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ABSTRACT
The rapid growth of the literature on the commons poses an immense challenge for 
the synthesis and advancement of knowledge. While it may have been reasonable for 
previous generations of scholars to keep up to date with a literature adding thirty to fifty 
papers each year, there are now hundreds of papers on the commons published each 
year in addition to those that might be relevant to researchers on the basis of particular 
sectors, methods, disciplines or theories. This paper exploits recent advances in natural 
language processing to identify topics and trends in the literature on the commons over 
the past thirty years using a dynamic topic model. The results highlight the centrality 
of key themes concerning resources, property rights and local management, alongside 
growing interest in the topics of conservation and local management. The results also 
demonstrate the diversity of the field with topics ranging from forests, fisheries and land 
to urban areas and software. Overall the dynamic topic model appears to provide a useful 
approach for synthesizing high-level features of the literature.
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INTRODUCTION

The literature on the commons, like most academic 
literatures, has grown rapidly over the past decade, 
posing an immense challenge for synthesizing knowledge 
to advance the theory and practice of common-pool 
resource (CPR) management. In fact, a recent study 
published to commemorate the thirtieth anniversary of 
Governing the Commons (Ostrom 1990) found a roughly 
six-fold increase in the number of papers published on the 
commons each year between 2002 and 2019 from about 
50 to over 300 per year (van Laerhoven et al. 2020). As an 
interdisciplinary field of research this likely represents a 
fraction of the publications that might be relevant to an 
individual scholar, likely precluding most efforts to critically 
read and synthesize current research. Strategies to cope 
with this challenge such as focusing on the publications 
of established researchers, may suppress innovation by 
neglecting insights from traditionally underrepresented 
groups (Hofstra et al. 2020). This paper seeks to examine 
opportunities to overcome this challenge by exploiting 
advances in natural language processing and machine 
learning (Blei et al. 2003, Blei 2012, Dieng et al. 2019) to 
uncover patterns concerning the status and development 
of the literature on common-pool resources.

The literature on common-pool resources, like many 
scientific literatures, is facing an emerging paradox 
involving rapid growth in the availability of information on 
the governance of common-pool resources (van Laerhoven 
et al. 2020) coupled with the relatively slow pace of 
advances in theory and practice (Cumming et al. 2020). For 
example, although more than two hundred papers related 
to the commons have been published each year since 2010 
(van Laerhoven et al. 2020), empirical tests of individual 
design principles have been limited to a maximum of 63 
cases (Cox et al. 2010) and 27 when extended to analyze 
cases in which all design principles have been coded 
(Baggio et al. 2016, Barnett et al. 2016, Ratajczyk et al. 
2016). These numbers pale in comparison to the number 
of case studies that have likely been published in peer-
reviewed and grey literatures since the 1990’s. However, 
efforts to systematically code and analyze cases invariably 
runs into practical constraints in terms of the time and 
resources available to ensure the consistent coding of 
large numbers of cases. Natural language processing and 
machine learning offer a powerful approach for overcoming 
this challenge by providing a systematic and consistent 
approach for extracting, processing and analyzing text to 
uncover patterns and classify text using supervised and 
unsupervised approaches (Lin and He 2009, Rosenthal 
et al. 2017, Dieng et al. 2019). For example, Cheng et al. 
(2018) demonstrate how machine learning can be used to 

automate the selection of studies for systematic reviews, 
while Callaghan et al. (2020) employed topic modelling 
to explore the potential gaps in the literature on climate 
change.

Natural language processing is an applied field of 
linguistics and artificial intelligence that is used to uncover 
patterns and relationships in unstructured text data 
(Hirschberg and Manning 2015). The field encompasses 
a range of approaches that can be used to extract and 
process text to develop tokens or features of a document, 
as well as several supervised and unsupervised methods in 
machine learning for analyzing those features. Features are 
mathematical representations of text within a document 
and corpus. A corpus is an ensemble of documents in text 
format. Once features are coded this information can be 
used to develop understanding of the characteristics 
of a document and the wider corpus. Unsupervised 
approaches, which include the approach presented here 
use these features to independently identify characteristics 
of a corpus. In contrast supervised methods begin with a 
labelled data set which “accurately” encodes one or more 
features of a document and seeks to develop a predictive 
model for coding unseen documents. In what follows this 
paper applies dynamic topic modelling, as an unsupervised 
method, to identify topics and trends in the literature on 
the commons between 1990 and 2019. The first section 
presents basic details about the corpus of abstracts, the 
development of the literature over time, and the journals 
in which papers are frequently published. The second 
section, meanwhile, reports the results of the dynamic 
topic model which provides details about the topics that 
are most prevalent based upon abstracts, as well as their 
evolution over time. Further details about the data and 
methods can be found following the discussion and in the 
supplementary material.

THE LITERATURE ON THE COMMONS

The literature on the commons continues to develop 
rapidly with a more than ten-fold increase in the number of 
papers published each year (Figure 1). In fact, the number 
of papers published in the last eight years (2012–2019) are 
roughly equivalent to the number of papers published in 
the previous twenty-two years. This finding is consistent 
with previous bibliographic studies of the commons (van 
Laerhoven and Ostrom 2007, van Laerhoven et al. 2020), 
albeit using a modfied search string to gather the literature 
about the commons (see Table 1). The International 
Journal of the Commons is the top journal for publishing 
research on the commons with a total of more than 140 
relevant papers published since its inception in 2007 and 
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2019 (Figure 2). Nonetheless, more than 100 papers have 
been published in Society and Natural Resources, Ecology 
and Society and Ecological Economics. The relative ranking 
of journals is somewhat different when compared to van 

Laerhoven et al. (2020), although 12 of the 15 journals 
listed also appear among their list of journals with more 
than ten papers on the commons. The omissions include 
the Journal of Environmental Economics and Management, 

JOURNAL TOPIC 1 TOPIC 2 TOPIC 3

International Journal of the Commons Resources Land Resources Local management

Society & Natural Resources Local management Land Resources Conservation

Ecology and Society Resources Local Management Land Resources

Ecological Economics Resources Games Community Resource Management

Human Ecology Land Resources Resources Local management

World Development Resources Local management Land resources

Marine Policy Fisheries Local management Resources

Environmental Conservation Conservation Local management Species/Population Management

Land Use Policy Land resources Local management Common property

Journal of Environmental Management Local management Resources Conservation

Environmental management Local management Conservation Resources

Journal of Environmental Economics and Management Resources Games Groundwater Economics

Sustainability Resources Local management Land Resources

Oryx Species/Population 
management

Conservation Local management

Journal of Sustainable Forestry Local management Conservation Community resource management

Table 1 Distribution of topics across journals.

Figure 1 Annual and cumulative number of papers published in the literature on the commons. Note these figures exclude records that 
lacked an abstract.
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ORYX and Journal of Sustainable Forestry, each of which was 
found to have more than 40 papers in our analysis. These 
differences are likely reflective of the expanded search string 
employed in this study which included several variations of 
community-based management across different sectors 
(Table 1), highlighting the importance of search terms used 
when attempting to synthetize knowledge within one or 
multiple fields of study.

TOPIC MODEL
To assess the evolution of the commons literature we 
analyze topics throughout the 30 year period analyzed 
(see data and methods). The results of the dynamic topic 
model are summarized in Figures 3 and 4, while further 
details about all 25 topics and the words associated with 
each topic in each three-year interval can be found in 
Table S4. The plots reveal the evolution of topics across ten 
time periods spanning the period 1990 to 2019 in three-
year intervals. As can be seen the top five topics present 
variations on the general theme of common-pool resources 
and the management thereof. The topic of resources is 
unsurprisingly the most prevalent among all topics, and 
also contributes to other highly prevalent topics that 
refer to specific types of resources based upon the sector 
(i.e. fisheries, land and livestock – including rangelands 
and pastures-, forestry etc.) or specific references to the 
attributes of the resource itself (i.e. common resources). 
Common property and local management are also 
highly prevalent across the corpus of abstracts which 
speaks to rights that groups hold with respect to the use 
and management of resources and the scale at which 

management processes take place, respectively.
Although common property and land and livestock 

commons feature among the most prevalent topics, 
they are also among the topics that have experienced 
the greatest declines in terms of prevalence. Common 
property as a topic has declined fairly consistently since 
the 1990’s when it accounted for approximately 12% of 
all topics to about 8% in the current time period. Land 
and livestock commons, land resources and groundwater 
economics have also experienced declines of more than 
two percentage points since the early 1990’s. In contrast, 
the topic of conservation has experienced the largest gains, 
increasing from about 1.8% of all topics between 1990–1992 
to over 5% in the 2017–2019 time slice. Interestingly local 
management, which featured among the top five topics 
overall has also grown in prevalence by approximately 3% 
since 1990. When combined with the declines in common 
property and land and livestock commons, this suggests 
that the literature appears to have given greater priority to 
the scale of management over the attributes of resources 
(land and livestock commons, land resources) and property 
rights (common property) over time.

Finally, Table 1 outlines how topics are distributed across 
the top 15 journals based upon the average prevalence of 
topics within papers published in the journal. Unsurprisingly 
the topics generally reflect the prevalence of topics across 
the corpus and the explicit focus of the journal. For example, 
the topic of fisheries is highly prevalent in the journal Marine 
Policy, while conservation is prevalent in Environmental 
Conservation. Resources and local management is the 
highest ranked topics for five and four of the top fifteen 

Figure 2 Number of papers published in the top 15 journals per number of publications on the commons.
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journals, respectively. The topic of games is particularly 
prevalent in Ecological Economics and the Journal of 
Environmental Economics and Management; the latter of 
which also appeared to include a relatively large number 
of papers focused on the topic of groundwater economics. 
Finally, the management of species and populations was 
particularly prevalent in conservation-oriented journals, 
while somewhat surprisingly the Journal of Sustainable 
Forestry appears to focus more on management and 
conservation than it does forests.

DISCUSSION

This paper which applied a systematic approach to 
examine the evolution of topics in the literature on the 
commons over the past thirty years using natural language 
processing and a dynamic topic model represents one of 
most extensive efforts to synthesize this literature. The 
results identify the top 25 topics found within the literature 
and indicates trends in the distribution of those topics over 
time and within specific journals. Furthermore this study 

Figure 4 Marginal distribution of the top 5 topics with increasing and decreasing prevalence over time. Topics with increasing and 
decreasing prevalence are listed on the first and second row of the legend, respectively.

Figure 3 Marginal distribution of topics over time for the top 5 and bottom 5 topics identified in the topic model. The top five and bottom 
five topics are listed on the first and second row of the legend, respectively.
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complements other manually supervised bibliometric 
studies on the literature on the commons (van Laerhoven 
and Ostrom 2007, van Laerhoven et al. 2020) that benefit 
from the supervision of experts in guiding the review 
process towards specific topics of interest, but that are also 
subject to the inherent biases of researchers in specifying 
those topics and potential limitations in their ability to 
identify latent topics or themes. Dynamic topic modelling, 
on the other hand, helps to address some of these issues, 
but also involves a number of limitations itself which are 
further detailed below.

First, although the dynamic topic model provides tools 
for identifying and determining the number of topics within 
a corpus of text, it does not provide an objective approach 
for labelling those topics. Instead, topic labels need to be 
assigned by the authors based upon the ensemble of words 
associated with each topic and their associated ranking 
and relevance score. This process was straightforward for 
topics such as forests, where the term forest consistently 
ranked highest. However, it was far more challenging for 
the topic labelled subsystems, where the term itself does 
not appear and instead consisted of a variety of terms 
related to the social, economic, environmental and political 
aspects of common-pool resource problems. Second, we 
removed a number of common and user-defined stop 
words prior to running the dynamic topic model, the latter 
of which may have a significant impact on the number and 
nature of topics identified. It is important to note that word 
inclusion/exclusion criteria may affect the results. Choices 
need to be documented and theoretically or purposely 
grounded. For example, we considered removing many of 
the words that formed part of our search string, such as 
“common-pool resource”, “commons” and “community-
based”, as they were likely to emerge as a topic given the 
search parameters and potentially lead us to overlook 
other topics. However, we ultimately elected to retain 
these terms to allow for the possibility of examining the 
prevalence of different framings over time.

Third, as is evident in Figure 1, the peer-reviewed literature 
on the commons, has grown rapidly in recent years and 
thus topics that emerge from the model are more likely 
to reflect topics have been more relevant in recent time 
slices. Fourth, there is no single agreed upon definition that 
clearly distinguishes the literature on the commons from 
other literatures. The search string developed in this paper 
to identify this literature is a reflection of previous studies 
(van Laerhoven et al. 2020), a small expert survey (Table S2) 
and the expertise of the research team. However, as was 
noted by one reviewer we failed to include terms related to 
community based rangelands, pastures or grazing systems. 
Although it appears that the addition of these terms would 
have a minimal impact on the results as it would add fewer 

than 30 papers to the corpus, it nonetheless reiterates 
the point that the results reflect topics found in abstracts 
using particular search strings and may not necessarily 
apply to different conceptualizations of the “literature 
on the commons”. Furthermore, it is worth noting that 
scholarly research inherently contains some bias given the 
prevalence of statistically significant results. Finally, topic 
modelling is sensitive to specific parameters employed, 
for example, the number of topics and the chain variance 
– a parameter that increases/decreases the variance of 
words for each topic modelled over time - which effects 
the evolution of topics over time can affect the results 
presented here.

Notwithstanding the limitations discussed above, this 
paper provides several insights into the topics and trends 
that have emerged in the literature on the commons 
over the past thirty years. First and perhaps foremost, the 
dynamic topic model shows how the literature has evolved 
from an initial focus on basic principles related to the nature 
of common-pool resources and common property systems 
to increasingly adopt a more problem-orientation to 
examine issues in conservation and local management. For 
example, in 1992 Schlager and Ostrom (1992), developed 
a highly used conceptual framework to clarify the bundle 
of rights associated with common property regimes and 
distinguish them from open-access and private property 
regimes. By contrast, in 2019 Edella Schlager collaborated 
with several scholars to examine problems related to 
the provision of monitoring and enforcement functions 
in polycentric watershed management (Hanlon et al. 
2019). Although this clearly neglects Dr. Schlager’s earlier 
empirical research (Schlager et al. 1994) and more recent 
contributions to theoretical development (DeCaro et al. 
2017) it nonetheless reflects the general evolution of the 
literature.

Second, the analysis reveals considerable diversity in 
terms of how scholars organize their research on common-
pool resources. As discussed each of the top five topics 
represent slight variations on the general overarching 
themes of resources (resource, land resources and land 
and livestock resources) or institutional arrangements 
(common property and local management); the 
implications of which are somewhat mixed. On the one 
hand, it suggests that concerns about conflating common-
pool resources with the institutions that are used to govern 
them (Vaccaro and Beltran 2019) might be overstated, at 
least within the literature examined. The fact that the topic 
model distinguishes between scale invariant property rights 
regimes and scale-dependent management systems might 
indicate that scholars have been careful to differentiate 
between the two. On the other hand, they may also be 
indicative of fragmentation in which knowledge and theory 
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is developing separately due to the lack of a common 
language (Ostrom 2009, Poteete et al. 2010).

Third, several interesting or unexpected topics 
emerged from the dynamic topic model. The topic labeled 
subsystems, for example, is on average the seventh most 
prevalent topic across the time slices, with relatively little 
change over time. The topic itself, consists of words such 
as environmental, social and political which speak to the 
diversity of subsystems that jointly influence how human 
actors interact with the environment and each other. The 
relative stability of the concept is somewhat surprising 
given that the SES framework, which explicitly identifies 
several subsystems, was not published until 2007 (Ostrom 
2007). However, complexity and contingency have been 
longstanding features of both Elinor and Vincent Ostrom’s 
work on the commons and polycentric governance (Sproule-
Jones 2005, McGinnis and Ostrom 2012, Frischmann 2013) 
and it would seem that the SES framework has had little 
impact on its prevalence in this literature. Interestingly, 
the concept of “the commons” emerged as a distinct topic 
apart from those related to resources and governance. 
Instead, the topic of “the commons” appears to be used 
to refer either to changes in dominant property rights 
regimes (Bush and Sabri 2000, Anwar 2012) and/or offered 
as an alternative to privatization and state control (Hanna 
1990, Bazzoli 2018). Finally, it is worth noting that despite 
longstanding concerns regarding the focus on small-
scale systems (Young 2002, Blaikie 2006), that global 
environmental issues have been a small, but non-trivial 
part of the literature on the commons since the 1990’s.

The topic model does, however, reaffirm some concerns 
that have been expressed concerning the lack of historical 
perspectives (Johnson 2004), attention to issues of power 
and inequality (Clement 2010) and general neglect of 
the mechanisms and processes that underlie sustainable 
common-pool resource management. Although there have 
been several attempts to address these gaps, including 
long-term studies of the development and decline of 
common-property governance (De Moor 2008, 2015), 
theoretical and empirical examinations of the relationship 
between power and common property governance 
(Epstein et al. 2014, Kashwan 2015, 2016, Bennett et al. 
2018), and development and application of approaches for 
examining governance dynamics across networks of action 
situations (McGinnis 2011, McCord et al. 2017, Cole et al. 
2019, Epstein et al. 2020); none of these appeared among 
the top 25 topics in the literature.

Fourth and finally, there are several potentially 
important lessons to be learned by comparing the results 
of this unsupervised analysis to a recent review of words 
contained in abstracts in the literature on common-pool 
resources (van Laerhoven et al. 2020). On the one hand, 

unsupervised methods in machine learning provide an 
independent method for validating or triangulating findings 
across different methods, an issue that has frequently been 
highlighted as important in the literature on the commons 
(Poteete et al. 2010). For example, van Laerhoven et al. 
(2020) analyzed the distribution of publications across the 
big five sectors, which they identify in order of prevalence 
as water management, fisheries, forestry, rangeland and 
irrigation. The dynamic topic model, meanwhile, revealed a 
number of similar topics including forests, fisheries, water, 
farming, land resources and groundwater economics. 
Although the topics themselves are generally similar, there 
are important differences in terms of their construction and 
ranking. For instance van Laerhoven et al. (2020) distinguish 
between irrigation and water management; while the 
topic model appears to combine these into a single topic, 
which is distinguished from another topic on groundwater 
economics. Similarly, the topic model indicates that land 
resources as opposed to water management is by a fairly 
decent margin the most prevalent sector, even if we were 
to combine groundwater economics and water into a 
single topic. They identify several types of new commons or 
sectors that appear at least partially related to topics found 
in the topic model, including urban (urban), climate change 
(global), biodiversity (conservation), and digital commons 
(software).

It is important to reiterate that the dynamic topic model 
presented here simply uncovers patterns in a corpus of text, 
but lacks guidance or tools for determining the theoretical 
or practical importance of those topics. For instance, while 
van Laerhoven et al. (2020) examine the prevalence of 
different types of environmental governance systems (i.e. 
markets, state and communities) in the literature, and the 
extent to which different design principles are discussed, 
the dynamic topic model fails to provide corresponding 
insights. Instead the topic model identifies several topics 
that present slight variations on the theme of resources 
and management/property rights. While these may be 
indicative of a fragmented literature, or the need for a 
nuanced understanding of resources and corresponding 
governance systems; they nonetheless lack a certain 
theoretical substance when compared to an analysis 
of the design principles. Supervised methods, in which 
human agents generate specific dictionaries (similarly 
to a codebook – (Rataijcick 2016) and use these to train 
algorithms to relate text features to concepts of theoretical 
and/or practical importance may help to address some 
of these shortcomings. Once again, natural language 
processing as all machine learning techniques heavily 
depend on their implementation and training. Dynamic 
topic modeling offer powerful tools for synthesizing 
knowledge on the commons, but are wholly dependent 
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upon the careful and detailed work of researchers 
developing the text that inform them.

DATA AND METHODS

The data used in this study was extracted from Scopus 
and the Web of Science Core collections using the search 
strings presented in Table 2. These databases were chosen 
over alternatives, such as Google Scholar, based upon 
previous studies indicating they provide higher precision, 
recall and reproducibility (Gusenbauer and Haddaway 
2020). The Scopus search returned a total of 7,111 
records, while the Web of Science search returned 5,520 
records. The data was subsequently merged into a single 
record of abstracts between 1990 and 2019. The search 
retrieved a few papers with a publication date of 2020 as 
they were accepted and published first online in 2019, we 
disregarded these articles. We then proceeded to remove 
duplicate records that were found in both databases by 
first removing records with identical titles and/or abstracts, 
and then analyzing similarities across articles. In order to 
assess whether abstracts were similar we first utilized a 
matching method based on how similar the titles were. 
This allowed for a relative score of pairwise consistency 
that alleviated some grammatical inconsistency between 
the source databases. Secondly, we used a term frequency 
inverse distance frequency method with cosine similarities 
to determine how similar abstract texts were. Records 
with a similarity score between 80 and 95 were reviewed 
manually to determine a cut-off value. The results of this 
review are reported in Figure S1, which was used to select 
a cut-off value of 87. After this process a total of 7,331 
unique records remain.

Next, we pre-processed the data in order to facilitate 
analysis of topics and trends in the literature on common-
pool resources. First we used standard pre-processing tools 
to remove common English stopwords (such as the, an, 
etc.), transform all letters to lower case, and eliminate all 
non-alphabetic words using Gensim and NLTK packages in 
python (Loper and Bird, 2002; Rehurek and Sojka, 2010). We 
also added a specific set of user-defined stopwords (see 

Table S1) that we deemed less relevant to defining topics 
related to common-pool resources. For instance, words 
such as research, hypothesis and copyright were removed 
as they were expected to be common and/or relatively 
uninformative. We also considered removing words such as 
commons and common-pool resources, as they were part of 
the search string. However, we ultimately chose to include 
them to allow for the possibility of comparing different 
framings of the literature (i.e. the commons vs. community-
based management). Finally we lemmatized words as 
opposed to stemming using the lemmatization modules in 
the NLTK Python package “en_core_web_lg” (Bird et al. 2009). 
Stemming is a fairly straightforward process of reducing 
words to their base or root form using predetermined rules 
(Porter 2001), often by removing suffixes. For example, 
depending upon the specific implementation both 
harvesting, and harvester could be stemmed to harvest. 
In contrast lemmatization identifies the part of speech of 
a word and uses that information to distinguish between 
words that refer to actions such as harvesting and those 
that refer to people, places or things such as harvester. In 
our study, we use lemmatized words as lemmatizing is more 
accurate when it comes to assessing specific topics that are 
more prevalent in a specific publication.

Following lemmatization of text, we proceeded to 
analyze the data. First, we analyzed general trends in the 
literature, including the number of papers published each 
year, the journals in which papers are published and the 
most common words that appear in abstracts. We then 
continued to develop dynamic topics models by first 
determining the optimal number of topics from the set of 
20, 25 and 30 topics on the basis of topic coherence using 
the intrinsic UMass measure (Mimno et al. 2011). Topic 
coherence allows us to assess individual topics by assessing 
their degree of semantic similarity. That is, topics should 
be “internally consistent” rather than statistical artifacts 
(Stevens et al. 2012). It does so by assessing document 
co-occurrence. In fact, the U-Mass measure counts the 
number of pairs of documents in which a specific word 
w appear together, and then divides it by the overall 
number of documents in which the same word appears. 
In a nutshell, if two words are part of the same topic, they 

SCOPUS WEB OF SCIENCE

TITLE-ABS-KEY ("common pool resourc*" OR "community based natural 
resourc*" OR "community based resourc* manag*" OR "community 
based fish*" OR "community based forest*" OR "community based 
irrig*" OR "community based water*" OR "community based wildlife*" 
OR "community based conservation" OR "common property resourc*" 
OR "common property system" OR "common property inst*" OR {the 
commons AND NOT "house of" AND NOT "parliament") AND PUBYEAR < 
2020 AND PUBYEAR > 1989

PY = 1990–2019 AND (TS="common pool resourc*" OR 
TS="community based natural resourc*"OR TS="community based 
resourc* manag*" OR TS="community based fish*" OR TS="community 
based forest*"OR TS="community based irrig*" OR TS="community 
based water*" OR TS="community based wildlife*" OR TS="community 
based conservation" OR TS="common property resourc*" OR 
TS="common property system" OR TS="common property inst*" OR 
TS= ("the commons" NOT "house of" NOT "parliament")

Table 2 Research Design.
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should show up “together” more often than two words 
that are not part of the same topic. Formally:

 



( , ) 1

UMASS  ( , ) ln
( )
i j

i j
i

D w w
Score w w

D w

where the +1 is used to avoid ln(0). Topic coherence scores 
for each time period and number of topics are shown in 
Table S3 of the supplementary material, resulting in the 
selection of a model with 25 topics.

The dynamic topic model is a technique that allows for 
an analysis of topic evolution over time. The techniques 
used are based on the work of Blei and Lafferty (2006). Since 
we found that 25 topics allowed for the most appropriate 
coherence, only a few additional parameters need to be 
defined before the model can be implemented. First we 
had to decide on the time slices necessary to assess the 
topic modeling at. Since yearly time slices would result in an 
over distribution of abstracts in later years, and drastically 
fewer in early years, we settled on a three-year time slice. 
This choice helped to keep coherence scores more stable 
across time slices. The parameter was then set as an array 
of frequency counts for each period.

In addition to number of topics and time slices the final 
parameter for the dynamic topic model that we adjusted 
is the chain variance. This value represents the Gaussian 
distribution effecting how sensitive the model is to topical 
changes over time. A higher value gives the models a 
greater degree of variability regarding the terms which 
make up the topic. We altered the chain variance from 
the default .005 to .05 to grant a more useful depiction of 
commons topics over time.

Topic labels were assigned by considering the top ten 
words associated with each topic, and the order thereof. 
In a few challenging cases, the authors also considered the 
relevance of each term to distinguish between potentially 
similar topics. For instance, the words resource and 
common rank highly for both topic 1 and topic 5; but the 
relevance scores for resource are approximately 2 times 
higher for topic 1 and roughly equivalent for topic 5, and 
also include terms such as land, pasture and livestock. 
Thus, we assigned the labels resources and land and 
livestock commons to topic 1 and 5, respectively.

ADDITIONAL FILE
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