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ABSTRACT. | attempt to demonstrate that the concept of institutional fit and the closely related approach of institutional
diagnosiscan beimproved with the processof formalization. Inthiscontext, the concept of fitisinterpreted asaway of expressing
certaintheoretical propositionsthat relate aset of variableswith each other and with an outcome. This perspectiveisdemonstrated
through the use of the Web Ontology Language to express several "theories of fit." Using aformal language to describe types
of fitand their associ ated theoriesisargued to have much potential for advancing the scientific study of social-ecol ogical systems.
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INTRODUCTION

Theprescriptiveconcept of institutional fit, or that institutional
arrangements should match “the defining features of the
problemsthey address’ (Y oung 2008:20) hasintuitive appeal
for scholars studying human-environment interactions.
Ingtitutiona fit is closely related to the process of diagnostic
analysis, whereby attributes of a problem are examined in
order to identify the governance arrangements that might best
address them (Young 2002, 2008, 2010). A key idea
supporting both a diagnostic approach and the concept of
institutional fit is that different environmental problems
should be treated differently, while similar problems should
be treated similarly. For example, environmental problems
characterized by unpredictable dynamics with positive
feedbacks that create high levels of irreversibility should be
managed with an emphasis on early warning systemsand high
levels of institutional adaptive capacity (Y oung 2002).

In spite of its intuitive appeal, the concept of fit islimited by
being a vague concept. Many questions are left unanswered
and must beaddressed by theanalyst (Cox 2008). For example,
what are the defining features to which institutions should be
matched, and on what typology of institutional arrangements
might we rely to conduct a systematic process of such
matching? Thisgrants scholarsafair amount of leeway in how
they operationalize it, and limits its utility in meaningful
academic communi cations because applications cannot easily
be compared.

| believe that the existence of afit between two objects can be
usefully thought to mean that they relate in such a manner so
asto produce adesirable outcome. Conversely, amisfit would
relate the combination of such objects to an undesirable
outcome. From here, we canintroducethe concept of a“theory
of fit” as a type of theory, where theories “place values on
some of the variables identified asimportant in a framework,
posit relationships among the variables, and make predictions
about likely outcomes’ (Schlager 2007:296). This
interpretation of fit also meansthat therereally isno suchthing
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asan overal “fit" of a system, just as there could not be just
onetheory. A system could befit with respect to one outcome
and not to another.

A theory of fit, as a specia type of theory, has several
distinguishing characteristics. First, the outcome or dependent
variable involved must be highly normative: it must be
something that isexplicitly desired. Whilethisisafeaturethat
is shared with many theories, it is a necessary component of
atheory of fit. Secondly, theremust beat | east two independent
variables, at |east one of which describesafeatureof aproblem
or of the natural environment, and at least one of which
describesasocial/technical property that may fit well or poorly
with this feature.

Thirdly, these independent variables cannot independently
contribute to the outcome. It isalmost amantrain somefields
and ways of thinking that everything is linked to everything
else. But this perspective differs from much of the work in
socia science that seeks to isolate the unique effects of each
independent variable included in a model. Theories
emphasizing causal interactions, then, represent a balance
between the hy per-connected and hyper-i sol ated perspectives.
They can be thought of as clusters or modules of causality
(Young 2011), the variables of which interact more strongly
with each other than they do with other variables to affect an
outcome.

Thisassociation among theindependent variablesalsoimplies
that theories of fit are expressed at a sufficiently high level of
specificity to warrant the description of such interactions.
Theoriesthat use highly aggregated general variables, such as
one that stipulates that resource monitoring contributes to
sustai nable natural resource management, do not require such
specificity. It is only when we get more specific that such
interactions must be described. For example, certain types of
monitoring, done by resource users or by governmental
guards, may fit better with subtypesof resourcesand in concert
with other social or ecological conditions. This observation
follows a general theme in much of science: as we become
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more specific in the factors we examine, we must consider
how these factors interact with each other and the relevant
context more carefully.

Finally, we can make some general statementsabout thekinds
of relationships that the variablesin atheory of fit have with
each other. First, each independent variable will tend not to
have an unambiguously positive or negative relationship with
the dependent variable. For example, just because a theory
stipulatesthat variable X being high isbeneficial in achieving
an outcome does not mean that it being low is necessarily a
bad thing, depending on what else changes in the system. If
this relationship was unambiguously positive or negative, we
could simply try to raise or lower the value of the independent
variable as needed without worrying about how it fitswith the
other variables in the system. Secondly, this also affects the
types of relationships we can expect (or not expect) between
theindependent variables. Basically, it seemsunlikely that the
relationship will be expressible arithmetically (e.g., additive
or multiplicative). An additive relationship would imply
independence, and a multiplicative relationship would imply
that each independent variableisunambiguousin thedirection
(positive or negative) of its relationship to the dependent
variable.

Whileweknow that independent variablesinteract to produce
outcomes, and many individual factors have been found to be
important in environmental policy and management (Agrawal
2003), therehasbeenlittlework doneto organizethe diversity
of theories that relate several factors together. No standard
method existstolabel or organizethem, other thaninreference
to specific analysesthat confirm or disconfirm them. A useful
response to this situation may beto develop aformalized way
of enumerating and specifying theories of fit. Such
formalization would disambiguate the idea of fit by
disaggregating it into formally specified subtypes, thereby
increasing its usefulness as a scientific concept. What follows
inthispaper, then, isan expl oration of thefollowing argument:
formalization of theories of fit canimprovetheclosely related
concepts of fit and diagnosis.

FRAMEWORKSAND THEORIES OF SOCIAL-
ECOLOGICAL SYSTEMS

The literature on the ingtitutional fit of governance
arrangements to environmental problems substantialy
overlaps with the literature on the sustainability of social-
ecological systems (SESs) (see Folke et a. 2007). Anderies
et al. (2004) definethese as“social systemsin which some of
the interdependent rel ationshi ps among humans are mediated
through interactions with biophysical and nonhuman
biological units” Formally enumerating and specifying
theories of fit is alarge departure from the standard practice
in both of these literatures.

Theoriesrely on concepts or variables. The study of SESshas
not suffered from alack of definitional offerings of concepts
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such asresilience and robustness (Holling 1973, Carpenter et
al. 2001, Carlson and Doyle 2002, Walker et a. 2004, Levin
and L ubchenko 2008). Unfortunately, therehasnot been much
progress on achieving a broad consensus on both the most
standard and accepted definitions of key terms, and less on
how different terms relate to each other.

The lack of such common definitionsin part reflects the fact
that there is not a particularly well-established common
framework for the study of SESs. Instead, there are many,
including Gunderson and Holling’ s (2002) Panarchy concept,
thelearning-based approach advocated by Pahl-Wostl (2009),
Ostrom’s (2007) diagnostic framework, Anderies et a.'s
(2004) approach, Janssen et a.’s (2006) network approach,
and the robust control framework presented by Anderieset al.
(2007). Therole of aframework isto furnish the conceptsthat
can be operationalized in order to construct theories, which
posit causal relationships among these concepts (Ostrom
2005). Thus, without a common framework, conceptual
clarification and cumulative theory generation is difficult.

Moreover, these concepts, and the theories that use them to
relate varioussocia and ecological variablesto each other and
to outcomes, tend to be stated textually and informally. The
fact that theories of SESs are expressed mostly in natura
language has the advantage that, because natural language is
complex and fuzzy, it can describe a world that is equally
complex and unclear. However, this comes at a cost. In the
case of SES research, | would argue that this cost is the
preponderance of natural language theoriesthat canbeand are
interpreted somewhat differently by different scholars based
ontheir own experienceswith thetermsused and rel ationships
described. Such differences likely inhibit effective scientific
communication. Moreover, becausethe expression of theories
in natural language effectively glosses over the methods used
to producesuch atheory, thespecificity of their actual meaning
to these methods can be hidden from those who communicate
with them.

All thisimplies that knowledge of SESs probably tends to be
highly localized to particular scientistsand particul ar systems.
Thus, in addition to making the particular concept of fit more
useful, formalizing theories of fit offers the possibility of
improving communication among scientists regarding the
many theories they employ by clarifying the meaning of
theoretical statements.

FORMALIZATION

Formalization isthe process of taking statements expressedin
natural or nonformal languageand expressingtheminaformal
language. A formal languageis*aset of primitive expressions
(e.g., symbols) and formation rules that specify how complex
expressions can be constructed from the primitive ones’
(Hinkel 2008:19). Two common examples of formal
languages are the Unified Modeling Language and the Web
Ontology Language (OWL).
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| employ some basic features of OWL to formalize several
theories of fit. OWL is built on a data model known as the
Resource Description Framework (RDF). RDF represents all
dataastriplesin thefollowing form: subject-predicate-object.
The subject is equivaent to a row ID in a traditiona
spreadsheet table, while the predi cateisthe column name, and
the object is the value of a cell where the row and column
intersect. Within the movement known as the Semantic Web,
RDF has been put forward as an alternative to more dominant
data models, namely relational databases. Being based on
RDF, OWL isitself expressed in triples.

Employing RDF and OWL formalizesadomain of knowledge
inaparticular way. Firgt, it constructs the world as classes of
objects, the members of which are called individuals. Classes
can have several relationships with each other.y The most
commonisthe“isa’ relationship, whereoneclassisasubclass
of another, which isthen called the superclass. If classA isa
subclass of class B, and individual C isamember of classA,
we can infer that C is a member of class B as well. This
demonstrates the point that the formal meaning of any OWL
expression amounts to the inferences that can be produced by
that expression (Allemang and Hendler 2008). Thesuperclass-
to-subclassisaone-to-many relationship, with one superclass
having many subclasses. Subclasses can also be given their
own subclasses to create ataxonomy.

Each OWL class can have anumber of properties assigned to
it, and subclasses inherit the properties of their superclasses.
For example, if weassign theproperty “ biodiversity” toaclass
we call “ecosystems”, then every subclass of ecosystem (e.g.,
terrestrial or aguatic) would also have this property. OWL
allows a user to enumerate the possible values that each
property can take on as well.

Another very common rel ationship between classes, although
not one formally included in OWL (meaning it does not
automatically facilitate inference), is the “is a part of”
relationship, where one classis a component of another class.
Leaves are apart of trees, for example.

APPLYING A FORMAL APPROACH TO THE
CONCEPT OF FIT

Thebasic pattern

Therearesevera syntaxesthat have been devel oped to express
OWL. Rather than presenting the actual statementsthat would
formalize theories of fit, | will illustrate this formalization
through diagrams that are very similar to the graph notation
for RDF. Rounded rectangles are classes, regular rectangles
are individual members of classes, and arrows indicate
relationships. It isimportant to know that these diagrams are
to some extent caricatures of the OWL statements that would
be used to implement the actual expressions./? Thefull details
of how they would beexpressedin OWL can mostly beglossed
over in the following discussion.
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Tobegintheformalization, it helpstointroduce and formalize
one of the frameworks mentioned earlier that will serve asthe
basis for the expression of several theories of fit. Thisisthe
diagnostic framework introduced by Ostrom (2007). The SES
framework breaks an SES into several primary components
(resource systems, resource units, governance systems, and
actors), as shown in Figure 1. In the future, there are plansto
relabel the “users’ component as “actors’ to generalize the
class. As aresult, in the following discussion | will use this
term instead. Each component is associated with a set of
concepts, about which one could ask several questions.

Fig. 1. The main components of the social-ecological
system (SES) framework (Source: Ostrom 2007).
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To formalize this framework with OWL, we specify the SES
and each of its four components as an OWL class. We then
create the relationship “Has component” to specify that the
SES has a *“Has component” relationship to each of the four
components. Thisistheinverse of the“ispart of” relationship
mentioned earlier. We would then create a class labeled
“Variable”, the subclasses of which would each be avariable.
The values that most of variables can take on would be
specified as individual members of the classfor that variable.
For example, if we have a variable such as “Actor mobility,”
we would create a subclass (under the “Variable” class) for
thisvariable, and then create individual members of thisclass
labeled Low, Medium, and High actor mobility.™!

Finally, once we do this for al of the relevant variables, we
need to relate each one to the component it describes. To do
this would then create relationships between each of the
component classes (e.g., resource system) and each of the
variablesthat are associated with those components. Figure 2
demonstrates this structure, using the actor mobility variable
as an illustrative example. If this were representing data, we
would have an individual SES, with anindividual actor group
asasubcomponent, and thisindividual would be assigned one
of the three values for actor mobility.
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Fig. 2. Formalizing the social-ecological system (SES) framework.
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Building onthis, formalizing theoriesof fit with OWL presents
a problem because fit is defined by how various SES
components and their attributes interact to produce an
outcome, which is something we cannot model with a single
triple that describes only a binary relationship between the
subject and the object. We need to express more than simply
“ingtitutions fit environment,” which would be using fit as a
relationship between two classes and not as a class in itself.
OWL, however, because it is built on the RDF data model,
can describe only binary relationships between subjects and
objects through predicates.

Fortunately, there is a standard solution to this problem™
which can be used to model any n-ary relationship (where n
> 2). Figure 3 displays the method as applied to the concept
of theories of fit. It shows*“ Theory of fit” asaclassinstead of
arelationship between two classes. There are three types of
relationships that we need to use to describe theories of fit.
First, the theory of fit class has a“Uses’ relationship with at
least two subclasses of the “Variable” class (subclasses of
which are variables). This relationship connects the theory to
the variablesthat it uses.

Second, the theory of fit class has exactly one “Associates
variables through” relationship to a class labeled “Variable
association”, which we also introduce. A variable association
describes how the variablesinvolved in thetheory supposedly
interact to produce the outcome of interest. Finally, thetheory
of fit class has exactly one*“ Contributesto” relationship to an
“QOutcome” class. This class describes the outcomes that the
independent variables, when associated with each other in a
particular way, contribute to producing. The“Outcome” class
can a so be considered to beasubclass of the“ Variable” class.

Fig. 3. Basic design pattern for expressing theories of fit in
Web Ontology Language.
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Figure 4 uses this formalization to illustrate a theory that has
been expressed in much of the environmental governance
literature (Hanna and Munasinghe 1995): that sustainable
resource management can be encouraged if the extent of a
governance system is spatially congruent to the extent of the
resource systemit governs. Thistheory islabeled “ Extent fit,”
which would be a subclass of the class “ Theory of fit” from
Figure 3.
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Fig. 4. Extent fit.
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“Extent fit” has a “Uses’ relationship to two variables:
“Governance system extent” and “Resource system extent”.
The outcomeit contributestoislabeled “ Sustainable resource
management.” Thisisaparticular valueof anoutcomevariable
we might call “Resource management sustainability.”
Because the variables in the theory contribute to a particular
value of this variable, and values are modeled as individual
members of variable classes, the rectangle in the figure is not
rounded. The situation is similar with “High spatial
congruence,” whichisavalueof atype of variable association
that we could label “Spatia congruence.” The OWL
statements used to model these two types of relationships
(classto class vs. classto individual) are slightly different.l®

The logic behind this theory is twofold. First, without high
spatial congruence, spatial externalities could lead to resource
degradation when actions taken outside the jurisdiction of the
governance system adversely affect the resource system.
Second, this congruence may help ensure that a consistent set
of ingtitutions are applied to an entire resource system, which
presumably can be identified as such because there is a fair
degree of biophysical homogeneity within its boundaries that
would be amenable to the application of a consistent set of
governance arrangements.

This reasoning is the motivation for such schemes as the
Y ellowstone to Yukon Conservation Initiative. It has been
discovered that the ranges of many animals found in
Y ellowstone National Park extend well up into Canada. As
such, in order to conserve these species, the thinking isthat a
governance system that covers these ranges must be
implemented. Otherwise, externalities from outside the
boundaries of the governance system can undermine the
conservation efforts within it.

A second example of a theory of fit associates enumerated
values of variables instead of congruence between variables.
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The theory here is labeled “ Spatiotemporal fit.” The three
variables involved are as follows: (1) “Resource unit
variability,” aproperty of aresource unit; (2) “User mobility,”
a property of user groups, which are a type of actor; and (3)
“Social boundaries’, which again would be aproperty of aset
of user groups.

The theory that combines particular values of each of these
variablesisexpressed in Figure 5, and has been established in
previous work (Niamir-Fuller 1998, Janssen et al. 2007).
Under conditionsof high resource unit variability, user groups
need to be highly mobile in order to move to different areas
where resources are more available at different times. Thisis
facilitated if there are fuzzy social boundaries, meaning that
ad hoc negotiations can be made between different user groups
to alow access to resources under certain conditions. The
variable association has changed from “Congruence” to
“Combination,” meaning that it is the combination of the
variablevaluesthat contributesto the outcome. If each of these
values is present for these variables, it helps produce the
outcome indicated.

Fig. 5. Spatiotemporal fit.
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Niamir-Fuller (1998) examines pastoral systemsin the Sahel
regionof Africathat support thistheory. Inthisarea, thenatural
environmentis* characterized by low net primary productivity
and high variability in ecosystem structure and productivity,
both spatial and temporal” (Niamir-Fuller (1998:257). The
pastoral systems present have adopted several management
strategies to respond to this, including active environmental
monitoring and highlevelsof user mobility, aswell asasystem
of flexibleyetimportant boundariesestablishingwhich groups
have priority access to which areas. Access to a group’s
priority area by another group is subject to “flexible
negotiations’” (Niamir-Fuller (1998:264).

This example also presents a question: Should environmental
monitoring beincludedinthisparticular theory, since Niamir-
Fuller (1998) thought thiswasanimportant factor in sustaining
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the systems she observed? A short, although not complete,
answer tothisquestionisthat auseful criterionfor thevariables
to beincluded in atheory isthat they should each relate quite
intimately with the rest, such that the effects of each on the
dependent variable changewith shiftsinthevaluesor presence
or absence of the others. Environmental monitoring has been
found to beimportant across arange of systems, not just those
where spatiotemporal resource availability ishigh (Cox et al.
2010). Its efficacy has not been found to depend on the other
variables of thistheory. Thus, it may be more appropriate to
stipulateitsimportancein its own theory, which may not need
to be atheory of fit as| have defined it.

Nesting and the Taos acequias

I conclude with one final example that has spatial aspects
similar to the two previous examples. Here we are concerned
with spatial externalities and with the appropriateness of
institutions to local biophysical circumstances, as we were
with thefirst example. In addition, we are a so concerned with
resource nesting. As demonstrated by Olson et a. (2001) and
many others, the distribution of biophysical propertiesin the
environment can be grouped into spatialy discrete units,
which are in turn nested within each other at severa levels.
Within each spatially discrete unit, the biophysical properties
are relatively homogeneous in comparison to those in other
units. With less aggregated, smaller spatial units, this
homogeneity becomesstronger. To conceptualizethispattern,
Olson et al. (2001) conceive of a nested system of terrestrial
ecological units, beginning with ecoregions and aggregating
up to spatial realms.

Reflecting on this quality of many biophysical systems,
Brunckhorst et a. (2006) specify a theory of environmental
management, stating that a governance regime ought to be
spatially nested itself in order to mirror the discrete and nested
nature of spatial biophysical units. Under such acondition, the
two objectives described earlier may be favored: institutions
can be made appropriate to locally homogenous biophysical
properties, and spatial externalities may be internalized by
successive levels of governance. Thetheory of spatial nesting
fit is shown in Figure 6. The variable association is spatial
congruence, and the value of this association is high spatial
congruence, duplicating those from the spatial extent theory
of fit. Thisindicates that the manner in which governance is
spatially nested should reflect, or be congruent with, the
natural spatial nesting of the resource system.

An example of an SESthat confirmsthistheory isthe acequia
irrigation system in the Taos valley of northern New Mexico
(Cox 2010). An acequiaisacommunity of farmerswho share
an irrigation canal. The acequia farmers are the descendants
of the Spanish colonists who emigrated from what is now
Mexico along the Rio Grande beginning in the 17" century.
They carried with them in their heads the traditional Spanish
irrigationingtitutions, and used them to survivein ahigh desert
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environment that covers much of northern New Mexico. In
Taos valley there is little rain, leaving the farmers mostly
dependent on the snowmelt-derived water that flows from the
nearby Sangre de Cristo Mountains.

Fig. 6. Spatial nesting fit.
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There are many important aspects of the Taosvalley acequias
that have enabled them to survive for several hundred years.
Oneimportant feature of the acequia governance systemisits
nested quality, which mirrors the nested quality of the
irrigation infrastructure the acequias maintain. Very small
irrigation canals are nested below alarger canal from which
they each derivetheir water through irrigation headgates. This
larger canal feeds off of acanal that islarger still, or directly
off of ariver. At each spatial level of thisresource systemthere
tendsto be anew management unit that governsalarger reach
of a canal or river. This pattern has been noted in other
traditional irrigation systems (Coward 1977).

Figure 7 illustratesthiscongruencein asection of Taosvalley.
Starting at the top of the figure, each successive box shades
irrigated land based on the unit of governance that manages
thisland and the canalsthat feed it. At the lowest governance
level, individual farmersmanagetheir ownirrigation turnouts
and irrigated plots. Individual-level plots are shown with
distinct shades, but the corresponding canals and headgates
that feed them are not shown. At the next level, individua
acequias manage the main canal from which these individual
canals obtain their water. In some acequiasthereisin fact an
intermediary level between these two to better reflect the
degree of hydrological nesting. At thefinal level, the acequias
inthissection of thevalley are united into asingle governance
community that manages the whole river through a formal
repartimiento, or water-sharing agreement.

FORMALIZATION AND DIAGNOSTICS

The second part of the argument | introduced in the beginning
of this paper isthat formalization can help with the process of
diagnosing which ingtitutional arrangements and/or
technol ogies might most effectively fit with important aspects
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Fig. 7. Spatial nesting of the acequia system.
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of environmental problems. The process of diagnosis has
generally been presented to take the form of a set of questions
that are asked of a particular system (Y oung 2002, Berkes
2007, Ostrom 2007). In conducting a diagnosis, the analyst
needs hel p in determining which questionsto ask about which
variables because so many variables are potentially relevant
and the analyst likely does not have the resourcesto ask about
every particular variable. Simply put, a formalized approach
could help organize these questions in away that is useful to

the diagnostician. Three waysit can do so are discussed here.
Each would ultimately depend on a well-developed
knowledge base containing OWL statements and
accompanying individual-level RDF data. Thisin turn would
depend on identifying a large number of SESs along with a
fair number of theories of fit beyond the few examples| have
discussed here. | believeit is arealistic expectation that such
theories could be identified across arange of SESs.


http://www.ecologyandsociety.org/vol17/iss4/art54/

To begin, the use of aformal language can help implement
the diagnostic approach through the relationship of a
superclass and its subclasses. This is an exercise in
taxonomizing. We could, for example, create subclasses of
SESs or their components. Each subseguent subclass of each
component, for example a class A, represents a set of
diagnostic questions. For example, if class A signifies that a
particular resource system is a groundwater aquifer, then we
need to ask questions that pertain exclusively to resource
systems of this type, such as whether it is confined or
unconfined. In this way, specifying whether a particular
instance of an SES or component such as a resource system
belongs to a particular subclass can help an analyst explore
the most relevant questions for that type of system.

Secondly, the subcomponent relationship can also play an
important role in the diagnostic process. If a class has a
subcomponent (such asthe SESand itscomponents), thisleads
to an additional set of questions that need to be asked, based
on the properties, subclasses, and subsequent subcomponents
of that subcomponent class. For example, we could specify
that two subcomponents of an environmental cap-and-trade
mechanism (or for that matter a fishery quota system) are the
initial limit on emissive or extractive activity, as well as a
property-right arrangement that organizes the scarce rights
whose valueisin part created by the limit. Doing so provides
ahelpful structurewhereby an analyst considering thesetypes
of institutional arrangementsknowsto ask questionsabout the
subcomponents involved (e.g., what types of property rights
areingtituted).

Thirdly, an analyst could use the information embodied in
theories of fit to guide a diagnostic analysis of a particular
case. If an analyst observes avariable in a case and has a set
of theories of fit in hand, he or she could then ask which
theories this variable isinvolved in. If queried, a knowledge
base containing formalized expressionsof theoriesof fit could
return all the theories that involve such avariable. From this,
the analyst would know that these theories, and the variables
they relate, represent potentially important questions to ask
about his or her case.

Additionally, an analyst could weight the potential relevance
of such theories by how similar the cases that support them
are to the analyst’s case in question. This similarity would
need to be evaluated based on whether or not two cases have
the same valuesfor critical variables (such as geographic size
or the type of resource being managed). For example, if an
analyst observes that there is spatial biophysical nesting in a
watershed, and his or her case in question is very similar to
other watershed management cases where spatial nesting of
governance had successfully addressed this biophysical
nesting, a good question to ask for his or her particular case
would be whether or not thereis corresponding nesting of the
governance system.
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CONCLUSIONS

| began this paper with two closely related questions: (1) can
the process of formalization help make the concept of fit more
useful toanalysts, and (2) can such formalization help analysts
conduct a procedure for diagnosis to find which institutions
fit best within a particular situation? | believe the answer to
both questionsis yes. Unpacking the concept of fit hasturned
out to be a process of formalizing a particular type of theory:
theories of fit. Each of these theoriesrelates a set of variables
that interact to contribute to an outcome, with at least some
measure of independence from the presence of other factors
not included in the theory. | believe that such a process of
formalization helps improve the utility of the very general
concept of fit by unpacking the different theories of fit.

Formalization can also help make the diagnostic processmore
explicit, while this process currently takes place mostly
implicitly inthemindsof scientistsand analysts. Asl indicated
earlier, this potential would require a full-developed
knowledge base of SESs and theories of fit, which has not so
far been attempted. If this were conducted, however, this
knowledge base would not only enable explicit social-
ecological diagnosis. It would also represent a better
organization of social-ecological knowledge. This organization
could have additional taxonomic rigor, and could facilitate
communication among social-ecological scientists beyond
particular research project andteamsilos. If donewell, it could
also increase the rigor with which theoretical statements of
SESs are made, and in so doing, move us towards cumulative
knowledge, which isthe hallmark of scientific progress.

Responsesto this article can be read online at:
http://www.ecol ogyandsoci ety.org/i SSUes/responses.

php/5173

Acknowledgments:

Financial support from Formas through the program Human
Cooperation to Manage Natural Resources (COMMONS) is
acknowledged.

LITERATURE CITED

Agrawal, A. 2003. Sustainable governance of common-pool
resources. context, methods, and politics. Annual Review of
Anthropology 32: 243-262.

Allemang, D., and J. Hendler. 2008. Semantic web for the
working ontologist. Elsevier, Burlington, Massachusetts,
USA. http://dx.doi.org/http://dx.doi.org/10.1016/
B978-0-12-373556-0.00001-0

Anderies, J. M., M. A. Janssen, and E. Ostrom. 2004. A
framework to analyze the robustness of social-ecological



http://www.ecologyandsociety.org/vol17/iss4/art54/
http://www.ecologyandsociety.org/issues/responses.php/5173
http://www.ecologyandsociety.org/issues/responses.php/5173
http://dx.doi.org/http://dx.doi.org/10.1016/B978-0-12-373556-0.00001-0
http://dx.doi.org/http://dx.doi.org/10.1016/B978-0-12-373556-0.00001-0

systemsfromaninstitutional perspective. Ecology and Soci ety
9(1): 18. [online] URL: http://www.ecol ogyandsociety.org/
vol9/issl/art18

Anderies, J. M., A. A Rodriguez, M. A. Janssen, and O.
Cifdaloz. 2007. Panaceas, uncertainty, and the robust control
framework in sustainability science. Proceedings of the
National Academy of Sciences 104(39): 15194-15199. http://
dx.doi.org/10.1073/pnas.0702655104

Berkes, Y. 2007. Community-based conservation in a
globalized world. Proceedings of the National Academy of
Sciences 104(39):15188-15193. http://dx.doi.org/10.1073/

pnas.0702098104

Brunckhorst, D., P. Coop, and |I. Reeve. 2006. ‘ Eco-civic’
optimisation: anested framework for planning and managing
landscapes. Landscape and Urban Planning 75: 265-281.
http://dx.doi.org/10.1016/j.1andurbplan.2005.04.001

Carlson, J. M., and J. Doyle. 2002. Complexity and robustness.
Proceedings of the National Academy of Sciences 19(99):
2538-2545. http://dx.doi.org/10.1073/pnas.012582499

Carpenter, S, B. Walker, J. M. Anderies, and N. Abel. 2001.
From metaphor to measurement: resilience of what to what?
Ecosystems 4(8): 765-781. http://dx.doi.org/http://dx.doi.
0rg/10.1007/s10021-001-0045-9

Coward, W. 1977. Irrigation management alternatives: themes
from indigenous irrigation systems. Agricultural Administration
4(3): 223-237. http://dx.doi.org/10.1016/0309-586X (77)
90006-1

Cox, M. 2008. Balancing accuracy and meaning in common-
pool resource theory. Ecology and Society 13(2): 44. [onling]
URL.: http://www.ecologyandsociety.org/vol 13/iss2/art44/

Cox, M. 2010. Exploring the dynamics of social-ecological
systems:. the case of the Taos valley acequias. Dissertation.
Indiana University, Bloomington, Indiana, USA.

Cox, M., G.Arnold, and S. Villamayor Tomas. 2010. A review
of design principles for community-based natural resource
management. Ecology and Society 15(4): 38. [online] URL:
http://www.ecologyandsociety.org/vol 15/issA/art38/

Folke, C., L. Pritchard, F. Berkes, J. Colding, and U. Svedin.
2007. The problem of fit between ecosystemsand institutions:
ten years|ater. Ecology and Society 12(1): 30. [online] URL:
http://www.ecologyandsociety.org/vol 12/iss1/art30

Gunderson, L. H., and C. S. Holling. 2002. Panarchy:
under standing transfor mationsin human and natural systems.
Island Press, Washington, D.C., USA.

Hanna, S., and M. Munasinghe. 1995. Property rightsand the
environment: social andecol ogical issues. Beijer | nternational
Ingtitute of Ecological Economics, World Bank, Washington,
D.C.,USA.

Ecology and Society 17(4): 54
http://www.ecol ogyandsociety.org/vol 17/issA/art54/

Hinkel, J. 2008. Transdisciplinary knowledge integration—
cases from integrated assessment and vulnerability
assessment. Potsdam Institute for Climate Impact Research
and Stockholm Environment Institute.

Holling, C. S. 1973. Resilience and stability of ecological
systems. Annual Review of Ecology and Systematics 4: 1-23.

Janssen, M., J. M. Anderies, and E. Ostrom. 2007. Robustness
of socia-ecologica systems to spatiad and temporal
variability. Society & Natural Resources 20: 307-322. http://
dx.doi.org/10.1080/08941920601161320

Janssen, M. A., O. Bodin, J. M. Anderies, T. EImqyist, H.
Ernstson, R. R. J. McAllister, P. Olsson, and P. Ryan. 2006.
Toward a network perspective on the resilience of social-
ecological systems. Ecology and Society 11(1): 15. [onlin€]
URL: http://www.ecologyandsociety.org/vol 11/issl/art15/

Levin, S. A., and J. Lubchencho. 2008. Resilience, robustness,
and marine ecosystem-based management. Bioscience 58(1):
1-7. http://dx.doi.org/10.1641/B580107.

Niamir-Fuller, M. 1998. Theresilience of pastoral herding in
Sahelian Africa. Pages 250-284 in F. Berkes and C. Folke,
editors. Linking social and ecological systems. management
practicesfor building resilience. Cambridge University Press,
Cambridge, UK.

Olson, D. M., E. Dinerstein, E. D. Wikramanayake, N. D.
Burgess, G. V. N. Powell, E. C. Underwood, J. A. D'Amico,
I.Itoua, H. E. Strand, J. C. Morrison, C. J. Loucks, T. F. Allnutt,
T. H. Ricketts, Y. Kura, J. F. Lamoreux, W. W. Wettengel, P.
Hedao, and K. R. Kassem. 2001. Terrestrial ecoregions of the
world: a new map of life on earth. Bioscience 51(11): 933—
938. http://dx.doi.org/10.1641/0006-3568(2001)051[0933:
TEOTWA]2.0.CO;2

Ostrom, E. 2005. Understanding institutional diversity.
Princeton New Jersey Press, Princeton, New Jersey, USA.

Ostrom, E. 2007. A diagnostic approach for going beyond
panaceas. Proceedings of the National Academy of Sciences
104(39): 15181-15187. http://dx.doi.org/10.1073/pnas.0702288104

Pahl-Wostl, C. 2009. A conceptual framework for analysing
adaptive capacity and multi-level learning processes in
resource governance regimes. Global Environmental Change
19(3): 354-365. http://dx.doi.org/10.1016/].gloenvcha.2009.06.001

Schlager, E. 2007. A comparison of frameworks, theories, and
models of policy processes. Pages 293-320in P. A. Sabatier,
editor. Theories of the policy process. Westview Press,
Boulder, Colorado, USA.

Young, O. 2002. The ingtitutional dimensions of
environmental change: fit, interplay, and scale. MIT Press,
Cambridge, Massachusetts, USA.


http://www.ecologyandsociety.org/vol9/iss1/art18/
http://www.ecologyandsociety.org/vol9/iss1/art18/
http://dx.doi.org/10.1073/pnas.0702655104
http://dx.doi.org/10.1073/pnas.0702655104
http://dx.doi.org/10.1073/pnas.0702098104
http://dx.doi.org/10.1073/pnas.0702098104
http://dx.doi.org/10.1016/j.landurbplan.2005.04.001
http://dx.doi.org/10.1073/pnas.012582499
http://dx.doi.org/http://dx.doi.org/10.1007/s10021-001-0045-9
http://dx.doi.org/http://dx.doi.org/10.1007/s10021-001-0045-9
http://dx.doi.org/10.1016/0309-586X(77)90006-1
http://dx.doi.org/10.1016/0309-586X(77)90006-1
http://www.ecologyandsociety.org/vol13/iss2/art44/
http://www.ecologyandsociety.org/vol15/iss4/art38/
http://www.ecologyandsociety.org/vol12/iss1/art30/
http://dx.doi.org/10.1080/08941920601161320
http://dx.doi.org/10.1080/08941920601161320
http://www.ecologyandsociety.org/vol11/iss1/art15/
http://dx.doi.org/10.1641/B580107
http://dx.doi.org/10.1641/0006-3568(2001)051[0933:TEOTWA]2.0.CO;2
http://dx.doi.org/10.1641/0006-3568(2001)051[0933:TEOTWA]2.0.CO;2
http://dx.doi.org/10.1073/pnas.0702288104
http://dx.doi.org/10.1016/j.gloenvcha.2009.06.001
http://www.ecologyandsociety.org/vol17/iss4/art54/

Young, O. 2008. The architecture of globa environmental
governance: bringing science to bear on policy. Global
Environmental Politics 8(1): 14-32. http://dx.doi.org/10.1162/

alep.2008.8.1.14

Young, O. 2010. Ingtitutional dynamics. resilience,
vulnerability and adaptation in environmental and resource
regimes. Global Environmental Change 20(3): 378-385.
http://dx.doi.org/10.1016/.gloenvcha.2009.10.001

Y oung, O. 2011. Effectiveness of international environmental
regimes. existing knowledge, cutting-edge themes, and
research strategies. Proceedings of the National Academy of
Sciences 108(50:378-385. [onling] URL: http://www.pnas.
org/content/early/2011/11/30/1111690108.abstract. http://dx.
doi.org/10.1073/pnas.1111690108

[ Formally, such relationships are called propertiesin OWL.
OWL hastwo types of properties: object and data properties.
2 For exampl e, to assign aproperty toaclass X, OWL actually
uses severa triples that formalize the existence of an
anonymous superclass, of which the class X is specified as a
subclass. This superclass defines a set of requirementsfor the
membersin it, and thus also for class X, asits subclass. One
of these requirements can be having a particular property,
which is then required for every member of class X. This
structure is known as a restriction, in that it restricts (the
membership of) class X to those individuals that setisfy the
conditions specified for the new anonymous superclass
(following the meaning of the subclass relationship).

[ This follows one of two patterns established for expressing
variables and their values using object properties. See http://
www.w3.0rg/TR/swhbp-specified-val ues/ for moredetail s. For
variablesthat take on many numerical values, data properties
would be used.

 For details, see http://www.w3.0rg/TR/2004/WD-swbp-n-
aryRelationships-20040721/

1 Technically, relationships to classes use the owl:
someValuesFrom restriction type, while relationships to
individuals use the owl:hasValue restriction type.

Ecology and Society 17(4): 54
http://www.ecol ogyandsociety.org/vol 17/issA/art54/



http://www.ecologyandsociety.org/vol17/iss4/art54/
http://dx.doi.org/10.1162/glep.2008.8.1.14
http://dx.doi.org/10.1162/glep.2008.8.1.14
http://dx.doi.org/10.1016/j.gloenvcha.2009.10.001
http://www.pnas.org/content/early/2011/11/30/1111690108.abstract
http://www.pnas.org/content/early/2011/11/30/1111690108.abstract
http://dx.doi.org/10.1073/pnas.1111690108
http://dx.doi.org/10.1073/pnas.1111690108
http://www.w3.org/TR/swbp-specified-values/
http://www.w3.org/TR/swbp-specified-values/
http://www.w3.org/TR/2004/WD-swbp-n-aryRelations-20040721/
http://www.w3.org/TR/2004/WD-swbp-n-aryRelations-20040721/

	Title
	Abstract
	Introduction
	Frameworks and theories of social-ecological systems
	Formalization
	Applying a formal approach to the concept of fit
	The basic pattern
	Examples of theories of fit
	Nesting and the taos acequias

	Formalization and diagnostics
	Conclusions
	Responses to this article
	Acknowledgments
	Literature cited
	Figure1
	Figure3
	Figure4
	Figure5
	Figure6
	Figure2
	Figure7

