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Abstract:
Previous statistical analyses of Elinor Ostroms design principles have demonstrated that they have
some predictive capacity to explain successful self-governance and CPR management regimes. But
their implementation does not ensure success in multiple dimensions. Critiques have shown that there
are important contexts and contingencies that these principles do not consider, and that other scholars
working from different approaches could develop a different set of principles with similar explanatory
power. In this study, we take the statistical analysis of a large-N meta-analysis as a starting point. We
examine 9 cases that do not fit the mould; those cases that were inconsistent with the conclusions of
our earlier empirical work on design principles. We ask; 1) What happened in cases where nearly all
design principles were met, but governance was deemed unsuccessful and 2) what happened in other
cases where governance was successful despite finding limited or no design principles? We qualitatively
examine inconsistent cases to further demonstrate the importance of context, and other processes
occurring in CPR cases. In some cases, qualitative analysis revealed that the design principles could
explain these inconsistencies. In others, however, other processes were important, including market
integration, social cohesion, technology, time lags, and the influence of non-state actors. Additionally,
while the design principles can explain CPR outcomes, they are often proximal causes along a
causal-chain. By tracing back from proximate to ultimate causes, we can understand the nested nature
of the interactions and outcomes occurring in cases. This approach is complementary to, and reflects
the spirit of the diagnostic approach to understanding Social-Ecological Systems, as suggested by
Ostrom and others. We thus recommend an iterative approach between deductive, and inductive,
quantitative and qualitative, and dialogue between different theoretical and methodological approaches
to CPR problems and recommended solutions.
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Contextualizing the commons in a world of interdependency: 1 
Qualitative analysis of quantitative inconsistencies  2 

INTRODUCTION 3 
 4 
 5 
In a globalizing world, historically small-scale cases of common pool resource (CPR) 6 
governance are becoming “increasingly besieged and permeated by a planetary network 7 
of interdependencies” (Beck and Sznaider 2006, 11).This presents a novel challenge to 8 
understanding what constitutes effective CPR governance in changing social, economic, 9 
and ecological contexts. One way to address this challenge is to examine CPR 10 
governance regimes, how they have restructured to respond to a changing global context, 11 
and whether these restructurings were successful (Anderies and Janssen 2011). In this 12 
respect, the CPR literature provides an excellent starting point. Responding to an overly 13 
simplistic Tragedy of the Commons framing of natural resource-use dilemmas, CPR 14 
scholars (e.g. Ostrom 1990; Wade 1988; Pinkerton and Weinstein 1995; Baland and 15 
Platteau 1996) have compiled and examined many case studies in which resource users 16 
equitably and sustainably harvested resources using various institutions and practices1.  In 17 
the process, scholars have developed general criteria for successful and long-enduring 18 
CPR self-governance.  Among these, Elinor Ostrom’s (1990) design principles (DPs) 19 
have been highly influential. In this study, we qualitatively examine the robustness (or 20 
non-robustness) of coupled infrastructure systems (CISs) using these DPs as a starting 21 
point. 22 
 23 
 24 
Ostrom’s DPs have generated a lively debate among social-ecological researchers.  Much 25 
of the debate regarding the DPs has centred on the importance of context. As originally 26 
formulated, the DPs apply to local human-made soft infrastructures, such as institutions 27 
related to monitoring, sanctioning, and conflict resolution. Some scholars (e.g. Steins and 28 
Edwards 1999; Mansfield 2004; Agrawal 2001; Young 2002) have argued that the 29 
principles do not pay adequate attention to how CPRs are embedded in political, 30 
economic, and biophysical contexts. The improper use of the DPs can lead them to be 31 
thought as a panacea, another tool in the government’s toolbox that promises success 32 
under all conditions, but delivers a new set of fragilities and failures. Although the 33 
interpretation of DPs as a panacea was definitely not in Ostrom’s intentions, Agrawal 34 
Agrawal (2001) and Young (2002)state that since the DPs are often posited as 35 
generalized propositions, they should be comparable and their presence/absence should 36 
lead to specific outcomes regardless of context. The fact that DPs are often suggested as 37 
necessary and sufficient conditions suggests that if a community only adopts these DPs, 38 
they will be able to solve their CPR problems.  39 
 40 

                                                
1 The 86 cases coded by Ostrom and colleagues that underlie the principles as articulated in Governing the 
commons are available at seslibrary.asu.edu 
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Following this line of inquiry, Baggio et al. (2015) established that the DPs should not be 41 
understood as essential characteristics that encompass all successful fisheries, irrigation 42 
systems, and forests. They are neither necessary nor sufficient. DPs are to be understood 43 
probabilistically: their presence increases the likelihood of success, but they don't make 44 
success a certainty. Baggio et al. (2015) found support for the DPs, but also found that 45 
different combinations of principles are more important depending on the biophysical 46 
conditions of the resource. This suggests that there is a degree to which DPs are 47 
commensurable with other factors, and are complicated by multiple-causation.  48 
 49 
These debates, however, have been fruitful because they have led to the development of 50 
more inclusive and comprehensive frameworks for analysing CISs. Anderies, Janssen, 51 
and Ostrom (2004) defined the Robustness framework, which emphasizes the dynamic 52 
feedbacks between ecological systems, and human-made social and biophysical 53 
components. Ostrom (2007) outlined a framework for the diagnosis of social-ecological 54 
systems, which incorporated many important contextual variables highlighted in critiques 55 
of the DPs. McGinnis and Ostrom (2014) have reformulated this framework to improve 56 
its generalizability among research domains, and to clarify the dynamic linkages between 57 
system components. Clement (2013) has expanded on the framework by incorporating 58 
critical social processes often under-studied in SES research, such as the power-59 
knowledge nexus and dominant discourses. Barnett and Eakin (2015) used this 60 
framework as a common vocabulary to understand household vulnerability from a 61 
political ecology perspective.  62 
 63 
While it is apparent that panaceas are problematic (Ostrom 2007), this implies that we 64 
must understand complexity and the cross-scale dynamics of CISs under global change. 65 
Even the process of evaluating whether a CIS is a success requires navigating multi-66 
dimensionality and competing claims (Steins and Edwards 1999).  Anderies and Janssen 67 
(2011) suggest that our statistical methods are not enough on their own. Instead, we must 68 
compile and synthesize the insights gleaned from in-depth case studies, field and lab 69 
experiments, mathematical models, and statistical results. In this study, we demonstrate 70 
the utility of supplementing statistical analyses with qualitative case study analysis to 71 
develop a deeper understanding of context and cross-scale interactions.  72 
 73 
Our analysis starts off from the results of Baggio et al. (2015). We follow the suggestion 74 
that resource users can self-govern through multiple pathways and conditions, and that an 75 
inductive or grounded approach enables scholars to avoid blind spots in analysis (Basurto 76 
et al. 2013). Blind spots occur when scholars use a classificatory framework as a 77 
checklist rather than starting point, without reflecting on how our frameworks are 78 
embedded in certain worldviews or normative values (Basurto et al. 2013). By adding an 79 
inductive approach to our deductive analyses, we can expose the shortcomings of these 80 
frameworks and their embedded worldviews to the criticism of empirical reality. This 81 
tension between deduction and induction is at the forefront of the craft of science, art, and 82 
policy design (Allen, Zellmer, and Wuennenberg 2005).We incorporated qualitative 83 
insights to assess how the criticality and relevance of the DPs depend on underlying 84 
context. In other words, why are there cases in which few design principle are present 85 
that are considered successful and why are there cases in which most of the DPs are 86 
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assessed but the CPR is not successful? What other contextual variables help us explain 87 
these “inconsistencies”? The qualitative integration with Baggio et al. is, in our opinion, a 88 
fundamental step to build robust governance of CISs. 89 

METHODS 90 
 91 
We used a modified version of Ostrom’s DPs (Cox, Arnold, and Tomás 2010); in which 92 
three DPs are subdivided, yielding a total of 11 principles. Baggio et al. (2015) found that 93 
the sufficiency and necessity of DPs depended on the type of analysis. Qualitative 94 
comparative analysis of only those cases with all data available suggested that only all 95 
principles could ensure success. Their reliability test based on all cases, however, 96 
suggested caution against extrapolating from cases with complete information. 97 
Conclusions were probabilistic: no principle is sufficient or necessary, some principles 98 
such as congruence (2A and 2B) may be “more necessary than others,” and more 99 
principles increase the probability of success. We base our analysis on the finding that 100 
successful cases had significantly more DPs than unsuccessful cases (8.7 vs. 4.1).  101 
 102 
Baggio et al. (2015) analysed 69 case studies of CPR governance regimes to code their 103 
governance outcomes (success or failure) as well as the presence or absence of DPs in 104 
them. Of the 34 cases with 8 or more DPs present, 29 were coded as successful.  The 105 
remaining five cases exemplify inconsistencies that warrant further investigation to 106 
determine what factors contributed to these outcomes. If the case studies indicate that 107 
social or ecological problems stemmed from the absent DPs, then this further supports the 108 
recommendation that all of the DPs are required for success. On the other hand, if the 109 
case studies suggest other factors as explanations for outcomes, then we should 110 
recommend more attention to factors not captured by the DPs such as specific contextual 111 
variables.  112 
 113 
In addition to these cases, Baggio et al. (2015) found four cases with five DPs or less that 114 
were successful. These cases support their claim that although the DPs are a good 115 
predictor of success, they are not essential. We examine these four cases and consider 116 
other factors that contributed to their success.  117 
 118 
We classify our inconsistencies into two categories by considering case outcomes and 119 
DPs: Type 1 and Type 2 (Fig. 1). Type 1 inconsistencies are cases with eight or more 120 
DPs that were not deemed successful. Type 2 inconsistencies are cases that had five or 121 
less DPs, but were deemed successful.  122 
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 123 
 124 
 125 
 126 
Figure 1: Illustration of Type 1 and Type 2 inconsistencies. Type 1 inconsistencies have 127 
8 or more DPs implemented but still fail in CPR management. Type 2 inconsistencies 128 
have 5 or less DPs implemented but still succeed. 129 
 130 

Potential causes of inconsistencies 131 
 132 
Inconsistent cases can arise from several causes: 1) investigator bias in primary data 133 
analysis, 2) procedural bias in secondary data analysis, and/or 3) substantive error in 134 
which there are alternative contextual factors or multiple pathways that accounts for an 135 
outcome. Investigator bias refers to the fact that author(s) may observe and interpret the 136 
CPR state based on a narrow range of theory, assumptions, and objectives (Basurto et al. 137 
2013; Degnbol et al. 2006). An example of investigator bias is when an author measures 138 
the success of a case based only on the presence or absence of the DPs. These case 139 
studies may have been developed without attention to potential blind spots.  140 
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 141 
Figure 2: Different reasons that may explain inconsistencies 142 

 143 
 144 
 145 
Procedural bias concerns the coding process depicted in boxes two and three in Figure 2. 146 
It is undeniable that an individual coder’s subjectivity can influence the coding outcomes. 147 
Coding involves translating textual data into variables, and thus each coder’s biases may 148 
result in errors in how such variables are assessed. Both Baggio et al. (2015) and Cox, 149 
Arnold, and Tomás (2010) took measures to ensure consistency between individual  150 
coders in the group. However, Baggio et al. (2015) showed that the inter-coder reliability 151 
between the two studies was low. This is not an indication of better/worse coding, but of 152 
the difficulties of coding data from secondary sources and when the coding relates to 153 
what we refer to as soft human infrastructure (i.e. institutions, conflict resolution 154 
mechanism, etc.). 155 
 156 
The origin of the first two forms of inconsistencies may be detectible in our analysis. 157 
First, we may read a case and find no alternative explanation for the outcomes. This 158 
would suggest investigator bias because the original study did not consider alternative 159 
explanations for outcomes. Second, we may find evidence for the presence or absence of 160 
DPs that contradict the coding, which would indicate procedural bias. This result would 161 
strengthen the explanatory capacity of the DPs in our conclusion. In our examination, we 162 
found that all investigators went beyond the DPs to explain outcomes in the study, but 163 
their explanations were not exhaustive. This suggests that while investigators did not rule 164 
out alternative explanations to the DPs, we cannot rule out the possibility of some degree 165 
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of investigator bias.   Further, we found no contradictions to the coding conducted by 166 
Baggio et al., and thus no evidence for procedural error.  167 
 168 
Below, we will show that inconsistent cases stemmed from a substantive error. If an 169 
inconsistency is attributed to “substantive error,” it has the most significant implication in 170 
our diagnostic approach since it may offer an alternative explanation for an outcome. 171 
These substantive issues may allow us to uncover important contextual factors that 172 
highlight the need to integrate diverse approaches to understanding CISs. 173 

RESULTS AND DISCUSSION 174 

Overview of Inconsistent Cases 175 
 176 
Table 1. Present (1), absent (0), and missing design (blank) principles coded by Baggio et 177 
al. (2015). 178 
Case 1A 1B 2A 2B 3 4A 4B 5 6 7 8 

Type I Inconsistencies (not successful) 
Yuracare 1 1   1 1 1 1 1 1 1 
Ranvahi 1 1 1  1 1 1 0 1 1 1 
Sol y Arena 1 1 0 1 1 1 1  1 1 1 
Sol y poniente 1 1 0 1 1 1 1  1 1 1 
La Mancha Oriental 0 1 1  1 1 1 0 1 1 1 

Type II Inconsistencies (successful) 
Historical Huaorani 1 1 1  0 1 1  0  0 
Nyamaropa 0 0          
Apalachicola 1 1    1    1  
Lake Chilika Pre-1990  1   1    1 0 1 
 179 
Following the criteria outlined in the previous section (see Figure 1) we identify 9 cases 180 
that are deemed to be Type 1 and Type 2 inconsistencies. Table 1 indicates the presence 181 
and absence of DPs, and missing data. This table clearly demonstrates that Type 2 182 
inconsistencies had many more missing data points. This supports the claim that DPs are 183 
likely absent when not explicitly discussed by investigators, though it may also be 184 
because these authors did not explicitly focus on the DPs, but they were inferred by 185 
coders reading the text.  186 
 187 
Table 2 summarizes the type of resource sector, geographic location, and alternative 188 
explanations of the selected cases. While some explanations were related to local context 189 
(historical rights, values, local resource abundance and distribution), in all cases, 190 
inconsistencies were also due to interdependencies that developed externally to the focal 191 
system (market integration, non-state actors, technology). In the following sections we 192 
will discuss the important of these local and non-local factors in each case.  193 
 194 

195 
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Table 2. Identification and characteristics of inconsistent cases. 196 
Case Sector Country Contextual Factors Citation 
Yuracaré forest 
system  

Forestry Bolivia Market integration 
Values 

Becker and Leon 
(2000) 
 

Ranvahi forest 
community 

Forestry India Non-state actors Ghate and 
Nagendra (2005) 
 

Sol y Arena  Irrigation Spain Market integration, 
Technology 

Lopez Galvez and 
Villasante (2001) 
 

Sol y Poniente  Irrigation Spain Market integration 
Technology 

Lopez Galvez and 
Villasante (2001) 
 

La Mancha 
Oriental 

Irrigation Spain Market integration 
Technology  
Historical rights 
Resource trade-offs 
 

Lopez Gunn and 
Mora(2001) 

The Historical 
Huaorani  

Forestry Ecuador Lack of market 
integration  
Resource abundance  
Resource distribution 
Historical factors  
 

Lu (2001) 

Nyamaropa 
communal area  

Forestry Zimbabwe Resource abundance  
Resource distribution 
Social cohesion 
Technology  
 

Mandondo (2001) 

Apalachicola 
Bay Oyster  

Fishery USA Social cohesion 
Technology 

Pinkerton and 
Weinstein (1995) 
 

Chilika lake 
pre 1990s  

Fishery India Historical Factors Rout (2006) 

Type 1 Inconsistencies  197 
 198 
These cases represent CPRs in which a high number of DPs were not sufficient to avoid 199 
over-exploitation of resources and/or increased conflict within the community. An in-200 
depth assessment of such cases leads to a handful of reasons why DPs may not be at all 201 
sufficient: essential principles absent, influence of external actors (non-state in the 202 
specific case examined), market integration and values.203 
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Ranvahi forest: importance of non-state actors 204 
 205 
Baggio et al. (2015) identified the presence of 9 DPs in the Ranvahi forestry case. 206 
Ranvahi resource users had an executive management committee, consensus-based 207 
decision-making to develop rules, well-defined resource and user-boundaries, and 24 208 
hour patrolling to protect their forest from outsiders. But while Ranvahi villagers 209 
successfully monitored and defended their territory from poachers from neighbouring 210 
villages, they remained lenient to authorized resource users. Thus, only neighbouring 211 
villagers were likely to have faced graduated sanctions for their rule infractions, while 212 
Ranvahi villagers were not. Ghate and Nagendra (2005) suggest that this leniency 213 
resulted in increased rule infractions, and resource users became increasingly frustrated 214 
with their management system. Evidence from this case in isolation may suggest that 215 
boundary rules are not sufficient in themselves to avoid over-harvesting. But the DPs do 216 
not provide further insight as to why Ranvahi villagers did not sanction members of their 217 
own community. To understand the background of this leniency, we need to look at the 218 
relationship between Ranvahi and non-state actors.  219 
 220 
 221 
Ostrom (1990) argued that the state’s lack of recognition of the rights of resource users to 222 
craft their own institutions results in conflict and erodes institutions and the impetus for 223 
collective action. Ostrom did not, however, discuss the influence of non-state actors such 224 
as non-governmental organizations (NGOs). In the Ranvahi forestry case, a local NGO 225 
(Amhi Amchya Arogya Sathi, AAA) helped to organize villagers, and guided Ranvahi’s 226 
forest protection association to develop flexible and unambiguous rules. Thus, the AAA 227 
played a pivotal role in facilitating village forest self-governance. At the same time, 228 
however, the AAA limited villagers’ ability to sanction other villagers who overexploited 229 
forest resources. The AAA was concerned that recommending sanctions would create 230 
antagonism in the community, and that this would compromise the NGO’s ability to 231 
implement additional programs. The AAA’s position reflects the recognition of a well-232 
known trade-off between sanctioning rule-breakers, and disrupting social cohesion in a 233 
community (Cleaver 2000; Cox, Arnold, and Tomás 2010). But the AAA presented a 234 
challenge to the design principle regarding the recognition of the rights of Ranvahi 235 
villagers to organize on their own. While this resulted in unsustainable forest harvesting 236 
practices, it also caused dissent in the community, suggesting that both sanctioning and 237 
not sanctioning have the potential to create antagonism in the community. In the end, the 238 
policies imposed by the NGO both facilitated and limited the possible effectiveness of 239 
CPR self-governance.  240 

Yuracare	  forest:	  market	  integration	  and	  values	  241 
	  242 
The case of the Yuracare exemplifies the influence of market integration on CPR 243 
management. The Yuracare governed the use of forest resources in their territories prior 244 
to contact with the Bolivian government. They maintained resource boundaries, 245 
collectively crafted rules, and controlled use of and access to forest resources at different 246 
levels, including the clan, the “corregimiento” (consisting of one or more clans), and the 247 
territory. Representatives from each clan elected a leader, and each corregimiento had 248 
representatives that participate in tribal council meetings. These meetings were used to 249 
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resolve disputes with other indigenous groups, and between those with access to 250 
resources within the Yuracare territory. The Bolivian government recognized the 251 
Yuracare management system in the 1990s, and has codified their petitions for land 252 
tenure. Becker and Leon (2000) demonstrate that the Yuracare management system 253 
ensured the sustainable and stable harvests of fruit trees and game animals. But Yuracare 254 
communities were introduced to new incentives as they became increasingly integrated 255 
into the market economy and wider social fabric.  256 
 257 
In its historical context, Yuracare self-governance exhibited congruence between 258 
appropriation and provision rules and local conditions, but conditions were changing. In 259 
response to increasing market demand for commercial timber species, such as mahogany 260 
and Spanish timber, Yuracare forest associations privatized and distributed timber species 261 
among families within their boundaries. While Yuracare placed a high value on 262 
traditional fruit trees and game animals, they viewed timber trees as “surplus.” Given the 263 
high market value for these species, Yuracare resource users over-exploited timber 264 
species, which decreased the biodiversity of the forests in the region. These developments 265 
led to the overall degradation of forest ecosystem in the Yuracare territory. In essence, 266 
market integration exposed the hidden fragility of the Yuracare self-governance regime to 267 
the market demand for timber resources. This fragility eventually led to the degraded 268 
condition of the forest ecosystem.  269 
 270 
Sol y Arena and Sol y Poniente: Market integration and technology use.  271 
 272 
The cases of Sol y Arena and Sol y Poniente demonstrate the importance of external, 273 
contextual forces guiding or shaping perverse feedbacks that give rise to resource over-274 
exploitation. Both cases refer to an area spanning around 300 km2 in the south of Spain in 275 
the Almeria region. The region is famously known for their agricultural exports. Baggio 276 
et al. (2015) found the presence of 9 out of 11 DPs in both cases. However, both have 277 
experienced resource over-exploitation, scarcity, and a steep decrease in water quality in 278 
recent years. These conditions can be partially attributed to the incentive structure put in 279 
place by market conditions.   280 
 281 
Initially, farmers used traditional irrigation techniques. But a high demand for 282 
agricultural products incentivized farmers to modernize and adopt more efficient drip 283 
technologies. But at the same time as they adopted drip irrigation, farmers increased the 284 
area of land under irrigation. The extension of irrigated land was greater than efficiency 285 
gains from new drip irrigation, and thus farmers ended up using more water overall. This 286 
has resulted in water scarcity and an increased rate of salinization of the aquifer used for 287 
part of the water extraction.  288 
 289 
Although there are conflict resolution mechanisms, there is congruence between inputs 290 
and rules, and the CPR is bounded biophysically and socially, several factors have 291 
contributed to ineffective resource governance.  Farmers had access to water shares 292 
through the irrigation community, or through privately constructed wells. Wells and 293 
groundwater pumping technologies have allowed farmers to access water easily and to 294 
drill deeper wells as groundwater levels declined. Additionally, while well technology 295 
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masked signals of resource decline, the irrigation community did not have a means to 296 
effectively monitor the condition of groundwater, despite having active monitors. Thus, 297 
despite the presence of 9 of 11 DPs, problems arose from the combination of incentives, 298 
technology, monitoring, and private and common property rights for two common pool 299 
resources. Importantly, the appropriation rules for these systems were not proportional to 300 
social and environmental conditions (DP 2A). The proportionality of rules to local 301 
conditions, however, may have existed previously, but were no longer tenable as 302 
economic, social, and technological conditions changed. Thus while principle of 303 
congruency between rules and local conditions was essential to understanding these 304 
cases, it was also necessary to pay attention to how technology and economic conditions 305 
changed this congruency over time.  306 

La Mancha Oriental: regional conflicts and market integration 307 

La Mancha Oriental is a region located in the south east of Spain near the cities of 308 
Albacete and Ciudad Real. The aquifer of the Mancha Oriental spans around 8500 km2. 309 
Irrigation development and agricultural intensification started during the 1970s and 310 
accelerated during the 1980s. Similar to Sol y Arena, and Sol Y Poniente, farmers in La 311 
Mancha Oriental were also influenced by incentives to increase production of more 312 
water-intensive crops, and had similar problems monitoring groundwater. In this region, 313 
however, problems emerged as disparities grew between upstream and downstream 314 
communities. Castilla La Mancha (CLM) farmers increased their use of groundwater for 315 
agricultural production, which reduced water availability in the Jucar River. Conflicts 316 
arose because the Jucar River provided irrigation water to the downstream Communidad 317 
Valenciana (CV). As farmers in CLM responded to new economic incentives,  a 318 
previously unknown externality emerged affecting CV downstream, but the governance 319 
system had not yet generated rules to deal with or anticipate this externality. From 320 
another point of view resource sustainability problems can also be attributed to policies 321 
of the European Union and the Spanish National Government that incentivized 322 
production of specific agricultural products. These policies shifted agricultural focus 323 
from traditional low water to high water requirement cultivations. The socio-economic 324 
development also increased population in the area, leading to reduced wetland coverage, 325 
further exacerbating the aquifers capacity to recharge. There were signs, however, that 326 
farmers in CV and CLM were actively responding to these emerging problems. They 327 
formed an association, the regional platform for Jucar defence, to craft institutions to 328 
share water between communities. Under this association, CV farmers have agreed to 329 
reduce their water consumption. Thus, while new conditions generated incongruence 330 
between rules and local conditions, the Mancha Oriental has demonstrated the potential 331 
to respond to new conditions. At the time of analysis, Mancha Oriental was a labelled as 332 
unsuccessful, but this label may be short-lived as farmers and the governance regime 333 
adapt their farming practices and institutions to social, economic, and ecological signals. 334 
This case and the cases of Sol y Arena and Sol y Poniente demonstrate the dynamic 335 
nature of congruence, and the need for flexibility and adaptability of governance regimes.   336 

Type 2 Inconsistencies 337 
 338 
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The following cases represent CPRs in which very few DPs were detected, yet the CPR 339 
was considered successful. An in-depth assessment of these cases leads us to postulate 340 
alternative reasons for success in absence of DPs: lack of market integration, resource 341 
abundance in relation to population size, internal cohesion of communities due to kinship 342 
ties, technology, and time-lags and political economy shifts. However, we also need to be 343 
aware that the limitations of the coding process may explain some of the successes 344 
among cases with five DPs or less. More specifically one possible explanation for the 345 
success of these cases could be that the sources used for coding the cases did not mention 346 
the presence of DPs even though they may have been present. For example, the case of 347 
Apalachicola bay (Pinkerton and Weinstein 1995) was coded as having 4 DPs, while 348 
remaining principles were coded as missing. The success of this case may, in fact, be 349 
attributable to the presence of all DPs, but there is no information to support or reject this 350 
claim.  351 

The	  Huaroani:	  Lack	  of	  Market	  Integration	  352 
 353 
Above, we showed that market integration can incentivize villages to over-harvest 354 
commercial species, especially when they place little traditional value on those species. 355 
The case of the Huaorani in Ecuador further supports this argument by demonstrating that 356 
a lack of market integration may inhibit over-exploitation of forest products. The 357 
Huaorani inhabit the forests of Ecuador, located in Napo, Orellana, and Pastaza 358 
provinces. Their economy is based on hunting, gathering, horticulture, and fishing. The 359 
Huaorani had asserted ownership status over their territories, and had some institutions 360 
constraining forest resource use, maintained by mutual trust, reciprocity and kinship ties. 361 
They monitor for encroachment from outsiders, and maintain social boundaries that 362 
define common and private spaces. But these institutions are highly informal and 363 
embedded within implicit cultural understandings. Huaorani institutions focused on social 364 
boundaries, rights of prior appropriation and reciprocal benefits of sharing. There were no 365 
rules limiting the amount of resource a Huaorani individual or family could harvest. In 366 
this sense, the Huaorani maintained a laissez faire attitude, and valued their autonomy to 367 
freely harvest from a highly abundant resource. The Huaorani’s implicit belief in the 368 
natural abundance of resources did not incentivize over-exploitation prior to market 369 
integration. Instead, the Huaorani would only take what they needed.  Thus, in the 370 
absence of markets that incentivize the production and sale of surplus, the simple and 371 
minimal CPR regime of the Huaorani was effective for preventing resource over-372 
exploitation. That is, they succeeded in their CPR management even with only a few DPs 373 
implemented explicitly.  This success, however, as we will see below, was not robust to 374 
the demographic and economic changes that would occur at the end of the 20th century.  375 

Huaorani	  and	  Nyamaropa:	  Resource	  Abundance	  in	  Relation	  to	  Population	  Size	  376 
 377 
Despite having few rules to manage resources, the Huaorani defended their territories 378 
from outsiders with the threat of violence. In contrast to the Huaorani, the villagers in 379 
Nyamaropa communal area, Zimbabwe, did not have any sense of territoriality. In fact, 380 
we coded Nyamaropa as a successful case despite the fact that we coded all DPs as either 381 
absent or missing. But the Nyamaropa communal area did have some land tenure 382 
systems, including homestead plots, and a prohibition on commercial extraction and 383 
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extraction from sacred areas. The coding team, however, did not deem these norms as 384 
sufficient to constitute institutions for overall management of the forest CPR of interest in 385 
the case study.  The prohibition on commercial extraction is an important social norm in 386 
Nyamaropa. Though it seems that there is a degree of market integration in this village, 387 
the villagers have developed a simple informal institution that limits the impact of market 388 
incentives, which could otherwise incentivize surplus extraction.   389 
 390 
Another reason why the Nyamaropa forests were not overexploited is the relative 391 
abundance of resources in the region. The importance of this biophysical condition was 392 
also evident in the case of the Huaorani; the relative abundance of resources to population 393 
size obviates the need for resource management regimes. The case of Nyamaropa also 394 
suggests that the importance of the DPs is contingent on the spatial distribution of 395 
resources and people. Mandondo (2001) concluded that the most important combination 396 
of factors affecting resource use was the spatial distribution of resource users in relation 397 
to the distribution of resources. This spatial relationship had implications for household 398 
labour that limited resource use and over-exploitation of woodland resources. This was 399 
especially the case for more bulky woodland products such as fuelwood, kraal, or fence 400 
posts, wall and roof poles, and brushwood. Villagers preferred to collect these products 401 
locally because they were relatively abundant. Among the few villagers who suggested 402 
that woodland products were not locally abundant, they preferred to collect locally 403 
available substitutes rather than travel long distances to obtain these products. These 404 
distances presented high labour costs to households. Villagers travelled further distances 405 
to collect lighter woodland products, such as mushrooms, medicinal herbs, and wild 406 
fruits. These resources, however, were also highly abundant. Mandondo (2001) suggests 407 
that the extraction of these products would likely have less of an impact on the forest than 408 
widespread extraction of timber and fuelwood.  409 

Nyamaropa,	  Huaorani	  and	  Apalachicola	  bay:	  Kinship	  Ties	  and	  Social	  Cohesion	  410 
 411 
In the above cases, the Nyamaropa and Huaorani had very fluid or “soft” boundaries 412 
between villages or households using a common resource. But despite a laissez-faire 413 
attitude, there was a degree to which resource users in both cases maintained an implicit 414 
“code of conduct,” kept in place by kinship ties and social cohesion. For example, 415 
Mandondo (2001, 191) suggests that villagers extracted resources from neighbouring 416 
villages “within accepted norms of civility, such that it does not induce moral outrage and 417 
economic anger in source villages.” The case of the Oyster harvesters of Apalachicola 418 
bay, Florida, however, demonstrates that kinship ties and social cohesion are sometimes 419 
foundational to sustainable harvesting strategies. This group of resource users maintained 420 
resource boundaries, monitored the conditions of the resource, and developed simple 421 
rules that have been codified by Florida authorities. Though the Oyster beds of 422 
Apalachicola bay were officially open-access, these resource users maintain tenure 423 
informally through tight bonds between harvesters and processors in the region. They 424 
achieved this by excluding outsiders from access to critical information regarding oysters, 425 
the fishery, and the local fishing industry. Pinkerton and Weinstein (1995) noted that 426 
harvesters were Scotch-Irish settlers, exhibiting low ethnic diversity, low occupational 427 
mobility, and high dependence on the resource. Thus, Apalachicola bay harvesters placed 428 
a high value on the resource and on their shared identity, and maintained tight local social 429 
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networks to maintain the resource. Above, we suggested that this case might be 430 
successful because other DPs were, in fact, present, but not reported. An alternative 431 
explanation is that the high degree of social cohesion or social capital obviates the need 432 
for explicit implementation of many of the DPs. Cleaver (2000) and Cox, Arnold, and 433 
Tomás (2010) have argued that graduated sanctions may not be necessary, and may even 434 
be problematic if implemented without considering to existing social capital. Indeed, 435 
where social capital is strong, there may be little need for monitoring and sanctioning 436 
because rule infractions may be rare.  437 

Nyamaropa	  and	  Apalachicola	  bay:	  Use	  of	  Technology	  438 
 439 
The importance of technology to CPR management outcomes may often lie hidden within 440 
the dynamics of a system, and may only become apparent when that technology changes. 441 
This may explain why few cases mention technology. Nyamaropa villagers, for example, 442 
could not over-exploit distant resources due to the household labour demands of 443 
collecting resources. If a new technology was introduced to this community that reduced 444 
these labour demands, then the fragility of this CPR regime may have become exposed. 445 
Alternatively, resource users are sometimes well aware of the importance of technology 446 
to sustainably harvesting resources. This was the case for the Apalachicola bay Oyster 447 
harvesters. Members of this community prohibit the use of efficient technologies for 448 
harvesting Oysters, and only permit the use of labour-intensive tongs. Florida harvesters 449 
have cooperated on the enforcement of this rule. This limitation does not only limit the 450 
efficiency and rate of exploitation, as well as the selectivity of harvesting. This institution 451 
suggests some congruence between rules and local conditions, but we concluded that 452 
there was not enough information to mark this principle as present. Also important to this 453 
technology rule is its implications for community control of knowledge. New 454 
technologies require a different type or amount of knowledge of local resources for 455 
harvesting. The Apalachicola technology rules have excluded outsiders from accessing 456 
the resource, by excluding them from the social networks that maintain the knowledge 457 
needed to harvest the resource using these methods. 458 

The	  Huaorani	  and	  Lake	  Chilika:	  Historical	  trends,	  Time	  Lags,	  and	  Political	  Economic	  459 
Shifts	  460 
 461 
In Baggio et al. (2015), we followed the case definitions from Cox, Arnold, and Tomás 462 
(2010) in which one particular “case” was divided into separate time frames. For 463 
example, the Huaorani case was divided into a historical and contemporary case. This 464 
complicates statistical analysis, since some cases have a degree of interdependence. On 465 
the other hand, these cases, when observed longitudinally, provide insight into how the 466 
robustness of a CPR governance regime changes over time. The fragility of the Huaorani 467 
CPR regime was exposed as it became increasingly integrated into the Ecuadorian state. 468 
It seems that in this case, what was once simple and effective CPR regime could not cope 469 
with a suite of market forces. The Huaorani have increasingly participated in the 470 
burgeoning market economy, which incentivized a higher rate of forest resource 471 
exploitation. This again strengthens the suggestion above that it is important to recognize 472 
the economic context of CPRs. But exploitation has also increased with an increasing 473 
population seeking to meet subsistence needs, and increasing availability of technologies 474 
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that improve harvest efficiency. In addition to these forces, the Ecuadorian government 475 
has incentivized the centralization of power and populations in the region. Thus Huaorani 476 
communities are now sedentary and composed of larger groupings with mixed non-kin 477 
and immigrating non-Huaorani residents. These mixed communities no longer exhibit the 478 
level of social cohesion, kinship ties, and accountability structures that existed in the 479 
historical case. Lu (2001) provides examples of free riding, stealing, and over-480 
exploitation that became increasingly common as kinship and social ties eroded. Despite 481 
these processes, and increasing overexploitation, the Huaorani maintained a belief in the 482 
natural abundance of resources. When resource use was for subsistence purposes, and 483 
when the population was relatively small, this belief did not lead to over-exploitation.  484 
 485 
A view of the Huaorani over time also reveals the fragility of land tenure when powerful 486 
economic groups take interest in these lands. The Ecuadorian government has granted 487 
concessions to foreign oil companies for oil production in Huaorani territories. Lu (2001) 488 
notes that this has undermined the Huaorani sense of control over their resources. Thus, 489 
what was once well-defined resource and user boundaries are now much more uncertain 490 
and ill-defined. This again demonstrates the importance of non-state actors. In this case, 491 
non-state actors were powerful corporations, with greater influence over the Ecuadorian 492 
state and their policies.  493 
 494 
The case of Lake Chilika also demonstrates the important element of time. Lake Chilika 495 
is Asia’s biggest salt-water lake, found on the eastern coast of India. The boundaries of 496 
the resource are well defined due to the geographic delineation of a catchment unit. In the 497 
pre-1990’s time frame, fish harvesters engaged in collective action through fishermen’s 498 
cooperative societies, and cooperative marketing societies. These organizations are 499 
nested within, and negotiate with state departments, including the Revenue department, 500 
which manages land and resource tenure, and the Department of Fisheries and Animal 501 
Resource Development, which oversees fisheries management, research, and training. 502 
The first indications of fragility were evident in the 1980s, when the Revenue Department 503 
introduced new licensing arrangements, which gave outside investors the right to develop 504 
Lake Chilika for prawn aquaculture. Fish harvesters in Lake Chilika protested this policy 505 
shift, and five people were killed in 1986 due to conflicts. This suggests that it may have 506 
been inaccurate to code the pre-1990 lake Chilika case as a success, but Rout (2006) 507 
suggested that the resource was stable, and benefits streaming from the resource 508 
remained equitable through the 1980s. As a result of this policy shift, however, the 509 
aquaculture sites changed the ecology of the lake and reduced fish abundance. Fish 510 
landings were steady and sustainable from 1970-1990, but landings dropped to as low as 511 
21% of historical levels in the 1990s (Rout 2006).  512 
 513 
Though we only had data on 5 of 11 DPs, the key factor to these conflicts and ecological 514 
problems was the Revenue Department’s lack of recognition of the rights of Lake Chilika 515 
fish harvesters to develop and maintain their own institutions for managing the lake. 516 
Again, as we saw in the case of the contemporary Huaorani, powerful economic non-state 517 
actors played an important role in influencing policy, and precipitating this lack of 518 
recognition.  519 
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By dividing the case of Lake Chilika into two distinct cases, Baggio et al. (2015) and 520 
Cox, Arnold, and Tomás (2010) could not account for these processes through statistical 521 
analysis alone. After 2000, Rout (2006) provided evidence to suggest that the 522 
stakeholders in Lake Chilika have regained tenure over the CPR, and adapted institutions 523 
to new conditions. Fish harvesters formed a federation of NGOs, and adopted new rules 524 
to improve fish landings (i.e. mesh size restrictions, prohibitions on catching juveniles). 525 
Further, the supreme court of India issued directives that placed limitations on 526 
aquaculture activities to protect the traditional fishery. Rout (2006) further suggested that 527 
State agencies “were not well organized for community involvement until 1998-1999.”  . 528 
Finally, in 2001, the international Ramsar Convention has fostered local governance in 529 
Lake Chilika by designating Lake Chilika as a Ramsar Wetland site, and by favouring 530 
local governance institutions (Rout 2006). The case of Lake Chilika demonstrates the 531 
important element of time. The 1990s represented a period of upheaval, conflict, and 532 
ecological degradation, caused by the incursion of non-state actors. But it seems as 533 
though fish harvesters have acted collectively with support from state agencies and courts 534 
to influence policies that threatened their livelihoods.  535 

536 
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Context	  and	  Design	  Principles:	  the	  importance	  of	  multiple	  methods	  and	  mixing	  537 
quantitative	  and	  qualitative	  insights	  when	  dealing	  with	  CISs	  538 

 539 
Figure 3. Conceptualization of relationships between DPs and contexts at different levels. 540 
We include the first six DPs as part of the local context, while the recognition of local 541 
rights to organize (7) is indicated as cross-scale interactions with national and global 542 
levels, and nested enterprises (8) is considered as an element of national political 543 
economic context.   544 
 545 
By examining 9 inconsistencies, we found several important variables (listed in Figure 3) 546 
that interact with Ostrom’s DPs to produce unique outcomes. The variables listed here 547 
correspond to those suggested by Ostrom (2007). We found evidence for the importance 548 
of user dependence on resources, resource abundance and distribution, norms and social 549 
cohesion (kinship ties), technology, organizational structure, and governmental and non-550 
governmental organizations.  Some variables, however, would be considered third tier 551 
variables in the diagnostic framework. For example, the resource user’ perception of 552 
scarcity and value placed on diverse resources is an element of the resource user’s 553 
knowledge of the SES/mental models. The DPs would also characterize property-rights 554 
systems, operational rules, collective-choice rules, constitutional rules, and monitoring 555 
and sanctioning.  556 
 557 
We also found variables that were not include in the diagnostic framework. This is an 558 
expected result, since the diagnostic framework was not meant to provide an exhaustive 559 
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list. Biodiversity played an important role in some cases because it became apparent that 560 
resource users were influenced by, and influence a diversity of resources. The diversity of 561 
resources and the value resource users place on these resources determines the 562 
configuration of over-harvested resources and biodiversity outcomes. Mandondo (2001) 563 
argued that over-harvesting timber from woodlands can fundamentally change the habitat 564 
structure, which would then favour a different assemblage of species. As species get 565 
removed from a system, the opportunities for resource-users change, and dependency 566 
increases(Barnett 2014; Steneck, Wahle, and Sainte-Marie 2013).   Ostrom (2007) 567 
includes biodiversity as an ecological outcome, however, diversity and its value to users 568 
needs to be coupled to understand which resources may be overharvested, and their 569 
relationship should be understood to assess the effect on the overall system. In other 570 
words, diversity (biophysical and in social values) is both an outcome and influencing 571 
variable on resource use.  572 
 573 
Additionally, we include the influence of NGOs and transnational corporations. Both 574 
NGOs and corporations may be national or global in scope, and thus their placement in 575 
Figure 3 may change depending on the case. The AAA in India played an important role 576 
in shaping the operational rules and monitoring and sanctioning processes in Ranvahi, 577 
and ultimately, to the conflicts and inability to stop overexploitation of their CPR. The 578 
Huaoarani forests were also rich in oil. We argue that it would not be enough to simply 579 
classify this as conflict over resources in the same land because transnational oil 580 
companies clearly had the power to influence national government. This weakened the 581 
effectiveness of Huaorani boundaries. In the case of Lake Chilika, Rout (2006) 582 
demonstrated the importance of investors from outside the community who had an 583 
influence over some, but not all local governmental agencies, as well the potential for 584 
international institutions such as the Ramsar Convention to support local governance. 585 
Thus, global, national, and regional organizations and economic actors play an important 586 
role in shaping the context of a CPR at multiple scales. Additionally, as is indicated in 587 
Figure 3, we argue that influence and recognition can be direct as discussed above, or 588 
indirect. Indirect influence can occur either as global contexts influence national policy, 589 
or through global, national, and local influences on evaluating outcomes.  For example 590 
the effectiveness of genetically modified food production for improving food security 591 
will depend on the degree to which outcomes are evaluated by transnational corporations, 592 
the World Bank, state agencies, and food producers (Mooney and Hunt 2009). In this 593 
case, each agent evokes different values and considers a different spatial resolution of the 594 
outcome. The scale from which these actors act on resource users and evaluative criteria 595 
likely varies by case.  596 
 597 
Finally we found two cases that illustrated resource users adapting to exogenous change. 598 
In Figure 3, we introduce these rules as local rules to deal with external influences. In 599 
Apalachicola bay, technology rules helped to maintain knowledge-based boundaries, and 600 
prevented the incursion of more efficient technologies that did not require the same types 601 
of knowledge. Nyamaropa villagers had simple rules, which limited the nature of the 602 
interactions between resource users and external markets. Another way to present these 603 
rules is by categorizing them as operational rules with a different set of congruencies. 604 
Cox, Arnold, and Tomás (2010) suggested two elements of congruence; 1) appropriation 605 
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and provision rules are congruent with local social and environmental conditions, and 2) 606 
the benefits obtained by users are proportional to the amount of inputs required. 607 
Technology and market-mediating rules, however, are not directed at local context. 608 
Instead, they are rules constructed to deal with cross-scale interactions. While labelled as 609 
unsuccessful, the case of the Mancha Oriental may also show a capacity to adapt rules to 610 
changing conditions at multiple scales. Sol y Poniente, Sol y Arena, and the Mancha 611 
Oriental all demonstrated that while it is important that rules are congruent to local 612 
conditions, this congruency is fluid, and rules must also demonstrate some fluidity as 613 
conditions change.  614 
 615 
We include two forms of recognition in Figure 3. The first form corresponds to Ostrom’s 616 
seventh DPs; the rights of appropriators to devise their own institutions are not 617 
challenged by external authorities. This principle reflects the nature of the cross-scale 618 
interactions between national or sometimes regional government and local CPR users. 619 
But we found evidence for a second form of recognition. This form reflects the new 620 
forms of state function; neoliberal state forms that change the roles and responsibilities of 621 
governmental and non-governmental actors (e.g. Dean 2010). This form is characterized 622 
by increasing transnational influence by non-state actors; NGOs, corporations, and we 623 
may need to add, international legal institutions (such as legal bodies regulating free trade 624 
agreements and environmental treaties). While these actors and institutions influence 625 
national government, as we have seen in the case of the Huaorani and the Ranvahi, they 626 
may also have direct influence on CPRs. The degree to which these non-state actors and 627 
institutions recognize and/or facilitate the rights of local resource users to organize their 628 
own institutions may be just as important as recognition from the state.  629 

CONCLUSIONS 630 
 631 
In this paper we expanded on the work of Baggio et al. (2015) by supplementing their 632 
quantitative statistical approach with qualitative analysis. We demonstrate the utility of 633 
combining qualitative and quantitative, inductive and deductive analyses. We argue that 634 
the deductive statistical analysis of large-N studies is just one part of a continuing process 635 
of examination. Here we provide further verification for the importance of Ostrom’s DPs, 636 
and the expanded diagnostic framework. We built on these approaches by 637 
conceptualizing the DPs as a part of a local, national, and global context.  638 

The above inconsistencies exemplify general principles associated with CISs– success 639 
requires consideration of all types of infrastructure classes. The DPs are restricted to soft, 640 
human-made infrastructure, and alone are insufficient to understand interactions and 641 
outcomes. While rules may at one time be congruent with local conditions, the changing 642 
configurations of private and public infrastructures are frequently changing these 643 
conditions, and fundamentally changing human interactions with biophysical systems. By 644 
understanding these subtle connections between ecosystems, hydrological cycles, 645 
resource exploitation and distribution technologies, we can provide insight on how CISs 646 
can maintain congruency under changing conditions. Infrastructural change presents a 647 
CIS with frontier problems, whereby new resource-use frontiers are opened. We are 648 
confronted with frontier problems on many fronts as infrastructure and technology 649 
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change, from the various uses and abuses of social media tools to new fishing 650 
technologies that extend and intensify fishing pressure. In all cases, the goal of 651 
governance is to ensure that these new infrastructures and technologies can be harnessed 652 
for common good.   653 

Beck and Sznaider (2006) has suggested that much of the conceptual difficulties in the 654 
social sciences are derived from our adherence to “methodological nationalism.” That is, 655 
we implicitly structure our analyses in such a way as to assume the primacy of state 656 
function, or we presuppose the nation state as the primary contextual unit of analysis that 657 
influences local systems.  While nation states remain important actors and influences on 658 
systems, Beck and Sznaider (2006) argued that “national organization as a structuring 659 
principle of societal and political action can no longer serve as the orienting reference 660 
point for the social scientific observer.” With state reorganization under neo-liberal 661 
reform, the functions they once maintained (common property tenure, strong monitoring 662 
and enforcement and investments into capacity building) are often no longer tenable. For 663 
example, the powers of Canada’s Department of Fisheries and Oceans, as described in 664 
Ostrom (1990), are now greatly reduced with many functions meted out to private firms 665 
and fisheries organizations. Studies combining qualitative and quantitative analyses 666 
should further unpack changing state dynamics, and the implications for DPs, and 667 
ultimately, for governance, interactions, and outcomes in CPRs and other CISs. In this 668 
study we have added support to this trajectory, and suggested further possibilities for 669 
expansion.  670 
 671 
The cosmopolitanization of CPRs presents a challenge to future research. The DPs are 672 
largely based on cases not affected by the rapid globalization, and many of these cases 673 
are not as isolated as they were historically. Boundary rules could exist on paper, but land 674 
grabbing may be rampant on the ground. External wage labour opportunities and market-675 
based incentives change local context, and thus change the congruence between effort 676 
and benefits.  But this also presents an opportunity for academics to better understand 677 
what factors operating at and across scales contribute to robust CPR governance regimes. 678 
How have some CPRs been able to maintain equitable and sustainable management 679 
regimes despite these transformations?  What enables governance regimes to maintain the 680 
congruence between rules and local conditions as conditions change at multiple scales? 681 
By understanding the nature of these transformations, and the different sets of factors that 682 
operate in different regimes, we may be able to better understand or develop new 683 
principles for understanding how CPRs maintain robustness within one political 684 
economic regime, as well as across political economic regimes. This would require 685 
longitudinal analysis of CPRs, and an examination of the rules, social processes, and 686 
biophysical attributes of CPRs that mediate larger-scale disturbances over time.  687 
 688 
In attempting to explain the inconsistencies in our case studies, we found that the DPs 689 
remained important factors. We demonstrated, however, that they are often proximal 690 
causes along a causal-chain. For example, in Sol y Poniente and Sol y Arena, we found 691 
the lack of congruence between rules and social and ecological conditions was vital, but 692 
the problem of congruence was a product of market incentives and technological change. 693 
In Apalachicola, harvesters maintained social cohesion and excluded technologies that 694 
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would potentially disrupt their social and resource boundaries. In other regions, tracing 695 
the causal chain suggested that future disturbance may disrupt traditional CPR 696 
governance regimes. In Nyamaropa, resource users have relied on abundant and 697 
fortuitously distributed resources, and simple technologies. Despite a history of 698 
sustainable resource use, similar disturbances experienced in Sol y Arena and Sol y 699 
Poniente may have a significant impact on the community, requiring resource users to 700 
develop formal CPR governance regimes. Ostrom’s DPs serve as an excellent starting 701 
point for understanding the proximal causes of collective action dilemmas, and tracing 702 
these causes outward to incorporate the global network of interdependencies. 703 
 704 
Finally, here we show the utility of combining qualitative and quantitative case-study 705 
analysis, a sometimes familiar practice for CPR scholars (Poteete, Janssen, and Ostrom 706 
2010). Poteete, Janssen, and Ostrom (2010) suggest that these practices can be combined 707 
with controlled experiments and mathematical modeling. We add to this suggestion that 708 
there are benefits to combining theoretical and methodological approaches from critical 709 
social theory (Clement 2013), political ecology (Barnett and Eakin 2015), and science 710 
and technology studies (e.g. Latour 2005). 711 
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