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Introduction

Water management is becoming increasingly challenging. The core problem in
many locations is an old one: water scarcity will increase as demand rises due to
population and economic growth. Conditions in the modern Anthropocene —
higher temperatures, continental drying, higher evaporation, and non-stationary
hydrology — will add complexity.

The Anthropocene is usually taken to mean the period when humans are the
main driving force for the development of planet Earth. The planet is 4.5 billion
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years old, and modern humans have been around for just a few hundred thousand
years. They have already fundamentally altered the physical, chemical and bio-
logical systems of the planet. Since the end of World War II, human impacts have
increased dramatically. This is sometimes known as the Great Acceleration, when
global income, widescale natural resource extraction, carbon dioxide (CO2)
emissions, habitat destruction, and species extinction have all risen rapidly.1 It is
hard to point to any single characteristic, but the Anthropocene has brought us
closer to various physical limits — sometimes referred to as “planetary bound-
aries” (Rockström et al. 2009). We are now confronted with a number of new
large-scale environmental and resource issues, including the possibility of tipping
points or regime shifts. Interactions between various environmental problems may
increase the risk of moving past those tipping points.

In the Anthropocene, existing water supplies will need to be used more wisely
and, where possible, new supplies developed. Water professionals will need to
grapple with the possibility of catastrophic and irreversible environmental change
(Sterner et al. 2019). The benefits and costs of both price and non-price policy
instruments will have to be carefully assessed to balance supply and demand over
time in an environment where the climate is starting to evolve at an increasing rate.

The use of benefit cost analysis (BCA) in thewater sector will likely becomemore
important than ever in the Anthropocene. This policy note describes six key issues
that benefit cost (BC) analysts will need to rethink as they estimate the benefits and
costs of policies, investments, and regulations designed to address water problems in
the Anthropocene: (1) optimizing net benefits within quantity constraints; (2) fore-
casting the business-as-usual dynamic baseline rather than assuming a static
status quo; (3) treatment of multiple sources of risk; (4) evaluating system-wide
consequences; (5) the question of standing, that is whose benefits and whose costs
count; and (6) how to incorporate equity and distributional issues. None of these are
new issues to thefield ofBCA.However,BCApractitionerswill need to sharpen their
skills in order to adapt the method to conditions likely to be faced in the Anthro-
pocene (World Bank, forthcoming).

1 The start date of the Anthropocene is the subject of considerable debate among different disciplines.
Some place the date over a thousand years ago when human agriculture started to have effects on
large areas of the planet. Most place the date in the post-World War II nuclear age with many focusing
on the testing of the hydrogen bomb. A date we like is 1957 when Roger Revelle tested different
radioactive isotopes of carbon in the Pacific Ocean. Revelle, often referred to as the father of modern
climate science, discovered that the ocean was not going to absorb much of the CO2 being produced
from burning fossil fuels. This conclusion contradicted prevailing scientific wisdom. Presciently,
Revelle and Suess (1957) wrote: “Thus human beings are now carrying out a large-scale geophysical
experiment of a kind that could not have happened in the past nor be reproduced in the future.” They
then proceeded to make the first modern calculation of how much CO2 was and would be put up into
the atmosphere over the remainder of the 20th century.
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1. Optimizing Net Benefits within Quantity Constraints

There has long been a school of thought within the practice of benefit cost analysis
that net benefits should be optimized subject to sets of constraints (Cohon 1978;
Banzhaf 2009). These constraints might involve either physical quantities such as
the quantity of water withdrawals and/or other objectives such as preserving tribal
rights to fish for salmon. In the Anthropocene we expect the incorporation of such
constraints into formal BCAs in the water sector to become routine practice.
Effectively, this would mean that benefit cost analysts would estimate the economic
efficiency consequences of water investments and policy interventions in specific
locations subject to ensuring that a set of quantity constraints on environmental
indicators were met. In the language of constrained optimization, planetary
boundaries can be thought of as constraints or thresholds which should not be
exceeded.2

The difficulty of applying this conceptual framework with planetary boundaries
as constraints is that the consequences of an individual water project are largely
local or regional even if the project is quite large and connected to large spatial
areas. No planetary boundary at the global level is likely to be directly relevant in
an operational sense. For a specific water investment or project, local “micro-
boundaries” consistent with planetary boundaries will need to be developed. This
will be hard from two quite distinct perspectives. First, the underlying physical/
biological science modeling is not yet up to this task, particularly in developing
countries. Second, pushing up against boundaries involves the notion of cumula-
tive impacts and the implicit assignment of property rights for doing so.

BCA is the best option we have for understanding the consequences for human
well-being that will result from the implementation of different policy instruments
subject to environmental restrictions. There are two main reasons why we expect
this approach of maximizing net benefits subject to physical constraints to become
increasingly important in the Anthropocene. First, the human economy will con-
front more and more of the restrictions imposed by Nature (the “planetary
boundaries”). This will imply encountering tipping points and non-linearities
where a water resources decision in one arena has complex effects that spill over
into other arenas. This makes it more difficult to use simple rules of thumb that
have guided much of water resource management. That leads to our second reason.

2 Rockström et al. define ten planetary boundaries (climate change, rate of biodiversity loss, nitrogen
cycle, phosphorous cycle, stratospheric ozone depletion, ocean acidification, global freshwater use,
change in land use, atmospheric aerosol loading, and chemical pollution). Multiple indicators are
proposed for each planetary boundary.
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Water management in the Anthropocene will be sufficiently complex that it is
both desirable and inevitable that economists will be only one voice on large,
interdisciplinary teams responsible for analyzing policy interventions. Increasingly,
policymakers will not ask economists for a BCA focused solely on economic
efficiency, unconstrained by the effects of investments on planetary boundaries
(Dasgupta 2021). Ecologists, sociologists, political scientists, engineers will all
want to weigh in on the physical and social constraints within which economic
efficiency is maximized.

Reducing CO2 emissions is a good example of the difficulty of downscaling
planetary boundaries. There is no workable agreement on an upper limit on
concentration levels. The political economy questions are how proportionate
shares for each country and how an overall cap on CO2 emissions can be enforced.
The now long running series of international climate negotiations has shown that
the world has yet to solve these problems, despite the fact that the optimal solution
from an economic perspective is clear, i.e., price CO2 emissions using marketable
carbon permits or carbon taxes so that the agreed upon CO2 emission cap is not
exceeded. This has not happened and that is due to the inability to reach consensus
on the parallel problems of how to divide the revenue from selling the right to emit
CO2 between and within countries, and how to enforce the overall emissions cap.
The former often turns on equity issues, such as fear of job loss and regulatory
capture. The latter involves an unwillingness to impose meaningful sanctions, such
as stiff tariffs on exports, on countries not complying with the agreement.

Managing water is much harder in some ways than limiting CO2 emissions
because it does not have the same uniform global mixing property as CO2. The
problem of limiting CO2 emissions has the elegant economic solution of separating
the issue of how to price carbon from the issue of how to distribute the revenue
from allowing a specified quantity of it. Further, the stochastic factors influencing
water’s availability at any specific location and point in time are much more
important. On the other hand, the fact that many water resources problems can be
solved at the local level may sometimes be an advantage as smaller resource-using
groups can often collaborate more readily that global ones.

Defining these boundary constraints in an operational sense will likely be the
hardest task the Anthropocene imposes on water resource management. Their form
in many instances will already be familiar. For instance, a requirement that the
water flowing past a particular point along a river meet some minimum quantity
and quality requirement. This example emphasizes the spatial nature of defining
boundary constraints. There are many choices, e.g., between countries, between
first-order political subdivisions (e.g., provinces or states), or between river basins.
There is no scientific justification for the first two since these natural processes of
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interest do not change just because a political boundary is crossed. The river basin
is potentially the most relevant geophysical unit but lacks the enforcement powers
associated with a political entity. Further, there is a tension between choosing the
same or different geographic boundaries for different physical and biological
boundaries. Whatever spatial definition(s) are chosen, inputs into the area and
outputs into other areas will need to be specified.

These are complex processes that need to be adequately modeled in order to
make them suitable for inclusion as constraints in a BCA. Efforts to develop broad
scale tools for quantifying ecosystem services (such as Stanford’s Natural Capital
Project) that provide initial estimates for projects can serve an important role here.3

Such estimates can be improved over time with high quality local area data. It is
also possible that advances in machine learning will make the analytic tasks
involved in implementing this approach increasingly tractable (Guariso and San-
giorgio 2023). Machine learning can assist with both the design of local micro-
boundaries and the search for efficiency gains within these constraints. The
difficulty is that machine learning is not a substitute for lack of data. High quality,
spatially dense monitoring is needed globally. Indeed, machine learning with
sparse, low-quality data may well be worse than expert judgement. More generally,
the entire notion of taking downscaled planetary boundaries into account in
making policy decisions is predicated on a large-scale increase in monitoring data
and the ability to effectively model these processes.

At first glance, respecting planetary boundaries at the level of undertaking a
BCA of a large water project might seem likely to make the project look less
attractive. However, this is not necessarily the case. From an economic perspective,
misguided allocation of water resources is rampant. Currently new water projects
are often undertaken without policymakers fixing prior misallocations. With ef-
fective constraints, a new water project still could be highly desirable from a social
welfare perspective, but the only way it can now be implemented is to free up
water resources that are being used for low-valued purposes.

Economics is good at developing trading mechanisms that respect limits. Cap
and trade with marketable permits works with a whole range of air pollutants such
as sulfur dioxide on a regional and national level (Stavins 1998). The basic
problem with such mechanisms is that parties who have used the resource for free
fight efforts to make them pay for its scarcity value. In the water policy arena, an
example of a potentially workable solution is a micro-boundary that there be no net
loss of wetlands within a specified region, coupled with an active wetland bank
that records efforts to preserve, rehabilitate and create wetlands.

3 https://naturalcapitalproject.stanford.edu/.
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Non-economists working in the water sector usually think in terms of non-
monetary performance indicators to conceptualize the “benefits” of policy inter-
ventions. They then compare changes in these indicators to the financial costs of
the intervention (a cost effectiveness approach). On the other hand, economists are
concerned with the “economic value of water” (Young and Loomis 2014; Hane-
mann and Whittington 2023). Efficient policy interventions require that water be
reallocated from low to high value uses, which often will be socially disruptive and
can impose substantial costs on some households, farmers, and firms.

How economists and non-economists perceive the benefits of “water conser-
vation” provides an illustration of the difference between thinking in terms of
quantities and value. Non-economists tend to conceptualize water conservation as
unambiguously good (even when water is abundant). Policy interventions that
reduce people’s water use (e.g., flow-restricting faucets, social nudges) are seen as
always desirable.4 In contrast, for an economist, optimal water use occurs when the
social costs of supplying the marginal unit of water to a customer equals
the marginal social benefits. It is thus possible that someone’s water use is too low
(the marginal costs of supply are less than the marginal benefits). Water conser-
vation per se is not necessarily desirable. It is in the DNA of economists to always
ask the question — “what are economic agents willing to pay for more water
versus the cost of supplying more water?”

Supplying more water can be accomplished in multiple ways, such as storing
more water in reservoirs during extreme precipitation events, desalination,
recharging groundwater aquifers, and recycled water use. The high cost of trans-
porting water long distances often limits the usefulness of some of these actions.
Thus, there is not one single global water problem, but rather a series of local
problems which may share commonalities but still differ so significantly as to
constitute quite separate problems. For example, one location may have droughts
and floods in different seasons, and another location may have the opposite sea-
sonal pattern of droughts and floods.

These different perspectives on quantities and values are not easy to reconcile.
However, a framework in which net benefits are optimized subject to quantity
constraints is a natural extension of a cost effectiveness approach and provides a
way for professionals from different disciplines to collaborate to solve water
problems.

4 The problems associated with reduced return flow are already important in many urban sewage
systems and reduced downstream return flow from improved irrigation practices are creating large-
scale problems in many agricultural areas. The most important difference among experts may not be
between economists and others. Instead, it may be between professionals who have formal system-
level modeling skills (e.g., civil engineers, hydrologists, and economists) and those who do not.
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2. Construction of the Dynamic Baseline (Counterfactual)

BCA involves a comparison of two states of the world: (1) a dynamic baseline (i.e.,
counterfactual) in which the policy intervention is not implemented, and (2) a state of
the world in which the policy being analyzed is implemented. Benefits and costs are
measured as the difference in these two states of the world. In the Anthropocene,
whenwe are closer to (or have passed) the boundaries, theremay be threshold effects,
tipping points, or areas of sharp non-linear responsiveness that make the counter-
factual more uncertain and hence more likely be more contested than BC analysts
working in the water resources sector have typically assumed (Whittington 2022).

The construction of this dynamic baseline is a challenging task in all sectors and
especially in the water resources sector. Many water resources investments last for
decades, often much longer than the 20- to 30-year period that characterizes the
high end of the timeframe used in most BCAs. Estimation of benefits and costs
requires a comparison of these two states of the world far into the future. The
dynamic baseline (the world without the intervention) must thus be forecast taking
into account such factors as climate change, technological innovation, rural-to-
urban migration, population and economic growth, and changing household pre-
ferences. Moreover, hydrology itself can no longer be assumed to be stationary
(Milly et al. 2008). In previous decades BCAs typically assumed that the statistical
characteristics of a hydrological times series would be repeated in the future.5

Water resources infrastructure then could be designed to maximize net benefits
given this underlying stationary hydrology.

Such an approach is no longer tenable. How global warming will change a
region’s hydrology is difficult to know with great precision, but in most locations,
higher average temperatures are expected, and extreme weather events, including
droughts and flooding, are likely to become more common. Many locations around
the world are now experiencing continental drying and a reduction in groundwater
storage, due to both unsustainable groundwater extraction and climate change
(Rodell et al. 2018; Rodell and Li 2023). In the Anthropocene, the construction of
the dynamic baseline needs to incorporate the increased uncertainty introduced by

5 This can be visualized by considering how sensitivity analyses are now often conducted for
proposed water projects in the United States. An approach called the “Index-Sequential Method” is
often used (Ouarda et al. 1997; Kendall and Dracup 1991). The historical hydrology is treated as a
continuous loop. Different starting dates in the historical sequence are randomly chosen and the
analysis is repeated for each hydrological trace created at the randomly chosen date. In the
Anthropocene, the constructed loop of flow traces based on the historical hydrology will no longer
reflect what the future is likely to look like in a non-stationary time series world.

BCA in the Anthropocene
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non-stationary hydrology, higher temperatures, more extreme precipitation events,
continental drying, and other effects of climate change.6

This increased attention to the dynamic baseline is not only required for the
estimation of the benefits and costs of large water infrastructure such as dams.
Population growth and climate change will strain local water resources near urban
areas. BC analysts should plan investments in urban water infrastructure that will
deliver services in a world different from the status quo. Indeed, perhaps the largest
issue raised by a dynamic baseline for water resources in the face of a changing
climate is that the entire notion of a steady-state allocation of the flow of a river
may no longer be tenable. The general tendency in many places will be that
average flows are falling over time and that longer and more extreme periods of
drought are likely. This will put pressure on existing property rights regimes for
water resources.

Because future conditions in the Anthropocene are highly uncertain, BC ana-
lysts will often need to evaluate new investments using multiple counterfactuals.
Robustness of a project’s outcomes to different plausible dynamic baselines is
likely to become an important factor in project selection (Lempert et al. 2003;
Groves and Lempert 2007; Herman et al. 2014, 2015). Further, a single estimate of
the net present value of an investment based on one dynamic baseline will be an
increasingly unsatisfactory approach to BCA. Although Monte Carlo analysis that
systematically varies parameter estimates in BC calculations (e.g., discount rate,
cost overruns, value of time saved, value of a statistical life) will remain useful, it
will not be sufficient to address the deep uncertainty about the underlying physical
and biological world in the specification of the counterfactual.7

3. Treatment of Risk and Uncertainty

In their seminal contributions on the treatment of risk in the analysis of government
investments, Arrow and Lind (1970) and Arrow and Kurz (1970) argued that a
government should be risk neutral because the number of policies, regulations, and
investments to be analyzed was large and the consequences of each individual
government action were small relative to the size of the economy. Governments
could thus maximize the expected value of investment returns without worrying
about the variance of returns, effectively self-insuring against the risk of poor
returns in any one investment. Although Arrow and Fisher (1974) soon qualified

6 Continental drying is cause by both climate change and excessive groundwater extraction.
7 Economists have long recognized that uncertainty over benefits and cost could influence the optimal
choice of policy instrument (Weitzman 1974). Less well-known is the fact that uncertainty over the
parameters in the underlying biological and physical science models can have much different and
quite profound implications in evaluating policy options (Carson and LaRiviere 2018).
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the argument for risk-neutrality in government investment appraisal, noting the
problems posed by irreversible environmental losses and uncertainty, many BC
analysts have continued to follow Arrow and Lind’s advice on risk neutrality.

In addition to the Arrow–Fisher argument, there may be other situations in
which risks should be taken explicitly into account. An example is when risks
are correlated — for instance between a project whose costs and benefits are
being analyzed and climate change itself. Assume climate change implies a risk
to the economy that can be (at least partly) captured by its effect on the growth
rate. If climate change turns out not to be as bad as expected, economic
growth might be high — say 5% and if the climate change is really bad and causes
havoc, then growth might be reduced to 1%. Now suppose we are evaluating
airports and hospitals. The former might have a higher rate of return in the state of
the world in which economic growth is high while the latter are more useful in the
scenario where the economy grows slowly. One approach for dealing with such
correlated risks is to adjust the discount rate (i.e., climate beta) so that it depends
on the characteristics of the project studied (Dietz et al. 2018).

Numerous scholars have noted the limitations of being risk neutral in the
analysis of climate change mitigation and adaptation measures (Weitzman 2009).
In the Anthropocene, homo sapiens face an existential uncertainty of the collapse
of food and water systems that were not built for future climate conditions. Con-
fronted with the possibility of disastrous right-tail consequences, BC analysts need
to recognize that risk neutrality for many policies is an untenable assumption.
Wagner and Weitzman (2015) explain this in simple terms, arguing that even a
small probability of a globally disastrous climate change outcome would justify
aggressive mitigation measures. They argue that such measures should be con-
ceptualized as insurance against the worst case.

The rationality of safety-first policies in many circumstances has long been
recognized (Farmer and Randall 1998, Randall 2011). “Safety first” is an economic
variant of the precautionary principle, which is a useful way to conceptualize
localized micro-boundary planetary constraints.8 In an early paper, Kunreuther and

8 A core difficulty with the notion of localized micro-boundary constraints is that even if there is a
binding constraint at the planetary level, this could not be remotely true at a localized level and
human societies have a long history of abandoning for long periods of time areas they have made
uninhabitable. The Anthropocene Age recognizes that humans have and are now exercising the
capability of doing that on a global scale. The economic variant of the precautionary principle
recognizes substantial but not infinite costs of violating safety standards. It also provides one means
of thinking about a constraint such as no net loss of wetlands that allows both localized destruction
and creation of wetlands as long as the overall constraint is not violated at some spatial level such as a
U.S. state.

BCA in the Anthropocene
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Wright (1979) make a similar point in the context of a subsistence farmer’s
analysis of investment returns from different cropping decisions: safety comes first.
Similarly for homo sapiens facing catastrophic global climate change risk, safety
comes first.

The argument against risk neutrality in the Anthropocene applies not only to
climate mitigation and adaptation measures, but to a wide array of policies, reg-
ulations, and investments that will deliver streams of benefits and costs far into the
future. These flows of benefits and costs may be subject to deep uncertainty and
should be evaluated in terms of their potential to minimize equally uncertain
downside consequences of climate change.

The careful analysis of risk and deep uncertainty in the Anthropocene is important
because individuals and states both face a devilishly complex choice between al-
locating scarce resources between investments to mitigate greenhouse gas emissions
and investments to adapt to a changing climate. The essential character of this budget
allocation problem has been characterized in many ways. Hirschman (1970) wrote
about how people respond to decline in firms, organizations, and states. He described
the option of continuing to work for an institution and trying to foster change from
within (voice, loyalty) versus leaving to promote change from the outside the in-
stitution (exit). The analogy here is how individuals and governments will respond
to a decline in global environment services and their local manifestations.

A somewhat similar choice is posed in the prisoner’s dilemma: to defect or
cooperate. Some adverse consequences from climate change are now inevitable
regardless of mitigation efforts, so some expenditures on adaptation are not difficult
to justify. But at the margin the tradeoff remains: is mitigation or adaptation the best
use of the government’s marginal expenditure? Deeply embedded in this question is
the fact that it cannot be answered without making assumptions about what other
political jurisdictions are going to do. Different assumptions can lead to radically
different outcomes. An optimistic country might make large-scale investments in
technological research and development (R&D) that it plans to make publicly
available to all in order to reduce the costs of global mitigation efforts. A pessimistic
country might start building massive seawalls believing that a global mitigation
strategy is doomed to fail. From our perspective, BCA offers the best framework for
analyzing such choices between mitigation and adaptation, but only if the simplistic
risk neutrality assumption that has long characterized BCA is abandoned.

4. System-wide Consequences: From Partial to General Equilibrium
Analyses

In his 2014 Stockholm Water Prize acceptance speech, the late Dr. John Briscoe,
Global Water Advisor at the World Bank, stated that “water problems are local, and
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solutions are contingent”. Briscoe argued that most (but not all) water problems
result from a nexus of local conditions that require water professionals to find local
solutions that fit their specific circumstances in time and place. However, in the
Anthropocene global forces such as rising temperatures, an increase in the fre-
quency of extreme events, and continental drying will require not only local but
global policy responses (Ringler et al. 2016). Because some policy responses will
be implemented at the regional and global scales, it will become increasingly
important in the Anthropocene to move from the partial equilibrium framework of
most BCAs to a general equilibrium framework that can incorporate system-wide
consequences of policy interventions.

General equilibrium analysis in the water resources field is not new (Dinar
2014; Whittington and Smith 2020). Scholars have been working to integrate water
resources into economy-wide models for decades (e.g., Berck et al. 1991; Roe
et al. 2005; Strzepek et al. 2008; Diao et al. 2008). More recent efforts have
followed the lead of integrated assessment models in climate change in bringing
forth an increasing complex picture of how natural and economic forces operate
together (Kling et al. 2017). There have, however, been several stumbling blocks
to the widespread use of such models for the assessment of the benefits and costs of
water policies, projects, and regulations. First, the time-step for economy-wide
models is typically one year, much too long a period for many of the practical
problems facing water resource managers. Local water managers are often dealing
with problems that require forecasts on a much finer time scale.

Second, most economy-wide models do not incorporate the infrastructure
needed to move water in time and space; they simply assume that water can be
delivered where it is needed most on time and at no cost. Third, most economy-
wide modelers have not had the data to incorporate the non-market values asso-
ciated with changes in water uses. This often requires primary data collection that
is typically beyond the resources of such modeling teams.

Fourth, we need to rethink the way we discount costs and benefits of both large,
long-lived public investments in water resources infrastructure and policy inter-
ventions to reduce and mitigate the effects of climate change in general equilibrium
analysis. For investments and policies with consequences far into the future, the
use of discount rates commonly mandated in countries for short- and medium-term
private investments is inappropriate. Discount rates for such investments need to
be adjusted for several related but different reasons. Uncertainty in growth rates
is one (Arrow et al. 2013). The risk and climate beta argument mentioned above is
another. Also, both a warmer climate and rapid economic growth will increase the
economic value of ecosystem services like water due to increasing scarcity. One
fundamental reason for discounting the value of some dollars of consumption
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goods is that we will have more in the future (assuming economic growth con-
tinues). In such a scenario with growth we may however still have less of some
ecosystem resources (such as coral reefs or clean and accessible water resources).
This can be dealt with in a BCA either by using a lower ecological discount rate for
such sectors or by using a standard discount rate and complementing it with an
increasing relative price for the services of (the scarcer) ecological sectors, (Hoel
and Sterner 2007; Sterner and Persson 2008).

However, these limitations are being overcome. Understanding the general
equilibrium consequences of water policies is increasingly tractable analytically
(Kahsay et al. 2015, 2019; Basheer et al. 2021, 2023). For example, Basheer et al.
(2021) link a state-of-the-art river basin simulation model of the Nile with monthly
time steps and an annual, economy-wide computable general equilibrium (CGE)
model of the Egyptian economy to better understand how different operating
policies for the Grand Ethiopian Renaissance Dam would affect macroeconomic
indicators of the Egyptian economy.

BC analysts working in the Anthropocene will need to estimate the general
equilibrium consequences of large policy interventions in the water resources
sector. This will require more resources. Partial and general equilibrium analyses
are not mutually exclusive. Each does some things well. We recommend that the
ex-ante evaluation of most large water investments and policy interventions (es-
pecially on large transboundary rivers) include both a traditional, partial equilib-
rium BCA that includes the estimates of effects not valued in markets and a general
equilibrium analysis using a CGE model to better understand the system-wide
macroeconomic effects of policy interventions.

5. Standing (Who Counts?)

The question of “who counts” in a BCA will need to be rethought in the
Anthropocene. It will be increasingly common for a nation-state’s regulations and
investments to have consequences that spillover beyond national borders. Projects
that decrease or increase greenhouse gas emissions will affect everyone on the
planet. Issues of social justice and moral imperatives likely will leave most nation
states struggling with the issue of climate change refugees, driven from their home
countries by extreme droughts, floods, and loss of traditional agricultural liveli-
hoods (Alemanno 2013). Countries that are currently well endowed in terms of
available water per capita may experience scarcity in the future due to the in-
migration of people or expansion of their agricultural sector.

The issue of who should count in a BCA has been discussed in the literature for
decades. From its basic utilitarian origin of the greatest good for the greatest
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number of people, it is clear that any assessment of social welfare in a BCA should
count all of the gains and all of the losses no matter to whom they accrue or where
they accrue. This has never been implemented in practice. Instead as Howe (1971)
argued over 50 years ago, it is natural for each level of government to adopt an
“accounting stance” that counted benefits and costs within its own jurisdiction, and
excluded benefits and costs that fall outside its boundaries. While political support
for this position will continue, it will be harder to justify in the Anthropocene
because the ability of human activities to affect large-scale physical and biological
processes will become increasingly apparent.

The flash point is whether and when “foreigners” should have standing, an issue
scholars have long debated (Whittington and MacRae 1986, 1990; Trumbull
1990a,b; Zerbe 1991). The global nature of climate change has been forcing a re-
examination of this issue. Abelson (2020) and Boardman et al. (2022) recently
reviewed the guidance documents from several national and international agencies
and concluded that there is still no consensus on how BC practitioners should
answer this foundational question of “who counts” in the application of the
method. As Boardman et al. (2022) noted, even within a single organization,
guidance may be contradictory, citing internal World Bank guidance documents
that argue both for and against including the effects of a policy or regulation on
people living outside a nation’s borders.

In the past most BCAs have been conducted from the perspective of the nation-
state, i.e., citizens and residents within a country’s national borders should count
and people outside these boundaries should not. Boardman et al. (2022) argue that
this national perspective should be the default assumption in BCA and then discuss
situations in which it is appropriate to include the benefits and costs to “foreign-
ers”. The most clear-cut case in which foreigners should be included is when there
is an international agreement between two countries that defines their respective
rights and obligations. All one needs to do though is to think about policies that
shift pollution or water-intensive production across national borders to see that this
issue is hardly resolved. Even within many countries where ecotourism is a major
driver of the economy, it is hard to see how ignoring the consumer surplus of
potential foreign visitors, who are free to travel elsewhere, can be justified.

This issue of who has standing is deeply contentious and will dominate many
future policy discussions in the Anthropocene. The United States Environmental
Protection Agency (2022) has recently issued guidance that a global estimate of the
social cost of carbon (SOC) should be used in be used in BCAs of US environ-
mental regulations, effectively implying that the benefits to both US residents and
foreigners from reduction of greenhouse gas emissions should be counted in the
assessment of US regulations. In response, Fraas et al. (2016, 2023a, b) argued that
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the United States Environmental Protection Agency (USEPA) should calculate a
domestic SOC, i.e., the damages incurred by people living in the United States
from an increase of one ton of carbon, and require that it be used in a second,
separate BC assessment of US regulations. The use of a domestic SOC would
effectively limit the benefits of a regulation reducing greenhouse gas emissions to
citizens and permanent residents of the United States. Such a sensitivity analysis
does not resolve the issue of what the national government should actually do if
there is a conflict in the results of the two sets of BC calculations. For example,
should the United States Office of Management and Budget support (approve) a
regulation that passes a BC test from a global perspective but fails from a national
perspective or vice versa?

In the Anthropocene an increasing number of water projects and investments
undertaken by a nation-state will have transboundary consequences. If these
consequences include benefits to people living outside the nation-state, and these
benefits are not included in the BCA, each nation-state will engage in a suboptimal
investment policy from the global perspective, undertaking too few investments
that help neighboring countries and too many investments that harm neighboring
countries. Adopting the perspective of the nation-state as the default assumption in
BCA is simply an example of the tragedy of the commons writ large. This is the
same reason that BCAs adopted a national perspective rather than a local or state
perspective in considering who’s benefits and costs should count in the analysis.

The Anthropocene will tend to push us more and more into the realm of global
public goods. The management of global public goods can only be solved if other
“players” (countries) will see and count the benefits we experience. For the sake of
reciprocity, we must internalize the benefits they will experience. If we want India,
China, and other countries to use a global estimate of the SCC in their national
decision-making, we need to use one too.

There is an additional issue regarding “standing” that is likely to grow in
prominence in the Anthropocene: whether non-human species should have
standing? BCA is an anthropocentric method and based on utilitarian principles
(Hanemann and Whittington 2023). It assumes that humans are the ultimate source
of value. In contrast, many people believe that other living species have value
regardless of what homo sapiens think. This is not a new critique of BCA (see
Stone 1972). The standard anthropocentric economic response is that other living
species have economic value because people are willing to pay to protect them
(Mitchell and Carson 1989). This emphasizes the critical importance of including
all non-market values in BCA, which otherwise are incomplete and potentially
misleading (Bateman et al. 2023). However, as the number of species on the planet
continues to collapse (Dasgupta 2021), it seems likely that many people will
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become increasingly alarmed and find the anthropocentrism of BCA problematic
and support planetary boundaries for species extinction.

A close analogy to the imposition of a planetary boundary for species extinction
is the United States Endangered Species Act. It has evoked enormous animosity
from landowners, incurred substantial costs, and achieved at best mediocre results
(Langpap et al. 2018). The policy instrument that does seem to work best within
the framework of the U.S. Endangered Species Act is targeted government
expenditures designed to help specific species. This experience should give pause
to anyone who thinks that establishing a planetary boundary-type requirement to
preserve all species as a condition for approving water projects will be an easy
solution to preventing species loss. Irrespective of one’s philosophical and ethical
positions on whether non-human species have intrinsic value in their own right,
establishing micro-boundaries for species preservation in the context of water
projects will be a complex technical challenge in the Anthropocene.9 Ensuring that
a BCA for a project explicitly includes the public’s willingness to pay to offset
adverse impacts on particular species and biodiversity more generally, will be
increasingly important.10

6. Equity and Distributional Issues

In the Anthropocene, BC analysts will need to pay much more attention to the
distributional consequences of investments, policies, and regulations than they
have in the past. There are three main reasons. First, the costs of climate change are
likely to fall disproportionately on the poor and most vulnerable. This will matter
to both citizens and policymakers. Second, successful policy implementation
depends crucially on marshalling broad public support (Sterner et al. 2020). Policy
mixes are required that include policies not only to mitigate and adapt to climate
change, but also to minimize adverse impacts on the disadvantaged. Third,
distributional consequences of policies have feedback effects on the future be-
havior of the economy. Not taking them into account will result in poor estimates
of the consequences of implementing different policy mixes.

9 Climate change will cause large-scale species extinction, irrespective of individual water projects.
As such the appropriate baseline is not the current status quo but rather a world with an increasing
loss of existing species over time. From an economic perspective, this is likely to make preservation
of particular species more valuable over time.
10 The general public’s willingness to pay (sacrifice) more for the sake of biodiversity may well
represent a rational anthropocentric preference to protect species if people think preserving biodi-
versity/individual species is an important obligation of people or an important aspect of human life on
Earth. It may, but need not, imply that people think individual species or biodiversity more generally
has intrinsic value that is independent of humans.
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For decades economists have debated how best to take account of distributional
issues in BCA (Dasgupta et al. 1972; Harberger 1978). The simplest approach is to
present a tabular display of the types and magnitudes of gains and losses that
would accrue to different groups as a result of different policy proposals. Policy-
makers can then decide which proposal is preferable. There are also a variety of
approaches in the literature to increase the weight given to gains of poor, disad-
vantaged individuals in aggregating benefits and costs. These distributional
weights can be derived based on different assumptions about the marginal utility of
income and the appropriate social welfare function (Acland and Greenberg 2023;
Ferranna et al. 2023).

In practice distributional weighting schemes have not been used in most
countries. In the United States, Robinson et al. (2016) report that regulatory impact
analyses (RIAs) conducted for US government agencies rarely consider distribu-
tional issues at all. In the RIAs they reviewed, few included even a simple tabular
display of who would benefit and who would lose from the implementation of a
specific regulation or policy proposal. Some World Bank economists were origi-
nally proponents of the use of distributional weights in BCA of Bank-financed
projects (Squire and Tak 1975), but here too such proposals were never imple-
mented, i.e., distributional weights were not used in practice.11

There is no consensus globally on how to incorporate equity issues in BCA.
Nation-states will decide how they want to weight the gains and losses to their own
citizens (and to foreigners). In the Anthropocene the first step for BC analysts must
be to pay attention to distributional issues by including a tabular display of the
magnitude of the gains and losses that would accrue to different groups as a result
of policy proposals under consideration. Such results will be of interest both within
countries and globally.

However, the calculation of who wins and who loses is more difficult than is
commonly assumed. Because most BC analysts have not been doing even this first
step in the analysis of distributional consequences, they are often not fully aware of
the challenges involved.12 In order to analyze the distributional consequences of a
proposed investment, policy or regulation, a BC analyst must use a dynamic
baseline that describes the condition of each of the affected parties of interest in the

11 The World Bank now uses “poverty assessments” to examine distributional consequences of
projects. These are separate reports, not part of the BCA.
12 With the use of aggregate level data, it is not even clear how to proceed with such an analysis.
However, many contemporary studies use individual-level revealed or stated preference data that
result in individual-level estimates of monetized welfare changes. With a representative sample of
agents and reasonably rich set of demographic and spatial covariates, performing a distributional
analysis is relatively straightforward. Conventions on how to display the results of such an analysis
so they are accessible to policymakers and the public are likely to evolve over time.
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distributional analysis. For example, if an analyst wants to estimate the welfare
effects of a regulation to mitigate flood damages on different income groups, flood
risk over time for each dwelling unit in the area of interest needs to be forecasted
with and without (the dynamic baseline) the regulation. Then some method of
obtaining actual household income for each of these dwelling units or estimating it
with reasonable statistical precision is needed. With all three pieces of information
in hand, it is possible to show decision makers how the regulation would impact
households in different income categories.

The estimation of distributional effects requires that an analyst not only estimate
the distribution of the benefits of a policy intervention across affected parties, but
also the distribution of the costs (Cecot 2023). The forecast of the dynamic baseline
must thus include the wellbeing of the parties who will be bearing the costs in the
state of the world without the policy intervention as well as those who will benefit.
The data requirements for such careful distributional analysis are large, and primary
data collection may be necessary to establish and then forecast the counterfactual.

At the time this paper was written (September 2023), the issue of how to incor-
porate distributional effects in BCAs conducted in the United States is being actively
debated and discussed. On January 20, 2021, President Biden issued an Executive
Memorandum entitled “Modernizing Regulatory Review,”(MRR) which stated:

“I therefore direct the Director of OMB, in consultation with
representatives of executive departments and agencies, as appro-
priate and as soon as practicable, to begin a process with the goal
of producing a set of recommendations for improving and mod-
ernizing regulatory review. These recommendations should pro-
vide concrete suggestions on how the regulatory review process
can promote public health and safety, economic growth, social
welfare, racial justice, environmental stewardship, human dignity,
equity, and the interests of future generations.”

MRR states that the Office of Management and Budget (OMB) should:

(i) “identify ways to modernize and improve the regulatory review process, in-
cluding through revisions to OMB’s Circular A-4”. . .

(ii) “propose procedures that take into account the distributional consequences of
regulations, including as part of any quantitative or qualitative analysis of the
costs and benefits of regulations, to ensure that regulatory initiatives appro-
priately benefit and do not inappropriately burden disadvantaged, vulnerable,
or marginalized communities;”. . .
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On the same day, President Biden also issued Executive Order 13985 on
“Advancing Racial Equity and Support for Underserved Communities Through the
Federal Government.” EO 13985 directed OMB to “study methods for assessing
whether agency policies and actions create or exacerbate barriers to full and equal
participation by all eligible individuals. The study should aim to identify the best
methods, consistent with applicable law, to assist agencies in assessing equity with
respect to race, ethnicity, religion, income, geography, gender identify, sexual
orientation, and disability.” In combination, MRR and EO 13985 charge OMB
with the task of developing new guidance on how equity and distributional effects
should be incorporated into the evaluation of regulatory actions by federal
government agencies.

In response, in April 2023, Richard Revesz, the Administrator of the Office of
Information and Regulatory Affairs (OIRA) at OMB issued proposed revisions to
Circular A4, which provides guidance to US federal agencies on how to conduct a
BCA of a proposed regulation. Public comments on the proposed revisions were
elicited, and literally thousands of individuals and organizations submitted responses.

For the first time, this new draft guidance invites federal agencies to use equity
weights in the summation of costs and benefits to affected parties. However, the
draft guidance does not make the use of equity weighting mandatory; their use is at
the discretion of the agency proposing the regulation. Public comments on OIRA’s
proposal to make use of equity weights optional are wide-ranging, both for and
against. No doubt the use of equity weights in the US regulatory process will
engender future legal challenges.

7. Concluding Remarks

Currently some countries use BCA regularly while others hardly use the method
at all. We believe that more widespread use of BCA methods in the water sector
globally would be a good way to spread knowledge and understanding while
sharing experiences. Issues such as the design of water and sanitation tariff
structures have often been the focus of ideological debates. An alternative ap-
proach is to see such interventions as policy experiments. We can then learn
from these experiments, avoiding failures and refining the policy mixes that
work best.

BCA has three main strengths, and these will continue in the Anthropocene.
First, the method can be embedded in the administrative state to evaluate gov-
ernment budgetary and regulatory decisions. If deployed effectively by the ad-
ministrative state, BCA can facilitate cross-sectoral comparisons and discussions
across government agencies. BCA poses the question, “Are the benefits of the
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project greater than the costs?” The conceptual simplicity of the end result of the
method is an important strength. Adaptation of the method to meet the demands of
the Anthropocene should not dilute this message. Many proposals to solve pro-
blems fail this test, and this is often apparent early in the evaluation process. The
ability of the method to focus policy attention on proposals that increase overall
social welfare should not be lost. The temptation to caveat main findings and to
delve into complex linkages will result in producing reports that only an elite
group of technocrats can understand.

The second strength of BCA is that it helps to organize the sources of benefits
and costs in a consistent way across proposed policies and keeps the opportunity
costs of the policies, investments, and regulations front and center for policy-
makers to consider. Even a simple BCA reminds decision makers that there are
winners and losers associated with any policy, investment, or regulation. Too often
project proponents devote the majority of their attention to the advantages of a
project and downplay its opportunity costs. If BCA is done well, it serves to keep
the bigger picture in focus for a decision maker.

The third (potential) strength of BCA is that it provides a framework that can
account for distributional consequences of policy interventions. BCA results can
be downscaled to examine the consequences of policy interventions on different
groups or spatial areas. The use of public funds to finance water projects will
almost always create both winners and losers. The assessment of the distributional
consequences of such interventions must be done as objectively and rigorously as
possible. Non-economists will be especially interested and are likely to get heavily
involved in the distributional analysis of policy interventions. Using a unified
BCA methodology can help spread good examples of distributional analysis and
provide a way for non-economists to become involved in BCA. The interactions
between economists and professionals from other disciplines can become more
productive.

In summary, the Anthropocene will see large, disruptive changes to the envi-
ronment. These will likely increase the demand for water and the value of water
resources. It is important to use the latest developments in BCA to take account of
the (1) increasing scarcity and value of water; (2) increased potential for the
analysis of distributional issues and conflicts around water; and (3) distinct risk
profile of water investments in the face of generalized uncertainty about the future.
As the Anthropocene evolves, more and more water challenges will have char-
acteristics of global public goods. This requires global cooperation and will have
repercussions on who has standing in BCA.

BCA in the Anthropocene

2371005-19

W
at

er
 E

co
ns

. P
ol

ic
y 

20
23

.0
9.

 D
ow

nl
oa

de
d 

fr
om

 w
w

w
.w

or
ld

sc
ie

nt
if

ic
.c

om
by

 7
6.

90
.5

6.
23

6 
on

 0
4/

15
/2

4.
 R

e-
us

e 
an

d 
di

st
ri

bu
tio

n 
is

 s
tr

ic
tly

 n
ot

 p
er

m
itt

ed
, e

xc
ep

t f
or

 O
pe

n 
A

cc
es

s 
ar

tic
le

s.



ORCID

Dale Whittington https://orcid.org/0000-0002-6075-8812
Richard T. Carson https://orcid.org/0000-0002-3273-8224
Thomas Sterner https://orcid.org/0000-0003-4771-3545

References

Abelson, P (2020). A partial review of seven official guidelines for cost-benefit analysis.
Journal of Benefit-Cost Analysis, 11, 272–293.

Acland, DJ and DH Greenberg (2023). Distributional weighting and welfare/equity tra-
deoffs: A new approach. Journal of Benefit-Cost Analysis, 14, 1–25.

Alemanno, A (2013). Is there a role for cost-benefit analysis beyond the Nation-State?
Lessons from international regulatory cooperation. In The Globalization of Cost-
Benefit Analysis in Environmental Policy, MA Livermorem and L Revesz (eds.),
pp. 104–122. New York: Oxford University Press.

Arrow, K, M Cropper, C Gollier, B Groom, G Heal, R Newell, W Nordhaus, R Pindyck,
W Pizer, P Portney and T Sterner (2013). Determining benefits and costs for future
generations. Science, 341(6144), 349–350.

Arrow, KJ and AC Fisher (1974). Environmental preservation, uncertainty, and irrevers-
ibility. Quarterly Journal of Economics, 88, 312–319.

Arrow, KJ and M Kurz (1970). Public Investment, the Rate of Return, and Optimal Fiscal
Policy. Baltimore, MD: John Hopkins University Press.

Arrow, KJ and RC Lind (1970). Uncertainty and the evaluation of public investment
decisions. American Economic Review, 60, 366–378.

Banzhaf, HS (2009). Objective or multi-objective? Two historically competing visions for
benefit-cost analysis. Land Economics, 85(1), 1–23.

Basheer, M, V Nechifor, A Calzadilla, K Siddig, D Whittington, D Hulme and JJ Harou
(2021). Collaborative management of the Grand Ethiopian Renaissance Dam
increases economic benefits and resilience. Nature Communications, 12, 5622, doi:
10.1038/s41467-021-25877-w.

Basheer, M, V Nechifor, A Calzadilla et al. (2023). Cooperative adaptive management of
the Nile River with climate and socio-economic uncertainties. Nature Climate
Change, doi: 10.1038/s41558-022-01556-6.

Bateman, IJ, B Keeler, SM Olmstead and J Whitehead (2023). Perspectives on valuing
water quality improvements using stated preference methods. Proceedings of the
National Academy of Sciences, 120(18), e2217456120.

Berck, P, S Robinson, G Goldman (1991). The use of computable general equilibrium
models to assess water policies. In The Economics and Management of Water and
Drainage in Agriculture, A Dinar and D Zilberman (eds.). Boston: Springer, doi:
10.1007/978-1-4615-4028-1 25.

Boardman, AE, DH Greenberg, AR Vining and DL Weimer (2022). Standing in cost-
benefit analysis: Where, who, what (counts)? Journal of Policy Analysis and Man-
agement, 41(4), 1157–1176.

D. Whittington, R. T. Carson & T. Sterner

2371005-20

W
at

er
 E

co
ns

. P
ol

ic
y 

20
23

.0
9.

 D
ow

nl
oa

de
d 

fr
om

 w
w

w
.w

or
ld

sc
ie

nt
if

ic
.c

om
by

 7
6.

90
.5

6.
23

6 
on

 0
4/

15
/2

4.
 R

e-
us

e 
an

d 
di

st
ri

bu
tio

n 
is

 s
tr

ic
tly

 n
ot

 p
er

m
itt

ed
, e

xc
ep

t f
or

 O
pe

n 
A

cc
es

s 
ar

tic
le

s.

https://orcid.org/0000-0002-6075-8812
https://orcid.org/0000-0002-3273-8224
https://orcid.org/0000-0003-4771-3545


Carson, RT and J LaRiviere (2018). Structural uncertainty and pollution control: Optimal
stringency with unknown pollution sources. Environmental and Resource Econom-
ics, 71, 337–355.

Cecot, C (2023). An equity blindspot: The incidence of regulatory costs. Journal of
Benefit-Cost Analysis, 14, 35–43.

Cohon, JL (1978). Multiobjective Programming and Planning. New York: Academic
Press.

Dasgupta, P. (2021). The Economics of Biodiversity: The Dasgupta Review. Abridged
Version. London: HM Treasury. Available at: https://assets.publishing.service.gov.
uk/government/uploads/system/uploads/attachment data/file/957292/Dasgupta
Review - Abridged Version.pdf.

Dasgupta, P, A Sen and S Marglin (1972). Guidelines for Project Evaluation. New York:
United Nations Development Programme.

Diao, X, A Dinar, T Roe and Y Tsur (2008). A general equilibrium analysis of conjunctive
ground and surface water use with an application to Morocco. Agricultural Eco-
nomics, 38, 117–135.

Dietz, S, C Gollier and L Kessler (2018). The climate beta. Journal of Environmental
Economics and Management, 87, 258–274.

Dinar, A (2014). Water and economy-wide policy interventions. Foundations and Trends
in Microeconomics, 10(2), 85–164.

Farmer, MC, and A Randall (1998). The rationality of a safe minimum standard. Land
Economics, 74, 287–302.

Ferranna, M, JK Hammitt, and M Adler (2023). Age and the value of life. In The Routledge
Handbook of the Economics of Aging, DE Bloom, A Sousa-Poza and U Sunde (eds.),
pp. 566–577. London: Routledge, doi: 10.4324/9781003150398-38.

Fraas, A, R Lutter, S Dudley, T Gayer, JD Graham, JF Shogren and WK Viscusi (2016).
Social cost of carbon: Domestic duty. Science, 351(6273), 569–569.

Fraas, A, JD Graham, K Krutilla, R Lutter, JF Shogren and WK Viscusi (2023a). Climate
damages, globalism, and federal regulation. Regulation. Summer, 10–11.

Fraas, A, JD Graham, K Krutilla, R Lutter, JF Shogren, L Thunstrom and WK Viscusi
(2023b). Seven recommendations for pricing greenhouse gas emissions. Journal of
Benefit Cost Analysis, doi.org/10.1017/bca.2023.31.

Groves, DG and RJ Lempert (2007). A new analytic method for finding policy-relevant
scenarios. Global Environmental Change, 17(1), 73–85.

Guariso, G and M Sangiorgio (2023). Machine learning tools for water resources
modelling and management. In Encyclopedia of Water Resources Management and
Policy. New York: Oxford University Press.

Hanemann, M and DWhittington (2023). The economic value of water. In Encyclopedia of
Water Resources Management and Policy. New York: Oxford University Press.

Harberger, A (1978). On the use of distributional weights in social cost-benefit analysis.
Journal of Political Economy, 86(2), S87–S120.

Herman, JD, B Harrison, PM Reed and GW Characklis (2014). Beyond optimality:
Multistakeholder robustness tradeoffs for regional water portfolio planning under
deep uncertainty. Water Resources Research, doi: 10.1002/2014WR015338.

BCA in the Anthropocene

2371005-21

W
at

er
 E

co
ns

. P
ol

ic
y 

20
23

.0
9.

 D
ow

nl
oa

de
d 

fr
om

 w
w

w
.w

or
ld

sc
ie

nt
if

ic
.c

om
by

 7
6.

90
.5

6.
23

6 
on

 0
4/

15
/2

4.
 R

e-
us

e 
an

d 
di

st
ri

bu
tio

n 
is

 s
tr

ic
tly

 n
ot

 p
er

m
itt

ed
, e

xc
ep

t f
or

 O
pe

n 
A

cc
es

s 
ar

tic
le

s.



Herman, JD, PM Reed, HB Zeff and GW Characklis (2015). How should robustness be
defined for water systems planning under change? Journal of Water Resources
Planning and Management, 141, 10, doi: 10.1061/(ASCE)WR.1943-5452.0000509.

Hirschman, AO (1970). Exist, Voice, and Loyalty: Response to Decline in Firms, Orga-
nizations, and States. Cambridge, MA: Harvard University Press.

Hoel, M and T Sterner (2007). Discounting and relative prices. Climatic Change, 84,
265–280.

Kendall, DR and JA Dracup (1991). A comparison of index-sequential and AR(1)
generated hydrologic sequences. Journal of Hydrology, 122(1–4), 335–352.

Kling, CL, RWArritt, G Calhoun and DA Keiser (2017). Integrated assessment models of
the food, energy, and water nexus: A review and outline of research needs. Annual
Review of Resource Economics, 9, 143–163.

Kunreuther, H and G Wright (1979). Safety first, gambling, and the subsistence farmer. In
Risk, Uncertainty, and Agricultural Development, JA Roumasset, JM Boussard and
I Singh (eds.), pp. 213–230. Los Baños, Philippines: Southeast Asian Regional
Center for Graduate Study and Research in Agriculture.

Lempert, RJ, SW Popper and SC Bankes (2003). Shaping the Next One Hundred Years:
New Methods for Quantitative, Long-term Policy Analysis. Santa Monica, CA: Rand
Pardee Center.

Milly, P, J Betancourt, M Falkenmark, R Hirsch, Z Kundzewicz, D Lettenmaier and
R Stouffer (2008). Stationarity is dead: Whither water management? Science,
319(5863), 573–574.

Mitchell, RC and RT Carson (1983). Using Surveys to Value Public Goods: The Contin-
gent Valuation Method. Washington DC: Resources for the Future Press.

Langpap, C, J Kerkvliet and JF Shogren (2018). The economics of the US Endangered
Species Act: A review of recent developments. Review of Environmental Economics
and Policy, 12, 69–91.

Ouarda, TBMJ, JW Labadie and DG Fontane (1997). Indexed sequential hydrologic
modeling for hydropower capacity estimation. Journal of the American Water
Resources Association, 33(6), 1337–1349.

Randall, A (2011). Risk and Precaution. New York: Cambridge University Press.
Revelle, R and HE Suess (1957). Carbon dioxide exchange between atmosphere and ocean

and the question of an increase of atmospheric CO2 during the past decades. Tellus,
9(1), 18–27.

Ringler, C, D Willenbockel, N Perez, M Rosegrant, T Zhu and N Mathews (2016). Global
linkages among energy, food, and water: An economic assessment. Journal of
Environmental Studies and Sciences, 3(6), 161–171.

Robinson, LA, JK Hammitt and RJ Zeckhauser (2016). Attention to distribution in
U.S. regulatory analyses. Review of Environmental Economics and Policy, 10(2),
308–328.

Rockström, J et al. (2009). A safe operating space for humanity. Nature, 461, 473–475.
Rodell, M, JS Famiglietti, DN Wiese, JT Reager, HK Beaudoing, FW Landerer and MH

Lo (2018). Emerging trends in global freshwater availability. Nature, 557, 651–671.
Rodell, M and B Li (2023). Changing intensity of hydroclimatic extreme events revealed

by GRACE and GRACE-FO. Nature Water, 1, 241–248.

D. Whittington, R. T. Carson & T. Sterner

2371005-22

W
at

er
 E

co
ns

. P
ol

ic
y 

20
23

.0
9.

 D
ow

nl
oa

de
d 

fr
om

 w
w

w
.w

or
ld

sc
ie

nt
if

ic
.c

om
by

 7
6.

90
.5

6.
23

6 
on

 0
4/

15
/2

4.
 R

e-
us

e 
an

d 
di

st
ri

bu
tio

n 
is

 s
tr

ic
tly

 n
ot

 p
er

m
itt

ed
, e

xc
ep

t f
or

 O
pe

n 
A

cc
es

s 
ar

tic
le

s.



Roe, TL, A Dinar, Y Tsur and X Diao (2005). Feedback links between economy-wide and
farm-level policies: With application to irrigation water management in Morocco.
Journal of Policy Modeling, 27(8), 905–928.

Squire, L and HG Tak (1975). Economic Analysis of Projects. Baltimore, MD: Johns
Hopkins University Press.

Stavins, RN (1998). What can we learn from the grand policy experiment? Lessons from
SO2 allowance trading. Journal of Economic Perspectives, 12(3), 69–88.

Sterner, T, E Barbier, I Bateman et al. (2019). Policy design for the Anthropocene. Nature
Sustainability, 2, 14–21.

Sterner, T, RT Carson, M Hafstead et al. (2020). Funding inclusive green transition through
greenhouse gas pricing. ifo DICE Report, 18, 1–8.

Sterner, T and M Persson (2008). An even sterner review: Introducing relative prices
into the discounting debate. Review of Environmental Economics and Policy, 2(1),
61–76.

Strzepek, KM, GW Yohe, RS Tol and MW Rosegrant (2008). The value of the high Aswan
Dam to the Egyptian economy. Ecological Economics, 66, 117–126.

Stone, CD (1972). Should Trees Have Standing and other Essays on Law, Morals, and the
Environment. New York: Oxford University Press.

Trumbull, WN (1990a). Who has standing in cost-benefit analysis? Journal of Policy
Analysis and Management, 9, 201–218.

Trumbull, WN (1990b). Reply to Whittington and MacRae. Journal of Policy Analysis and
Management, 9, 548–550.

United States Environmental Protection Agency (2022). EPA External Review Draft of
Report on the Social Cost of Greenhouse Gases: Estimates Incorporating Recent
Scientific Advances. Docket ID No. EPA-HQ-OAR-2021-0317.

Wagner, G and M Weitzman (2015). Climate Shock: The Economic Consequences of a
Hotter Planet. Princeton, NJ: Princeton University Press.

Weitzman, ML (1974). Prices vs. quantities. Review of Economic Studies, 41(4), 477–491.
Weitzman, ML (2009). On modeling and interpreting the economics of catastrophic

climate change. Review of Economics and Statistics, 91, 1–19.
Whittington, D and D MacRae (1986). The issue of standing in cost-benefit analysis.

Journal of Policy Analysis and Management, 5, 665–682.
Whittington, D and D MacRae (1990). Comment: Judgments about who has standing in

cost-benefit analysis. Journal of Policy Analysis and Management, 9, 536–547.
Whittington, D and VK Smith (2020). The ex-ante economic analysis of investments in

large dams: A brief history. Water Economics and Policy, 6(4), 2050010.
Whittington, D (2022). Contested baselines and transboundary natural resources man-

agement, with illustrations from the Nile Basin. Water International, 47(6), https://
doi-org.libproxy.lib.unc.edu/10.1080/02508060.2022.2123611.

World Bank. Guidelines for Economic Analysis of Water Projects: Methods and Chal-
lenges, Forthcoming. Washington D.C.

Young, R and J Loomis (2014). Determining the Economic Value of Water: Concepts and
Methods, 2nd edn. New York: Routledge.

Zerbe, RO (1991). Comment: Does benefit-cost analysis stand alone? Rights and standing.
Journal of Policy Analysis and Management, 10, 96–105.

BCA in the Anthropocene

2371005-23

W
at

er
 E

co
ns

. P
ol

ic
y 

20
23

.0
9.

 D
ow

nl
oa

de
d 

fr
om

 w
w

w
.w

or
ld

sc
ie

nt
if

ic
.c

om
by

 7
6.

90
.5

6.
23

6 
on

 0
4/

15
/2

4.
 R

e-
us

e 
an

d 
di

st
ri

bu
tio

n 
is

 s
tr

ic
tly

 n
ot

 p
er

m
itt

ed
, e

xc
ep

t f
or

 O
pe

n 
A

cc
es

s 
ar

tic
le

s.


	Policy Note: Benefit Cost Analysis of Water Investments in the Anthropocene
	Introduction
	1. Optimizing Net Benefits within Quantity Constraints
	2. Construction of the Dynamic Baseline (Counterfactual)
	3. Treatment of Risk and Uncertainty
	4. System-wide Consequences: From Partial to General Equilibrium Analyses
	5. Standing (Who Counts?)
	6. Equity and Distributional Issues
	7. Concluding Remarks
	ORCID
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 900
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 900
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


