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n view of the uncertainty brought about by human-caused climate change,
what types of institutions should we rely upon to mitigate the undesirable effects
of climate change? To help answer that question, we look to the economics literature,
especially work on information in markets and fiscal federalism, to see what it can
tell us about the relative merits of centralized and decentralized decision-making. 1
Our main argument is that the optimal degree of centralization or decentralization
will depend, in part, on (i) whether new information regarding the effects of climate
change will be more easily observed at the central level or the local level and (ii) which
types of institutions will be most effective in keeping the incentives of decision-makers
aligned with the costs and benefits of their decisions.
Although some of the economic concepts we employ are widely recognized in
the literature on climate change, others have received, in our view, far too little attention. Given the global nature of the causes and consequences of climate change, it is
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unsurprising that so much attention has been focused on efforts to reduce greenhouse
gas emissions through international treaties. This makes sense because, in essence,
the textbook solution to a problem of this type would be to negotiate a global level
of emissions (ideally weighing all the costs and benefits), and then employ a system
to achieve the desired level of global emissions in a relatively low-cost way, such as
through carbon taxes and other price mechanisms. Of course, whether we will see
anything even remotely resembling an enforceable agreement in the real world, let
alone an agreement yielding a close-to-optimal level of emissions, remains to be seen.
Regardless of the degree to which negotiations, other policies, or individual actions
succeed in reducing greenhouse gas emissions, the question of how to reduce the costs
of climate change remains. And it is on this aspect of policy for the Anthropocene
that we argue key ideas from public economics have received too little attention. In
particular, as Mother Nature reveals more information about the effects of human
activity on the climate, the question of how and when that information becomes
known will influence the success or failure of different policy approaches. If new
information is acquired in a dispersed manner, such as by individual landowners
observing changes on their own land, a centralized decision-making system will tend
to perform poorly relative to a system that allows the localized information to guide
decisions. By contrast, if the new information were easily observed by experts, such
as scientists, and individual landowners lacked incentives to use that information in a
manner that yields good outcomes, then a more centralized system of decision-making
could be preferable.2
To understand our argument, it is essential for the reader to recognize our starting
point. Although the political rhetoric surrounding climate change has often revolved
around accusations of climate change “denial” and counter-accusations of politically
driven scientific reports, those issues are red herrings with respect to the concerns in
our paper. If everyone came to view climate change as a serious problem, that might
move us a step closer to an effective policy response, but it is far from clear that merely
recognizing a serious global problem will lead to a good solution. Indeed, even when
large numbers of people face imminent threats of death (in wars, for example), collective responses may fail to avoid disastrous outcomes. Thus, for any serious effort to
guide policy responses to climate change, the question of what types of policies will
actually work must be treated as a topic of first-order importance. And it is with this
“what actually works” focus in mind that we examine the policy implications of the
Anthropocene. By taking this approach, we hope that our analysis will be valuable to
readers with a range of perspectives—whether optimistic or pessimistic about climate
change and the role of government in society.
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As a starting point for our analysis, we outline (in Section II) the standard economic explanation of why well-functioning markets are so valuable. In essence, when
markets function well, market prices serve two critical roles: They provide incentives
to engage in mutually beneficial exchange, and they convey otherwise unobservable
knowledge about costs and benefits of activities. Closely related to that point is the
standard approach to the question of which levels of government—centralized or
local—will tend to deliver better public policy when markets, if left alone, fail to
account for important costs and benefits.
By applying these ideas to environmental problems, we are following a path
similar to those taken by many previous scholars, particularly those affiliated with
PERC.3 Most directly, we build on the nascent literature that uses lessons from law
and economics to assess what types of institutions will work for the Anthropocene.
Regan emphasizes the value of adaptability in the face of an ever-changing world.4 In
particular, he relates ideas from Austrian economics to ones from ecology, pointing
out the importance of approaching environmental policy decisions in light of evolving
economic and environmental conditions. On a similar theme, Adler calls for “adaptive
management” in environmental law and policy, emphasizing the value of adaptability in response to environmental changes.5 In earlier papers, Adler focuses on water
policy, explaining the roles for property rights and markets in successful responses to
climate change.6 Huffman explains the advantages of relying on legal rules that have
evolved over time, particularly those rules that define and allow the enforcement of
property rights.7 He emphasizes, as we do, the importance of Friedrich Hayek’s work
suggesting that a good legal system must make use of diffuse private knowledge.

CORE ECONOMIC CONCEPTS: MARKET PRICES,
INCENTIVES, AND INFORMATION
Underlying the critical incentive and informational roles of market prices is the
fact that prices indicate how much of one good can be voluntarily exchanged for other
goods. The field of economics has, at its core, a rigorous exposition of that point.8
For our purposes here, we will present a simple thought experiment to convey the
intuition underlying the way economists view markets and prices. This will set the
stage for our discussion of environmental policy for the Anthropocene.

Voluntary Exchange and Information: A Very Simple Example
Consider a teenager who works as a gardener for neighbors at a wage of $10 per
hour. She has the option of forgoing leisure hours in exchange for pay, which can in
turn be exchanged for other goods. To purchase a $1,200 mountain bike, the teenager
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would need to forgo 120 hours of leisure. Thus, the opportunity cost of the mountain
bike is 120 hours of leisure, and, symmetrically, the opportunity cost of the leisure
is the mountain bike. Similarly, by purchasing an hour of the teenager’s gardening
services for $10, the neighbors are forgoing some other good, perhaps trading away
15 minutes of leisure if they earn $40 per hour, or perhaps forgoing a restaurant meal
that would cost $10 more than eating at home.
The incentive role here is quite obvious: The ability to trade goods and labor
at market prices provides incentives to engage voluntarily in mutually beneficial
exchange. The most famous comment on this point is from Adam Smith’s Wealth of
Nations: “It is not from the benevolence of the butcher, the brewer, or the baker, that
we expect our dinner, but from their regard to their own interest.”9
Less obvious is the essential informational role of market prices.10 The fundamental problem with most non-market systems of allocation is that they provide, at
best, little information about the opportunity costs of goods and the value of goods
to consumers. Quite simply, there is no reliable way to estimate how much people
value some good—such as a mountain bike, leisure, or gardening services—unless we
observe how much they are willing to give up in order to have it. Moreover, if we see
voluntary trades, it is usually reasonable to infer that we are observing mutual gains
from exchange. People make mistakes, of course, but if we see a teenager provide
120 hours of gardening labor in exchange for money to buy a mountain bike, it is
likely that the teenager preferred the mountain bike to the forgone leisure, that the
buyer of the gardening labor preferred the improved garden to other forgone goods,
and that the seller of the mountain bike expects that $1,200 can buy something he
or she values more than the mountain bike.
The key point, of course, is not that markets work perfectly, but that in most
cases knowledge problems render the alternatives worse. For example, if instead of
allowing voluntary exchanges of labor and mountain bikes, we empowered a city
official to conscript teenage gardeners and to allocate mountain bikes and other
goods, even a well-meaning official would be destined to make mistakes. There would
be no reliable way to find out who valued a bike (or $1,200 of other goods) more
than 120 hours of leisure, who valued gardening services more than $1,200, and so
forth. Inevitably, centrally planned allocations enforce what are, in effect, mutually
undesirable exchanges and prevent desirable exchanges. And if a non-market system
allocated gardening services and bikes to the politically well-connected—doing so
by taking leisure and bikes from the less well-connected—that would be even worse.
The principal point regarding knowledge, however, is that even a well-meaning
government official would be unable to allocate goods in a sensible manner.
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The real world is, of course, far more complex than our story about gardening
and mountain bikes. Each of us regularly chooses among a huge number of goods
and ways to spend our time. Note that even a decision to buy a mountain bike
involves not just whether to buy one, but making a selection among many quality
levels and styles. In this light, the knowledge problems faced by a central planner
trying to allocate goods and services are insurmountable—far more so than in our
simple story.

An Example of a Missing Market
As a practical matter, the success of markets in weighing costs and benefits—when
they do indeed succeed—comes from getting the incentives right and making use of
the price system as a mechanism to aggregate and employ otherwise dispersed private
knowledge. A critical concern, then, is whether prices will, in fact, reflect opportunity costs in a sufficiently accurate manner. In this light, if we see an environmental
problem in the sense that some type of activity is generating costs greater than the
benefits, we can ask whether a price system might resolve the problem.
A classic example is that of a common pool resource with unrestricted access.
To illustrate the problem, consider a lake surrounded by residents who use the lake
for fishing. If each individual chooses how much to fish by weighing only his or her
costs (e.g., time) and benefits (fish caught), the stock of fish may be rapidly depleted,
leaving all the residents worse off than if they agreed to reduce their catch. The fundamental problem can be viewed as a “missing market” in the sense that taking a fish
out of the lake has an opportunity cost: Neither the fish nor its potential offspring
can be caught in the future. This opportunity cost is incorporated only incompletely
(or not at all) into individuals’ fishing decisions. Thus, in the absence of some kind
of agreement or restriction on fishing, individuals decide to fish “too much” relative to what they would do if they reached a mutually beneficial agreement.11 Note
that one potential solution would be to collect a fee for every fish caught: With an
appropriately set fee, the problem of a missing market, and hence the problem of
overfishing, would be eliminated.
Once again, consider the central factor in our discussion: the role of information.
An extreme case would be a perfectly informed benevolent official. With perfect information about every individual’s benefits and costs, the official could simply assign
fishing quotas (as individual-specific allotments) so that each resident would catch
fish until the point where the next fish caught would be worth more in the lake than
if caught. With more than a trivial number of resident-fishers involved, the task of
obtaining such information, other than through a market, would be prohibitively
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difficult. Yet a more market-oriented solution can be implemented with much less
information. Even if no single individual knows much about any other individual’s
costs or benefits, setting a total number of fish caught, (known as a “total allowable
catch,” and allocating tradable rights to catch those fish may generate something
close to what a perfectly functioning market would yield.12
The key point is that the market price of the tradable right to catch a fish implies
that each individual catching a fish incurs an opportunity cost—either buying the
right to catch the fish or forgoing the opportunity to sell the right to someone else.
If the total allowable catch is set appropriately, with the price of fishing rights set
by supply and demand, the outcome will match the ideal market case because the
otherwise missing market is no longer missing. Crucially, there is no need for any
official to ascertain the benefits and costs to each individual, because each individual
will buy or sell the fishing rights according to his or her own benefits and costs. Of
course, the question of how to set the total allowable catch remains, but one reason
for optimism relative to a top-down, command-and-control approach is that all
holders of tradable rights have an incentive to oppose setting an excessively large catch
(because the value of future fishing rights will fall as the stock of fish is depleted) or
an excessively small catch (because the value of catching a few fish will be small). In
sum, when knowledge is dispersed, market mechanisms—even if they rely on centrally created rights—have more plausibly satisfied information requirements than
do command-and-control mechanisms.

INFORMATION AND THE ANTHROPOCENE
Using the ideas we set out in Section II, we will now turn to our paper’s central
question: As Mother Nature reveals the effects of human-caused climate change,
what types of institutions will be most effective in making use of that information? A
useful way to address this is to identify two types of mismatches between institutions
and the nature of information, then examine the inevitable tradeoffs involved when
choosing whether to make decisions in more versus less centralized ways. We will
illustrate this by discussing three topics: greenhouse gas emissions, water use, and
the protection of wildlife habitat.

Greenhouse Gas Emissions
Greenhouse gas emissions provide a textbook-style illustration of a case in which
decentralized decision-making will fail to weigh important costs and benefits. The
fundamental concern is that even if individuals could know the consequences of their
actions (e.g., how driving more miles on a road trip will, at the margin, influence
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environmental outcomes on barely-above-sea-level islands), it would be impossible for
decentralized contracts among the affected parties (e.g., drivers in Montana, residents
of islands) to contract with each other in an effective manner. Moreover, because
individuals bear such a small fraction of the consequences of their own greenhouse
gas emissions, there is no reason to expect that relying on individuals to weigh their
own costs and benefits will suffice to approximate weighing the costs and benefits
to all individuals. In this light, some central coordination can be valuable, making
international agreements an obvious consideration.13 That said, a centralized effort to
determine who should reduce emissions by how much would be, at best, inefficient
because information about the costs of reducing emissions is dispersed and, indeed,
individual-specific. Put another way, in the absence of information obtainable only
through market prices or some other type of voluntary exchange, mandated emissions
reductions will in some places impose large costs for relatively small environmental
gains, while in other places miss opportunities for large environmental gains at relatively low cost.
Note that regulations targeting specific aspects of goods—such as fuel economy
standards for automobiles—are commonly used and can be imposed without using
a market mechanism to address the problem of dispersed knowledge. Policies of this
type may be effective in reducing greenhouse gas emissions. Crucially, however, such
policies address the missing-market problem in, at best, an indirect manner. In the
case of fuel economy standards, for example, an increase in miles per gallon must
come at some cost, such as engineering costs, construction costs, safety, performance,
or discomfort. Imposing these costs does not solve the fundamental problem of
missing markets. Note that in the case of an individual who drives very few miles,
the additional cost of a mandated “green” car will yield little reduction in emissions.
Moreover, the incentives created by such policies need not align individuals’ incentives with the policies’ objectives. For example, increased fuel economy will, all else
equal, reduce the cost per mile driven and may therefore increase miles driven and
weaken incentives to carpool.14
In sum, the effectiveness of efforts to reduce greenhouse gas emissions will
depend on two fundamental lessons from public economics. First, negotiations
will likely need to be conducted at a relatively centralized level in order to “get
the incentives right” in the sense of having a sufficient portion of the global costs
and benefits accruing to the constituents represented by the negotiators. Second,
for whatever emissions objectives are set, reaching those objectives in a sensible
manner will require the use of dispersed knowledge. Therefore, we expect that
price mechanisms, such as emissions taxes or tradable rights, will be necessary for
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reaching any meaningful emissions objectives—otherwise, excessive costs will derail
public support.

Water Use
The effects of climate change on the allocation of water can be viewed in a similar
manner. For the purpose of discussion, let us assume that climate change will bring
about undesirable shifts in patterns of precipitation, such as prolonged droughts. This
would provide further reason to seek international agreements that reduce greenhouse
gas emissions—even more so if prolonged droughts would present a national security threat.15 Yet once the snow and rain have fallen wherever they fall, decentralized
decisions are essential for reducing the harm done by droughts.16
Again, the potentially useful role of centralized decisions, along with the information problems created by centralized decision-making, are clear. Allocating water
for environmental uses—such as leaving water in streams, lakes, and wetlands—may
have such broadly distributed benefits that decentralized individual actions lead to
undesirable outcomes. Put another way, the overconsumption of water by individual
users may be exactly analogous to the overfishing problem discussed in Section II.
Yet without a price mechanism based on voluntary exchange, the value of water for
agricultural, residential, and commercial uses cannot be reliably identified: A farmer
facing market prices for his or her crops generally will be able to assess how much
an additional acre foot of water is worth on his or her farm, whereas bureaucrats will
not. Similarly, bureaucrats who impose per-household limits on water consumption
will do so without knowing which households would benefit a lot or a little from
additional water.
Thus, when choosing between more versus less centralized decision-making
mechanisms, the key practical question is not what would be ideal, but what is most
effective. In circumstances where government officials can and will assess environmental benefits relatively well—such as knowing how much water left in a river will
preserve highly valued wetlands downstream—a centralized decision regarding the
quantity left in the river, combined with tradable water rights and price mechanisms,
may work well. And, if climate change brings about major shifts in precipitation
patterns, such as severe droughts combined with intensified El Niño effects, there
will be more at stake in the quality of centralized decisions (for which scientific expertise is essential) and from allowing market mechanisms that make use of dispersed
knowledge. Put another way, the potential harm from allowing unrestricted water
use will likely become greater as a result of climate change, and so will the potential
harm from restricting market-based trade in water.
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Wildlife Habitat
As a starting point, consider the following scenario, which we intend to be a
useful abstraction rather than a description of the real world. Suppose that the current
habitat of some type of charismatic megafauna (e.g., sea lion, whale, lion, elephant,
bear) will become too warm or otherwise unsuitable for that species. Also suppose
that having the species in the wild provides great value to humans, so that the relevant
policy question is not whether to allow the species to relocate, but rather how to set
policy that allows the species to make a successful move. Once again, the degree to
which we should expect centralized or decentralized decision-making to prove effective will depend on how Mother Nature reveals information—and on the extent to
which making good use of that information depends on inherently private knowledge.
For the case of, say, protecting easily tracked, endangered marine mammals that
migrate long distances, relying on “command-and-control” style policies could be
effective. The better the ability of experts to observe the animals’ locations and health
status, and the less informed the general public, the more potential benefits there
would be from issuing regulations centrally—perhaps along the lines of a national
agency issuing orders to restrict fishing or boating in specific locations as the endangered mammals migrate. Moreover, if a changing climate reduces the degree to which
past migration paths and timing can predict future paths and timing, that would
imply more reason to rely on centrally observed scientific information, and less on
local knowledge. Similarly, the more easily the government can enforce restrictions
on the types of boats and fishing practices that might harm the migrating mammals,
the more effective will be those restrictions.
Yet the example just described may be far from the norm, because much of the
information about wildlife habitat, and about the opportunity cost of keeping habitat
suitable for wildlife, will be dispersed. One reason is that local landowners are typically the best positioned to observe their land. Serious problems arise for centralized
“command and control” approaches to wildlife protection when (i) local landowners
know much more about local conditions than do those setting or enforcing the policies
and (ii) the existence of protected species on private land (when known to authorities) may activate legal restrictions on land use. This can lead to clandestine killing
of legally protected wildlife, and it encourages landowners to engage in preemptive
destruction of habitat before protected species arrive.17 As climate change brings
about shifts in where specific flora and fauna will thrive, the scope for preemptive
habitat destruction will increase.18
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Given the importance of dispersed information about wildlife and its habitat,
any serious response to climate change will need to include policies that make use
of that information. To see how this may work, consider the case of wildlife—such
as elephants, lions, and leopards—that can be dangerous or destructive.19 People
who suffer the risk (e.g., damage to crops, lost livestock, physical harm) of living in
proximity to these animals may, for good reason, see the animals as undesirable. This
presents a problem for command-and-control policies, such as simple prohibitions
on hunting. One reason why poachers so often succeed is that the local population
has little reason to report poachers, much less keep a watchful eye on the wildlife.
Yet if property rights and contracts can be established in a manner so that the costs
to local residents are more than offset by the gains, such as income from tourism and
hunting licenses, the locally observed information (e.g., activities of poachers) will
more likely be used in a manner that protects the wildlife. In short, in recognition
of the Anthropocene, policymakers seeking to protect wildlife, especially wildlife
displaced from their historical habitat, should look for decentralized market solutions
to habitat protection problems.20

Choices Within a Federal System
Before concluding, we discuss briefly how our main point relates to a federal
system of government. One of the fundamental strengths of a federal system is
flexibility with respect to the level of decision-making. Perhaps most obviously, by
providing public goods through the federal branch, notably national defense, the
scope for free-rider problems, which can lead to the under-provision of public goods,
will be minimized. Of course, even in the case of national defense, there are still
incentive and information problems.21 Nevertheless, the broader the sharing of the
benefits, all else equal, the more reason to make decisions at the federal level. And
when dispersed information renders centralized decisions highly problematic, a federal
system allows state and local decision-making. In short, the level of government that
will perform best on a given policy depends on (i) the level at which decisions best
weigh costs and benefits , and (ii) the extent to which decentralized decisions make
better use of dispersed information.22
The performance of state versus federal management of forests provides a useful
example. The evidence shows that state forests perform better on many dimensions.23
It could be that state-level management ignores some benefits, because forests in one
state, say, Montana, provide benefits to those who reside outside the state. But the
consequences of that are likely minor—it is unclear why non-Montanans would want
Montana forests to be managed in a far different manner than Montanans would.
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By contrast, the problems with federal management will likely be large, because
the “owners” (i.e., all Americans) will have little information or incentive to obtain
information about what is happening on federal forests in Montana. Thus, it is unsurprising that, in practice, state-level management yields more benefits.
What might the Anthropocene imply for decisions within a federal system? At this
point, we can only speculate, but it seems plausible that rearrangements both toward
and away from centralization might be beneficial. On the one hand, an obvious point
is that greenhouse gases have a much broader geographical effect than do the types of
pollution that have had historical importance. Thus, local decisions—such as those
using common law to adjudicate disputes between neighbors—will be ineffective for
the control of such emissions. This increases the scope for useful federal decision-making. On the other hand, federal policies regarding land use and habitat may become
ineffective or even counterproductive. For example, if climate change drives wildlife
off a historical range on federal land or has a similar effect on vegetation, policies
that rely on local knowledge will probably be essential for successful management.
And this provides a reason to rely more on state and local governments—and on
contracts between private parties.

CONCLUSION
Although no one knows precisely what the effects of human-caused climate change
will be, we can nevertheless look to public economics for guidance. An obvious point
is that the effectiveness of environmental policy in the Anthropocene will depend
on how well institutions set policies that account for costs and benefits that accrue
on a global scale, and this leads naturally to a focus on international agreements. Yet
as Mother Nature reveals more information about the effects of human activity on
the environment, much of that information will be revealed in a dispersed manner.
And this calls for policies and institutions—notably those that support voluntary
exchange and rely on market prices—that utilize dispersed new information and
private knowledge.
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