Chapter 6. Environmental Accounting
The increasing importance of considering environmental aspects within a company’s decisions demands a broader
scope in management accounting. Eco-management accounting should enable management to integrate environmental
issues into the decision-making process.
—Thomas Orbach and Chrisa Liedtke (1998)
Estimating and accounting for the costs of
environmental impacts is a rapidly evolving area of
management, accounting, and finance. However, much
greater input from ecological and environmental
scientists and considerable research are both needed to
improve the quality of these cost estimates. Although in
its infancy, environmental accounting is increasingly
recognized as essential, and as more resources are
devoted to this aspect of accounting, it will become a
more powerful and effective tool to improve policy
development, management, and consumer decisionmaking.
The Internet has made the search for needed
information on health, social, and environmental costs
much easier; and NGOs, businesses, trade groups, and
various agencies and departments are using these new
resources for better environmental accounting. Although
there is still much to be done in accounting for true costs,
even today reports can be prepared and costs can be
estimated (see examples later in the chapter). This
improved environmental accounting enables an
organization and its stakeholders to more
comprehensively evaluate the organization’s performance
using both economic and environmental measures and to
make improvements that reduce risks and wastes,
eliminate unwanted costs, and provide new opportunities
for adding value.
Environmental accounting can more accurately
identify true costs by clarifying the environmental
impacts caused by material acquisition and processing,
manufacturing, sales, distribution, use, maintenance, and
disposal. It can help companies and organizations
develop innovative solutions to change resource use and
eliminate resource constraints, meet regulatory
requirements, and avoid ecological crises. It can also
provide consumers with the additional information they
need to make more informed purchasing choices.
While a growing number of tools are now available
to facilitate environmental accounting, much remains to
be done to make them more useful, inclusive, effective,
accurate, and user friendly. The weaknesses are
particularly apparent with respect to ecological issues
such as ecotoxicity, nutrient-cycle and hydrologic-cycle
disruption, biodiversity loss, biomagnification of
hazardous chemicals, the spread of invasive species,
habitat fragmentation, and the recognition of the
complexity and cost of ecological restoration.
The costs and benefits involved in calculating natural
capital and nature’s services also need to be refined.
What is the value of biodiversity? Of an endangered
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species? Of natural hydrologic function? Of oxygen
generation by a forest? What are the costs of exotic
species suppression? Of fire suppression made necessary
by the invasion and spread of highly flammable alien
invasive grass species? What will the ultimate cost of
global warming be?
Some environmental accountants have been
unwilling to face these questions, and simply advocate
better measurement of material flows (see Chapter 5).
However, if the impacts of these material flows are not
assessed, and the effects of facilities, operations, and
product use and disposal are not included, then the true
costs of products and services are obscured. Neglecting
these broader and follow-on impacts will lead to
reporting that misses many impacts and provides
misleading cost estimates. Research is urgently needed to
improve understanding of the complex impacts and
effects of products, services, and activities at the local
and global level. The impacts fall into two main
categories: ecosystem function and ecosystem structure.
Ecosystem Structure: What Does It Look Like?
Assessing the structure of an ecosystem includes the
following considerations: spatial distributions of species,
species population sizes, species organization (nearest
neighbor, nurse plant), species richness, seasonal
occurrence of species, and native versus invasive species
as well as the architecture of the ecosystem (its size,
shape, pattern), ecodiversity (multiple indices of
diversity), and so forth.

Figure 6.1. Ecosystem structure
Deserts, with their well-spaced plants and clear
drainage channels, have a surface structure that is easy to
see and understand (Figure 6.1). The below-ground
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pattern of root distribution, fungi, and insects can be
equally important, but is much more difficult and costly
to analyze and understand.
Photographs, both oblique and aerial, can provide
low-cost information on ecosystem structure and change
in some areas. Paired photographs, particularly paired
aerial photos, can reveal large-scale changes over time. A
more accurate understanding of changes in structure,
however, requires field studies across the seasons, years,
and decades.

Nature’s services and natural capital are related to both
ecosystem structure and function. They may be broken
down into provisioning services (food, water,
oxygen, wood); regulating services (climate balancing,
air and water pollution amelioration, flood reduction,
wind erosion control, waste treatment); and cultural
services (recreation, fitness, health, aesthetics, spiritual
recovery). Natural capital may include both renewable
(fish) and nonrenewable or finite (oil) resources.
Unfortunately, most potentially renewable resources are
currently being mined instead of sustainably managed.
Sufficient research exists to understand only a few
types of ecosystems well, which makes calculating the
true environmental costs of impacts challenging. Even
where there is considerable data it is often restricted to a
few parameters that are easy and cheap to measure, such
as biological oxygen demand. These may not, however,
be very meaningful by themselves. The longer the time
series that can be developed, the better the chances to
understand slow but significant changes. Is historic data
available? Is information available at the appropriate
scale?
How can the impacts and costs of ecosystems that
are not well studied be determined when only limited
resources are available? Rapid assessment
methodologies, designed for quick, low-cost evaluations,
can be very helpful, but have limitations. It can also be
decided which factors are likely to be critical based on
experience and knowledge. This might reduce concerns
to a few items that could be evaluated and monitored
more easily. For example, the ratio of native to invasive
alien species and trends in population dynamics are often
very informative. Keystone species (which play a critical
role in the ecosystem) may be easy to track and can often
provide useful information. Indicator species (which are
particularly sensitive to change and reflect the overall
health of an ecosystem) may help highlight changes that
are significant. Rare and endangered species may be
critically important in terms of legal liability and
regulations, but may not matter much in terms of function
or structure.
Ecosystem linkages are often important, but can be
more difficult to understand and follow over time.
Ecosystem analysis can be done at a fairly broad scale to
help review possible system interactions or problems. Is
the upstream reach in a watershed leading to problems in
the study site? Are ecotoxic amounts of nitrogen blowing
in from a distant power plant or freeway? Is toxic dust
blowing in from an abandoned mill site? A reference site
comparison can contrast a site or sites with a healthier
system nearby (if one exists) to explore what is missing
or not working properly.
It is often possible to develop ecological metrics for
evaluating and rating ecosystem health. The metrics may
focus on ecosystem structure or function or both and may
require consideration of many factors, including
qualitative and quantitative determinations. Developing

Ecosystem Function: How Does It Work?
The key ecosystem flows that must be understood
include energy, water, and nutrients. Nutrient cycling is
very important, because many native ecosystems are
nutrient limited. In other ecosystems the most important
factors may be energy and water flow and food webs as
well as species reproduction, demographics (increase and
decrease by species), resilience to disturbance, or
stability. Water flow and quality are two of the easiest
functions to track and in many cases are good indicators
of ecosystem health (Figure 6.2).

Figure 6.2. Ecosystem function: water flows are
critical and are being affected by global warming
Ecosystem structure and function are both important;
however, ecosystem function is often the more critical
consideration in the short term. Changes in ecosystem
function can degrade ecosystem structure in the short
term. Over longer periods changes in structure become
more of an issue because they begin to affect function.
Many factors need to be considered in terrestrial
(land) ecosystems, including species diversity and
richness, age classes and sizes of species, soil health,
seeds, seed banks, pollinators, symbionts, and so forth. In
aquatic systems the focus may shift to toxicity, biological
oxygen demand, nutrient flow, food webs, temperature,
biomagnification, invertebrates, fish, amphibians, birds,
and other vertebrate species. The influence of chemicals
on hormone systems, reproduction, and survival are of
special concern.
Rebuilding the American Economy
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metrics can be risky when an ecosystem is not well
understood; however, trying to develop a metric can be
useful in highlighting what may be important but is
unknown about an area. Reference sites can be used to
test potential ecosystem metrics.
An index of biological integrity (IBI) has been
developed for streams in some areas. The IBI considers
multiple factors, including biodiversity, and has been
well tested. Another example of an ecosystem metric is
the watershed index that was developed as part of the
Sierra Nevada ecosystem evaluation project. The index
looked at amphibians, fish, roads, and many other factors.
It was crude, but helpful. Research should also be
invested in developing an index of soil integrity and an
index of ecosystem health. Expert systems evaluations,
which ask the experts for ecosystem ratings, can be
valuable in situations where little has been studied or
published, but are subject to the limitations of
understanding of even the best experts.

grasslands of California have revealed how little is
known and how challenging it can be to discover the

Starting with a Damaged Picture
Most ecosystems in the world have been disturbed
and degraded by human activity. Often the first major
disturbance or change was the arrival of tribal people.
More changes took place when they died off after new
invasions or were removed and their management
practices were replaced by new managers, often with
inappropriate strategies and ideas developed in very
different ecosystems on other continents. These changes
are seen throughout the western United States more than
100 years after the native people stopped managing the
landscape (Figure 6.3). The open park-like forests of the
1800s have been replaced with dense stands (sometimes
referred to as “dog hair” stands) that are much more
vulnerable to fires and pests. The fierce wildfires in 2008
were in part a legacy of this long ago change in forest
management. The scope and scale of these changes have
been dramatic, and they are not well understood. For
example, it is not known what the long-term
consequences of the loss of 850 million tons of topsoil
from the central plains during the Dust Bowl year of 1935
will be for future generations.
The difficulty of understanding human-caused
ecosystem changes can be compounded when they are
interrelated with periodic natural disturbances such as
drought. How do relatively intact natural ecosystems
respond to wildfires, floods, droughts, or windstorms?
How do human-induced changes make these ecosystems
more brittle and easily damaged?
Ultimately ecosystem disturbances can only be
understood through a much better understanding of the
organisms, species, and ecosystems at the local and
landscape scale. Where information is limited,
experienced local farmers, foresters, fishermen, hunters,
naturalists, and range managers may provide critical
insight. Ongoing efforts to better understand the native
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Figure 6.3. Declining Forest Asset Value
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causes of observed changes. Even important,
commercially harvested species are often very
challenging to understand, which makes management
decision making difficult. The lobsters of New England
are a perfect example of a species that is not well
understood despite a fair amount of historic research. As
a consequence, the lobster resource has often been
mismanaged. After considerable research over many
decades a better understanding of this species is slowly
emerging, but much remains to be learned.
The process of estimating the degree of ecosystem
disturbance can begin by implementing a careful
historical review using descriptions from past and present
residents, sketches, paired photos, old journals,
newspapers, and so forth. Archeology, soil science,
ecology, botany, ethnology, ethnobotany, ethnoecology,
and other sciences can also prove useful. Molecular-level
changes in species diversity may be important, and these
types of studies are increasingly economical and
straightforward. Reference sites (similar sites that are less
disturbed) can be helpful; however, there are risks of
extending the implications of a well-understood reference
site to an area that is not as similar as was thought or
hoped.
For most ecosystems there is a poor understanding of
disturbance and recovery versus disturbance alone. Net
disturbance is determined by the nature, magnitude, and
frequency of impacts, whether natural or anthropogenic
(caused by humans). This disturbance may be small and
intense, extensive and low level, or catastrophic and large
scale. Adverse effects can be synergistic or antagonistic
with other disturbance impacts. They can be single
events, periodic events, or subtle but large cumulative
impacts. Understanding disturbance is a challenge if
complex patterns in very complex systems have to be
interpreted with limited or no historical data. However,
assessing the nature and magnitude of disturbances or
changes in key factors can often enable limited resources
to be directed toward correcting the changes. Ongoing
studies of the effects of changes and how to correct them
through biological, chemical, or mechanical means will
improve the understanding of which factors are critical
and which are relatively unimportant.
Estimating impacts is the first step, and then costs
need to be estimated. Changes in the value of natural
capital (soil, water, biodiversity) and nature’s services
(oxygen production, water purification, air cleaning) need
to be understood and changes need to be related to
actions or conditions caused by a product, service, or
activity. Not undertaking these steps will result in a poor
understanding of the success of management approaches
and whether or not they will be sustainable.

fossil fuels, deforestation, and agricultural and industrial
activity. Although human activities and actions have
precipitated environmental decline since the earliest days
of humanity, the speed and magnitude of change are
much greater today. Adverse impacts and unwanted
changes have spread around the world as humans have
brought their animals, plants, and incessant demands for
more resources to new lands. With the rise of the global
industrial civilization, the rate and magnitude of
environmental change have increased dramatically, along
with the risk of unexpected and adverse repercussions.
Global climate change is a primary cause of the
increase in the rate and severity of changes in the
environment. The basic facts are no longer in question,
but the repercussions remain unclear. Although
temperature predictions are becoming more accurate,
rainfall predictions are uncertain and potential ecosystem
responses are even more uncertain. The belief that
changes will remain relatively slow and predictable is
contested by some researchers. Better understanding is
needed to improve forecasting and policy development.
The disruption of regional nutrient and hydrologic
cycles has had unexpected and undesired effects on
ecosystem stability. These impacts may facilitate
invasion by unwanted exotic species and pests, triggering
massive changes in ecosystem structure and function. The
spread of pests and diseases has also grown as a result of
increasing global connectivity. Sudden oak death
syndrome (a fungus) in California was first introduced
apparently on landscape plants brought from Nepal. The
rapid spread of killer bees has disrupted native bee
populations across much of North America. The
ferocious Argentine ant has colonized much of southern
California, to the detriment of many native species. But
some of the worst problems have been caused by
deliberate introductions of exotic species to control
unwanted exotic pest species.
Many changing are occurring at once, but why? Is
forest decline simply the result of past poor forest
management, the exclusion of controlled burns by native
people, international transport of pest species, or
increased temperatures and changing rainfall patterns? Or
are all of these impacts interacting together?
Ecological economists argue that care should be
taken when it is not understood why a change is
occurring or whether it will occur again in the future.
They recommend that a precautionary principle be
adopted. Traditional economists and politicians, however,
argue that if a change is not understood, it can be ignored
because a technological fix can always be found. This is
much more dangerous and risky, like repairing an
airplane while the plane is in the air.

Global Change
The challenge of understanding ecosystem structure
and function is further compounded by the increasing rate
of global climate change precipitated by the burning of

Estimating Environmental Costs
Estimating costs for ecological impacts is rarely
easy, but it is possible. In many cases a replacement cost
can be determined for both nature’s services or natural
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capital. If a species were eliminated from an area, how
much would it cost to restore it? If ecosystem function
were degraded as a result of increased stormwater
pollution, what would the control costs be to eliminate
impacts or to clean up dirtier water in a municipal water
treatment plant? Or if ecosystem function were degraded
and flooding increased, what would be the costs of
additional flood control and upgraded flood insurance?
With careful consideration, a proxy cost can usually be
determined.
In other cases a restoration cost can be calculated.
What would it cost to restore an ecosystem or a species
that is damaged or destroyed? The more that is known
about the ecosystem or species, the easier it will be to
prepare a sound estimate. The better the data, the better it
will hold up in court. Joshua Tree National Park, for
example, has found that misdemeanor citations for
property damage are regularly upheld now that they have
better restoration cost data. If a truck drives off the road
and kills several native bushes, the park can state how
much it will cost to replace them. These citations are not
inexpensive, and higher fines have helped lower property
damage in the park.
Highways and utility corridors create many
ecological problems with significant environmental costs
that are not counted today. Problems include changes in
hydrologic function (which often cause severe erosion in
adjacent riparian areas), the introduction of exotic species
or pathogens on tires or on vehicles, and opening up road
access for other damaging uses. These changes may be
very dramatic. One culvert from a freeway can create a
deep erosion gully in one storm that would cost tens of
thousands of dollars to repair. Electric utility lines often
serve as ignition sources for wildfires that harm or
destroy wildlands and result in property and
environmental damage costs in the millions of dollars.
Minimizing ecosystem damage is not primarily a
scientific and technical problem, although many
questions remain to be solved in understanding changes
in ecosystem structure and function and the best ways to
avoid them. The root cause of ecosystem decline and
destruction is ultimately poor accounting, which is often
compounded by uncertain tenure (rights to use), weak
government policies (limited support for enforcement,
research, restoration, subsidies, rules, regulations), the
psychology of consumption, and very limited
understanding of many ecosystems. Until the economic
and psychological “drivers” are addressed, very little
progress will be made.

these ecosystems (Figure 6.4). The value of the deserts’
scenic beauty, natural capital, and nature’s services are
being mined and exported to Japan and Detroit. More
than 40 percent of the money spent on off-highway
vehicle (OHV) recreation is for vehicles (including
OHVs, tow vehicles, trailers, tires, custom parts), and
almost 10 percent is for fuel. While the companies that
benefit from these sales pay lip service to “tread lightly,”
advertising almost always shows the “tread heavily”
mode.

Figure 6.4. Off highway vehicle damage, Dove Springs
To understand the flow of money through and from
the deserts, a much better determination of the value of
undisturbed desert ecosystems is needed. Classical flatEarth economists argue that the value is determined by
sales price or use value, which can be extremely low,
perhaps only $500 per hectare. Ecological economists
assert that calculating a replacement cost is a better way
to judge value. Restoring a desert is very costly. It may
cost $50,000 per hectare for a moderate desert restoration
effort. A full-size, 4x4 off-road vehicle can do $40,000
worth of damage each day it is ripping across the intact
desert. Damage to the full breadth of the Mojave Desert
now totals in the tens of billions of dollars. Every new
kilometer of new dirt road represents a cost of more than
$12,000; every hectare of denuded land may cost more
than $50,000 to repair.
In the Dove Springs area of the Mojave Desert the
cost for repair work would probably equal or exceed the
annual revenue from all of the green registration stickers
sold for highway recreational vehicles in California in
one year (Table 6.1). The repair cost estimates are based
on extensive restoration experience, including work in the
area. Hill climbs represent a good percentage of denuded
areas and are notoriously difficult to repair. Disturbance
categories outside heavy impacts were not well
characterized; therefore, a relatively low estimate of
repair costs was used.
In addition to damage to ecosystems, there are many
other uncompensated costs related to OHV operation.
Some could be determined relatively easily, but have not
yet been studied. Others may prove more challenging to
cost out. One of the largest uncompensated costs is likely
to be medical treatment in hospital emergency rooms for
OHV accidents. In Arizona, the out-of-pocket cost to

An Ecosystem Structure Example: Off-Road
Recreation in the Mojave Desert of California
The beautiful but fragile deserts of the American
southwest are a classic open-access resource, much like
fish in the international unowned oceans. Intensive
overuse is rapidly degrading the integrity and value of
Rebuilding the American Economy
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treat injured OHV operators was $9 million per year, and
the taxpayers may pay as much or more for the uninsured
or underinsured.

The California Highway Patrol and local police
receive some funding from the OHV green registration

Table 6.1. Dove Springs OHV Area Damage Estimate
Area or
Condition
length
1965
hectares denuded/dense tracks
66
hectares with OHV impact
272
km routes
49
km wash routes
5
2001
hectares denuded/dense tracks
hectares with OHV impact
km routes
km wash routes

Restoration
cost/unit

194
740
576
77

Total damage

$50,000
$20,000
$12,000
$25,000

$3,300,000
$5,440,000
$588,000
$125,000
$9,453,000

$50,000
$20,000
$12,000
$25,000

$9,700,000
$14,800,000
$6,912,000
$1,925,000
$33,337,000

Sources: Damage from Matchett et al., 2004; Bainbridge 2007; and Soil Ecology and Restoration Group.
sticker programs, but the costs far exceed payments.
Adding a single deputy can cost more than $100,000 a
year, including salary and equipment. In addition to the
deputies and police activities there are also costs for
cleanup and repair of facilities. Vandalism of fences and
gates is extensive and may represent $1 million or more
each year across the desert. This is often paid for by
agencies, universities, volunteers, and private landowners
and with no mechanism for compensation from the OHV
programs.
The OHV community of manufacturers, retailers,
and suppliers as well as their advertising agencies and
dependents are big business and have an annual estimated
economic impact in California of perhaps $10 billion,
although much of that money flows to corporations far
away. The external costs of OHV operation, however,
suggest a loss in natural capital and nature’s services that
far exceeds $10 billion. OHV manufacturers and retailers
are making money at the expense of the owners of the
deserts—the American public and future generations.
They are mining deserts as clearly as the gold companies,
and causing damage over a much larger area. Billions of
dollars of damage have already occurred, and little effort
has been made to curb use or even to extract use fees.
Until the true costs are recognized, there will be little
progress in the attempt to halt and reverse the ongoing
destruction of the deserts of the American Southwest.
Manufacturers should be encouraged to play a much
larger role in the “tread lightly” effort, and should pay an
impact fee for each OHV sold (perhaps $500 dollars per
vehicle). OHV manufacturers should also be charged an
impact fee of $200,000 or more for each advertisement
that exhibits “tread heavily” behavior (Figure 6.5). In
California, a 2008 state park pass to walk on a beach cost
$120 for the year. An OHV green registration sticker cost
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only $50 for two years. OHV users should have to
purchase a pass that costs at least as much as a ski area
day or annual use pass (perhaps $1,000 to $2,000 for one
year). Daily use fees might be $80, comparable to a day
in Disneyland. Developing and implementing these fees
would be politically unfeasible today, but perhaps an
annual use fee of $250 per year would be a start.

Figure 6.5. Tread Heavily advertising is common
The additional revenue from these fees would
provide sufficient funding to pay at least some of the
currently uncompensated costs to medical services and
law enforcement agencies, and could also support
critically needed funding for management of OHV
recreation areas, research and restoration. To solve
problems such as the destruction of deserts by OHVs the
root causes must be addressed, not just the symptoms.
One of the key underlying causes of OHV damage is poor
accounting of environmental costs, and until this is
remedied there will be only modest reductions in the rate
of desert destruction.
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An Ecosystem Function Problem: Nitrogen Pollution
Many problems in ecosystem function are poorly
understood and widely ignored by current accounting. As
noted in Chapter 4, nitrogen pollution is a perfect
example. A growing concern about the enormous impact
this seemingly innocuous nutrient and pollutant can have
on terrestrial and aquatic ecosystems is largely confined
to ecologists and environmental scientists. This is
partially understandable because nitrogen gas (N2) is a
major component of the atmosphere and seems innocent
enough. Biologically available nitrogen, however, is a
limiting factor in most natural ecosystems, and added
nitrogen can wreak havoc.
Reactive nitrogen (Nr) is made available by bacteria
in root nodules and soil organisms on land and bacteria
and blue–green algae in water. In denitrification, which
occurs in anaerobic environments, nitrified forms of
nitrogen can be restored to nitrogen gas and returned to
the atmosphere. Wildfires also recombine nitrogen with
oxygen and return nitrogen gas to the atmosphere.
Nitrogen fertilizer, nitrogen fixation by leguminous
crops such as soybeans, the burning of fossil fuels, and
ammonia from livestock, industrial processes, and other
sources all add reactive nitrogen to the environment.
World nitrogen fertilizer production in 2005 totaled about
121 million metric tons, and another 40 million metric
tons were added by leguminous crops and from animal
production. Fertilizer production and use primarily cause
harm to waterways and aquatic ecosystems. The dead
zone in the Gulf of Mexico mentioned in Chapter 4 is
attributed in part to addition of reactive nitrogen from the
Mississippi River basin.
Atmospheric nitrogen pollution and deposition as dry
particles or with precipitation is more pervasive and
adversely impacts both terrestrial and aquatic ecosystems.
Preindustrial nitrogen cycling is assumed to have been
roughly in balance, and atmospheric levels of nitrous
oxide (N2O) measured in bubbles in glacier ice
historically hovered around 285 parts per million (ppm).
Today, however, the level is rising at 0.25 percent each
year and is now over 320 ppm. In 2000, the global
addition of reactive nitrogen to the atmosphere from
human activity was estimated at 91 million metric tons
per year, almost 80 percent of the total.
In 2002, the primary sources of reactive nitrogen to
the atmosphere in the United States were fossil fuel
combustion from power plants, vehicles, and equipment
(Table 6.2). In Southern California the primary source is
vehicle operation. Autos, trucks, busses, and planes all
add reactive nitrogen to the atmosphere. Old cars without
pollution controls may produce more than 2 grams of
nitrogen oxides (NOx) per kilometer, while emissions
from new cars can be as low as 0.12 grams per kilometer.
Catalytic converters added to cars to reduce hydrocarbon
emissions increased NOx emissions by increasing the
temperature. Diesel engines also tend to create more NOx
because they operate at higher temperatures. CoalRebuilding the American Economy

burning power plants and oil and natural gas produce
thousands of tons of nitrogen oxides that are returned to
Earth in rain or as dry particulates falling as a dark, sticky
dust. Deposition rates can be very high downwind of
urban areas and freeways.
Table 6.2 U.S. Emissions of Nitrogen Oxides, 2002
On-road vehicles
Electricity generation
Equipment

38%
22%
21%

Source: U.S. Environmental Protection Agency
Like the more widely recognized increases in carbon
dioxide and other global warming gasses, nitrogen can
have profound effects on ecosystems. Because nitrogen is
a natural component of ecosystems, it was not recognized
as a potential threat for a long time. Many people thought
increased nitrogen would lead to beneficial changes, and
in some ecosystems it may initially increase growth or
productivity. More commonly, increased nitrogen causes
catastrophic changes in plant communities and aquatic
ecosystems by favoring weedy, high-response plants and
algae. There are also concerns about the impacts of
reactive nitrogen to the oceans. In most ecosystems,
adding reactive nitrogen reduces diversity and degrades
ecosystem resilience and resistance to stress.
The impacts of nitrogen pollution are often insidious
but very significant over the long term. The soils and
ecosystems of the western slopes of the San Bernardino
Mountains, which receive the brunt of pollutants from the
Los Angeles–San Bernardino conurbation, have among
the highest nitrogen levels noted in the world, with
stream nitrogen levels six times higher than comparable,
less-disturbed east-facing watersheds. These local
deposition levels exceed the world average application of
nitrogen fertilizer on crops. Studies of changes in
ecosystems here are in their beginning stages, but
changes in soil ecosystems, especially in the function of
soil fungi, appear to be a problem.
The average reactive nitrogen deposition rate in
central Europe in 2008 was estimated to be 15 kg/hectare
per year, and studies suggest that one species per 4 square
meter plot was being lost for every 2.5 kg/hectare of
added nitrogen. A 12-year study of Minnesota grasslands
showed that added nitrogen decreased species diversity
and dramatically changed community composition.
Species richness declined 50 percent, and native bunch
grasses were replaced by weedy European grasses. The
diversity in nitrogen-added treatment plots at the
Rothamsted long-term research site in the United
Kingdom dropped even more dramatically from 1856 to
1949 (revisit Figure 4.1). At Niwot Ridge and the MidContinent Ecological Science Center in the high
mountains of Colorado, even very low deposition rates
have been found to be sufficient enough to disrupt alpine
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ecosystems. All of the work to preserve local biodiversity
through conservation and by protecting natural areas may
be derailed unless nitrogen pollution can be controlled.
The increasing global trade in fertilizer and food can
create disconnects between consumption and reactive
nitrogen impacts. Imported food, milk, cheese, and meat
can leave a legacy of reactive nitrogen in a region or
country of origin. Users escape responsibility for the
damage caused by their consumption. The Netherlands
increased nitrogen fertilizer use from 13,000 tons in 1900
to feed a population of 6 million people to 400,000 tons
to feed 32 million people in 1999. Although only half of
the food is now consumed in the country, the ecosystems
of the Netherlands are still burdened with the full impacts
and costs of nitrogen pollution.
Estimating the environmental costs of nitrogen
pollution is challenging. At least two different approaches
can be taken—estimating what it would cost to eliminate
reactive nitrogen emissions and leakage, or estimating
what it would cost to offset pollution impacts on the
ground and in waterways. Both estimations are
challenging.
Some progress has been made in reducing emissions
in the United States with the development of a nitrogen
oxides cap-and-trade program. The European Union has
included nitrogen pollution abatement in treatment
programs and has developed some preliminary estimates
of control costs. The management of nitrogen pollution
was also included in the 2005 Gothenberg Protocol,
which set emissions standards for several pollutants and
which was signed by a number of European countries,
one Asian country (Armenia), Canada, and the United
States).
Control of high reactive nitrogen levels in agriculture
runoff is possible, but not cheap. Basins and biofilters can
be created to trap nitrogen, but costs may exceed $1,000
per hectare for farmland. With hundreds of thousands of
farmed hectares along the Mississippi River Basin, the
aggregate cost for prevention would be in the billions of
dollars. However, it is likely to cost a great deal more to
restore the dead zone in the Gulf of Mexico.
From one report the costs (not itemized separately)
to control the emission of nitrogen oxides and volatile
organic compounds (e.g., methane gas) in the European
Union would be €47 billion. Ammonia (NH3) reduction
would cost an additional €361 million per year for the 15
countries. The report also included estimates for reducing
emissions in surrounding countries, acknowledging that
reactive nitrogen pollution does not respect boundaries.
Control costs for 12 additional countries were estimated
at €3.8 billion for nitrogen oxides and volatile organic
compounds and €2.8 billion for ammonia. Ten countries,
including Russia, were not included in these cost
estimates.
In many areas the primary sources of nitrogen
pollution are automobile, bus, and truck traffic. Reducing
pollution from these sources can be costly. To make
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significant reductions, the move must be made to using
much more fuel-efficient vehicles and nonfossil fuel–
powered vehicles or to installing sophisticated exhaust
treatment systems in vehicles. For the Los Angeles Basin
the cost of replacing 2 million cars with electric or hybrid
vehicles would be about $60 billion. Changing bus, truck,
and ship engines to reduce nitrogen oxide production is
also costly and will take many years. Urea injection can
dramatically reduce emissions from diesel vehicles, but
the cost of replacing the existing fleets would be
significant. New airline engines from General Electric
have reduced nitrogen oxide production by as much as 40
percent, but replacing engines in the existing fleet would
be very costly.
The costs of reducing reactive nitrogen pollution are
clearly high, but how do they compare to the costs of
treating and repairing ecosystems? Would it be less costly
to treat nitrogen-polluted areas to offset pollution
loading? Probably not, but treating ecosystems under
stress from pollution loading is a relatively new and
inexact science. Some experience in this type of
treatment has been gained in Scandinavia through efforts
to battle the adverse effects of acid rain on aquatic and
terrestrial ecosystems. Lime is currently being spread
over lakes, and more recently whole watersheds, to stave
of the adverse effects of acid deposition from pollutants
from power plants in England and the Baltic. Costs are on
the order of $500 per hectare, and the treatment may be
good for several years. Secondary effects and long-term
ecosystem responses, however, are uncertain. Adding
slow to degrade materials like lignin to ecosystems can
help tie up the excess nitrogen and may also offset
impacts. However, experiments to date have been
inconclusive. Spreading tons of material across thousands
of hectares would also be costly and would entail
considerable ecological risk for collateral damage.
The impacts of nitrogen pollution can also be
minimized through a carefully managed herbicide
spraying program. The spraying would have to be
repeated year after year by skilled workers who can
distinguish between native plants and invasive alien
plants, even at the small seedling stage. The value of this
approach has been demonstrated on a small scale, and it
is now clear that a timely herbicide application program
can slow the worst effects of nitrogen pollution. But the
cost is high, reaching up to $7,000 per hectare per year
for two very carefully conducted sprayings to kill
nitrogen-responsive invasive species. This assumes a
worker covering about 0.2 hectares per day at a pay rate
of $15 per hour and a billable rate of $100 per hour to
cover overhead, insurance, and equipment. Herbicide
spraying is unlikely to be done anywhere except in
habitat reserves near urban areas to protect rare and
endangered species. It is unlikely spraying would ever be
considered for forests and other remote areas that are also
adversely affected by nitrogen pollution because of the
high cost and potential for collateral damage.
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A better and easier approach may be to develop
nitrogen pollution impact fees based on estimated costs of
damage. Assessing these fees would be possible because
the polluters are relatively easy to identify. Fuel taxes are
also relatively easy to collect, as fuel passes through
controlled and well-monitored pipelines and sales outlets.
Many power plants have ongoing monitoring programs
that could estimate reactive nitrogen production to
calculate an emission-based fee. Although it is
problematic to estimate nitrogen pollution from some
transportation sources, fuel type and consumption are
reasonably good indicators of nitrogen emissions.
An airport, for example, could calculate reactive
nitrogen emissions for takeoffs, taxiing, and landing.
Each airline would then pay a reactive nitrogen offset fee.
Nitrogen pollution also adversely affects aquatic
ecosystems. Reactive nitrogen from dryfall and
precipitation is often exceeded by reactive nitrogen from
fertilizer runoff. The impacts to aquatic ecosystems from
fertilizer runoff can be addressed with a per pound,
kilogram or gallon impact fee at the point of fertilizer
sales.
To better understand the possible benefits of impacts
fees, let us consider Pacific Gas and Electric (PG&E), a
large energy utility operating in central and northern
California. In an annual report for 2007, PG&E’s total
nitrogen oxide emissions for the plants they operate were
only 1123 tons. However if we add the impacts for
purchased power that also goes to PG&E customers the
company may be responsible for about 0.7 million
kilograms of nitrogen. If the impact level of concern is
set at 1.75 kilograms of nitrogen deposited per hectare,
then the area affected could be something like 400,000
hectares. If we assume that half of the nitrogen falls on
farmland, where it provides a benefit, then the area
affected would be 200,000 hectares. With an annual
treatment cost of $7,000 per hectare (two careful
sprayings to kill alien invasive weeds), the net cost for
abatement for PG&E could reach $1.5 billion. This is
probably a conservative estimate as the costs to abate
reactive nitrogen pollution in water are likely to be
greater than on land. Extensive spraying would entail
some risks as well as additional ecosystem costs.

contributor to the problem is a new class of nicotinebased insecticides. One example, imidacloprid, causes
memory loss and impairs brain metabolism. Its use might
explain one of the most puzzling effects of honeybee
CCD, where the hives are deserted and few dead bees are
found. Typically with honeybee diseases, dead and dying
bees are found in the hives. In most cases, bees will not
recolonize the CCD hives, which is also unusual.
If conventional European honeybees are removed
from the picture, native bees, flies, and other pollinators
can take up some of the slack, but yields will fall. Also,
many of these other pollinators are in decline as well,
apparently as a result of misuse of pesticides and from the
introduction of new pathogens. Bumblebee populations
have crashed in many areas in conjunction with declines
in the populations of honeybees. Hornets, wasps,
butterflies, hummingbirds, bats, and other pollinators are
also experiencing difficulties in many areas.

An Ecosystem Services Problem: Pollination
Many food crops need to be pollinated by bees. This
is done by paid pollination services (beekeepers) and
natural pollinators (Figure 6.6). The value of crops
pollinated by European honeybees is estimated at
between $2 billion and $40 billion per year for the United
States. The loss of this service may become a serious
problem, as honeybees are currently experiencing a
widespread and severe colony collapse disorder (CCD).
The reasons for the honeybee CCD are not known.
The collapse may reflect an overall increasing level of
stress from introduced pests, fungi, parasites, bacteria, or
viruses. There is also some speculation that a key
Rebuilding the American Economy

Figure 6.6. Honey bees play a critical role in
pollinating crops for American agriculture
Some crops will be severely disadvantaged by the
honeybee CCD, and many farmers will be hurt or put out
of business. Some crops can conceivably be pollinated by
hand or machine, and the costs of this can be estimated.
For example, cherimoyas have no reliable natural
pollinator in the United States. The cherimoyas have to
be hand pollinated and sell for several dollars each. Hand
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pollination is costly, taking more than 60 hours per acre
each time, and not as effective as natural pollination. It
might cost several thousand dollars to hand pollinate
(poorly) an acre of almond orchard that could be
pollinated much more effectively by honeybees for about
$300 an acre. A few years ago, a beehive rental would
have cost only $50 per colony, or $100 acre, but growing
problems with bee health are increasing costs rapidly. An
increase of $200 per acre may seem small, but it may
often make the difference between profit and loss.

include the full range of research, from soils to
microclimate, plants to fungi, and termites to cattle, and
the scale of research should extend from the microsite to
the landscape scale.
Plant inventories, ethnobotanical studies, and
environmental history research are particularly important
in degraded areas. Candidate species for restoration and
wider use as locally adapted commercial crops must be
identified. The value of these locally adapted genetic
resources must be recognized, and better mechanisms
must be developed to identify the rights of the
communities and individuals whose collective action led
to their creation and protection.
In addition to basic science, research is needed
across the full range of applied science, from agroecology
to agroforestry, landscape design to park management,
civil to structural engineering, stormwater runoff
management to urban hydrology, soils to climatology,
and basic revegetation to ecological restoration. Ideally,
these studies would be done by multidisciplinary teams
that would include a range of natural and social scientists,
engineers, businesses (manufacturing, services, farming,
forestry), non-profits and students working on common
problems.
Research on the successes and failures of past and
present sustainable management, conservation and
restoration work is also needed. Can ecosystems be
maintained properly and restored while being used? What
will the costs be to protect and restore ecosystems? What
can be improved in conservation and restoration efforts?
What are the costs and benefits of restoration in relation
to nature’s services, biodiversity and ecosystem structure
and function? How can working urban and rural
landscapes be developed that meet human needs and that
also conserve and restore critical ecosystem services,
natural capital, and biodiversity. Research must include
more comprehensive accounting of ecosystem services
(species habitat, watershed functions) and natural capital.
Educational programs must be reshaped to provide
ecologists and environmental scientists with a solid
grounding in economics and environmental accounting.
More active engagement by ecological scientists is
needed to reform and improve economic analysis. By the
same token, environmental concerns and accounting must
also be brought into the education and professional
training of economists and accountants. Training
programs are urgently needed to develop the required
multidisciplinary skills for environmental accounting.
And long term, stable funding must be provided to
support the research needed to improve the quality of
environmental accounting and its value as a predictive
tool, management practice, and accounting essential.

Environmental Accounting
Environmental accounting is a critical step in
developing true costs for products and services and will
require a long-term and extensive multidisciplinary effort
involving environmental and agricultural scientists,
ecologists, fishery managers, farmers, ranchers,
entomologists, naturalists, and accountants. The United
States can make a contribution to improved
environmental accounting around the world by
developing a more aggressive campaign to require
environmental accounting that meets or exceeds current
European standards.
Much more basic research on ecosystem function is
also critically needed. It is not expensive, but it does take
time. Virtually every ecosystem in the world is poorly
understood. Research is needed on individual species,
communities, ecosystems, and landscapes and must
include not only protected areas and conservation lands,
but also actively managed and productive forests,
agroecosystems, and developed lands.
Relatively little is known about the structure, and
more critically the function, of many ecosystems, even in
developed countries. Funding for basic science research
has declined, and fieldwork has fallen out of favor
because it is messy and takes too long. Fortunately, much
of this research is not costly to do and requires little more
than time and expertise. More investment in basic
ecoscience research is also essential.
How can the research be done and by whom? In
many countries the work can be done with help from
para-botanists, para-ecologists, and scientists locally
trained on full scholarships in developed countries. Some
of the work can also be done by students at the university,
high school and even intermediate school level if
properly coordinated and supervised.
Long-term interdisciplinary research projects are also
critically important. The National Science Foundation’s
Long-Term Ecological Research sites are good examples.
Sadly, they are underfunded, with about $20 million each
year spread over 26 sites, each of which could easily use
$5 million to $10 million more in base funding.
A much better understanding of ecosystem structure
and function is needed to develop more accurate
environmental cost accounting to refine sustainable
management systems and to estimate the costs of
individual, business, and government actions. This should
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