Chapter 2. Completing the Market
Despite the endless arguments about the strengths and weaknesses of the free market, markets operate beneficially to
humankind only when they reflect real costs, and quite detrimentally when prices are artificially low.
—Paul Hawkens (1994)
Today, most markets are very imperfect, considering
only a small subset of the total transaction cost and value.
The challenge of calculating and incorporating the
external costs or externalities in the market is very likely
the most critical issue facing humankind in the twentyfirst century. If these costs can be included in the market
(however imperfectly), then many of the worst problems,
such as resource shortages, conflicts among nations,
ecosystem collapse, health disasters, and ever-worsening
global climate change, will diminish.
Some of these costs are relatively easy to determine
and can be added to the transaction price quickly, but
only when sufficient political will develops for a
sustainable future. Other costs are more difficult to value
in dollar terms and will be more challenging to
incorporate in the market. What is the value of
biodiversity? What is the future value of coral reef
organisms for medical purposes? What is the value of
protected areas for research on ecosystem structure and
function? We may not know until after we lose these
resources forever.
Putting a price on beauty or on the renewal of the
human spirit is also difficult. What is the value of a
beautiful view or sunset? What is the value of the
exhilaration gained from running a rapid in a remote
wilderness? What is the value of a quiet week at a cabin
on a peaceful mountain lake? What is the value of
instilling problem solving attitude in a child? What
people would pay for these intangibles varies widely but
often tends to undervalue them for the future.
Although the most pressing external costs are great
and affect the public at large (global climate change,
disease and death, degradation of ecosystem services,
loss of biodiversity, increased invasive pest species),
there are also many more local and private costs that are
transferred to neighborhoods, individuals, companies, or
cities that are downstream or downwind. Most current
economic and environmental problems involve both
types of externalities.
Historically the federal government has assumed
responsibility for many of these external costs, which
further distorts the market. It is bad enough that when a
party causes a problem it does not have to pay for it; it
becomes even worse when the victims are compensated
by the taxpayers and are then unlikely to attempt to
recover from the guilty party. Government policies and
programs may also shield the guilty parties from
litigation. This has been a problem in the United States
and is often a far bigger problem in developing countries.
Government protection and disincentives for sustainable
practices as well as perverse incentives for waste and
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misuse are common and make the market less effective
and less transparent.
Many private externalities could be corrected if even
rudimentary calculations of costs of common impacts and
effects were done. Then the transactions between
polluters, and communities could be improved through
negotiation, mediation, and litigation. For more complex
public externalities the simple market may not suffice
and fees may be needed to incorporate costs into market
prices. These are sometimes called Pigouvian fees in
recognition of Arthur C. Pigou’s early identification of
the problem of incomplete markets.
A fee may be defined as a charge for an impact,
while a tax is unrelated to any impact or cost. Income tax,
for example, is charged against income, not against
impacts. There is a sales tax on gasoline, however, little,
if any, of the money is used to pay for the environmental
or health costs caused by burning gasoline. In fact, gas
taxes and car registration fees do not even cover the cost
of road construction and maintenance.
An impact-use fee, linked to gasoline and diesel
sales, would compensate hospitals and emergency rooms
for medical care from automobile accidents and
pollution, provide funding to reduce and mitigate the
costs of stormwater runoff from roads and parking lots,
support initiatives to offset the adverse impacts of
nitrogen pollution, and help pay the cost of war fighting
for oil. The fees would perhaps add $3–$5 per gallon.
External costs are a part of almost all products,
services, and activities. The next section discusses three
examples of external costs related to a burger, stormwater
runoff, and rice production in the Sacramento Valley.
A Burger
A comparison of the estimated external costs of a
fast-food hamburger and a buffalo burger from a “green”
restaurant shows the difference in external costs that is
possible between seemingly comparable food items. The
fast-food burger costs about $6 and the buffalo burger
$12 dollars. The low-cost fast-food burger is made from
the lowest-cost-at-any-price meat that may be imported
from Brazil or from a feedlot in Nebraska, Texas,
California, or Colorado. Before it goes to the feedlot, the
cow will likely have come from overgrazed rangeland
(often subsidized by the public) that has resulted in
biodiversity loss, speeding runoff from rainstorms and
causing increased flooding, erosion, and dust.
Transportation to the feedlot is stressful for cattle, but the
stress is nothing compared to the conditions in the
feedlot, which may hold 20,000 head of cattle or more.
Feedlots for cattle are like concentration camps for
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people—they are dangerous, dirty, and inhumane and no
cow ever leaves alive. The cows are fed an enriched diet
so that they will gain weight faster and they are may also
be given hormones. It takes more than five pounds of
taxpayer subsidized soybeans or corn to produce the fastfood burger and thousands of gallons of water. The
concentration of thousands of pounds of cow manure will
foul the air and water as much as a small city, yet sewage
treatment rules are minimal. As a result of the stress of
crowding and filthy conditions, the cows are more likely
to get sick and are often fed antibiotics prophylactically.
This misuse of antibiotics leads to antibiotic-resistant
bacteria that can be transferred to humans. There is also a
chance that the meat will be contaminated with
potentially deadly salmonella or E. coli bacteria at the
dirty slaughterhouse, which cuts corners in an effort to
increase speed and reduce costs. The slaughterhouse is
also inhumane for workers, who develop repetitive
motion injuries and psychological problems. After
processing, the meat must be refrigerated in storage,
during transit, and at the fast-food site before being
cooked, which uses significant amounts of energy and
has environmental and health consequences.
Refrigeration impacts include global warming gases,
nitrogen pollution from power generation, and
chlorofluorocarbon (CFC) leaks from refrigeration
systems.
The fast-food tomato will have likely been grown in
Mexico with intensive use of machinery, synthetic
fertilizers, herbicides, pesticides, and fossil fuels. The
lettuce will probably come from California and will also
be a chemically intensive product, one of the dirty dozen.
The lettuce must be kept cool or it will wilt. In the case of
the tomato and the lettuce, the farming and harvesting
labor will be underpaid and mistreated. Lack of restrooms
may lead to food contamination with dangerous germs.
The tomato and lettuce will be trucked to the central
distribution center and then to the fast-food outlet,
therefore a long storage life is important. The wheat for
the bun will be the lowest-cost-at-any-price and it may be
old, imported, or slightly lower grade. The production of
the wheat domestically is often subsidized by U.S.
taxpayers. Synthetic fertilizers, herbicides, and pesticides
are used to grow the wheat, and soil erosion and chemical
contamination are inevitable. Additives will be used to
improve storage life of the bun. In addition to the wheat,
the bun will contain a wide range of chemical stabilizers
that are not well studied or understood. Many may come
from China, the lowest-cost-at-any-price source of an
increasing number of chemicals, additives, and even
vitamins.
The mayonnaise will be made with eggs from
industrial-caged chickens that will also have been fed
antibiotics and mistreated. The soy oil will be from
genetically engineered crops and grown with extensive
chemical inputs and federal subsidies. The lemon “juice”
will be imported and may have very little real lemon in it.
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Corn syrup, which is also produced from chemically
intensive farming and subsidized by taxpayers, will be
used as a sweetener. The vinegar for the mayo will be
lowest cost vinegar. The cucumbers for the pickles will
be grown with chemically intensive methods, harvested
by poorly treated labor, and shipped long distances.
External costs of the fast-food burger include the
energy used and pollution caused by the transportation of
the food, manufacturing of the farm machinery, diesel
fuel for the trucks, chemicals, and fertilizers. The overuse
of chemicals reduces the natural predator population and
leads to higher costs for neighboring farms. The
refrigeration costs are high and include global warming
gases and nitrogen pollution.
After the tasty, fatty burger is eaten, the external
costs of health impacts begin. They may include
hardening of the arteries, heart disease, intestinal and
digestive problems, and obesity. The feedlot beef
includes more harmful fat and less omega-3 beneficial
oils than range-fed beef.
The health costs for each burger will not be very
high, but it is important to consider the cumulative
costs—the annual costs for obesity in the United States
are estimated to be $90+ billion. The external costs of the
fast-food burger are staggering. Soil, water, and energy
resources are depleted. The misuse of antibiotics, erosion,
sedimentation, air and water pollution, and related
impacts diminish the value of natural capital and lead to
the loss of nature’s services. The cheap burger is not
inexpensive after all.
The higher-cost, better value burger will be buffalo
from a native buffalo co-op. Buffalo are better at utilizing
the land. When they graze, they move like amoebas
instead of following the leader as cows do. The buffalo
herd can move in any direction to get the best grass,
which reduces damage to the rangeland. The buffalo are
range fed and slaughtered by a mobile processing van.
They do not suffer the indignity of being shipped and
spend no time in a feedlot (Figure 2.1, 2.2). They are also
healthier, need no antibiotics or supplemental feed, and
are leaner and healthier to eat. The meat will travel a
shorter distance and be fresh. There are still, however, the
external costs of transport and refrigeration.

Figure 2.1. Feedlot crowding and disease
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Table 2.1. A comparison of ingredients
The low price burger
The high price burger
beef
buffalo
tomato - Mexico
tomato
lettuce (dirty dozen for pesticide) lettuce-California
For bun
wheat
wheat
yeast
yeast
wheat gluten - China
olive oil-California
salt
salt
high fructose corn syrup
corn syrup
soy lecithin - China
soy flour
corn flour, corn starch
butter
soy or cottonseed oil - Brazil
calcium sulfate
calcium peroxide
ammonium sulfate
sodium stearyl lactate
calcium stearyl lactate
lactylate datem
vinegar
ascorbic acid - China
azodicarbonamide
calcium propionate
guar gum
vitamins - China
For pickle
cucumber
cucumber
vinegar
vinegar
alum
alum
salt
salt
high fructose corn syrup
calcium chloride
corn syrup
yellow #5
polysorbate 80
For mayonnaise
soybean oil GMO - Brazil
olive oil-California
egg (industrial cage)
egg, free
range
corn syrup
organic
sugar - Hawaii
lemon juice - Brazil
lemon
juice - California
corn syrup
natural flavors - China
calcium disulfite EDTA
lemon juice concentrate – Brazil

Figure 2.2. Buffalo on the open range
The tomato for the buffalo burger will be a locally
grown organic heirloom tomato. No chemicals or
pesticides will be used to grow it, and it will come from a
small farm where the workers are paid better, if not well,
and are treated as human beings. The lettuce may come
from a local organic grower, but is more likely to come
from a larger organic grower in California. The fresh,
high-quality wheat will be organically grown and
processed.
The mayonnaise will be made with eggs from freerange chickens that are not fed antibiotics and are better
treated. Organic olive or vegetable oil will be used. The
lemon juice will be from organically grown lemons,
therefore, little sugar will be needed. The vinegar for the
mayo will be artisanal, made locally with high-quality
ingredients. The cucumbers for the pickles will be
organic and locally grown.
Even for the buffalo burger the external costs are
significant, but they are low when compared to the
lowest-price-at-any-cost burger. Buffalo is lower in fat
content, has a much lower chemical contamination level,
is less likely to include disease-causing organisms, and is
healthier to eat, so some savings will be realized in
external health benefits.

48 ingredients
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The ingredients for the fast-food and buffalo burgers
all have costs that can be compared by way of a
sustainability plot, impact area map, and external cost
comparison (Figure 2.3).

Figure 2.3. Sustainability comparisons
The burgers also have many additional external
costs. The packaging, paper, inks, dyes, and plastic wrap
all have impacts. The fast-food and green restaurant will
use energy, water, chemicals (for cleaning), and many
other materials for operation. Disposal is unlikely to be
very sustainable for either burger, although the “green”
restaurant may pledge to reduce use of disposal materials.
Wrappers and papers from the fast-food burger are likely
to be scattered in the community. Food waste in both
cases is likely to go to a landfill, although it could be
composted and recycled. Fast-food restaurants are some
of the most energy-intensive buildings in America; but
the biggest and most wide-ranging external costs often
are from the use of the automobile to transport diners to
the restaurants.
Although many people can recognize the external
cost related to growing food for a burger, most are
unaware of many other external costs that we generate in
our daily lives. Stormwater is a good example.

Impact Mapping

The External Costs of Stormwater
The conversion of natural areas to urban and
suburban uses results in many changes to ecosystem
function. Two of the most visible impacts are water
pollution from materials picked up in stormwater flows
after rainstorms and changes in the hydrologic (water)
cycle as impervious surfaces increase, resulting in more
common and severe flooding. Rainwater and runoff from
snow melt flush pollutants into creeks, streams, and the
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ocean and are the leading causes of water pollution and
beach closures in the United States.
Common contaminants in stormwater runoff include
bacteria, viruses, fertilizers, detergents, antifreeze,
herbicides, pesticides, pet feces, and heavy metals.
Nitrogen pollution from atmospheric deposition of
contaminants from fossil fuels combustion is a critical yet
little recognized problem in stormwater runoff.
Stormwater management has gradually become a
municipal concern in the United States as a result of
mandates from the Environmental Protection Agency to
reduce the level of pollutants in runoff. These mandates
are passed down from state regulatory agencies to cities
and counties. Very few areas in the United States have
developed effective stormwater-management programs,
because they have ignored the economic costs.
Increased erosion and sediment deposition are the
most obvious problems caused by poor or non-existent
stormwater management. Studies done by Luna Leopold
and M. G. Wolman in the 1960s found that construction
sites can generate 40,000 times as much sediment as
natural areas and will damage waterways and ecosystems.
The increased sediment causes many problems that entail
high costs, including blocked drains and bridges that
increase flooding, damaged ecosystems, and destabilized
aquatic ecosystems caused by added nutrients to streams
and waterways. Although sediment is generally harmless
to humans, many of the other materials collected by
stormwater are not, including a wide range of chemicals
and organisms that can cause disease.
Stormwater is responsible for most of the 1,000 or
more beach closures each year in California. The number
of closures is actually a good sign, because more
monitoring is being done. In many states, a swimmer
assumes a risk each time he or she enters the water. As a
result of a growing recognition of the stormwater
problem in California, regular, but still limited,
monitoring is now done. A toxicity survey in 1997 found
that all San Diego stormwater samples tested with a
bioassay were biotoxic, even though they rarely exceeded
standards for key pollutants.
Stormwater pollution is usually neglected by
enforcement agencies because it is seen as a victimless
crime. However, it results in many costs to society and
direct costs to government agencies, the public,
taxpayers, and other sectors of the economy. These costs
include repair to bridges, roads, dams and parks, loss in
tourism revenue, costs for medical treatment and health
care, lost productivity, and damage to aquatic resources.
A recent study in San Diego suggests that the government
recovers only 14% of the direct cost of managing
stormwater, if we include external costs the recovery
probably drops below 5%. Children are the most
vulnerable population, but surfers, tourists and those who
make their living fishing or diving also pay a price
(Figure 2.4).
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Figure 2.4. Stormwater runoff causes many costs to
taxpayers
Much damage to ecosystems is more subtle but
cumulative and can be very costly to fix. For example,
the southern sea otter, a federally listed endangered
species since 1977, is experiencing severe disease
problems. One of the primary culprits appears to be a cat
disease transferred by feces washed out to sea in
stormwater.
Urbanization also causes local, severe changes in the
hydrologic cycle. The construction of paved areas,
sidewalks, and roofs dramatically increases the
percentage of soil surface that is impervious to water.
Residential areas are often 50 percent impervious
surfaces and commercial and industrial areas may exceed
90 percent. As a result, rain cannot make its way into the
soil and instead runs off quickly into streams, causing
much more frequent and higher peak flows.
Flood peaks may increase six-fold, and flooding in
an unurbanized setting that was expected only once every
100 years may now recur every 10–20 years or even more
frequently. These high flood flows further destabilize
streambeds, mobilizing more sediment that in turn can
destabilize lower stream reaches and cause additional
problems. Flooding increases, and with sediment
blocking drains, flood damage increases even more.
Flooding from a true 100-year rainfall event can be
catastrophic, reaching far beyond the 100-year flood
plains identified before urbanization took place.
The focus of most stormwater-management efforts to
date, which have been feeble at best, has been on
educating the general public about the risk of pouring
motor oil or cooking grease into gutters, disposing of
paint in drains, and so forth. Little effort has been made
to explain the more important and complex economic and
ecological costs of stormwater.
Discussion of impervious surfaces in the planning
community has gradually increased, but once again true
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costs have been neglected. The fundamental problems
have remained largely untouched, even though they were
first clearly described almost 40 years ago. Although
anyone flooded out by upstream development should be
able to hold the city or county accountable when the
cause is urbanization, this flooding is more commonly
seen as an “act of God.”
True cost accounting can reduce stormwater
pollution and runoff relatively easily. Charging impact
fees in relation to runoff water quantity and quality will
limit flooding and stormwater pollution and help control
and recover toxic materials. Stormwater impact fees can
also support additional educational programs to help
landowners restrict stormwater runoff and thereby reduce
their fees. Stormwater control demonstration projects are
very helpful in showing homeowners, developers, and
cities how to manage stormwater. Fees for common
contaminants in stormwater would help fund private, city,
and county recycling and recovery programs. They would
also pay for increased street sweeping and regular creek
cleanups. And they could compensate hospitals and
clinics for costs associated with treating people who
became ill as a result of contact with contaminated
stormwater.
Development standards should require no net
increase in stormwater runoff after development. This is
not as hard as it may seem, but may require infiltration
control structures (gravel-filled trenches, detention
basins, retention swales, tanks, roof gutters and rainwater
harvesting cisterns and tanks, chambers, ponds); porous
pavement for some roads, parking lots, and walkways;
and other runoff-limiting strategies. Ponds and tanks can
be computer linked to valves and pumps that can provide
a steady stream flow of water in streams, move water to
storage in cisterns, or maintain landscaping in developed
areas. Roughing filters and biofilters can be used to
capture pollutants before they enter waterways.
True cost accounting would facilitate adoption of
development guidelines that help minimize impervious
surfaces and encourage aboveground water collection and
retention. Narrower streets are desirable, as is cluster
housing rather than a conventional grid layout. Changing
road widths and lot design and moving to aboveground
drainage in the Village Homes development (200+ units
and commercial space) in Davis, California, saved money
and reduced impervious surfaces and runoff. Although
the city engineers fought these features tooth and nail, the
development performed so well, even when it was under
construction, that it did not flood while many other areas
of the city did in a major storm. As a result, future
developments found it much easier to propose stormwater
management activities. A developer in San Diego shared
with me that he saved $1 million by moving from a
stormwater pipe solution to aboveground drains, swales,
and basins in one of his development projects. Capturing
rainwater also helps water landscaping and reduces water
costs. The salt-free rainwater helps rinse salt out of
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planting areas in the arid Southwest. Tucson, Arizona,
has been particularly active in promoting stormwater as a
water resource.
Landowners and stormwater polluters should be
given the choice of minimizing off-site impacts or paying
the financial burden they place on communities. The
market for this must be established and would entail
some cost; however, ultimately it should operate at no
cost to the public, resulting in substantial savings over
current conditions where very large costs are transferred
to other individuals, businesses, and taxpayers. The
Netherlands developed their sewage treatment system this
way, rather than heavily subsidizing it with taxpayer
money as is done in the United States. A fee-based
market solution often results in tax reductions.
Making the polluter pay impact fees is usually the
most effective manner of addressing environmental
problems, and stormwater is a perfect example. It is
relatively easy to charge fees for both stormwater
pollutants and stormwater runoff. For the pollutants
found in stormwater, a pollution charge should be added
at point of sale for non-recyclables and a deposit fee
should be instituted for recyclable materials such as
motor oil. These fees should be assessed for the materials
that are found in stormwater (Table 2.2). Implementation
of these fees should be prioritized by local stormwater
pollutant loads found in stormwater monitoring.
Table 2.2. Materials for stormwater fees
Category
Charge/basis
gasoline, diesel gallon or emission per mile
motor oil
quart (refundable deposit?)
highway oils
gallon applied
(chip seal, driveway coatings)
antifreeze
gallon
pesticides
quart, pound, ounce
fertilizers
pound, gallon
paints
gallon
detergents
gallon
(primarily auto and outside uses)
dog and cat food pound (based on feces output)
Impact fees can also be used to help support better
delivery of information for landowners to aid in
improving management of fertilizers, pesticides,
herbicides, and other common pollutants. Special
attention should be paid to hazardous materials.
Improving collection and recycling of common pollutants
from materials related to automobiles, roads, and trucks
(oil, antifreeze, atmospheric deposition of nitrogen) could
be funded from point of sale fees on the materials as well
as on vehicle registration fees.
The major causes of stormwater problems in most
areas are automobiles and streets. In Olympia,
Washington, two-thirds of impervious surfaces were
found to be transportation related across a range of land
16
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uses. Developing fees to address these problems is
essential. A percentage of the gasoline sales tax should be
immediately redirected to stormwater management. City
and state transportation departments should also be
charged stormwater fees for their extensive roadways and
parking areas.
The funds from impact fees would pay for improved
monitoring (daily postings at heavily used beaches,
weekly monitoring of streams and lakes) and school
programs such as “Adopt a Stream.” They would also
fund water quality control agencies, streamkeepers, and
restoration programs. All of these initiatives would
provide safer and cleaner water, would reduce the cost of
drinking water treatment, and would help protect people,
tourism, and the environment as well as strengthen the
local economies.
Runoff can be limited by charging a fee for each
square foot of impervious surface without control
treatment. If stormwater retention facilities, infiltration
beds, chambers, and other treatment options are installed,
then the charge should be reduced proportionally to
reflect the effectiveness of the chosen system, as is the
case in Ashland, Oregon. Municipalities surrounding the
Chesapeake Bay in Maryland have imposed annual
runoff fees based on the area of impervious surface. For a
residence the fee might be $50–100 per year, but for a
commercial property (with up to 90 percent impervious
surface) it can be considerably more. Seattle and other
cities around Puget Sound have implemented stormwater
control strategies, including impact fees (Table 2.3). City,
state, and federal government agencies and operations
should be charged for the adverse effects on stormwater
that they are responsible for.

economy, and natural ecosystems will remain healthy and
productive.
External Costs of Growing Rice
Many of us eat rice, and some of this is grown in
California’s Sacramento Valley. Each Fall farmers in the
valley burn their fields after the harvest to get rid of the
straw, which contributes thousands of tons of pollution to
the airshed, increasing respiratory distress, health costs,
and deaths over a large area, Figure 2.5. The burning also
contributes to regional pollution and global climate
change. Rice straw decomposition in the wet fields is not
much better, because it is a major source of methane, a
global warming gas. Rice production also uses large
amounts of water and energy, both of which are often
provided at taxpayer subsidized costs. In many years the
rice crops themselves are supported through direct
government subsidies to the farmers. Does this make
sense? We can answer this question by looking more
closely at the true cost.

Table 2.3. Seattle stormwater rates, 1998.
Category
Charge/basis
Single-family Residential
$43.08 per residence
Open Space
$55.60 per acre
0-15% impervious
$94.78 per acre
16-35% impervious
$160.11 per acre
36-65% impervious
$290.77 per acre
66-85% impervious
$377.88 per acre
86-100% impervious
$464.97 per acre

Figure 2.5. Straw burning
The most obvious external cost is the subsidies,
which should all be slowly dismantled and removed.
Farmers should pay full cost for water and energy, and
they should not get price supports for crop production
that causes environmental harm. In addition, impact fees
should be charged for external costs, including air
pollution, global warming, and ecosystem contamination.
These would offset environmental and health costs
related to pollution. For example, a study found a link
between rice straw burning and increased deaths from
asthma as well as a relationship between burn acreage
and increased asthma admissions in Butte County. Why
should taxpayers continue to pay for the direct health
costs from burning rice straw? The smoke from rice straw
burning also increases the likelihood of auto accidents,
which carry considerable costs for health care and
property damage. The smoke also blankets the region,
making it ugly for weeks at a time and entailing some

Stormwater management can provide many
economic benefits, including reduced flood damage,
lower health costs, and the protection of recreational
activities, tourism, and commercial and recreational
fisheries. It also provides many ecological benefits such
as protecting the health of ecosystems and preserving
critical biodiversity. Using financial incentives rather
than regulations can encourage innovation, speed
adoption, and eliminate costs to the taxpayer.
By placing fiscal responsibility for stormwater
problems where it belongs, rather than on the public,
taxpayers or future generations, communities, the
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costs to tourism related businesses. The costs of the
impacts to the environment or on tourism from burning
rice straw can be estimated.
Regulations have been imposed, but have proven
ineffective. In 1991, the Connelly-Areias-Chandler Rice
Straw Burning Reduction Act was passed by the
California legislature. This act mandated a stepped
reduction of rice straw burning, beginning with a 10
percent drop to 90 percent of previously burned acreage
in 1992 and leveling off at 25 percent in 1999. In 1996, a
bill was passed that offered a $15 per ton credit for offfarm uses of rice straw, capped at an annual total of
$400,000. It soon became evident that this transition was
not going to be easy for growers, because burning helps
control the spread of diseases and is much cheaper than
alternative treatments. As a result, growers lobbied for
and helped pass a revised bill in 1997 that shifted more
than half of the burning to Spring, but left the total
allowable burn area at about 200,000 acres (40 percent to
50 percent of the planted area), or about 500,000 tons of
straw. This further limited each grower to 25 percent of
their planted acres, although growers with less than 400
acres can burn 100 percent of their acreage once every
four years. Total burning was capped at 125,000 acres for
the Sacramento Valley Air Basin. The 1997 bill also
established a research fund for new alternatives to rice
straw burning and required additional research on health
and economic issues.
Rice production impact fees would have been a
better approach. They could be used to pay health-related
costs, to help compensate past victims, and repair damage
to public goods, ecosystems, and communities. They
would also stimulate innovation and development of
better alternatives for rice production and rice straw
disposal.

The goal is to anticipate and avoid problems as well
as to provide incentives for innovation through process
change, not end-of-pipe solutions (i.e., finding solutions
to a problem at the final stage of its cycle of causes and
impacts). Pollution control using end-of-pipe solutions
usually costs more and uses more resources. The catalytic
converter for a car is a good example, with close to three
tons of nonrenewable resources invested in each one.
After 30 years of costly end-of-pipe pollution control
efforts, little progress has been made to halt or reverse
environmental deterioration. Most of the water in the
United States is still polluted, and although the air is
cleaner in many cities, air pollution and its adverse health
effects still exist.
True cost accounting encourages polluters to find
solutions to problems before they become critical. Efforts
should always be to minimize or eliminate costs to the
public and to taxpayers and to recognize the true costs.
Market transparency is the most powerful and effective
way to succeed in these efforts.
Market distortions are caused by a wide range of
government programs that provide subsidies and
incentives for people to waste resources, pollute, take
advantage of workers, fail to maintain facilities, and, in
general, act as unsustainably as possible. The irony is that
many programs and incentives were initially created to
help people.
In 1970, Jay Forrester, the brilliant systems analyst,
identified the heart of this problem, calling it the
“counterintuitive behavior of social systems.” Usually the
failure to make the right decision is predictable if we
follow the flow of money. Sometimes, however, the
signals and incentives that encourage someone to do the
wrong thing are more subtle. Perverse incentives can be
found everywhere in society, within families and
corporations and in local, national, and international
policy. Normally the incentives involve subsidies
(corporate welfare in the United States alone is running at
more than $300 billion per year, not including health and
environment costs), protection from true cost and lifecycle costing, masking environmental or social costs, and
an emphasis on special interests rather than the public
good. Perverse incentives played a critical role in the
ongoing real estate loan fiasco, as most of the benefits
went to making the deal, not to making sense.
These perverse subsidies are not unique to the United
States. The Worldwatch Institute estimates that $500
billion worth of government subsidies each year go
toward supporting deforestation around the world, and
$1.6 dollars in subsidies are paid for every dollar of fish
harvested.
Why are subsidies so easily embraced? Because they
can keep special interests quiet and reduce unrest. The
old tortilla and henequen subsidies in Mexico, farm
subsidies in the United States and Europe, and the
fisheries subsidies in the U.S. Canada, Japan, Spain and
many other countries are in large part simply bribes to

Other Problems in the Market
The development of true cost policies and programs
is just part of developing a sustainable economy. Making
the polluter pay has been found to be effective, however,
it is not always easy to simplify issues as the transition is
made from the failed “command-and-control” policies of
the past to a “free market with true cost pricing” of the
future. In the murky real world it may help to examine
the range of policy issues using the classification scheme
shown in Figure 2.6.

Figure 2.6. Policy implementation forces
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forestall unrest. The U.S. real estate ($60–$100 billion
per year), bank (tens to hundreds of billions of dollars per
year), and nonrenewable energy subsidies ($20–$30
billion per year) are equally perverse. Subsides not only
reduce dissent, but also increase revenue flows to special
interests who reap the benefits in return for large political
contributions. In the end, the environment, the poor, the
powerless, and future generations pay the costs.
Perverse subsidies may also be deliberately set up to
encourage people to do things that do not make economic
sense. A good example was the conversion of tropical
forest to cattle ranching in Brazil, which was designed
not to make money but to displace indigenous people and
to solidify land claims for political cronies and
corporations.
Subsidies may include direct payments, below cost
services, tax credits, indirect payments (e.g., market
protection, below cost money, support for displaced
people, environmental damage), insurance against
predictable risks, and protection from liability. Subsidies,
market supports, and other regulations that hide market
signals or protect industries from liability for
environmental or health damages are evil because they
encourage inertia, stifle innovation, and cost a great deal.
Subsidies also tend to have very high transaction costs.
Regulations, codes, and laws have to be written and
administered. Businesses and individuals then have to
figure out how to qualify and reap payments. A subsidy
can in some cases be a useful tool if it is carefully crafted.
It should, however, be performance based and adopted
only after a careful review of when and how it might
affect the market locally and around the world.
Direct subsidies paid from tax revenues are very
costly because the taxes have to be collected in addition
to counting the time and opportunity costs of regulators,
accountants, lawyers, and individuals. Dispersing
subsidies is also expensive. For example, as Charles
McKnight noted in Chicago in 1980, if you were a family
of four on public assistance, you got less than $9,000 of
the $24,000 committed for your help each year. Your
“servants” in the bureaucracy took the rest!
Below cost services such as free or cheap water and
energy are common subsidies. In Egypt and in the
Punjab, where water is very scarce and costly, water is
often free for farmers, a payoff for political support.
Tax credits are another commonly used form of
subsidy, have very high transaction costs, and reward bad
behavior unless very carefully written to reward
performance. Sadly, they are almost never performance
based. Having been directly involved in the writing of the
California state solar tax credit (reluctantly I might add)
in the 1970s energy crisis, I saw this first hand. Tax
boards are often very unconcerned about environmental
and social impacts and common sense is lost. Reams of
regulations theoretically written to prevent “cheating”
often encourage it instead. Tax credits and subsidies are
disproportionately given to the richest people, who need
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them the least. They provide work for accountants,
lawyers, and consultants but often do little to change
behavior or institute lasting changes.
Commodity, water, and energy subsidies create some
of the worst problems around the world. Farm subsidies
in the United States were started in the 1930s in response
to desperate poverty in the last great depression. They
have changed in recent years (more noticeably to farm
welfare), but for more than 70 years they have been a
Byzantine mess, with benefits often tied to base acreage
planted in the distant past and to ownership history and
with little concern given to environmental impacts. The
goal of the program, as revised by Earl Butz, was to keep
food prices low at any cost.
Who receives the most farm subsidies? The rich,
with an amazing number of farmers who receive direct
farm subsidies living in places such as La Jolla and
Rancho Santa Fe, two of the richest communities in the
nation. More than 60% of the subsides go to 10% of the
participants. From 2002 to 2005 wheat farmers in
Whitman County, Washington received $420 million
dollars, or more than $10,000 for every resident of the
county!
How else could the more than $20 billion in annual
farm subsidy spending be used every year? Investing in
research to improve management of public lands and
waterways would provide returns far above those from
subsidized agriculture. Some of it should be invested in
nature’s services and in natural capital. The U.S. Forest
Service’s annual operating budget is roughly $1 billion
and much needed work goes undone. The Environmental
Protection Agency has a backlog for cleanups of more
than $50 billion. There are many other agencies,
organizations, and programs that offer opportunities to
fund reforestation and environmental restoration to
improve forests, streams and fisheries. Natural capital
and nature’s services would increase and improved
management of renewable resources would make the
United States less dependent on imports.
The impacts of subsidies and incentives are far
reaching—a push somewhere in the system results in
changes across the whole economy and often around the
world, usually for the worse. Farm subsidies can have
double impacts. Many of them provide price support by
keeping prices higher to protect farmers. As a result, they
cost money directly to the taxpayer and also raise the cost
to all consumers in the market. Sugar subsidies and
market price elevation cost U.S. consumers more than $1
billion annually. High sugar prices also encourage use of
corn sweeteners, which may increase health costs.
Subsidized crops are also dumped in other countries,
causing catastrophic impacts on small-scale subsistence
farmers and leading to high social costs.
Perverse subsidies need to be identified and
eliminated and the market needs to be improved to better
allocate resources, which can only be achieved by
factoring in true costs.
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Adjusting for Risk and Uncertainty
Many external costs are long term, dispersed, and
uncertain. How can they be accounted for? One possible
solution is adding what might be called externality
“insurance” to environmental and social impact fees. For
a material proven to be harmful, but whose costs are
incalculable, the insurance fee should be related to the
magnitude of potential risk. For example, if the ozone
layer had been eliminated by the CFCs used in
refrigerators and air conditioners the cost created by the
resulting severe long-term problems would have been
enormous. An insurance fee for CFCs should have been
very high. Fortunately, the “once considered harmless”
chemicals, did not act too quickly to destroy the ozone
layer and the U.S. government’s efforts to reduce the
risks of CFCs through regulation and global cooperation
have been partially successful. Yet the taxpayers have
paid much of the cost, instead of manufacturers. A true
cost market solution would have been more effective and
cost less.
A landscape company that sells a potentially
invasive species (e.g., Pampas grass) should be assessed
an insurance fee to pay for its potential future regulation
because these species can invade natural areas and
damage natural ecosystems. In this case, the risks are
relatively low and treatment is well understood, so the fee
would be low. A fee, however, should be paid by all
sellers to control the invasive Pampas grass in parks and
conservation reserves.
In agriculture, the use of a soil sterilant such as
methyl bromide provides immediate benefits but has a
potentially high risk of adversely affecting air quality,
groundwater, public health, global warming, and the
long-term productivity of soil ecosystems. Thus, the cost
of externality insurance should be high.
Using insurance fees instead of prescriptive
regulations creates incentives for innovation and
encourages the use of less hazardous alternatives. Fees
also provide flexibility to users—if something is really
needed, someone will be willing to pay for it. For
example, farmers may stop using soil sterilants for most
field crops, but strawberry growers and nurseries might
still find their use is desirable in some situations. This
approach can be much less costly to enforce than a total
ban. The use of fees can offset administrative costs of
regulating hazardous chemicals, which historically have
been covered by public taxes on income or property.
More intensive environmental monitoring is needed
to better understand costs and behaviors and to adjust
fees accordingly. We need to better understand how we
are making ourselves sick and damaging the local and
global resources we depend on. Increasing the cost of
something that is potentially harmful can be more
effective than an outright ban, which can lead to
bootlegging and illegal markets. CFCs from old air
conditioners are now a leading illegal import, although
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far behind the $38 billion per year the United States pays
for cocaine.
Methods of improving accounting of externalities
include:
 Fees based on measured, calculated, or estimated costs
 Fees as insurance against future risk or uncertainty
 Limited but transferable permits (setting up a market)
that will respond more quickly than fees can be adjusted.
Cap and trade is an example of this. However, unless fees
are also charged, these permits may not work very well.
Cap and trade suggests pollution is acceptable at a given
level, but it is better to assume that no pollution is good.
Taxes on cigarettes and alcohol have increased as the
enormous social costs they entail have grown more clear.
Unfortunately they both also demonstrate the problem of
uncoupled cost in political arenas. The taxes do not cover
the true costs of cigarette and alcohol use, taxpayers may
not understand the reasons for the taxes very well, and
governments are likely, if not certain, to poach the taxes
for other uses. Not enough of the billions of dollars in
cigarette and alcohol taxes go to offsetting their true costs
or to preventing future smoking and alcoholism.
Progress, however, is being made, and with a massive
new program funded by Bill Gates, smoking will
continue to decline. Bhutan deserves credit for banning
smoking all together.
Many government policies and programs reflect the
desire of special interests to avoid paying for external
costs. Eliminating these government subsidies is critical.
The oil depletion allowance is a good example. Rather
than paying a depletion fee for destroying resources that
might be irreplaceable and that are of importance to
future generations, oil producers are often given a credit
for eliminating resources. This has not always been the
case, and depletion fees can and should instituted.
The risks of nuclear power plants are another good
example. Insurance companies recognized the low
potential for accidents at nuclear power plants, but they
also appreciated the potentially catastrophic costs if an
accident did take place. This would have prevented
nuclear power plants from being built, so manufacturers
and power companies persuaded Congress to place most
of the risk on the taxpayers by passing a limited liability
law. Military contractors in Iraq are subsidized in a
similar fashion: they have to buy medical and life
insurance that are paid for by the U.S. government.
Command and control regulations have been
implemented in the past with limited value. Regulating
emissions usually fails to provide sufficient incentives to
develop process changes that will eliminate emissions.
There should be no allowable “free” level of pollution.
True costs should be included in market pricing without
subsidies.
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Equity impacts of subsidies and policy
Equity or fairness must also be more carefully
considered in policy development and implementation.
Subsidies and government incentives often disadvantage
those they were enacted to help. A key challenge is
intergenerational equity, which deprives future
generations for present-day ease. This can be done for a
particular resource, as economist Salah El Serafy
suggests, by calculating the net current worth of the
resource and treating it as wealth to share. Using standard
annuity tables, an annual sustainable income can be
calculated.
Equity is an increasing problem in the U.S. economy.
Current policies favor the rich (who help write the laws)
and punish the poor and middle class. This is having
profound and destabilizing effects on society. Between
1992 and 1995 the median annual income of the top 1
percent of earners in the United States was $330,000, and
for the United States as a whole it was $31,000. Today
the top 1 percent of earners controls as much wealth as
the bottom 90 percent.
Discretionary income has dropped since 1973 even
though family income has risen with two people working.
In 1973, the average income for a family of four was
$37,400, with $17,834 in discretionary income. By 2000,
average income was up to $67,800 with two workers, but
discretionary income had fallen. Thirty million workers
are trapped in poverty despite long hours of hard work,
while CEO salaries have leapt upward. In 1970, the
average compensation for the top 100 CEOs was $1.3
million and average wages were about $30,000. By 1999,
CEO pay had risen to $40 million and average wages
were about $32,000.
The most important challenge humanity now faces is
completing the market by adopting true cost accounting.
This must be both a local and global priority. Free trade is
not free when the parties face completely different
obligations and account for costs differently.
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Completing the Market
Consumers need to better understand the true costs
of every day actions and choices. As the market is
completed, we will reap many benefits in quality of life,
health, community, and a healthier planet. We will also
be more safe and secure for the future. Investing our
money and time more wisely will benefit our children
and grandchildren as well (Figure 2.7).

Figure 2.7. Massive costs are being passed forward, it
is time for reform to protect future generations
Subsidies and government regulations that favor
unsustainable practices and behavior must be eliminated.
This can reduce taxpayer obligations in the United States
more than $150 billion dollars a year. Adopting the best
practices from around the world can dramatically reduce
external costs.
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