholders in the form of community engagement/notification. 

DP #4, “monitoring,” gives stakeholders the ability to go beyond blindly trusting each 

other and hoping for reciprocity. MOUs may require/allow operator-level/local-level monitoring. 

In some instances, MOUs may require monitoring by local government actors or neutral third 

parties who are independent of both the COGCC and the oil and gas companies. Some members 

of the public believe that the COGCC does not operate independently of the oil and gas industry 

e.g., that the COGCC suffers from regulatory capture, given its dual mandate to both promote 
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and regulate oil and gas development (Johnson 2013). Independent monitoring may further 

increase the public’s level of trust and confidence in the practice of hydraulic fracturing.   

DP #5, “graduated sanctions,” establishes a clear penalty system for breaking the rules, 

but given its graduated nature, is forgiving if a stakeholder unintentionally violates the agreement 

(Ostrom 2008). For MOUs, this principle relates to an enforcement mechanism and equates to 

the existence of both a default mechanism and a clear process for responding to defaults. In 

addition to identifying whether an MOU has and enforcement mechanism and what it might look 

like, future research will also consider the stringency of the enforcement mechanism.  

DP #6, “conflict resolution mechanisms,” necessitates “rapid, low-cost, local arenas to 

resolve conflict” (Ostrom 2008, 9). In an MOU, this is a dispute resolution mechanism.  

DP #8, “nested enterprises,” whereby governance occurs in nested layers, makes 

particular sense from a conflict mitigation perspective (Ostrom 2008). As the state government in 

Colorado has regulatory authority over oil and gas development and MOUs are taking place at 

the local level, it is particularly important to design MOUs that fit within the confines of the 

state’s broader legal framework. If, for example, the COGCC views a component of the MOU to 

be in violation of the law, then this will likely increase, not reduce conflict. This DP is 

manifested as linked or nested governance in an MOU.  

Data and methods 

Ideally this paper would examine the population of 47 MOUs, as a way to identify the 

presence of CPR theory’s DPs both spatially and temporally, however, this is beyond the paper’s 

scope at this time. Instead, this paper takes a first step by analyzing 13 different MOUs across 11 

different local governments and two different shale plays, the Denver-Julesburg (D-J) Basin and 

the San Juan Basin. This paper examines MOUs from the following local governments: La Plata 
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County (2005 and 2014), Longmont (2012), Town of Erie (2012 and 2015), Arapahoe County 

(2013), Fort Collins (2013), City and County of Broomfield (2013), Hudson (2014), Elbert 

County (2014), Adams County (2015), Town of Timnath (2015), and Brighton (2017). This 

sample is representative of the local governments that have enacted oil and gas MOUs. Coding a 

representative sample of MOUs lends insight into the variation across MOUs over time. Table 1 

below gives an overview of the 13 MOUs coded and provides information on the county and 

shale basin that each local government represents.  

Table 1: MOUs Coded by County and Shale Play 

 

At the same time, the author coded two Town of Erie and two La Plata County MOUs to 

assess the variation within local governments over time. Details on the variation within 

governments and across MOUs appears below. 

Variation within local governments 

Although the La Plata County signed the first MOUs in 2005, the 2012 and 2015 MOUs 

between the Town of Erie (Erie) and Encana are particularly interesting for a variety of reasons. 

First, given that Erie implemented these MOUs with the same operator, Encana Oil and Gas, it 

Parties to MOU Year County of Local 
Government Shale Play

La Plata County & BP 2005 La Plata San Juan Basin

Longmont & TOP 2012 Boulder Denver-Julesburg Basin

Town of Erie and Encana 2012 Boulder & Weld Denver-Julesburg Basin

Arapahoe County & "Operator" 2013 Arapahoe Denver-Julesburg Basin

Fort Collins & Prospect Energy 2013 Larimer Denver-Julesburg Basin

City and County of Broomfield and Sovereign 2013 Broomfield Denver-Julesburg Basin

Hudson & Great Western 2014 Weld Denver-Julesburg Basin

La Plata County & XTO Energy 2014 La Plata San Juan Basin

Elbert County & Agave 2014 Elbert Denver-Julesburg Basin

Adams County and Great Western 2015 Adams Denver-Julesburg Basin

Town of Timnath and Peterson Energy 2015 Larimer Denver-Julesburg Basin

Town of Erie and Encana 2015 Boulder & Weld Denver-Julesburg Basin

 Brighton and Petro 2017 Adams Denver-Julesburg Basin
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offers an excellent opportunity for conducting a comparison over time. Second, the Town of Erie 

offers an interesting case study as it spans Boulder and Weld counties, which traditionally have 

very different political positions and divergent outlooks on oil and gas development (Zilliox 

2016). Weld County has a long history with oil and gas development and is majority Republican, 

while Boulder County has little experience with oil and gas development and is majority 

Democratic (Zilliox 2016).  

Third, the 2012 Erie MOU, while certainly not the first MOU negotiated with an oil and 

gas operator, was the first of its kind in many ways (Dunnahoe 2013; Aguilar 2012). It was, for 

example, the first MOU to establish a relationship at the company, rather than at the individual 

well level, shifting the MOU negotiation process from a “well-by-well basis” to a “company-by-

company basis” (Aguilar 2012, 1).  

Fourth, while the first MOUs in La Plata County in 2005 included a series of best 

management practices (BMPs) for a specific well location, they did not include among them 

noise, light, and dust mitigation plans (as seen in Appendix A).20,21 The 2012 Erie MOU was the 

first MOU to include these among their BMPs. Fifth, the 2015 Erie MOU greatly expanded the 

BMPs of the 2012 MOU. The 2012 Erie MOU, for example, specified 11 BMPs, while the 2015 

MOU specified 39 (Intermountain Oil and Gas BMP Project 2019c). Thus, comparing these two 

                                                 
20 The author selected and MOU from each local government in Colorado that had signed an MOU and selected 
MOUs based on the level of completeness. Many of the MOUs that the Intermountain Oil and Gas BMP project 
database has are in various stages of completion. The Arapahoe County MOU that the author coded, for example, is 
a generic operator agreement and is thus missing the name of the operator, the date, and signatures. Since writing 
this paper, however, the author has acquired all MOUs that the county signed and the generic agreement coded in 
this paper is nearly identical to the others that the county passed. Other copies of MOUs analyzed, specifically 
Adams County, Timnath, and Erie’s 2015 MOU, are missing complete signatures from all parties, but are otherwise 
complete. 
21 While Erie’s 2012 MOU specified that Encana had to submit “a plan for noise, light, and dust mitigation, to the 
extent feasible,” this was the only mention of these appropriation rules in the document (Town of Erie 2012, 6). 
Thus, the coding scheme for the paper did not find this substantive enough to warrant coding it in the affirmative. 
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Erie MOUs may offer relevant insight into the robustness of these MOUs and the possibility for 

mitigating citizen-industry and regulatory conflict.  

While comparing the 2005 and 2014 La Plata County MOUs to the two Erie MOUs is 

also an interesting exercise for studying variation within local governments, the La Plata County 

MOUs are, unfortunately, with two different operators. This somewhat limits the comparative 

power within La Plata County. Interestingly, the number of DPs represented in the La Plata 

MOUs declined over time.  

Variation across MOUs 

While a detailed comparison of each individual MOU in relation to the others coded is 

beyond the scope of this paper, the City of Brighton’s 2017 MOU with Petro Operating 

Company, LLC is worth further discussion for two main reasons. First, the 2017 Brighton MOU, 

compared to the 2015 Erie MOU expands the number of BMPs and addresses 102 different 

BMPs (Intermountain Oil and Gas BMP Project 2019c). Second, the 2017 Brighton MOU 

provides an interesting opportunity to examine whether municipalities have implemented any 

structural changes to the MOUs following the 2016 Colorado Supreme Court decision. Now that 

the Colorado Supreme Court has ruled that municipalities are unable to pass bans or five-year 

moratoria on oil and gas development that uses hydraulic fracturing (The Denver Post Editorial 

Board 2016), it is possible that municipalities, however unintentional, may include higher 

numbers of CPR theory’s DPs in their MOUs as a way to strengthen their ability to mitigate 

conflict. 

Document coding: Translating traditional CPR DPs to an MOU context 

In order to determine how many CPR DPs (of the seven studied) are present in the 13 

different MOUs, the paper presents a document coding scheme that translates six of the eight 
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traditional CPR DPs to an MOU context. As previously mentioned, DP #7, “minimal rights to 

organize” does not vary across MOUs. In addition, the paper does not report findings for DP #1, 

“clearly defined boundaries” as this also does not vary across MOUs (draft agreements, however, 

may not contain this information). What follows is a brief account of how to identify traditional 

DPs in oil and gas MOUs.   

Some CPR scholars split DP #2, “congruence between appropriation and provision rules 

and local conditions,” into appropriation versus provision rules, and this adjustment makes sense 

in the MOU context; thus, this chapter splits DP #2 into 2.1, provision rules (for appropriation) 

and 2.2 (a-n), appropriation rules tailored to the local setting. In the MOUs, provision principles 

pertain to occasions where operators pay for costs associated with implementation, such as costs 

associated with monitoring, or those associated with mitigating the development’s impact This 

must be a substantive effort to provide rules for appropriation.  An example would be an MOU 

that requires developers to pay road impact fees or repair fees, or costs associated with 

monitoring, such as water quality/supply monitoring.  Appropriation rules equate to clear 

industry operation guidelines specific to the local setting that guide how the resource is extracted 

or produced. This paper codes for the following appropriation rules (a-n): air quality/methane 

emissions, noise, water quality, water supply, road/traffic, setbacks, dust, chemicals, wildlife, 

floodplain requirements, visual impacts/landscape requirements, pits and waste disposal, 

containment berms, and flow lines.   

DP #3 “collective-choice arrangements,” or “opportunities for relevant actors to 

participate in collective choice arrangements,” in the MOU context, has, to some extent already 

been completed through the permitting process; the Oil and Local Gas Assessment (OLGA), one 

of the two permits oil and gas operators must obtain from the COGCC prior to drilling, for 
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example, requires a 20-day public comment period, during which citizens may make comments 

and local governments may consult and request extensions to the public comment period to 30 or 

40 days (COGCC 2019a). Thus, this DP pertains to forms of community engagement that allows 

the public to assist in defining or changing the rules. What follows are examples of community 

engagement:  the ability/requirement for meetings with the public, surface owners, or 

representatives of local government; notification of impending development, via posted signs, 

mailed notices, or community web pages; and the ability for the community to have a voice or 

dialogue, such as allowing public comment, or posting contact information for 24/7 noise 

complaints. This is a softer interpretation of the DP.  

As MOUs can contain information on the ability for and regularity of local-level 

monitoring (DP 4.1 and 4.2, respectively) and the requirement for operator-level monitoring (DP 

4.3) at specific intervals (DP 4.4), this paper splits DP #4 into these four categories. Required 

operator-level monitoring/inspections can relate to a variety of things e.g., monitoring or air and 

water quality and soil testing, testing pipelines and flow lines, and monitoring of storage 

facilities, etc. The ability to conduct local-level monitoring/inspections can also relate to a 

variety of things e.g., roads; facilities; and air, water, soil monitoring, etc. This includes the 

stated ability of the operator and local government to meet as necessary to monitor and discuss 

issues related to development. MOUs that specify a time frame for either local-level or operator-

level monitoring e.g., monthly, yearly, at beginning and ending of operations, etc., qualifies as 

regular monitoring.  

While DP #5, “graduated sanctions,” generally refers to an explicit mechanism for 

sanctioning violators, as the COGCC is the state regulator of oil and gas development in 

Colorado, in an MOU context this translates to default processes or an enforcement mechanism. 
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Default mechanisms are processes put in place by the negotiators to address appropriators’ (oil 

and gas companies) or officials accountable to the appropriators’ (local governments) violations 

of the operational rules. The paper splits this DP into 5.1, a specified default mechanism or 

process, and 5.2, a clear indication of how to respond to defaults. If an MOU mentions a 

mechanism for default or breach of agreements, then this is sufficient evidence of a default 

process. If an MOU outlines a clear method for responding to defaults e.g., time frames for 

curing defaults, then this counts as a default response. Future research efforts will also evaluate 

the stringency level of the default process/enforcement mechanism as well as the party 

responsible for enforcing MOU provisions, if any.  

For MOUs, DP #6, “conflict resolution mechanisms,” translates to dispute resolution 

mechanisms (DP 6.1) and whether the dispute resolution mechanism is low cost (DP 6.2). Low 

cost mechanisms equate to negotiation, arbitration, facilitation, and mediation. Law suits are not 

low-cost measures. The City and County of Broomfield and Sovereign Operating Company's 

(2013, 12-13) “Oil and Gas Operator Agreement” states for example, “If either Party believes 

that mediation would be advantageous in connection with such meeting, or if a resolution of the 

matter cannot be achieved at the meeting, both parties agree to make a reasonable effort to work 

through and with a mutually acceptable mediator to attempt to resolve the dispute.”   

In MOUs DP #8, “nested enterprises,” equates to nested governance. If an MOU 

mentions the COGCC, city/county ordinances, federal and state laws, this is evidence of nested 

governance.  The City and County of Broomfield and Sovereign Operating Company's (2013, A-

27) “Oil and Gas Operator Agreement” states for example, “The Operator agrees to comply with 

applicable State of Colorado, Department of Natural Resources and other applicable State 
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regulations concerning the source of water used in drilling and completion operations.” After 

coding many MOUs, however, it became clear that this DP does not vary.  
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Table 2: Coding Strategy for CPR Theory’s Design Principles (DPs) in MOUs 
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Results and discussion 

This paper carefully considers the following 13 MOUs: La Plata County (2005 and 2014), 

Longmont (2012), Town of Erie (2012 and 2015), Arapahoe County (2013), Fort Collins (2013), 

City and County of Broomfield (2013), Hudson (2014), Elbert County (2014), Adams County 

(2015), Town of Timnath (2015), and Brighton (2017). To assess the potential effectiveness of 

the MOUs, the author conducts document coding to identify the presence of CPR theory’s DPs. 

Table 3 details the findings of the coding for DPs 2.1 (note: this excludes appropriation rules in 

2.2 a-n), 3, 4, 5, 6, and 8. As previously mentioned, the paper splits DP #4 into four parts, DP #5 

into two parts, and DP #6 into two parts; thus, the coding scheme’s findings in Table 3 consider 

11 DPs.  

Table 3: CPR Theory's Design Principles (DPs) in Colorado's Oil and Gas MOUs 
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Of the 13 MOUs examined, 77 percent (10/13) exhibited at least 50 percent of the coded 

DPs. Fort Collins, Bromfield, and Timnath all had 91 percent (10/11) of the DPs, the highest in 

the sample coded. The 2012 Erie MOU and the 2014 Hudson MOU had the fewest DPs present, 

4/11 or 36 percent. DP #8, nested governance, was present in all MOUs. As oil and gas MOUs 

are already embedded in multiple levels of government, from the local level to the federal level, 

it is unsurprising that they would all exhibit this. For this reason, future coding of these MOUs 

need not consider this DP.  

The cases of Fort Collins and Longmont are particularly interesting given the Colorado 

Supreme Court’s 2016 ruling against these cities for trying to ban or have a moratorium on 

hydraulic fracturing. While Fort Collins’ 2013 MOU had 91 percent of the DPs, Longmont’s 

2012 MOU only had 73 percent. While Fort Collins and Longmont passed these MOUs long 

before the Supreme Court ruling, Brighton’s 2017 MOU passed after the ruling only had 73 

percent of the DPs represented. This may indicate that the ruling did not impact MOU design. To 

better understand whether this is the case, however, requires coding more than one MOU enacted 

after the ruling. As MOUs might take a year or more to develop, it will be interesting to see 

whether future MOUs exhibit more representation of the DPs and thus are more institutionally 

robust.  

While the presence of the DPs appears to have increased over time, this has not always 

been the case, especially when considering variation within local governments. Erie’s 2015 

MOU increased the number of DPs present to 73 percent or 8/11 DPs (compared to its 2012 

MOU), but La Plata County actually had a higher number of DPs in its 2005 MOU (55 percent 

or 6/11) compared to its 2014 MOU, which had 5/11 or 45 percent. This suggests that MOU 
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variation is more complex than simply the passage of time or the presence of institutional 

learning.  

This paper examines the following 14 different appropriation rules: air quality/methane 

emissions, noise, water quality, water supply, road/traffic, setbacks, dust, chemicals, wildlife, 

floodplain requirements, visual impacts/landscape requirements, pits and waste disposal, 

containment berms, and flow lines. Table 4 presents the presence of these appropriation rules 

across MOUs.  

Table 4: CPR Theory's Appropriation Rules in Colorado's Oil and Gas MOUs 

 

In terms of the appropriation rules studied, eighty-five percent (11/13) MOUs contained 

at least 50 percent of the 14 appropriation rules considered. The Fort Collins, Timnath, and 
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Broomfield MOUs all had 93 percent (13/14) appropriation rules. Hudson’s MOU had the fewest 

number of appropriation rules at 29 percent or 13/14, and La Plata County’s 2005 MOU had the 

next lowest at 36 percent or 5/14. All MOUs had appropriation rules for pits and waste disposal 

and water quality. Although the fact that all MOUs had these appropriation rules is interesting, it 

is not surprising. Perhaps one of the largest concerns opponents of hydraulic fracturing have 

relates to water quality issues, and waste disposal directly links to water quality, especially where 

homeowners are reliant on well water as their source of drinking water.  

Ninety-two percent of all MOUs also had road/traffic and setbacks appropriation rules. 

The finding on road/traffic rules and setbacks is somewhat expected. Setbacks rules can make a 

difference in terms of whether the industry locates a well in someone’s residential backyard. The 

abundance of road/traffic rules is also understandable given Colorado’s booming population 

growth, which has already begun to increase traffic on roadways; adding heavy, industrial trucks 

only increases these issues. Adams County’s 2015 MOU is the only that included wildlife rules, 

which is interesting considering that many MOUs specifically mention wildlife protected as one 

of the rationales for creating the MOU. Rules for chemical storage and flow lines were not well-

represented across the MOUs; they were present in only 38 percent or 5/13 MOUs. This is 

particularly interesting given the COGCC’s recent rule making session on flow lines, which 

suggests that there have been issues with flow lines in the past.  

Conclusion and next steps 

 This paper takes a first step in examining MOUs between local governments and oil and 

gas industry operators using CPR theory’s DPs with a broader research goal of understanding 

how the design of these MOUs, including the stringency of enforcement, relate to enforcement in 

practice—to include enforcement challenges, and trust. It analyzes the following 13 MOUs: La 
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Plata County (2005 and 2014), Longmont (2012), Town of Erie (2012 and 2015), Arapahoe 

County (2013), Fort Collins (2013), City and County of Broomfield (2013), Hudson (2014), 

Elbert County (2014), Adams County (2015), Town of Timnath (2015), and Brighton (2017) for 

evidence of six CPR theory DPs.  

Specifically, the paper considers the following DPs: 2, congruence between appropriation 

and provision rules (split into 2.1 for provision rules and 2.2 a-n for specific appropriation rules 

i.e., air quality/methane emissions, noise, water quality, water supply, road/traffic, setbacks, dust, 

chemicals, wildlife, floodplain requirements, visual impacts/landscape requirements, pits and 

waste disposal, containment berms, and flow lines); 3, collective choice rules, which equates to 

community engagement; 4, monitoring (split into four parts, ability for local-level monitoring, 

the requirement of operator-level monitoring, and the regularity of the interval for each); 5, 

graduated sanction, which pertains to default in MOUs (split into two parts, default processes 

and default responses); 6, conflict resolution mechanisms, which relate to dispute resolution in 

MOUs (split into two parts, dispute resolution and the cost of dispute resolution); and 8, nested 

enterprises, which is nested governance in MOUs.  

Strong evidence of the DPs exists in the 13 MOUs examined. Seventy-seven percent 

(10/13), for example, exhibited at least 50 percent of the 11 coded DPs and 85 percent (11/13) of 

the MOUs contained at least 50 percent of the 14 appropriation rules considered and the presence 

of these DPs appears to increase, for the most part, over time. While local governments are not 

likely making a conscious effort to increase the numbers of DPs represented, perhaps these 

numbers bode well for the management of oil and gas reserves in Colorado. Theoretically, 

institutions that design property right based on CPR’s DPs are likely to be more robust and to 

survive over time (Ostrom 2008). The DPs may work in concert to mitigate conflict. 
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The case of oil and gas as a CPR is an interesting one as its management and use directly 

impacts additional CPRs, such as airsheds, watersheds, and open spaces. Given rapid population 

growth, the demand for the preservation of open space, especially considering its multiple uses, 

could be a flashpoint for conflicts should oil and gas infiltrate these areas. Boulder County is 

currently facing this dilemma following the submission of a comprehensive drilling plan in areas 

that involve open space (del Castillo 2017). For this reason, effectively managing the oil and gas 

CPR is critical, not only as a potential method for mitigating conflict, but also for environmental 

protection.  

To fully understand the possible linkages between CPR theory’s DPs presence in MOUs 

and their potential to ameliorate conflict, however, requires further study. A next step in this 

research would be to examine the population of oil and gas MOUs in Colorado and assess them 

for their presence of CPR theory’s DPs. Further research should identify potential causes for 

variation among MOUs e.g., intensity of conflict; demographic, political, and geographic factors. 

Researchers should also develop a composite score for each DP to better compare the DPs 

present in the MOUs with more traditional understanding of the DPs and conduct interviews with 

stakeholders involved in the MOU process. A final step in this broader research agenda involves 

operationalizing trust, while controlling for potential confounding factors, to determine whether 

these MOUs are actually playing a role in trust and whether individual design principles are 

more effective at promoting trust than others. Clearly these MOUs offer a potential avenue for 

effectively managing oil and gas development in Colorado and subsequently they may offer a 

potential path for reducing conflict over the contentious issue of oil and gas development that 

uses hydraulic fracturing. 
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APPENDIX A: Design principles illustrated by long-enduring CPR institutions22  
1. Clearly defined 
boundaries  

Individuals or households who have rights to withdraw resource 
units from the CPR must be clearly defined, as must the boundaries 
of the CPR itself. 

2. Congruence 
between appropriation 
and provision rules 
and local conditions  

Appropriation rules restricting time, place, technology, and/or 
quantity of resource units are related to local conditions and to 
provision rules requiring labor, material, and/or money.  

3. Collective-choice 
arrangements  

Most individuals affected by the operational rules can participate in 
modifying the operational rules. 

4. Monitoring  Monitors, who actively audit CPR conditions and appropriator 
behavior, are accountable to the appropriators or are the 
appropriators 

5. Graduated sanctions  Appropriators who violate operational rules are likely to be 
assessed graduated sanction (depending on the seriousness and 
context of the offense) by other appropriators, by officials 
accountable to these appropriators, or both. 

6.  Conflict-resolution 
mechanisms 

Appropriators and their officials have rapid access to low-cost local 
arenas to resolve conflicts among appropriators or between 
appropriators and officials. 

7. Minimal recognition 
of rights to organize23  

The rights of appropriators to devise their own institutions are not 
challenged by external governmental authorities.  

For CPRs that are part of larger systems: 
8. Nested enterprises Appropriation, provision, monitoring, enforcement, conflict 

resolution, and governance activities are organized in multiple 
layers of nester enterprises. 

 

  

                                                 
22 Reproduced from (Ostrom 1990, 90).  
23 Due to the regulatory nature of oil and gas development in Colorado e.g., the ability of local governments in Colorado to enter 
into agreements, this paper does not consider this DP.  
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APPENDIX B: Brief example of MOU coding  

The Town of Erie and Encana Oil and Gas signed an MOU on August 28th, 2012.  

Resolution NO. 12-74, “A resolution authorizing the Town of Erie, Colorado, to enter into a 

memorandum of understanding with Encana Oil & Gas (USA) INC.; authorizing and directing 

the appropriate town officers to sign said memorandum of understanding; and, setting forth 

details in relation thereto.”  

• Evidence of DP 1.1, clearly defined social/group boundaries 

o “This Memorandum of Understanding (this “MOU”) is made and entered into this 

day of 2012 by and between the Town of Erie, a Colorado municipal corporation 

(“Erie”), whose address is 645 Holbrook Street, P.O. Box 750, Erie, Colorado 

80516, and Encana Oil & Gas (USA) Inc., a Delaware corporation (“Encana”), 

whose address is 370 1ih Street, Suite 1700, Denver, Colorado 80202. Encana and 

Erie may be referred to individually as a “Party” or collectively as the “Parties” 

(Town of Erie 2012, 1). 

• Evidence of DP 1.2, clearly defined resource boundaries 

o “Encana is the owner of oil and gas leasehold and mineral interests within Erie’s 

town limits. Encana currently operates oil and gas wells within Erie’s town limits 

and has the right to develop its current and future oil and gas leasehold and 

mineral interests by drilling additional wells within Erie’s town limits” (Town of 

Erie 2012, 1).  
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• Evidence of DP 2.2a, air quality rules 

o “Utilize a high-low pressure vessel (HLP) and vapor recovery unit (VRU) for new 

wells drilled. Encana may remove the VRU system at such time Encana 

determines that the VRU system is no longer necessary due to reduced emission 

recoveries and/or efficiencies, but no earlier than one (1) year after the new well 

is drilled” (Town of Erie 2012, 6). 

• Evidence of DP 5.1 and 5.2, default processes and default response 

o “Default. If a Party defaults in the performance under this MOU, the defaulting 

Party shall have thirty (30) days to cure the default after receipt of written notice 

of such default from the non-defaulting Party, provided the defaulting Party shall 

be entitled to a longer cure period if the default cannot reasonably be cured within 

thirty (30) days and the defaulting Party commences the cure within such thirty 

(30) day period and diligently pursues its completion. If the defaulting Party fails 

to cure the default within the applicable cure period, then the non- defaulting 

Party shall have the right to immediately terminate this MOU upon written notice 

to the defaulting Party” (Town of Erie 2012, 4).  


