Inexorably Entangled Environmental
and Knowledge Commons

Todd Aagaard and Brett M. Frischmann

For people to effectively share an environment, they usually also must effectively
share knowledge about that environment. While seemingly obvious and intuitive,
this insight is often overlooked in literature about governing resources as commons.*
Focusing on the knowledge commons associated with an environmental commons
helps to illuminate a host of complex governance dilemmas. This chapter examines
the interrelationship between environmental and knowledge commons, weaving
together different strands of commons research and practice.

Every environmental commons has a corresponding knowledge commons that
provides an essential foundation for managing the shared environmental resources.?
We can improve our understanding of an environmental commons by investigating
its associated knowledge commons.3 In addition, our prescriptions for environmen-
tal commons governance should account for the relationship between an environ-
mental commons and its associated knowledge commons and for the challenges of
creating and maintaining an associated knowledge commons.

' “[X] commons’ ... refers to an approach (commons) to governing the management and/or produc-

tion of a particular type of resource ([X]). Commons refers to a form of community management or
governance. It applies to resources, and involves a group or community of people, but commons does
not denote the resources, the community, a place, or a thing. Commons is the institutional arrange-
ment of these elements.... Critically, commons governance is used by a wide variety of communities
to manage many different types of resources. Commons governance confronts various obstacles to
sustainable sharing and cooperation. Some of those obstacles derive from the nature of the resources
and others derive from other factors, such as the nature of the community or external influences.”
(Frischmann et al. 2014, 2).

> Although we begin with examples that involve natural resources commons, the term “environmental
commons” — and the framework we offer here — applies equally to built environments such as road
traffic and the internet. Later in the chapter we offer some examples of built environments and their
associated knowledge commons.

3 For ease of exposition, we generally refer to the environmental commons—knowledge commons rela-
tionship as if it were one-to-one, with a single environmental commons for each knowledge commons,
and vice versa. The reality is often more complex, with multiple domains of knowledge relevant to
multiple environments. These domains may overlap, nest, or relate to each other, such that identify-
ing and defining a single environmental commons or knowledge commons as if it were a distinct and
discrete phenomenon oversimplifies a web of relationships.
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The knowledge commons associated with an environmental commons includes
a diversity of knowledge relevant to the environmental commons. At a minimum,
the knowledge commons includes the knowledge necessary for a relevant commu-
nity to delineate and understand the shared environmental resources, their collec-
tive relationships with those resources, and the social demand for institutionalized
governance. In addition to this descriptive baseline knowledge, the knowledge com-
mons includes managerial knowledge — that is, descriptive knowledge about the
community’s relationship to the shared resources that enables the community to
make ongoing decisions about how to manage the resources. This may include,
for example, knowledge about how one use of the shared environmental resources
affects other uses. It also may include knowledge about how to operationalize rules-
in-use. At a minimum, the knowledge commons provides the type of descriptive
account of the environmental commons that community members might provide
first hand or that one might encounter in a conventional Ostrom-inspired case
study of a commons.

Effective management requires more than just descriptive knowledge of the envi-
ronmental commons. In addition, the community must make certain normative
judgments about the environmental commons that are in some sense constitutive of
the community itself. The community must, for example, define whose interests in
the environmental commons count and who will have a voice in managing the envi-
ronmental commons. And the community will have to determine other normative
judgments that will guide its management decisions, such as whether the commu-
nity will adhere to an egalitarian ethic or give some uses or users of the environmen-
tal commons priority over others. An understanding of these normative judgments
among the community will be crucial to the ability of the community to manage the
environmental commons. Indeed, to the extent that the community lacks a shared
understanding of the environmental commons or of its normative priorities, this
is likely to significantly impede the community’s ability to effectively manage the
environmental commons. Normative disagreements about the environmental com-
mons are likely to induce disagreements about even the descriptive knowledge in
the knowledge commons. The knowledge commons thus plays an important role
as a venue for communicating, contesting, and negotiating normative judgments
and governance decisions about the environmental commons. Because the knowl-
edge commons is crucial to managing the environmental commons, conflicts about
managing the environmental commons will often manifest themselves in conflicts
in the knowledge commons.

As Figure 2.1 illustrates, the relationship between an environmental commons and
its associated knowledge commons is bidirectional. The physical, social, and political
characteristics of the environmental commons generate the knowledge that consti-
tutes the associated knowledge commons. In this sense, the knowledge commons
depends deeply on the environmental commons. But humans understand the envi-
ronmental commons through the lens of the knowledge commons, and governance
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FIGURE 2.1 The knowledge commons—environmental commons relationship.

of the environmental commons therefore requires the knowledge commons to inform
decision making about the environmental commons. The bidirectional relation-
ship creates an interdependency between environmental commons governance and
knowledge commons governance. Controversies in environmental commons gover-
nance are likely to cause controversy over the knowledge commons, and vice versa.*

Recognizing the existence of knowledge commons associated with environ-
mental commons, and the role of knowledge commons in managing environ-
mental commons, yields at least three important insights. First, to understand
environmental commons, we often will have to study their associated knowledge
commons.> Second, because normative judgments are embedded in the knowl-
edge commons, understanding the relevance of knowledge commons to envi-
ronmental commons also highlights the role of normative judgments in what
otherwise may be assumed to be objective information about the environmental
commons. Understanding knowledge commons as commons means recognizing
that the knowledge in a knowledge commons is itself a socially determined prod-
uct of governance decisions, not merely “the facts.” Third, as shared resources and
potential loci of stakeholder conflict, knowledge commons present distinct social
dilemmas that demand governance institutions. Ostrom’s design principles for
commons, as well as the Governing Knowledge Commons (GKC), Institutional

4 Not all information about an environmental commons is necessarily in the knowledge commons.
Some information may be treated as proprietary — for example, the location of resources in the envi-
ronmental commons. Many people who search for mushrooms or berries on public lands keep infor-
mation about their choice locations secret — that is, out of the knowledge commons regarding the
lands. Archeologists often keep confidential the location of sites to prevent looting.

5 This insight runs both ways. As we have explored in the GKC tradition, understanding knowledge
commons requires paying careful attention to background contexts, including natural, material, and
technosocial environments, and these often involve environmental commons. In this chapter, we do
not mean to prioritize environmental commons and cast knowledge commons as adjuncts. We rec-
ognize, and have elsewhere written about, the complex interdependencies among resource systems,
polycentric governance, and other such complications.
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Analysis and Development (IAD), and Social-Ecological Systems frameworks, can
be useful for understanding and managing knowledge commons associated with
environmental commons.®

Section 2.1 illustrates our basic points about the environmental commons—
knowledge commons relationship with a simple example, the well-trodden alle-
gory of a pasture shared by a community of herders. We extend the descriptive
account of the environmental commons to show the necessary existence of a cor-
responding knowledge commons. Then, we illustrate the additional functions of
the knowledge commons.

Section 2.2 takes the shared grazing pasture example and expands it in three
deliberate steps, by adding stylized variations in the types of grazing animals and
corresponding effects. Each step complicates the scenario in ways that present dif-
ferent governance challenges and depend upon different knowledge. The final
two extensions present distinct types of normative complications that present addi-
tional demands on knowledge institutions. One involves interaction effects that
force a normative choice about priorities among uses of the shared resource, and
the second involves external effects that extend beyond the community and shared
resource system itself; these are like an extraterritorial effect. Whether or not, and
to what extent, a community cares about such effects is a sociopolitical consider-
ation about priorities.

The highly stylized examples in Section 2.1 and Section 2.2 are merely illus-
trative. In lieu of a pasture, we could present similar stylized examples and var-
iations using a different shared natural resource, such as a lake or woodland, or
even a built environment, such as a road system, computer server, or living room.
By illustrating different types of social dilemmas and governance challenges, we
hope to provide a bridge between the environmental commons and knowledge
commons. Essentially, we show how governance of the environmental commons
depends upon the knowledge commons, and how, as the scale, scope, and hetero-
geneity of the environmental commons increase, the complexity of the knowledge
commons increases as well.

Section 2.3 applies the insights developed in Sections 2.1 and 2.2 to a series of
examples. We open with an example of a natural environment (forest manage-
ment) and then turn to two examples of built environments (road systems and
living rooms).

Section 2.4 builds on the insights from these examples to begin to address ques-
tions of how attributes of environmental resource commons affect their associated

6 As GKC scholars have discussed extensively, neither Ostrom’s design principles nor the IAD frame-
work maps perfectly onto knowledge commons because of fundamental differences in the underlying
resources systems and corresponding social dilemmas and governance challenges. See Frischmann
et al. 2014: 12-21 (providing explanation and developing GKC framework as an adaptation of IAD
framework).
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knowledge commons, and how to govern knowledge commons so that they can
support better governance of environmental commons.

In conclusion, we propose additional research both to retrospectively mine past
case studies of environmental commons to highlight the often-hidden knowledge
commons at work and additional case studies of more complex commons that may
raise more complicated and nuanced issues with respect to the environmental com-
mons—knowledge commons relationship. Overall, this is an area rich with opportu-
nity for additional theoretical and empirical inquiry.

2.1 A STYLIZED EXPLORATION OF A CLASSIC ENVIRONMENTAL
COMMONS AND CORRESPONDING KNOWLEDGE COMMONS:
HERDING SHEEP ON A SHARED PASTURE

Assume an environmental resource, such as a meadow (natural) or highway (built),
that is shared freely without restriction. That is, assume the resource is presump-
tively open to all-comers and there is no mechanism for coordinating the actions
of resource users. Consumption may initially be nonrivalrous, if, for example, the
population is small relative to the capacity of the resource, but it may turn rivalrous
over time.” The resource may be depleted and even destroyed entirely, as individ-
uals rationally decide to use the resource at a rate and in a manner that maximizes
private gains but disregards the effects that such use has on other users or more gen-
erally on the sustainability of the resource. Here is how Hardin (1968, 1244) famously
explained it:

Picture a pasture open to all. It is to be expected that each herdsman will try to keep
as many cattle as possible on the commons...

As a rational being, each herdsman seeks to maximize his gain. Explicitly or
implicitly, more or less consciously, he asks, “What is the utility to me of adding one
more animal to my herd?” This utility has one negative and one positive component.

1) The positive component is a function of the increment of one animal. Since
the herdsman receives all the proceeds from the sale of the additional animal, the
positive utility is nearly +1.

2) The negative component is a function of the additional overgrazing created
by one more animal. Since, however, the effects of overgrazing are shared by all
the herdsmen, the negative utility for any particular decision-making herdsman is
only a fraction of —1.

Adding together the component partial utilities, the rational herdsman con-
cludes that the only sensible course for him to pursue is to add another animal to
his herd. And another; and another.... But this is the conclusion reached by each
and every rational herdsman sharing a commons. Therein is the tragedy. Each man

-

Nonrivalrous means that one user’s consumption of the resource does not impact the resource capac-
ity (i.e., supply) available to satisfy the demands of other users.
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is locked into a system that compels him to increase his herd without limit - in
a world that is limited. Ruin is the destination toward which all men rush, each
pursuing his own best interest in a society that believes in the freedom of the com-
mons. Freedom in a commons brings ruin to all.

Hardin recognized two potential solutions to this type of social dilemma: govern-
ment regulation and privatization. Both rely on collective action through govern-
mental institutions to introduce constraints on resource consumption. Government
can constrain consumption by directly managing or regulating use of the shared
resource, limiting consumption to sustainable levels. Alternatively, government can
create a system of private property rights delineating ownership of the resource,
which supports incentives for conservation by internalizing the externalities of
resource use. The approaches differ substantially in terms of the manner in which
ongoing (month-to-month, day-to-day) resource allocation decisions are made.
Both effectively eliminate the commons and replace it with a different governance
regime.® Notably, although not explicitly described in most accounts of commons,
including Hardin’s, both governance approaches require a body of knowledge about
the resource that is accessible to those managing the resource, whether govern-
ment officials or private owners.? This knowledge includes an understanding of the
resource itself, but also an understanding of the relationships between users and the
resource and of the normative judgments underlying management of the resource.

Elinor Ostrom challenged Hardin’s frame by asking two foundational sets of
questions: First, how well does the tragedy of the commons allegory describe real-
ity? Does the allegory accurately predict real-world behavior of individuals shar-
ing common-pool resources? Second, does the allegory provide a useful basis for
choosing or designing management solutions? Are the governance options limited
to government command-and-control regulation and private property-enabled
markets? (Frischmann 2013).

As to the first set of questions, Ostrom posited that reality is much more compli-
cated and nuanced than Hardin’s simple allegory suggests, in ways that are impor-
tant to managing resources. Ostrom (2007; 1990) identified many ways in which
Hardin’s allegory was overly reductionist and distorting, so much so that it could
“lead the analyst to miss what is most important and focus on what is least rele-
vant” (Frischmann 2013, 390). In other words, Hardin’s allegory itself presented a
knowledge dilemma.

This is a strong statement based on the idea that primary authority over how to govern the resources
no longer rests with the community as such. Instead, authority is vested in government actors (e.g.,
regulators) or market actors (e.g., property owners), and those authorities may serve other interests
besides those of the community. Of course, these authorities ultimately may create and depend upon
different commons embedded in and structured by regulatory or market regimes.

9 This observation could easily open a complex can of worms. One strand to consider in the compara-
tive evaluation of government and market processes for generating, curating, sharing, and acting upon
such knowledge. There is a rich literature on this topic.
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Hardin conflated resource and governance by referring to the shared pasture that
was openly accessible to all-comers as the commons, which then, on certain strict
assumptions, was doomed to tragedy. But the resource (e.g., pasture) is distinct
from the governance regime (e.g., open access, commons, government regulation,
private property enabled market) that manages it. The term “commons” describes a
form of governance, not a type of resource. Furthermore, a resource managed as a
commons is not necessarily subject to open access. Commons involve “institution-
alized sharing of resources among members of a community,” but not necessarily
with nonmembers or the general public (Madison et al. 2010, 841).

As to the second set of questions, Ostrom argued that effective cooperative man-
agement is theoretically and practically feasible. Natural resource commons can
be effectively managed as commons and therefore are not doomed to suffer tragedy
and need not be eliminated. Community management, social norms, and other
related institutions can and often do outperform government regulation and privat-
ized market arrangements.'

How to effectively govern shared resources as commons has been a core inter-
disciplinary research question for decades. The provisional answer is that effective
commons governance depends on the context and community. It also depends,
we argue, on shared knowledge." Based on extensive fieldwork, Ostrom proposed
the following design principles:

—

Define clear boundaries for the community and shared resources.

Tailor appropriation and provision rules to local needs and conditions.
Enable those affected by operational rules to participate in modifying the rules.
Ensure monitors are accountable to (or are) the appropriators.

Use graduated sanctions for rule violators.

Provide accessible, low-cost means for resolving conflicts.

S oo

Make sure external authorities recognize and respect the rule-making author-
ity of community members.

8. When part of larger resource systems, build responsibility for governing the
common resource in nested tiers.

These offer useful, albeit broad, guidance. Notably for our purposes, each prin-
ciple relies substantially on shared knowledge — for example, how different rules
would affect use of a resource, or whether different possible sanctions might

° In reality, these are not wholly independent. Government regulation, for example, often builds on
existing social norms, and government regulation can influence the development of social norms.
The evolution of social norms and laws regarding alcohol-impaired driving provide an apt example.
While this seems intuitively obvious and thus not an argument that needs to be made, the role(s) of
shared community knowledge in enabling effective governance of shared environmental resources is
underrepresented in case studies and other scholarship on environmental commons. Consequently,
the governance challenges associated with generating, curating, sharing, and maintaining such
knowledge is understudied.
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deter potential rule violators. The design principles promote effective gover-
nance because they help individuals understand their capacity to cooperate in
self-governance, which in turn depends on a shared base of knowledge about
the resource and the community. Ostrom recognized this, albeit sometimes only
implicitly and indirectly. Ostrom explained how the credibility of the design
principles as an explanation of persistent, and thus effective, commons gover-
nance depended on showing that the design principles affected incentives of
community members and perpetuated across generations. Both of these impacts —
incentivization and perpetuation — require internalization and transmission of
knowledge.”

To illustrate how environmental commons are inexorably linked to knowledge
commons, let us return to Hardin’s stylized allegory of a pasture shared by a group
of sheepherders. For the herders to manage the pasture as a commons, they need
to share some knowledge about the pasture and about themselves as a community.
For our sheepherders, that knowledge may be as simple as understanding that other
sheepherders are using the pasture to graze their sheep and that the pasture’s capac-
ity to sustainably support grazing is limited. Conceivably that knowledge alone
could be enough to lead the herders to limit their use of the pasture for their com-
mon benefit.

More sophisticated management of the pasture may require more knowledge.
The herders would benefit from recognizing themselves as the group of individ-
uals that is mutually dependent on the pasture. It also would be helpful if they
have a technical understanding of the pasture and the effects of grazing on the
pasture. Beyond such technical knowledge, the herders have certain normative
understandings of themselves as a community — for example, whether their access
to the pasture is presumptively equal or whether some herders have priority over
others, or whether the pasture should be managed for short-term benefit or long-
term benefit, and whether anyone else other than the herders should have a say
in managing the pasture. If there are any rules governing use of the pasture, the
herders need to know them. Perhaps the herders should consider whether the pas-
ture should be used for grazing or instead for other uses, such as cropland, hunt-
ing, or natural preserve. It is also helpful, albeit not necessarily essential, if the
herders communicate with each other about these areas of knowledge and share a
common understanding.” In short, to relate this discussion to the IAD and GKC

For example, Ostrom explained how knowledge about boundaries and rules-in-use shape expecta-
tions and actions of community members. Participation in monitoring, for example, generates useful
information and reduces uncertainty about how rules-in-use might be applied. Overall, the design
principles promote governance because they help individuals understand their capacity to cooperate
in self-governance, which in turn depends on a shared base of knowledge about the resource and the
community.

Customs can evolve without planning and explicit communication. For example, if a few individual
users of a shared warming hut individually decide to replenish the firewood before they leave, then a
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frameworks, the herders must have some shared understanding about the action
arena within which they operate, and this requires shared knowledge about the
biophysical characteristics, attributes of the community, and rules-in-use.

To be clear, this common knowledge need not be perfect, in the sense of being
comprehensive, fully accurate, or universally agreed upon. The herders may dis-
agree about the carrying capacity of the pasture, about whether grazing rights
should be allocated equally among herders, or about who has the right to graze
on the pasture. Differences of opinion regarding management of the pasture may
well manifest in differences of opinion as to the relevant knowledge about the pas-
ture. The more accurate and agreed upon the knowledge is, however, the better
the knowledge can motivate and support cooperation via community governance.
Given an opportunity to communicate (and not artificially forced into a one-shot
prisoner’s dilemma), the herders may be able to develop, share, and act upon such
common knowledge.**

Despite the centrality of knowledge to commons governance, we, as analysts or
storytellers about environmental commons, tend to presume that a knowledge com-
mons functions effectively in the background but generally do not focus on the
knowledge commons as a subject of our analysis or story.

Suppose our group of sheepherders agrees about the collective need to con-
strain use of the pasture according to a set of agreed-upon rules. The pasture, they
realize, can become overcrowded with sheep, causing deterioration. Assume each
sheepherder uses the pasture similarly and that the sheep graze similarly. The
social dilemma they face is thus what economists call an “anonymous crowding”
(congestion) problem because using the pasture in this scenario entails homo-
geneous uses (Cornes and Sandler 1996, 355). The attributes of individual users
(herders, sheep) do not matter for the purpose of making the rules for the pasture.
What matters is the overall capacity of the pasture, the overall number of sheep
grazing in the pasture, and the rate (intensity) at which the sheep are consuming
the pasture grass. It follows that effective governance in this situation requires
some knowledge about each of these parameters. Such knowledge informs the
primary governance decision about allocation rules for the pasture, which may
boil down to simple rationing — that is, how many sheep can each herder graze,
and for how long.">

custom of replenishing the firewood could develop without any explicit planning or communication.
On commonsensical social norms, see Frischmann (2021).

4 To highlight the importance of shared knowledge to governance of the environmental commons,
imagine strangers who lack the (pre)requisite common knowledge — for example, a new herder who,
ignorant of the scarce capacity in the pasture or the existence of other herders using the pasture,
brings new sheep onto the pasture and thereby unintentionally causes severe damage to its ability to
support grazing.

5 Other means for addressing anonymous crowding include capacity expansion and congestion- or
usage-sensitive pricing (Frischmann 2012, 141-149).
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Game theory models and common knowledge. The tragedy of the commons
has been modeled in game theory as a prisoner’s dilemma. While the model
predictably leads to defection and tragedy, Ostrom emphasized how real-
world scenarios rarely fit the model (Frischmann 2013, 390—392; Ostrom 2007,
15183). Once communication among players and/or repeated interactions
among players is allowed (rather than assumed away), cooperation is much
more likely. Notably, to talk meaningfully about available moves, strategies, and
consequences — i.c., the “payoff structure” in game theoretic terms — requires
some base level of shared understanding, which in turn implies the existence
of knowledge commons.

Ifthe sheepherders are committed to governing their shared pasture asa commons,
rather than resorting to other governance regimes such as government command-
and-control or privatization, then a corresponding knowledge commons dilemma
also arises.”® Essentially, the community of herders must generate and share the
knowledge needed to govern its environmental commons. The herders may need,
for example, to develop an understanding of consumption patterns and long-term
impacts. Understanding the need for such information, the herders may create the
knowledge commons intentionally through planning and study. Alternatively, the
knowledge commons may arise informally and unintentionally as individual herd-
ers debating governance options share their experiences with the pasture and what
they have observed about the effects of grazing.

The relevant information in the knowledge commons may develop through
consensus, or it may be hotly contested among stakeholders. Conflicts may arise
over how to frame risks, resolve uncertainty, or deal with contested knowledge.
Heuristics, biases, and other psychological and sociological phenomena may chal-
lenge the commonality of the knowledge commons. Or, by contrast, the herders
may govern the knowledge commons in ways that reduce conflict and build consen-
sus about how to manage the pasture. They may, for example, agree to defer to the
judgment of an appointed person — someone known and trusted by the community,
or an outside expert — as to the carrying capacity of the pasture.

Regardless, our point is simply that even the most basic environmental commons
requires joint effort toward the generation, curation, and sharing of knowledge
about the environmental commons. This is implicit in Ostrom’s first three design
principles, which focus on defining the resource and the community, finding rules
that reflect local needs and conditions, and enabling participation to change rules.

1 In fact, knowledge commons dilemmas lurk behind most governance decisions, regardless of whether
a commons resource is involved. Government regulation as a general matter depends on knowledge
commons, involving different sets of stakeholders, governance institutions, and so on. Frankly, the
same can be said in the context of privatization and markets (Dekker and Kuchaf 2021). Nonetheless,
our focus here is on collective governance of resources managed as commons.
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Ostrom’s other design principles also depend upon developing and communicat-
ing shared knowledge — among community members, with outsiders, and as inte-
gral parts of governance institutions (e.g., sanctions, dispute resolution). Suppose,
for example, that our community of sheepherders agrees on a system for allocating
grazing rights among themselves. Effective governance will require monitoring and
tracking compliance with these rules-in-use.'”

The quality of an environmental commons — its value to the community — depends
on the effectiveness of the community’s governance. Like an environmental com-
mons, a knowledge commons also may need active management to serve its func-
tion of informing decisions about the environmental commons. Left unmanaged,
problems of inaccurate knowledge and lack of access to knowledge may dominate
the knowledge commons. The absence of definitive information about transmission
of the COVID-19 virus, for example, deprived public health experts of a consen-
sus of information on which to build norms of mutual protection. Because effec-
tive environmental commons governance requires a well-functioning knowledge
commons, effective environmental commons governance therefore will require an
effective strategy for governing the associated knowledge commons.

So far, we have described the environmental resource as if it only generates
outputs — here, grazing areas for the herders” sheep. This view implicitly presumes
the pasture is natural.®® Of course, it is not. The pasture itself is a social construc-
tion, involving a reshaping of the natural environment through particular human
activities. Rather than a pasture, it could be many other things."” Further, consider
how the community contributes inputs that affect the environmental resource as
well as complementary goods that affect how community members interact with
the resource and each other. Herders may, for example, create trails in the pas-
ture, construct a fence around the pasture, or build a place to sit while the sheep
graze. The benefits of these inputs and complementary goods inure to the herders
who invest in them, but also to all other herders as well. This creates a potential
problem. Users of shared resources may be disinclined to invest in contributions
that would add value to the resource system without any confidence that they, as
opposed to other users, will be able to enjoy the fruits of their efforts. A herder may

7 Some knowledge resources for these purposes may be simple, such as tracking the number of sheep each
herder brings to the pasture to graze. Still, deciding who collects, records, curates, and has access to such
information raises distinct governance concerns. Should herders be relied upon to self-report, or will
some designated person keep track? Some information may be more complicated and difficult to obtain,
such as data on actual consumption rates and corresponding impacts on resource capacity. Such data can
help to reduce uncertainty, resolve conflicts, and revise rules. But herders who oppose limits on pasture
use may attempt to hinder gathering of reliable information about pasture use and its effects.

It also can lead to the mistaken impression that the pasture is passive and static, like a mine yielding
ore, when in fact it is dynamic and full of life.

19 Designating the land a pasture and deciding it should be used for herding animals is a significant use
restriction as it may preclude a wide range of other uses, such as recreation, cropland, or leaving it
fallow. We revisit this point in the context of interaction effects. See Section 2.2.
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not bother to build a place to sit, for example, even though other herders would
also enjoy sitting there and benefit from the first herder’s efforts.

Similar issues arise for knowledge resources, which often function as inputs and
complementary goods and face incentive issues rooted in concerns about free rid-
ing. Take, for example, information about areas of the pasture that are especially
good for grazing. A herder with knowledge of the best grazing areas may be disin-
clined to share that information with other herders because sharing the informa-
tion will not benefit, and may in fact disadvantage, the first herder. Similarly, a
user may be disinclined to invest in contributing potentially valuable information
to the knowledge base because other users will take advantage of the information,
without benefit (and potentially with detriment) to the first user. For example, a
herder may be disinclined to invest the time to survey the precise boundaries of
the pasture because the cost of surveying the pasture outweighs the benefits to the
herder, not taking account that the survey would be valuable to other users as well.

Yet in some cases, unlike a conventional environmental resource, information
will be more advantageous to the user if other users have access to it. For example,
if the pasture is generally believed to support only grazing by 200 sheep, but one
herder who would like to have more sheep has information (or an innovation)
supporting the idea that the pasture actually can sustainably support grazing by
300 sheep, it is in that herder’s interest first to invest in contributing that informa-
tion to the communal knowledge base and second to make that information acces-
sible to the other herders. Thus, here the incentives have reversed. The presence
of other herders gives the herder more, rather than less, incentive to invest in con-
tributing the information to the communal knowledge base and to make the infor-
mation accessible to others. Managing a knowledge commons effectively requires
taking into consideration the different incentives that members of the community
will have to contribute to, or hinder, the accumulation and distribution of informa-
tion about the environmental commons.

2.2 EXTENDING THE STYLIZED EXPLORATION OF CLASSIC
ENVIRONMENTAL COMMONS AND CORRESPONDING
KNOWLEDGE COMMONS: HERDING SHEEP AND
OTHER ANIMALS ON A SHARED PASTURE

We now build from the sheepherding example and expand it in three deliberate
steps, by adding stylized variations in the types of grazing animals and corresponding
effects. At each stage, varying the facts has implications both for the environmental
commons and the associated knowledge commons.*

2 This section draws from the “Managing Congestion” chapter of Frischmann (2012), which developed
these stylized examples to illustrate different governance dilemmas and solutions. Frischmann did
not, however, elaborate on the corresponding knowledge commons.
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Even prior to undertaking the challenge of managing the pasture as a commons,
the community must make certain foundational decisions. The herders and per-
haps others must decide, either individually or collectively, that they want to use
the land as a pasture rather than for other purposes, such as homesites, a forest for
harvesting timber, cropland, or recreational uses. This decision presents a gover-
nance dilemma, which requires both descriptive and normative knowledge for the
community to address. Descriptively, the community must understand the land in
question as a potential pasture site. Ideally but not necessarily, the community also
will have some knowledge about other potential uses for the land, and the relative
advantages and disadvantages of each alternative use. Normatively, the community
must define who may participate in the decision about how to use the land and the
process for making that decision, as well as the criteria the community will apply in
deciding among alternatives. Like the use of the land itself, contributions of infor-
mation to the knowledge commons are likely to occur strategically. A proponent of
using the land as cropland, for example, may publicize the benefits of cropland and
the disadvantages of other potential uses. How the community creates and manages
the knowledge commons may effectively decide how it decides to use the land, such
as if the community envisions land use as a matter of tradition and the land has tradi-
tionally been used as a pasture. Or the knowledge commons may play a supporting
but not defining role in managing the environmental commons. The ability of the
community to decide the best use of the land will depend in significant part on
whether it is able to generate a robust and diverse knowledge commons on which to
base its decisions about the land.

Turning to management of the land as a pasture, in the first scenario, described
in Section 2.1, a community of sheepherders shared a pasture and governed it (and
themselves) as a commons. Grazing sheep on the pasture gave rise to a potential
social dilemma that can be framed as an anonymous crowding congestion problem.
Managing congestion and avoiding tragedy required the community to determine
rules-in-use regarding grazing and to monitor compliance with and to enforce the
rules. The management decisions that created and implemented the rules depended
on the existence of a shared body of knowledge, with both descriptive and normative
components, about the pasture and the herders relationship to the pasture and to
each other. Thus, this natural resource commons is accompanied by an associated
knowledge commons. We also highlighted potential social dilemmas concerning
incentives to invest in public goods (whether inputs or complementary goods) that
contribute to the environmental and knowledge commons.

2.2.1 Herding Sheep and Goats on a Shared Pasture:
Knowledge Concerning Heterogeneous Uses

Now suppose our community of herders share the same pasture but some fraction

herd sheep and the rest herd goats. Thus, we are shifting from homogeneous use
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to heterogeneous uses, albeit still within a rather narrow scope (herding livestock).
Assume that the only relevant difference between sheep and goats for purposes of
managing the shared pasture is the rate at which the grazing animals consume
the resource.” On these stylized facts, the addition of goats presents a complica-
tion for rules-in-use concerning allocation and tracking.** The herders will have to
decide whether and how to factor the differences between sheep and goats into the
rules-in-use.

The additional complication for rules-in-use for grazing creates complications
for the associated knowledge commons as well. The herders will have to under-
stand the different rates of consumption and will have to track sheep and goats
separately. They also will have to communicate with each other about whether
and how the differences between sheep and goats should influence the allocation
rules. Yet the move from the base scenario in Section 2.1 to this variation does not
necessarily present a substantial challenge, either for governing the pasture or for
developing the underlying requisite knowledge commons, so long as the only dif-
ference between sheep and goats is in the rates of consumption.

There could be complications, and even conflict, in distinguishing animal
types and measuring consumption rates, and dealing with such complications
could put pressure on the knowledge commons institutions. Herders may engage
in strategic behavior to game rules-in-use by, for example, selectively highlighting
information favorable to their interests in discussions over management of the
pasture. Nonetheless, if the only difference between sheep and goats is their rate
of consumption, the information challenges for the shift from sheep to sheep and
goats primarily concern descriptive and managerial knowledge similar to the ini-
tial sheep-only scenario.?

We can extend this scenario along similar lines, for example, from 2 - 3 — ...
— n different types of animals, which would complicate matters mostly in terms of
accounting. Creating and maintaining a knowledge commons is costly to the com-
munity. As the number of types of grazing animals increases, the cost of creating
and maintaining a knowledge commons sufficient to support management of the
pasture increases as well. If these costs (a form of transaction costs for governing
the pasture) increase enough, then they may constrain governance choices.* If, for

2]

This is a stylized fact. There are both quantitative and qualitative differences in how sheep, goats, and
other livestock consume pasture resources.

** Allocation may include pricing if a usage-based fee is implemented.

» Note that the stylized assumption does a lot of work. If we relax the assumption and, for example,
recognize that community members may have preferences for one animal over another, for histor-
ical, cultural, or other reasons unrelated to the rate of consumption, then additional information
challenges arise that implicate normative knowledge in addition to descriptive and managerial knowl-
edge. We return to this extension in Section 2.2.

* As Frischmann (2012, 150-151) explains:

Heterogeneity introduces variance in the capacity consumption of different uses. E-mail and
video conferencing consume bandwidth at different rates. Grazing sheep on a meadow imposes
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example, ten different breeds of goats graze on the pasture, each with a somewhat
different rate of consumption, the cost of understanding the differences between
the breeds at some point may exceed the benefits of differentiating among the
breeds, leading the herders to treat all goats alike even if they are not.

2.2.2 Herding Sheep, Goats, and Donkeys on a Shared
Pasture: Knowledge Concerning Interaction Effects

Heterogeneity also can introduce potential interdependencies among uses,
referred to as interaction effects. Some interaction effects can be positive, as when
uses are complementary (mutually beneficial). Some can be negative, as in the
case of interuse congestion, also referred to as cross-crowding. Various uses may
interact with each other in a manner that goes beyond competition for scarce
capacity. Rivalrousness may arise because a certain use raises the marginal costs
for another use, reducing consumption opportunities for that use, even if the
capacity of the underlying resource is not scarce. To illustrate, consider once
more our shared pasture.

Suppose our community of herders share the same pasture, and they herd sheep,
goats, and donkeys. Again, assume the only relevant difference in resource con-
sumption between sheep, goats, and donkeys is quantitative (rate, intensity). This
presents the same issues raised in Section 2.2.1. Now assume the following styl-
ized fact: Donkeys and sheep don’t get along and tend to fight with each other.”
Herding both types of animals on a common pasture would then give rise to nega-
tive interaction effects and rivalry, even if the capacity of the pasture is more than
enough to support both flocks.

Interaction effects can give rise to another type of externality; individuals choos-
ing which and how many animals to add to their flock may not account for the
interaction effects and consequential impacts on other herders in the commu-
nity. Again, as with the previous scenarios, this presents a social dilemma, and
thus creates demand for governance, in both the natural resource commons and
corresponding knowledge commons. The community must be able to describe,
understand, and address the challenge of interaction effects.

a different burden than grazing goats or buffalo, much less flying a kite. Driving an SUV on the
highway imposes a different burden than driving a Honda Civic or a Mack truck, much less a
motorcycle or a bicycle. Some uses may be particularly intense, whereas others are not. Some
uses may be particularly sporadic or bursty in their utilization rates, while others may be more
uniform. Such variations among uses of the shared resource can complicate congestion manage-
ment, including provisioning of capacity, membership size, and pricing.

»  Alternatively, assume that for cultural/historical reasons, most community members have a strong
preference for herding sheep over any other animals. Or instead, assume sheepherders have tradition-
ally come from higher socioeconomic classes than goatherders. We could go on inventing variations
on the theme of interdependencies among uses that give rise to interaction effects.
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Cross-crowding complicates conventional approaches to managing congestion.
A sizable capacity cushion does not necessarily eliminate cross-crowding; nor does
restricting total membership size of the user community; nor does congestion pric-
ing. Interaction effects arise because of interdependencies among uses that are
unrelated to scarce capacity. As a result, where interaction effects are significant,
some other manner of coordination may be necessary. In particular, managing
cross-crowding may entail managing the membership size of subsets of users based
on the identity of their use. In the context of our stylized scenario, this would mean
the community might choose to restrict (or even prohibit) sheep or donkeys.

Heterogeneity thus introduces another choice in governance, which is the scope
of uses — whether to allow all types of animals or limit the range. In other words,
the community may decide to (de)prioritize some uses. Importantly, this type of
decision can push beyond managerial in the descriptive and technical sense and
have a sociopolitical, normative dimension, much like the constitutive community
decision to designate the shared natural resource a pasture rather than a recreational
field, wildlife preserve, or something else.

Where two uses are interdependent in a fashion that gives rise to interuse conges-
tion, both uses cause the congestion (Coase 1960).2° Cross-crowding is not attribut-
able exclusively to one use or the other. Interuse congestion would not arise unless
both uses were present. For example, interaction effects between industrial pol-
lution and swimming in a lake are attributable to both uses, and not, as is often
assumed, to the industrial use alone. Eliminating interaction effects between these
uses can be accomplished by eliminating either of the two uses, or in some cases, by
restricting the intensity, timing, or some other characteristic of one use or the other.

Deciding how to coordinate interdependent uses, and which use(s) to restrict,
are difficult questions that must be evaluated in context. This contextual evaluation
depends heavily on shared knowledge. Some of this knowledge is descriptive and
similar to the type of knowledge necessary to manage the pasture for its carrying
capacity, as in the first scenario. For example, it may be that sheep and donkeys
only bother each other when they are in close proximity, and that problems can be
avoided if they are kept apart. But other knowledge necessary for managing a pasture
with sheep, goats, and donkeys is more constitutive. For example, do some graz-
ing animals have normative priority over others? Perhaps sheep have long-standing
cultural resonance in the community, and therefore the community, in managing
the pasture, will give sheep preference over donkeys. This type of knowledge may
be subject to debate within the community. There may be questions, for example,
regarding who may speak to the community’s normative preferences.

The basic point of this subsection is to show how interaction effects can force
(de)prioritization and thus trigger (additional) normative, even constitutive, deci-
sions. In prior scenarios without interaction effects, the community did not need to

2 This paragraph draws directly from Frischmann (2012, 153).
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choose among types of grazing animals. Of course, choosing to designate the land as
a pasture for grazing animals is itself a normative decision, constitutive of the com-
munity. It is worth noting that such a decision also deals with potential interaction
effects, not among types of grazing animals (uses of the pasture) but rather among
land uses (pasture, cropland, recreational park, etc.).

2.2.3 Herding Sheep, Goats, and Cows on a Shared Pasture:
Knowledge Concerning External Effects to Outsiders

Now suppose our herders share the same pasture, and they herd sheep, goats, and
cows; let’s leave the antagonistic donkeys aside. Again, assume the only relevant
difference in resource consumption between the animals is quantitative (rate, inten-
sity). This presents the same issues raised in Section 2.1. However, now assume that
grazing sheep, goats, and cows causes soil erosion that deposits sediment in the river
that runs by the pasture. The sediment pollutes the river, which downstream com-
munities use for drinking water. The sediment in the river is thus a byproduct of
grazing animals in the pasture.

Some byproducts of grazing animals, such as wool and milk, are private goods that
yield benefits captured by the herders, whether directly through their own use of
those goods or through market transactions in which they sell those goods. The sed-
iment byproduct of grazing animals, however, is a public bad — bad because the
water pollution is harmful rather than beneficial, and public in the sense that the
water pollution it causes is nonexcludable and nonrivalrous. This is a type of nega-
tive externality, yet it is a different type of negative externality than the one posited
by Hardin. Hardin described a negative externality among community members,
where each herder made a decision that generated unaccounted-for harm to other
herders sharing the pasture. In this stylized scenario, each herder’s animals may
generate both the Hardin-style externality associated with overconsumption of the
shared pasture and a productive-use-style externality involving unaccounted-for
harm to outsiders, meaning people who are not community members.*?

The sediment (productive use externality) scenario raises three distinct knowl-
edge dilemmas for which knowledge commons could play a critical role. First,
the community must be able to understand the new environmental problem. The

*7 Consider alternatively a scenario in which grazing cows generate substantial amounts of methane that
contributes to global warming. This scenario introduces two additional complications not present in
the sediment scenario. First, whereas the sediment affected only outsiders (downstream communi-
ties), the methane contributes to global warming that affects both the herders and outsiders. Second,
whereas it might be relatively easy to trace the effect of grazing the pasture on downstream water
quality, the effect of one pasture of grazing cows on global warming would be extremely difficult to
determine, especially in the context of a world in which an extreme variety and number of carbon
emissions are cumulatively exacerbating global warming. This complexity makes the environmental
resource — the atmosphere — much more difficult to govern than a small river, which nevertheless
does present its complexities.
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harms associated with the sediment byproduct are quite different and more com-
plex than what we have encountered so far. It can be difficult to know that the
downstream effects exist, to appreciate how the harms come about, and to attribute
them to individual decisions about herding animals on the pasture.®® This addi-
tional knowledge may implicate new sources of information and new expertise.

Second, the community must recognize (or choose to ignore) the need for com-
munity governance regarding the sediment byproduct, and this entails deciding
whether and to what degree the consequences to outsiders matter to the commu-
nity. The political economy of such a decision depends on shared knowledge, for
example, about who the outsiders are and where and when they may suffer the
harms. It also depends on existing relations with other communities and whether
there are intercommunity norms and governance institutions that mediate these
types of relationships. A community may decide wholly on its own that it cares about
the impacts on outsiders, or it may be pressured (forced) to internalize the external-
ities by outsiders.

Third, community governance of sediment production (river pollution) presents
a different environmental commons dilemma in the sense that rationing pasture
use based on resource consumption does not address the productive use externality
problem. Other governance mechanisms are needed. A tax on animals, for example,
could reflect the marginal external cost and lead herders to internalize the external
effects of their decisions. We leave aside a more detailed comparative analysis of
options, and instead note that these will generate the same types of demands for
ongoing descriptive and managerial knowledge described previously.

The first and third types of knowledge dilemmas are similar to those raised in
Sections 2.1 and 2.2, with the added difficulties of generating and sharing descrip-
tive and managerial knowledge about more complex and attenuated phenomena.
But the second dilemma implicates specific normative values of the community —
namely, whether, to what degree, and how to care about outsiders. This dilemma is
constitutive of the community’s identity — what type of community it is and wants
to be, how the community regards outsiders, and so on. Of course, all normative
considerations are to some extent constitutive of community identity. For example,
how community members treat each other is similarly constitutive. Even treating
the land as a pasture rather than a nature preserve is constitutive of community
identity.® Our point is to highlight how knowledge commons support the social
processes communities undertake to deal with these types of issues.

% In this scenario, for brevity, we have assumed the herded animals contribute to soil erosion homo-

geneously. Relaxing that assumption complicates the analysis in a similar fashion as the discussion of
heterogeneous uses in Section 2.1.

* Indeed, how we see ourselves affects our understanding of even the most basic descriptive and mana-
gerial knowledge. Herders who do not want to see themselves as polluters will tend to interpret infor-
mation so that they do not seem like polluters.
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The stylized scenarios in this section illustrate how governance of an environ-
mental commons depends on the associated knowledge commons, and vice versa.
Moreover, as the scale, scope, and heterogeneity of the knowledge commons
increase, its dynamic, constitutive functions in the associated environmental com-
mons become both more important and more challenging. Conscious consider-
ation of the environmental commons—knowledge commons relationship therefore
can facilitate more effective governance of the environmental commons and the
knowledge commons. The same combined environmental commons—knowledge
commons analysis can apply to many other shared resource settings, such as traf-
fic on roads involving cars, trucks, bicyclists, and pedestrians; uses of the internet
involving streaming video, gaming apps, and social media; or even the atmosphere,
involving numerous uses including aesthetics, air travel, supply of life-sustaining
gases, water vapor storage and transport, pollution dumping, and heat traps.

2.2.4 Summary

In the preceding scenarios, we have shown how each governance dilemma in the
environmental commons is associated with a corresponding body of information
in the knowledge commons. The ability of the community to address a governance
dilemma in the environmental commons will thus depend in part on the commu-
nity’s ability to manage the associated knowledge commons effectively, and how
the community manages the knowledge commons will influence how it governs
the environmental commons. In Table 2.1, we summarize the types of knowledge
necessary for effective resource governance in each scenario.>* As the resource gov-
ernance dilemmas increase in complexity, the requisite knowledge that must be
available to the community increases in complexity as well. At every stage, the
requisite knowledge includes both descriptive components and normative compo-
nents and includes the knowledge required for prior scenarios. Thus, for example,
when the herders confront the problem of congestion among sheep, they must
reach a common understanding of who participates, what criteria to apply, and
what process by which to decide how to limit sheep on the pasture.

Although the different scenarios outlined in the table are analytically discrete,
in practice the classification of a commons may be fluid and depend on judgments
made within the community. For example, before the pasture can be managed
for homogeneous congestion in Scenario 1, the community must decide —
perhaps explicitly, perhaps implicitly — that all sheep are to be treated equally.

3°° As GKC studies have documented, different knowledge requirements may involve different social
dilemmas and generate social (community) demand for different governance institutions. For exam-
ple, descriptive knowledge may implicate issues of standardization and coordination, whereas nor-
mative knowledge requirements may implicate conflicting values and fairness concerns. Different
knowledge dilemmas may, in turn, call for different institutional responses. For brevity, we did not
include another column that listed corresponding knowledge commons dilemmas and institutions.
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TABLE 2.1 Requisite knowledge for environmental commons dilemmas
Requisite Knowledge Requisite Knowledge
Scenario EC Dilemma Descriptive Normative
o Choice of land use Possible uses Who participates
(e.g., pasture, preserve, Consequences of uses What criteria
recreation) What process
1 Homogeneous Capacity of pasture Same as for Scenario o
congestion (potential Number of sheep grazing ~ How to govern
externalities among Rate of consumption (e‘g., government,
community members)  Rules-in-use market, or
Monitoring/tracking use community)
2 Heterogeneous Same as for Scenario 1, Same as for Scenario 1,

congestion (potential

but more complex

but more complex

externalities among
community members)
3 Interaction effects
(potential externalities
among community

Interdependency effects
among uses (e.g., conflict
between different species)

(De)prioritization of
uses
Same as for

members) Rules-in-use Scenario 1
Monitoring/tracking use
4 Productive use External effects, who is Who matters and how
externalities (potential impacted, to what extent, ~ much
external effects on and how Same as for Scenario 1,
noncommunity Mechanisms can be but complicated by
members) complex external governance

structures and
relations

This decision requires both descriptive knowledge about the sheep (how differ-
ent are they, and in what ways) and normative knowledge about the community’s
priorities (whether it wants to overlook any differences). As another example, the
community may decide for normative reasons or for ease of administration to treat
sheep and goats as if they were the same, even though they are not — essentially,
to treat a Scenario 2 situation as a Scenario 1 situation. Similarly, if the commu-
nity chooses to ignore effects outside the community, it might treat a Scenario 4
situation as if it were another type of scenario, but such a community decision
is normative and could, and we suggest should, be based upon knowledge about
external effects. Of course, in reality, incomplete knowledge about external effects
is a persistent governance challenge.

To some extent, the interrelated environmental commons and knowledge com-
mons resemble the interrelated governance functions that Michael McGinnis
has described in his work on networks of adjacent actions (McGinnis 2011, 52).
McGinnis argued that, whereas scholarship under the IAD framework often
focuses on a single regulatory function, in reality, commons governance entails
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multiple interrelated functions, each of which “constitutes an action situation in
its own right.” Complex policy settings, especially those characterized by polycen-
tric governance, can thus be framed as networks of mutually dependent adjacent
action situations, with each governance function entailing its own action situation.

Interdependent environmental commons—knowledge commons relationships,
like McGinnis’s networks of adjacent action situations, highlight related com-
mons. In some sense, environmental commons—knowledge commons relation-
ships could be viewed as a specific type of networks of adjacent action situations.
But environmental commons-knowledge commons relationships also have their
own distinctive attributes. First, using the GKC framework incorporates insights
from the knowledge commons literature. The GKC framework builds from the
IAD framework but with substantial adaptations that account for many differ-
ences in the underlying resources, governance dilemmas, and dynamic and often
constitutive relationships among resources and communities. Second, the envi-
ronmental commons—knowledge commons relationship generally operates at
a broader level than the network of interdependent governance functions that
McGinnis describes. The information, knowledge, and beliefs that comprise the
knowledge commons underlie every governance decision for the knowledge com-
mons, and the knowledge commons itself includes numerous governance deci-
sions and functions. The environmental commons and the knowledge commons
thus each encompass their own networks of adjacent governance functions, and
the environmental commons—knowledge commons relationship involves a web of
relationships among specific environmental commons functions and knowledge
commons functions.

2.3 ADDITIONAL EXAMPLES

The stylized pasture hypothetical described in Section 2.2 offers just one exam-
ple of the environmental commons—knowledge commons relationship. This sec-
tion describes additional examples drawn from both natural and built physical
environments.

2.3.1 Natural Environmental Example: Forest Management

Forests are a well-known example of an environmental commons subject to poten-
tial management issues of congestion, conflicts among uses, and externalities (e.g.,
Arnold 1993). Managing a forest effectively as a commons depends on an associ-
ated knowledge commons with information ranging from data about use of forests,
scientific information about impacts, and shared or disputed values about forests.
Government agencies such as the US Forest Service are often charged with manag-
ing forests on public lands, guided by statutes and regulations such as the National
Forest Management Act that provide a general management framework.

Downloaded from https://www.cambridge.org/core. UNIVERSIDAD AUTONOMA METROPOLITANA, on 15 Nov 2026 at 12:20:30, subject to the
Cambridge Core terms of use, available at https://www.cambridge.org/core/terms. https://doi.org/10.1017/9781009482134.004


https://www.cambridge.org/core/terms
https://doi.org/10.1017/9781009482134.004
https://www.cambridge.org/core

46 Todd Aagaard, Brett Frischmann

For managing forests on public lands, the governing statute, regulations, guid-
ance documents, and other legal decisions designate lands as a unit of the national
forest system and assign certain goals and values to guide management of the lands.
These decisions provide the foundation for judgments that delineate the baseline
Scenario o. Some of these decisions are made by Congress or the Forest Service at
the national level, while others are made more locally. At all levels, deciding what
lands to designate as a national forest and what uses and values to prioritize for the
forest requires information about the range of potential uses and benefits that can
be derived from the forest and the values implicated by those uses and benefits.
Thus, for example, historically, the Forest Service managed its lands primarily for
the purpose of timber harvesting, but eventually received a mandate to manage for-
ests for multiple uses, including recreation and environmental benefits in addition
to resource extraction.

When the Forest Service’s mission focused on timber harvesting, its manage-
ment decisions focused on Scenario 1 and 2 issues of congestion and, in particular,
determining how much timber harvesting was sustainable for a forest. If there was
only one type of timber harvesting, this would raise issues of homogeneous con-
gestion under Scenario 1. If multiple types of timber harvesting were in play — say,
clearcutting and selective cutting — then Scenario 2 issues arise. In either scenario,
the Forest Service needs descriptive information about the impacts of timber har-
vesting on forest productivity for future timber harvesting. Different stakeholder
groups, including scientists, the timber industry, and environmental groups, are
likely to have information to contribute to the understanding of how much tim-
ber harvesting a forest can sustain. Agencies sometimes employ formal mechan-
isms such as public comment and public meetings to elicit information relevant to
their decisions. The information that stakeholders contribute is often not impartial,
but instead reflects the normative priorities of the stakeholder that produces it.
Thus, contestation over knowledge in the knowledge commons reflects disputes
over physical resource use in the environmental commons. Having mechanisms
that facilitate broad participation from all stakeholders and clear rules for how the
agency treats the information it obtains through those mechanisms can increase
stakeholders” perceptions of the legitimacy of the agency’s decisions, potentially
reducing conflict in the environmental commons.

Now that the Forest Service has a mission to manage forests for multiple uses,
managing interactive effects among uses is an important part of its role. Some uses
may conflict — for example, off-road vehicles may annoy hikers, and timber har-
vesting may at least temporarily displace wildlife. Other uses may benefit each
other, such as when off-road vehicles use logging roads. Again, stakeholders are
likely to contribute information that advances their agenda for the forest — for exam-
ple, hikers complaining about the aesthetic impacts of logging.

When the Forest Service considers the positive and negative externalities of for-
est management, it is in Scenario 4. Logging may cause sedimentation of rivers and
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streams, impairing downstream water quality. Logging and recreation may contrib-
ute to the local economy, helping to sustain rural communities. To represent the
broad public interest, the Forest Service needs descriptive information about these
external impacts and also needs to reach an understanding of what value to attach
to these different effects. Different stakeholder groups will generate relevant infor-
mation consistent with their interests in uses of the forest.

In considering forests and other public lands management, we often think of
the agency as a land manager, a label that indicates its responsibility for stewarding
the environmental commons of the forest (or rangeland or wildlife refuge or state
or national park). But these public lands managers also play an important role as
managers of the knowledge relevant to stewarding the environmental commons.
Debates about public land management draw on a wide variety of knowledge from
various stakeholder groups. Because of the environmental commons—knowledge
commons relationship, public lands managers must manage their knowledge com-
mons well if they hope to manage their environmental commons effectively.

Public agencies often have rules and practices — some as formal laws or princi-
ples, some as informal norms — for what information and knowledge to consider in
making decisions. These rules and practices should depend on the type of decision
the agency is making, as indicated by our different governance scenarios. For exam-
ple, if the Forest Service is deciding how much timber harvesting in an area would
be sustainable (Scenario 1), this is primarily a scientific question and so scientific
knowledge should be most relevant to the agency. Stakeholders will know this and
attempt to cast the information they produce in scientific terms. The agency will
have to evaluate the scientific merit of the potentially relevant information in the
knowledge commons — for example, by assessing the methodology of the work that
produced the information. By contrast, if the agency is deciding whether how to
manage conflicts between off-road vehicle users and hikers (Scenario 3), it needs
both descriptive information about how much off-road vehicles bother hikers and
vice versa, but also normative information about how much value to place on off-
road vehicle use versus hiking. For normative information, the agency has to under-
take a different kind of evaluation — for example, determining the extent to which a
comment represents the views of a broader group of stakeholders. The clearer and
more transparent the agency can be about how it will treat different types of infor-
mation, the more effectively stakeholders can structure their contributions to the
knowledge commons.

Under administrative law principles, agencies often formally designate a body of
knowledge and information as the administrative record on which they base their
decisions. At least in theory, the agency’s decisions must consider all knowledge
and only knowledge in the administrative record. Stakeholders hoping to influence
agency processes accordingly vie to get their positions supported by information in
the administrative record. Agency processes such as comment periods and public
meetings can reduce obstacles to stakeholder contributions to the administrative
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record, thereby enriching the quality of the knowledge commons. Whether the
agency is able to leverage a robust knowledge commons into better governance of
the environmental commons is a different issue.

This brief summary conveys only the tip of the iceberg regarding the interactions
of environmental resource governance and knowledge commons governance in
the context of public lands and administrative agency decision-making. Further
research should examine the relationship between public lands and their associ-
ated knowledge commons, and in particular how agency practices for managing
public lands and agency practices for managing associated knowledge commons
can mutually support each other.

2.3.2 Built Environment Examples

We now provide an abbreviated look at how the insights from the previous sec-
tion would apply to some familiar examples of built environments: roads and the
living room.

2.3.2.1 Roads

Roads are an important infrastructure generally managed as commons (Frischmann
2012).3' Governance of roads involves both the physical resource of the road
infrastructure itself and an associated knowledge commons. The interaction of the
two commons raises issues similar to the pasture example discussed in Section 2.

The baseline Scenario o presents the normative question of what roads to build
and where to build them. Addressing this question requires considering information
about the present and future transportation needs of the community, possible trans-
portation options (which may include alternatives to roads, such as mass transit), and
normative judgments about transportation as a fiscal priority compared with other
pressing concerns.

Scenario 1 involves homogeneous traffic (e.g., similar-sized cars), which pres-
ents a basic congestion problem. Roads are not inevitably or always congested,
but they can be, depending on capacity (supply) and demand patterns. Tolerating
some congestion, especially at low levels, may be preferable or even necessary.
Like the pasture, an individual vehicle’s use of a road can impose externalities
on other users — once there is some congestion, each additional vehicle on the
roads increases travel times for other vehicles as well. When congestion reaches

3! Road systems are complex and involve a polycentric governance with multiple decision-making enti-
ties. Different levels of government, different departments, and different geographic jurisdictions, as
well as private entities, play different roles in managing and coordinating construction, maintenance,
and use of a road system by different communities.

Downloaded from https://www.cambridge.org/core. UNIVERSIDAD AUTONOMA METROPOLITANA, on 15 Nov 2026 at 12:20:30, subject to the
Cambridge Core terms of use, available at https://www.cambridge.org/core/terms. https://doi.org/10.1017/9781009482134.004


https://www.cambridge.org/core/terms
https://doi.org/10.1017/9781009482134.004
https://www.cambridge.org/core

2 Entangled Environmental and Knowledge Commons 49

certain levels, for example, for certain routes during rush hour, sustaining the
roads as useful commons may depend upon rationing or congestion pricing as
mechanisms for dealing with anonymous crowding. The knowledge required for a
community to choose among possible policy options for managing congestion and
then to implement the chosen policy tracks the analysis described earlier for the
pasture. Decision-makers will need to know information about resource capacity,
number of users, the rate of consumption, pattern of consumption, rules-in-use,
and monitoring.

Scenario 2 introduces heterogeneous traffic, such as different types of vehicles —
say, cars and trucks. This complicates the descriptive details (e.g., different consump-
tion rates, potentially different rules-in-use) but does not alter the basic analysis.

Scenario 3 involves interaction effects, for example, among vehicles (cars,
trucks, and bicycles) and among use types (vehicles and pedestrians). Rules gov-
erning access to highways generally exclude bicycles and pedestrians to avoid
interaction effects; communities deploy speed bumps and other traffic calming
measures on residential streets for similar reasons. In addition to the knowledge
requirements of other scenarios, new challenges arise: understanding how the
interaction effects work, what the types of risks are for different users and types
of roads (highways versus residential), and how to (de)prioritize across contexts.
Managing this additional information may require new forms of expertise and the
additional exercise of political (community) judgment. Further, strategic behav-
ior in the generation and sharing of knowledge also becomes a more prevalent
concern. As may be familiar to many readers, the politics associated with deploy-
ment of speed bumps highlights how the knowledge dilemmas for knowledge
commons are not simply scientific or technocratic.

Finally, Scenario 4 surfaces the many positive and negative externalities associ-
ated with roads, beyond mere congestion effects among road users. Beyond their
direct benefits and costs to road users, roads enable economically and socially
productive activities (among different communities) that generate positive exter-
nalities (social surplus). These positive externalities provide a potentially impor-
tant justification for managing road systems as commons rather than, for example,
relying on toll roads. Roads also create negative externalities such as noise and
pollution that impact neighboring communities. Information about these positive
and negative externalities, and normative judgments about the consequences of
their impacts, are potentially important to managing the road system for the ben-
efit of the community.

As with the pasture example, the relevant decision-makers must determine which
distinctions among road users matter and which do not matter and what this means
for managing road congestion. These decisions may implicate different types of
knowledge. For example, whether different types of vehicles contribute differently
to congestion will determine whether traffic congestion is treated as homogeneous
(Scenario 1) or heterogeneous (Scenario 2). This decision primarily depends on
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descriptive knowledge about vehicle use and its effects on congestion.?* Other
management decisions will depend on both descriptive and normative knowledge.
For example, whether to apply preferential rules-in-use to electric vehicles may
depend on the number of such vehicles on the roads, but also how much the pub-
lic cares about pollution from gasoline-powered and diesel vehicles.

Despite the many differences between pastures and roads, each step in the anal-
ysis for roads triggers the same types of knowledge dilemmas and challenges sum-
marized in Table 2.1. Our analysis of roads is admittedly cursory; we could write an
entire chapter on this example alone. Still, the point is to reveal the shared features
and spark interest in further exploration in the future.

2.3.2.2 Living Rooms

The living room of a home provides an overlooked everyday example of an environ-
mental commons. Living rooms raise governance issues similar to pastures and roads.
The baseline Scenario o presents the question of how to use a particular room
in a house — for example, as an office, dining room, or living room. The baseline
decision reflects a commitment to shared space, shapes the set of complementary
goods and inputs (e.g., furniture, design, decoration, and lighting), and also shapes
expectations and social norms regarding the range of acceptable uses of the room.

Scenario 1 conflicts over the living room would involve issues of homogeneous
congestion — for example, when a large group gathers to watch television. Managing
congestion requires knowing how many people want to watch television, potentially
including people from outside the home; the carrying capacity of the room, which
in turn depends on people’s aversion to (or preference for) crowding and seating
preferences; and possible rules-in-use for managing the congestion.

Scenario 2 conflicts over the living room would involve issues of heterogeneous
congestion — for example, children who take up less room on the couch than adults,
or people who insist on sitting together. This requires additional information, but
does not differ significantly from problems of homogeneous congestion.

Scenario 3 issues arise when different people want to use the living room for
different purposes that conflict with each other — for example, when some people
want to watch television and some want to read. Managing these conflicts requires
additional descriptive information about the relationship between the conflicting
activities — for example, how much television watching bothers readers — and also
normative information about the relative weight of the activities.

3 At the margins, decision-makers will have to exercise judgment about whether to overlook differ-
ences among vehicles and treat them the same (Scenario 1) or to take differences into account that
treat different types of vehicles differently (Scenario 2). Politics also may influence the judgment; if
truck drivers have enough political power, they may be able to influence decision-makers to overlook
additional impacts that trucks have on traffic congestion, even if the differences may be descriptively
significant.
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Scenario 4 considers the broader impacts of how the living room is used. Perhaps
noise from the television disturbs the sleep of other members of the household, or
perhaps the living room can be used as a place for neighborhood children to social-
ize. If these externalities are important to the residents of the home, then making
best use of the living room will require both descriptive and normative information
about these external impacts of living room use.

Although the living room example may seem trivial (or even silly), it highlights
the pervasiveness of commons governance in our everyday lives and the significance
of knowledge and information to that governance. Accepted social norms and strong
knowledge flows can make the living room a well-functioning environmental com-
mons, and lack of communication can cause squabbles and divisions within the
household.

2.4 BUILDING ROBUST COMMONS GOVERNANCE

So far, the discussion of the pasture, woodlands, roads, and living room examples
have highlighted the commonalities among them. In particular, each type of envi-
ronmental commons potentially raises different governance challenges, and each
governance challenge for the environmental commons in turn has implications for
associated knowledge commons. But there are important differences across com-
mons resources as well, and these differences potentially have significant implica-
tions for the knowledge commons.

Compare, for example, a road system with a living room. Road systems are geo-
graphically dispersed, governed polycentrically by government agencies, and used
by a very large number of people, often in the millions. Congestion and other
interpersonal effects are highly complex and difficult to discern. Most users are rel-
atively anonymous to each other and have only limited contact with the various
public officials making governance decisions about the roads. Because they involve
government agencies, decision-making processes for roads tend to be formal and
bureaucratic.

The knowledge institutions that effectively manage the information needed to
govern a road system reflect these features. Because of the complexity of the issues,
expert professionals are hired to analyze traffic effects, environmental impacts, and
economic costs and benefits of different options. Because road users are numerous,
dispersed, and anonymous, rules-in-use are communicated through centralized and
formal means such as highway signs. Because bureaucratic processes are involved,
information is developed through formal mechanisms such as traffic studies.

Living rooms, by contrast, are a single space, governed informally, and used
by the same small number of people for an extended time. Interactive effects are
relatively easy for users to discern. The small number of users are socially cohe-
sive, bonded as a couple, a family, or roommates. A small number of adults, often
related, may exercise total control of living room use. Decisions tend to be made
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through social norms and custom rather than formal processes, and these customs
are either well known to the users or easily communicated.

The knowledge institutions that manage living rooms reflect the features of a liv-
ing room and contrast with those for road systems. Because of the informality of the
decision-making and communication processes about use of the living room, the
knowledge institutions are informal as well. Users come to their own understand-
ings of living room use and communicate those understandings and their prefer-
ences directly to others in the home. Rules-in-use arise through social norms rather
than formal process. Little communication about the rules is necessary.

If the living room example is modified slightly to the lobby of an apartment build-
ing or a common room in a college dormitory, then the features of both the envi-
ronmental commons and the knowledge commons change as well. Residents in
an apartment building are more anonymous to each other than people who live
together in a home, requiring more formal processes of communication such as
sending emails and posting signs. Residents may have only a limited understanding
of how uses affect each other — for example, whether sitting with their dog in the
lobby will bother anyone.

In theory, a well-functioning knowledge commons would contain all informa-
tion and knowledge relevant to governing and using the associated environmen-
tal commons, and this information and knowledge would be easily accessible to
all stakeholders in the environmental commons. Economists often assume per-
fect information as a precondition of a perfectly functioning market. In reality,
however, information is costly to produce and to consume, and so a knowledge
commons contains only some potentially relevant information, and the informa-
tion in a knowledge commons is not perfectly available to all stakeholders in the
environmental commons. A variety of barriers may impede access to a knowledge
commons, including both access to produce knowledge that becomes part of the
knowledge commons and access to consume knowledge that is part of the knowl-
edge commons. Effective governance of a knowledge commons, which itself is
important to governance of the associated environmental commons, thus requires
attention to issues of access.

Some access issues arise because the cost of generating knowledge varies; some
knowledge is easier to generate than other knowledge. In the hypothetical pasture,
for example, it will be easier for sheepherders to understand the effects of conges-
tion from their sheep than it will be to understand the effects of congestion from
goats, and even more difficult for them to understand the effects that grazing has on
downstream water quality. Without concerted efforts to find out about knowledge
that is more difficult to acquire, decisions about the environmental commons —
here, the pasture — will tend to depend on more readily available knowledge.

As observed in Section 2.3, as the complexity of an environmental commons
increases, this increases the complexity of the associated knowledge commons.
In Scenario 1, involving only homogeneous congestion, the associated knowledge
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commons can focus on sheep. As more interactions are introduced into the
environmental commons — sheep, goats, donkeys, cows, and downstream water
quality — the knowledge commons associated with the environmental commons
becomes more complicated. Because generating, curating, and accessing informa-
tion is costly, the costs of maintaining an effective knowledge commons increase
as the complexity of the environmental commons increases. The relative costs of
maintaining an effective knowledge commons should be factored into decisions
about managing the environmental commons — in other words, one reason to con-
fine use of the pasture to sheep, in our stylized hypothetical, is to avoid the cost of
learning about sheep—goat—donkey interactions.

Knowledge commons are also unlikely to be neutral as to the interests in the
environmental commons. Because existing uses of the environmental commons
generate information naturally as a byproduct of the use, a knowledge commons
will tend to include more information and knowledge about existing uses than
about potential other uses. Because generating information, especially in acces-
sible form, is costly, the information and knowledge in the knowledge commons
also will tend to reflect the financial interests of stakeholders who have invested in
creating and disseminating information favorable to their interests. Effective gov-
ernance of the environmental commons may therefore benefit from institutional
buffers that insulate the knowledge commons from conflicts in the environmen-
tal commons. Institutional buffers could take the form of, for example, publicly
funded research to generate knowledge that would be underproduced by stake-
holders in the environmental commons.

A well-functioning environmental commons—knowledge commons relation-
ship supports effective governance of both commons. When knowledge commons
and environmental commons are out of sync, this may pose a significant obsta-
cle to effective governance. Ostrom (1990, 68-69) offers the example, described by
McKean (1986, 565) of a situation in which Japanese villagers thought that their
village leader had set a gathering season for forest products too late, thereby endan-
gering their ability to obtain a type of pole they gathered from the forest and then
used to support their gardens. The discrepancy between the villagers” understand-
ing of the facts and the rules-in-use imposed by their leader led them to violate the
rules despite the risk of severe sanction in the form of fines and forfeiture of what
they had gathered. It is unclear from Ostrom’s description whether the leader was
correct or the villagers were correct, and in some sense it does not matter; conflicts
in the knowledge commons led to a breakdown in the system used to govern the
environmental resource.

Changing conditions also may have implications for governing both the envi-
ronmental commons and the knowledge commons. Ostrom (1990, 88) noted that
the stability of the system — for example, a consistent population of users — can
contribute to effective governance. She pointed to the incentives that stability
creates to act consistently with developed norms. A farmer who cares about his
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reputation in the community is more likely to comply with norms about water use
for irrigation. But stability also supports effective governance of an environmen-
tal commons because stability allows the existing knowledge commons to sup-
port decision making and communication about the environmental commons.
Changing conditions in the environmental commons, by contrast, may render
knowledge obsolete, requiring updating of information (posing a challenge for
managing the knowledge commons) or making decisions about the environmen-
tal commons with less information (posing a challenge for managing the environ-
mental commons). Resilience in commons governance thus may require building
an ability to respond to changing conditions in both the environmental commons
and the associated knowledge commons.

2.5 CONCLUSION: FUTURE DIRECTIONS

Every environmental commons has an associated knowledge commons, and the
interdependence of the environmental and knowledge commons means that nei-
ther one can be fully understood without the other. Effective governance of one also
depends on the other, and conflict in one commons increases the risk of conflict in
the other.

Future research should investigate these complex environmental commons—
knowledge commons relationships. What are the implications of specific features
of environmental commons for effective governance of the associated knowledge
commons, and vice versa? For example, can some strategies prevent controversies
in the environmental commons from infecting the associated knowledge commons,
allowing for commonly accepted knowledge from which the community can draw
in governing the environmental commons? Case studies exploring environmental
commons-knowledge commons relationships can shed light on this question and
point to governance strategies that productively manage the relationship between
associated environmental commons and knowledge commons.

We also propose a retrospective empirical project that revisits and entails a meta-
analysis of prior environmental commons studies. The aim would be to map the
understudied and underappreciated knowledge commons implicit in many past
studies of environmental commons.

There are also ample opportunities for additional case studies. In writing this
chapter, we discussed and even drafted descriptions of many different examples,
drawn from many different domains. Yet the GKC book of which this chapter is a
part is its own entangled environmental commons—knowledge commons. There are
many authors contributing shared knowledge, and there is only so much space in a
book. And so, for brevity’s sake, we held much in reserve. In closing, however, con-
sider two examples that we hope inspire further research.

Digital networked environments on the internet are amalgams of knowledge
resources (data, software, images, design, and so on) running on physical resources
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(hardware, connectivity infrastructure). A website, for example, can include text,
images, video, design, and other content (knowledge resources) accessible on a
screen (physical resources) as well as software code (knowledge resources) run-
ning on a computer (physical resources). To be a virtual environment that users
visit, whether to obtain access to content or to interact with others, a website also
depends on shared infrastructures for connectivity. Simply put, virtual spaces
involve many shared resources, both tangible and intangible, often governed as
commons. A social media platform, an email or Discord server, or even just a chat
room presents many of the governance scenarios we have described. Communities
that manage shared digital environments as commons often depend upon shared
knowledge to deal with homogeneous congestion (e.g., too much information or
too many users), interaction effects (e.g., bullying), and externalities (e.g., viral mis-
information). Content moderation on digital tech platforms, such as social media,
for example, must distinguish between interaction effects among platform users
and productive use externalities associated with off-platform speech effects, even
if sometimes both occur simultaneously. Of course, the extraordinary scale, scope,
and speed of digital networked communications makes the governance challenges
even more difficult, and this puts more pressure on the knowledge commons. As
community members, users may play a limited role in platform governance; for
example, flagging content that violates platform policies. Not surprisingly, tech
platforms rely heavily on algorithmic systems to automate content moderation.
These systems typically are highly opaque and often seem to displace potential
knowledge commons. At the heart of many complex social dilemmas arising in
digital networked environments are interdependent and evolving environmental
commons—knowledge commons. We have only scratched the surface of this rich
topic for future policy-relevant research.

Another area rich with environmental commons—knowledge commons inter-
actions worthy of sustained study is public health. Consider, for example, the
emerging global crisis of antimicrobial resistance (AMR), which impacts health,
economic welfare, food security, and the global environment. In the twentieth cen-
tury, penicillin and other antibacterials added years to life expectancy by preventing
many infectious diseases (the major cause of death pre-antibiotics) and by enabling
treatment of infections associated with surgery and other medical procedures. The
global spread of AMR threatens to upend these incredible gains. AMR already
hits hardest in low- and middle-income countries, where its effects are aggravated
by inequity, but it also threatens high-income countries. Like climate change,
AMR is a global-scale wicked problem that entails many interdependent envi-
ronmental commons—knowledge commons. Antimicrobial effectiveness (AME),
for example, is an essential public infrastructure for advancing public health and
human flourishing. And AME implicates a body of knowledge about antimicrobial
effectiveness, ranging from medical and public health studies to social norms of
hygiene. Considering the challenge of AME in terms of infrastructure highlights
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the complex interactions between natural and built environments, knowledge
commons, and public health, and it emphasizes how sustainability depends upon
developing knowledge commons for sharing various knowledge resources globally
to describe and diagnose shared resource dilemmas, devise potential solutions to
manage collective action among diverse stakeholders, and engage different com-
munities in a global conversation about normative priorities and values. A possi-
ble response to AMR would be to create a global institution of experts charged
with compiling and disseminating consensus scientific information about AMR,
similar to the Intergovernmental Panel on Climate Change (IPCC). Whether an
IPCC-Hlike institution would be effective for AMR/AME depends on a variety of
factors regarding the technical, social, and political context of AMR. Like digital
networked communications, the question of how knowledge institutions can con-
tribute to addressing AMR warrants more examination and research.
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