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Outline 

1. Symptoms of a methodological problem 
– The challenge tackling SES complexity 
– The too many variables, too many case studies 

critique 
– The need to make theories dialogue with each 

other 
 

2. SESMAD Part I: A relational database for single 
and comparative case analysis 

– Example 1: Governance of pollution in the Rhine 
– Example 2: 5 case case comparison 

 
3. SESMAD Part II: A repository of environmental 

science theories 
 

4. Closing remarks 
 

 
 

 
 
 
 
 

 

 
 
 



 
 

2. Symptoms of a methodological 
problem  
 
 

 
 

 
 
 
 
 

 

 
 
 



Multicausality, non linearities and 
equifinality 

 
At any time a large number of factors may 
influence the outcome of a particular event, 
each one to a greater or lesser extent. At 
another time, the strength of those same 

causative factors on the same event may be 
very different  

(Wilson 2001) 
 

What is problematical about complex systems 
in this regard are their pervasive nonlinear 

causal relationships  
(Holling, 1987) 

 
Multiple conjuntural causation  

(Ragin 1987)  
 

 
 

 
 
 

 
 
 
 
 

 



Agrawal (2001, 2003) 

CPR theory: 35 vars. and still… 

 
How can research be conducted in a cumulative 

and rigorous fashion if this many variables need to 
be identified in every study? 

 
(Agrawal 2003) 

 
 

 
 
 
 

 



Agrawal (2001, 2003) 

CPR theory: 35 vars. and still… 

 
How can research be conducted in a cumulative 

and rigorous fashion if this many variables need to 
be identified in every study? 

 
(Agrawal 2003) 

 
 

 
 
 
 

 
Need of frameworks that help organize 
variables and their relationships 



Too many single case studies? 

 
 

 
 
 

 
 
 
 
 
 

Ragin (2000)  

N of cases in each study 
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Need of common measurement protocols 
that enable comparability across cases 



Theoretical knowledge is scattered 

• …across a wide range of fields, each 
with different theories (Turner II and Robbins 
2008; VanWey, Ostrom and Meretsky 2005) 

 
– Evaluation of theories with regard to 

evidence becomes complicated 
 

– Empirical work becomes less efficient 
 

– Theoretical consolidation is hampered 
 

 
 

 
 

 
 
 

 
 
 
 
 

 

Need of platforms that put theories in 
dialogue with each other and with evidence 



SESMAD goals 

 
Need of frameworks that help organize 
variables and their relationships 

Need of common measurement protocols 
that enable comparability across cases 

Need of platforms that put theories in 
dialogue with each other and with evidence 



 
 

2. SESMAD Part I:  
A relational database for single and 
comparative case analysis 

 
 

 
 

 
 
 
 
 

 

 
 
 



A collaborative project 
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SESMAD means 

 • A framework for consistent modelling 
of SES cases 
– SES Case: at least one environmental 

commons, governance system and actor 
group 

– Interactions: biophysical and governance  
– Temporal frame (snapshot) 

 
 

• A relational database 
– More than 150 general variables + 

project specific variables 
– Coding book 

 
 
 



Governance 
Table 

Actor (A) 
Table 

 
 
 

• Governance 
• Biophysical  

  
 
 

SES Table 

LINKING 
TABLES 



SESMAD means 

 • A framework for consistent modelling 
of SES cases 
– SES Case: at least one environmental 

commons, governance system and actor 
group 

– Interactions: biophysical and governance  
– Temporal frame (snapshot) 

 
 

• A relational database 
– More than 150 general variables + 

project specific variables 
– Coding book 

 
 
 



A tour around SESMAD 

  
 
 https://sesmad.dartmouth.edu/ 

Variables 

https://sesmad.dartmouth.edu/
https://sesmad.dartmouth.edu/


Examples: Can CPR theory scale up? 



Example 

Changes in concentration levels of selected substances (base 
year=1978) 

• Pollution in the Rhine (Villamayor-Tomas et al. 2014) 



Timeline 
• Pollution in the Rhine  



• Pollution in the Rhine  

Model  



Variable Analysis 

… and ecological triggers, and interest groups 

• Pollution in the Rhine  



Other Cases 
• Blue Fin Tuna and ICATT (Epstein et al. 2014) 



Other cases 
• Great Barrier Reef (Evans et al. 2014) 



Case comparison 
• Indonesian forests-decentralization, Rhine-ICPR, Tuna-

ICATT, GBR-MPA, Ozone-Montreal (Fleischman et al. 2014) 



 
 

2. SESMAD Part II:  
A repository of environmental 
science theories  

 
 

 
 

 
 
 
 
 

 

 
 
 



A collaborative project 
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Theories, and variable roles 

 
 
 
 

 

• Theory: A statement that describes (1) a relationship 
between an outcome and a set of independent 
variables, the values of which are argued to be 
sufficient for predicting the outcome, and (2) a 
mechanism by which this relationship occurs. 
 

• Variable roles 
 Type Subtype Description 

In
de

pe
nd

en
t 

Underlying An independent variable that affects an outcome by affecting 
another, more proximate cause. Also referred to as a distal cause. 

Proximate An independent variable that directly affects an outcome without 
the help of an intermediary variable. 

Moderating An independent variable that affects an outcome by affecting the 
relationship between another independent variable and this 
outcome. This creates what is commonly referred to as an 
“interaction effect.” 

O
ut

co
m

e 

Intermediate An outcome that is affected by the independent variables in a 
theory, that in turn affects the final outcome (e.g. collective action 
of a commons user group) 

Final The final outcome in a theory (e.g. the condition of an 
environmental commons as it is affected by levels of the 
intermediate outcome such as collective action) 



Theory relationships 

  
 
 

Relationship Conditions and notes 
Nested 1) Theory A contains all of the variables that theory B contains, with either the same values or the opposite 

set of values. 
 
2) These variables do not need to have precisely the same roles in the larger theory as they do in the nested 
one (e.g. a proximate cause may become an intermediate outcome depending on its place in the larger 
theory). 

Related 1A) Theory A and B have the same value for the same independent variable and predict the same value for 
the same final outcome, 
1B)  OR theory A and theory B have opposite values for the same independent variable and thus predict 
opposite values for the same final outcome, 
 
2)  AND the two theories do not share the common independent variable via a shared theory that is nested 
within each. 

Contradictory 1) Theory A and B have the same value for the same independent variable but predict a different value for the 
same final outcome. 
 
2) Because of the principle of equifinality, theories that have different values for the same independent 
variable and the same value for the same final outcome are not considered to be contradictory. 



A tour around SESMAD 

  
 
 https://sesmad.dartmouth.edu/ 

Theories 

https://sesmad.dartmouth.edu/
https://sesmad.dartmouth.edu/


 
 

Sample of coded theories 

 
 
 
 

 

Theory name Field Variables Theories Steps List Moderators 
Accountable Leadership Commons 6 3 4 1 2 
CBNRM Design Principles Commons 14 17 3 11 0 
Commons Boundaries and Collective 
Action Commons 3 11 3 1 0 

Critique of Fortress Conservation Con. Biology 14 11 4 5 0 
Ecological Effectiveness of MPAs Con. Biology 10 5 3 7 1 
Local Livelihood and Protected Areas Con. Biology 4 4 2 3 0 
Individual Transferable Quotas (ITQs) Env. Economics 6 2 2 4 1 
Payment for Ecosystem Services (PES) Env. Economics 7 2 2 1 5 
Rebound Effect Env. Economics 2 3 3 1 0 
Borlaug Hypothesis and Deforestation Geography 3 3 3 2 0 
Forest Transition Theory Geography 2 2 2 1 0 
Enforcement Interdisciplinary 7 11 3 2 1 
Polycentric Co-management Interdisciplinary 12 7 4 7 0 
Social-Ecological Fit Theory Interdisciplinary 2 1 2 1 0 
Marginalization and Degradation Political ecology 7 4 4 3 0 
Crowding in and Participation Political economy 3 3 3 1 0 
Crowding out from External Support Political economy 3 2 3 1 0 
Poverty and Resource Degradation Political economy 2 3 2 1 0 
Feedbacks and General Resilience Resilience 5 1 4 2 0 
Metric Diversity, Biodiversity Loss and 
Resilience Resilience 4 1 4 1 0 

Social Memory and General Resilience Resilience 5 3 4 2 0 

• Cox et al., 2015, working paper 



Field

Collective action and the commons Interdisciplinary

Political economy Conservation biology

Resilience Geography and land use change

Environmental & resource economics Political ecology

Link

Related

Contradictory

Nested



 
 

4. Closing remarks 
 
 

 
 

 
 
 
 
 

 

 
 
 



An ongoing process 

 
 
 

1. New projects embedded in SESMAD 
(Large MPAs, fisheries in Fiji, water 
scarcity in transboundary rivers) 
 

2. Comparative studies ahead 
 

3. Systematic theory testing, and 
building  

 
 

 
 
 
 
 

 



Thank you 

 
 
 
 
 

 

 
 

 

For more information:  
 
Sergio Villamayor-Tomas 
villamayortomas@gmail.com 
 
Michael E. Cox 
michael.E.Cox@dartmouth.edu 
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Sample of variable analysis 

 
 
 
 

 

• Cox et al., 2015, working paper 

Variable Component type Type Theories Question Range 

Commons 
Condition Trend 

Environmental 
commons Ordinal 59 

Based on your answers to the 
Beginning Condition and End 
Condition variables, would you say 
that the condition of this commons 
has improved, remained the same, 
or worsened during this snapshot? 

1 Worsened; 2 
Remained the 

Same; 3 Improved 

Collective Action Actor group Ordinal 16 

What is the current level of 
collective action within the 
members of this actor group with 
respect to the use or management 
of this commons? 

1 Low; 2 Medium; 3 
High 

Compliance Actor group Ordinal 15 

Do members of this actor group 
follow the rules of this governance 
system with respect to the 
emission or appropriation of this 
commons? 

1 No; 2 Somewhat; 
3 Yes 

Transaction Costs Governance system Ordinal 15 

How high (or low) are the 
transaction costs of monitoring 
and enforcing the rules that this 
governance system involves in 
managing this commons? 

1 Low; 2 Medium; 3 
High 



A diagnostic approach  

• Identifying the conditions under which 
certain relationships hold 

 
– Identify configurations of explanatory variables 

that lead to outcomes (Heikkila 2004, Lam and 
Ostrom 2010, Basurto 2015)  
 

– Understanding the role of “context variables” 
(Bardhan 2000, Agrawal 2002) 
 

– Identify types of cases (Hinkel et al. 2014) 
 

– Identifying interactions between variables (Velded 
2000, Poteete and Ostrom 2004) 
 

 
 

 
 

 
 
 

 
 
 
 
 

 



CPR theory: interaction patterns? 

 
 
 
 
 

 

Araral (2014) 













1 COMPONENT 
TYPE 
Variables 

Governance 
System 

Environmental 
Commons 

Actor group 

2 COMPONENT 
SUB-TYPE 
Variables 

Formal 
Informal 

Natural resource sys 
Natural resource unit 
Pollutant 

None  
Local user group(s) 
Local government(s) 
Government agency 
Quasi-gov. agency 
Secretariat  
NGO(s)  
Corporation(s)  
Nation(s) 
Research community 

3 COMPONENT 
SECTOR 
Variables 

Water, marine, forest, pollution… 

4 COMPONENT 
ROLE 

“Governs/Is governed” 
“inhabits/is habitat” 
“pollutes/is polluted” 
“Predates/is predated” 
… 

Commons User 
Governance organization 

5 Variables … … … 



Case Study 1 
• Indonesian Forests (Fleischmann et al. 2014) 



Timeline 
• Indonesian Forests  



Model 
• Indonesian Forests 



Model  
• Indonesian Forests 



Variable analysis 
• Indonesian Forests 



Too many variables? 

 
 
 

 
 
 
 
 

 

 
Scholars of commons have discovered far 

more variables that potentially affect resource 
management than is possible to analyze 

carefully  
 

… and there are still missing variables 
 

(Agrawal 2003, pp. 2) 
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