Sustainability: Science, Practice, & Policy m
http://ejournal.nbii.org __1—’

ARTICLE

Payments, penalties, payouts, and environmental ethics: a
system dynamics examination
Richard G. Dudley

Independent Researcher, 14845 SW Murray Scholls Drive, Suite 110, PMB 239, Beaverton, OR 97007 USA
(email: richard.dudley@attglobal.net)

A generic system dynamics model was developed as an explicit thinking tool to investigate systems of payments for
environmental services (PES) and possible feedback effects regarding environmental ethics. Healthy ecosystems
may justify charges for environmental services, but damaged ecosystems will require payouts funded by other me-
chanisms, perhaps by penalties on ecodamage. Any payouts made may influence environmental ethics, but the di-
rection of such influence is dependent on the level of payout, the influence that payouts have on the switchover to
ecofriendly uses, and the changing attitudes of payout recipients. Payouts can cause a switchover to ecofriendly ac-
tivities. If that switchover also reinforces a favorable environmental ethic it can lower the overall payout level needed
to maintain ecofriendly resource-use activities.
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Introduction offset by any reasonable level of payments for bene-
fits (Rice et al. 1997). On the other hand, Janzen

The concept of payments for environmental ser- (1999) makes a good case for the many biodiversity
vices (PES) has become popular among those inter- values that tropical forests hold and provides specific
ested in environmental conservation and those con- examples as to how these values might be incorpo-
cerned with international development. The concept rated into contracts that benefit both forest owners/
is that people could pay for ecosystem services nor- users and outside beneficiaries of environmental ser-
mally viewed as free. Payments could fund payouts vices provided by those forests.
to encourage ecofriendly use of the environment. Landell-Mills & Porras (2002) provide a number
Some examples of these environmental services are of examples of these payment schemes. Conservation
the provision of clean water from well-managed wa- groups see such arrangements as a means of provid-
tersheds, the availability of natural scenic areas, the ing funding for protection of critical biodiversity
protection of “biodiversity” for future generations, as areas. International development specialists view
well as the expectation of future climate stability these programs as supplementing income for poor
(Scherr et al. 2004; WWF, 2006). farmers and forest dwellers (Pagiola et al. 2005).

Human abuse of our natural environment has Payment schemes may also encourage better man-
made the long-term realization of these benefits less agement of carbon dioxide in our atmosphere—a ma-
likely. The PES concept recognizes that people who jor cause of global warming. Wunder (2005; 2006;
abuse the environment, and thus decrease benefits 2007) has provided a comprehensive review of the
others receive, are sometimes merely trying to make concept.
a living. They may have difficulty changing their The notion of payment for ecosystem services
resource-use patterns without help. If environmen- assumes that an ecosystem, if well managed and
tally degrading activities are to be lessened, this ar- cared for, will provide certain services—for example,
gument goes, and some compensation should be of- watershed protection. As various land uses degrade
fered to assist resource users in making their activi- the ecosystem, services also become degraded. If
ties sustainable. The underlying logic of these people pay for the service provided—for instance
schemes assumes financial costs should be paid by high-quality water—this money can be transferred to
those who receive environmental benefits. Such reci- individuals who own or use the ecosystem, providing
pients might be individuals, communities, or society an incentive for resource use that protects and re-
as a whole. stores the ecosystem.

Do such schemes work? The cash-in value of An alternate view is that ecosystems, and the
tropical forests, for example, may be too high to be services they provide, belong to humankind, and re-
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source users are morally obligated to use resources in
a sustainable way. While appealing, this view may
only be realistic in wealthy societies. The sad fact is
that most resource users in the world have little in-
centive or means to alter their behavior without en-
couragement, including financial assistance.

On the other hand, many societies have strong
traditional ties to their environments and a well-de-
signed system might help awaken a favorable envi-
ronmental ethic. Any reasonable policy should pro-
vide incentives to support environmentally sustaina-
ble activities, but at the same time avoid perverse
incentives that could undermine existing environ-
mentally friendly attitudes and activities (for exam-
ple, see Pagiola et al. 2004). Under what circums-
tances might payouts for environmental services de-
grade the concept of land (or resource) stewardship,
or enhance it?

Where economic pressures create incentives for
intensive, unsustainable resource use, payouts for
environmental services can provide a counterbalance
to destructive economic pressures—a way of explicitly
providing cash value for a benefit that is normally
taken for granted. The typical example is of farmers
who need to harvest their land more intensively to
cover costs and provide a modest livelihood. This
intensification not only leads to degradation of eco-
system services (e.g., watershed protection or biodi-
versity), but can also undermine the usefulness and
profitability of the resources for future generations.

Clearly, the intended role of payouts is not
merely to reimburse land owners for the environ-
mental services that they provide, but to counterbal-
ance wider economic pressures that compel the
adoption of ecologically damaging land uses. That is,
payouts for environmental services increase the prof-
itability of sustainable resource uses so that they can
compete successfully against damaging use options
(Pagiola et al. 2003).

Existing PES schemes involve considerable
money: US$2.5 billion per year according to Scherr
et al. (2004). This figure might be disputed because it
includes values that some consider resource use ra-
ther than environmental services. Thus, at some point
we may need to differentiate between “services” and
“uses.” Extraction of timber from a forest is a use of
the forest, not an ecosystem service like aquifer re-
charge, water-quality improvement, or carbon se-
questration. However, the distinction between re-
source uses and environmental services is not always
clear. Scherr et al. (2004) assume that non-timber
forest products (e.g., rattan) are ecosystem services
while timber production is a resource use. Most au-
thors treat all “products” as results of resource use
(e.g., Wunder, 2005). Ultimately, the PES concept
tends to place a monetary value on all products and
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services, including items generally not considered to
have monetary value.

This article examines PES systems from a big
picture, generic perspective, as opposed to more de-
tailed case studies that some feel are more helpful
(Tomich et al., 2004). I examine the following ques-
tions: Conceptually, how does the PES system work?
What is the relationship between penalties for abus-
ing a resource and payments for good resource man-
agement? Might a system of payments deplete or
reinforce a favorable environmnental ethic based on
the concept of stewardship?

A Model-A Thinking Tool

The model described here represents one of
many possible conceptualizations as to how PES
systems could function. It is presented as a tool to
assist thinking about these issues, especially in rela-
tion to environmental ethics. The model is delibe-
rately generic, but incorporates the essentials of an
environmental resource-payment system. System
dynamics modeling, an approach for analysis of
complex issues, emphasizes examination of system
structure. The approach typically incorporates a
stock/flow, differential equation, modeling paradigm
and highlights feedbacks within a system. Detailed
treatments of this approach are available (e.g., Ford,
1999; Sterman, 2000). This model was implemented
with Vensim software.'

Factors Causing Changes in Resource-Use
Patterns

In a simplified view, we can assume that any re-
source, such as timber, can be used in either an eco-
friendly or a damaging way. The profitability of each
approach determines the extent to which each is im-
plemented within a given environment. PES systems
help tilt market forces toward ecofriendly uses, but
such payments may influence nonmarket forces, such
as environmental ethics, which also affect ecosystem
integrity.

Within the model, all resource use falls into one
of two stocks:” ecofriendly activities or damaging
activities.” The more profitable alternative will

! Details on Venisim are at http://www.vensim.com. The full
model is available from the author.

2 Stocks represent components in the model that are believed to
change slowly. These factors are also called levels or state
variables. Stocks are the integration of flows over time. Using a
commonly accepted system dynamics format, a stock is
represented in the figures by an outlined box with a capitalized
name.

3 Model components that appear in the simplified model diagrams
in Figures 1 through 3 are italicized when first mentioned in the
text.
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gradually become more widely adopted. The adjusted
profitability of ecofriendly activities is increased by
the payout per unit. The adjusted profitability of da-
maging activities is lowered by any penalty payments
per unit of damaging activities.* The switchover from
one activity to the other is influenced by some thres-
hold of profitability difference between the two ac-
tivities (e.g., a potential 10% increase in profitabil-
ity). This threshold incorporates change-over costs
incurred by resource users. The likelihood of
switching increases as the profitability differential
expands beyond this threshold, although a small
amount of switchover is possible even if the profita-
bility difference is below the threshold.” Changes in
the activity type do not happen instantly and may
take a long time (e.g., planting and growing trees)
(Figure 1).
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Figure 1 A schematic overview of the model. For simplicity,
a number of model components are not displayed.

Also, as discussed below, the switchover from
one resource use to the other is influenced by the
level of environmentalism, or environmental ethic,
within the community of resource users. A favorable
environmental ethic has more influence when current
resource users’ incomes are sufficient, since this
makes profitability less pressing. In the model, cur-
rent income influences realized environmental ethics,
which increases the ethic-affected profitability of
ecofriendly activities. Thus ethic-affected profitabil-
ity specifically incorporates nonmonetary effects of a
favorable environmental ethic (Figures 1 and 2).

* Most arrows in the diagrams are labeled with a plus or minus
sign. A plus sign indicates that a change in the originating
component creates a change in the same direction in the second
component, other things being equal. A minus sign indicates that
the change in the second component is in the opposite direction.

> The full effect of current influences occurs when these impacts
make the potential increase equal 10%. However, the lookup
function allows some effect even when the profitability difference
is smaller but positive. This might be considered, for example, as
action by early adopters. This approach avoids an unrealistic
sudden change in adoption.
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Figure 2 Hypothesized relationships determining the ex-
pected payout for providing environmental services and its
relation to a favorable environmental ethic.

Optionally, a system of payments and penalties
can be applied to improve profitability of ecofriendly
activities. Funds for payouts to ecofriendly users are
obtained from recipients of environmental services
and/or from penalties on damaging activities.

The Environment and the Provision of Ecosystem
Services

In the model, ecosystem status is represented as a
single stock. One flow to and from the stock, called
changing the ecosystem, represents the influence of
changing resource uses on ecosystem status (Figure
1).° Changes to the ecosystem take time beyond that
required to change resource use. A second flow, di-
rect improvement, represents direct enhancements to
ecosystem status that might shorten ecosystem recov-
ery. Nevertheless, as modeled here, the maximum
attainable ecosystem status is fixed and its attainment
is determined by the relative amount of each
resource-use type, with each resource use having a
specific per-unit ecosystem value (Figure 1).

The amount of environmental services available
is a stock that takes time to change and, in some
cases, can be depleted. Environmental services are
influenced by the way in which ecosystem status af-
fects the flow-changing ecosystem services. Herein
the relationship is defined so that each well-managed
resource unit provides one unit of environmental ser-
vices. In most cases, use of environmental services is
nonconsumptive, and will not dissipate those services
(e.g., scenic vistas), but such dissipation is possible,
as in the case of overpumping water from an aquifer.
The value of ecosystem services is the amount pro-
vided times an annual value per unit of benefit.

% Flows represent the changes that occur to stocks over time and
they always have a value representing the change in the affected
stock per unit time. Flows in the figures are represented by a pipe
and valve structure. Not all flows are shown.
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The Role of Payments and Penalties

Payments collected from recipients of environ-
mental services are one means of funding payouts to
resource users to increase the financial attractiveness
of ecofriendly resource activities. In theory, payouts
are based primarily on environmental services pro-
vided, but in a severely degraded ecosystem such
services may be minimal. Other funds can be ob-
tained with penalty payments per unit of damaging
activity (e.g., special taxes) charged to recover some
portion of the value of lost environmental services
(Figure 1).

For practical reasons, penalty payments may be
impossible, or may be capped at some fairly small
fraction of damaging use profitability (e.g., 10%),
that may represent only a small part of lost environ-
mental services. Resource users may be unable to
pay, and may not be responsible for past damage to
the environment. Note, however, that environmental
services recipients may also be unable to pay for
those services (e.g., poor people living in flood prone
areas may not have funds to pay resource users for
watershed protection). It is possible, even likely, that
payments and penalties will be insufficient to signifi-
cantly raise the relative profitability of ecofriendly
activities above the profitability of damaging activi-
ties.

Importantly, the model uses the value of envi-
ronmental services provided, or lost, as the means of
funding payouts or charging penalties. Money col-
lected is paid out, following a negotiation process, to
ecofriendly resource users. Since the fotal agreed
payouts to friendly users is divided among the current
number of ecofriendly resource units, the payout per
unit will vary (Figure 1).

Resource users develop an expectation of a
payout large enough to affect their resource-use deci-
sions. The expected payout per unit of ecofriendly
resource activity is partially based on the current
profitability difference between ecofriendly and eco-
damaging activities. Once made, payouts for envi-
ronmental services come to be expected. The antic-
ipated payout per unit is thus also based on recent
benefit payouts per unit. For example, if payments
exceed what was projected, the expected amount will
increase, other things being equal. Increased expec-
tations of payment are lowered by relative increases
in favorable environmental ethic (Figure 2).

The determination of the total agreed payouts to
ecofriendly users involves the expected payout per
unit and the total of all payments collected from fees
for environmental services or penalties. An additional
influence is the actual remaining need for ecosystem
improvement.” If this need is low, then (optionally in

7 This model component is omitted from Figure 1.
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the model) the amount of payouts will be lessened
(Figure 3).
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Figure 3 Factors determining the total agreed payouts to
resource units employing environmentally friendly ap-
proaches.

Environmental Ethics

In many cultures there is an underlying belief
that living in harmony with the natural world has a
value of its own. In the late 1940s, North American
forester and conservationist Aldo Leopold was al-
ready lamenting the loss of the land ethic and re-
quests by land owners for cash payments to improve
land use (Leopold, 1949).

The model attempts to address both the idea of
an environmental ethic and the possibility that
payouts might degrade or enhance it (Figure 2). The
model assumes that an environmental ethic is
strengthened when users actively switch to eco-
friendly activities even if that switchover is influ-
enced by payouts for environmental services. This
logic follows the idea that proenvironmental actions
help build an environmental awareness (Leigh,
2005). As people work on conservation activities,
including those for which they are paid, or at which
they make a living, they become more environmen-
tally aware.

An increasing environmental ethic can also in-
crease the likelihood that resource users will switch
to environmentally friendly activities. In the model,
an increasing realized environmental ethic causes an
upward adjustment in the apparent profitability of
environmentally friendly uses, making such activities
more attractive (Figure 1). The act of switching to
ecofriendly uses, in turn, enhances the current un-
derlying environmental ethic (Figure 2). However, if
payments are excessive, compared to typical profita-
bility, there is a degradation of environmental ethic,
based on the idea that payments become viewed
merely as a source of income, rather than a reward
for environmental stewardship. Similarly, penalty
payments, if applied, are accepted as reasonable un-
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less they are higher than a modest percentage of da-
maging use profitability. Within the model, environ-
mental ethic is considered as a community quality
reflecting many individual views.

The current underlying environmental ethic is
tempered by reality in the form of financial need.
Thus, realized environmental ethic may be less than
the current underlying environmental ethic. Realized
environmental ethic will increase as income in-
creases, until it matches the underlying ethic. Such
increases in current income can be derived from ei-
ther damaging or ecofriendly activities (Figure 1). In
the model, financial need is represented by relative
income: current income compared to an arbitrary
amount expected to be obtained from the resource.

Results

Basic Approach

The model uses a fixed number of resource units,
starting with 50 under ecofriendly use and 50 under
damaging use. Initially, both resource uses have a
profitability of $100 per unit per year. In most runs
random pink noise is added to the profitability of da-
maging use (Sterman, 2000). This addition has stan-
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dard error of plus or minus 5% of the base profitabil-
ity unless otherwise noted.

In a typical test scenario, damaging use annual
profitability is increased by $15 over a two-year pe-
riod (2030-2032) followed by a five-year phase-in
(2040-2045) of a system of payouts for ecofriendly
uses (Table 1). Details of different runs are described
below.

No Payments or Penalties

When profitability of the two resource-use types
is identical, then, without random fluctuations in
profitability, there is no change in the relative pro-
portion of the uses. If the underlying profitability of
damaging use fluctuates, a range of outcomes is
possible (Figures 4 and 5). There is a slight tendency
toward more ecofriendly use caused by the hypothe-
sized feedback effect of switching to ecofriendly use
and the build-up of a favorable environmental ethic.
All model runs include this feedback unless other-
wise stated. Changes in ecosystem status and eco-
system services closely follow changes in the level of
ecofriendly activities, but these ecosystem changes
are delayed and occur more gradually than the
changes in activities.

Table 1 Baseline values of basic components of the model. Values used are based on typical situations as reported in

the literature.

Base Typical Change

Model Component  Value Units Applied Comments

Level of 50 Units Units are under either of two

environmentally uses. Total is 100 units.

friendly activities

Level of 50 Units

environmentally

damaging activities

Value of 20 $/(Year*unit) Based on a benefit worth $20

environmental for every fully functional

services provided ecosystem unit.

Profitability of eco- 100 $/(Year*unit)

friendly activities

Profitability of 100 $/(Year*unit) +15 Added over the 2-year period

damaging activities 2030—-2032. Some runs include
random normal fluctuations—
see text.

Fraction of 0 Dimensionless Raised to 1.0 Added over the 5-year period

ecosystem services
charged to recipients

Penalty rate on 0 Dimensionless

damaging uses

2040-2045.

Raised to 8.0%
of damaging use
profitability

Added over the 5-year period
2040-2045.
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Equal Profitability of Uses with No Payouts

60

55

45

units under eco-friendly use

40

2000 2020 2040 2060 2080 2100
Time (Year)

Figure 4 Changes to level of environmentally friendly activi-
ties when profitability of the two activity types is equal and
there are no payouts or penalties. Line 1: no random com-
ponent. Lines 2-5: examples with random variation in profit-
ability of damaging use.
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Figure 5 Changes to ecosystem status with equal profitabil-
ity of the two use types. Model runs same as in previous
figure.

Increasing profitability of ecodamaging use, as
expected, causes a switch to such use, and in the
process decreases ecosystem benefits (Figure 6). In
this example, no payouts for ecofriendly use are ex-
pected, none are provided, and profitability deter-
mines the use to which the resource is put. A 15%
rise in profitability is sufficient to convert all the re-
source to damaging use within 30 years. Adding a
random variation to profitability of damaging use
does not substantially change the outcome, which
rapidly leads to depletion of the environment and the
services it provides. Environmental ethic is also di-
minished by the complete switchover to environ-
mentally damaging uses.

Sustainability: Science, Practice, & Policy | http://ejournal.nbii.org

Dudley: Environmental Ethics and PES

Efffect of Increased Profitability of Damaging Use
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Time (Year)

Figure 6 Level of ecofriendly use if damaging use profitabil-
ity is raised by 15%. Line 1: no fluctuations. Lines 2-5 with
random normal variations in damaging use profitability.

A System of Payments

A system of payments takes the following form.
As above, profitability of damaging use is raised by
15% between 2030 and 2032. As the resource de-
clines, a system of payments is phased in over five
years, starting in 2040. This system bills recipients at
100% of the value of received environmental ser-
vices, and uses this money as a basis for paying eco-
friendly resource users. Initially, the payout expected
by the resource users is the difference between the
profitably of the two use types, but it is influenced by
several factors including environmental ethics.

Effect of Payouts and Value of Environmental Services
100

75

50

When value of
25 environmental
services is:

units under eco-friendly use

7

Zero 520

0 i 4 .
2000 2015 2030 2045 2080 2075 2090
Time (Year)

Figure 7 A system of payouts for environmental services
can help recover the ecosystem, but only if the value of
environmental services is sufficiently large.

The value of the services provided is critical. In
the baseline example, this value, while preventing
collapse of the system, is not sufficient to create a
recovery. By assuming higher values for ecosystem
services we can create a complete recovery (Figure
7). Nevertheless, the recovery is delayed partly be-
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cause funds from ecosystem services are limited at
first due to the degraded nature of the resource.

Collapse can also be prevented if a payment
system is implemented sooner (Figure 8), but recov-
ery will not occur unless payments are sufficient. The
payout expected by resource users also plays an im-
portant role because high expectations can lower the
beneficial effects of payouts both via a direct effect
on environmental ethics and via the active feedback
effect that switching to ecofriendly uses has on envi-
ronmental ethic. Fluctuations in profitability tend to
help ecosystem recovery. Each time profitability of
ecofriendly uses increases sufficiently to cause
switchover, there is a slight increase in environmental
ethic, which, after some delay, helps further increase
apparent profitability (Figure 9).

Effect of an Earlier Start to a Payout System

60
Payout program starts in year: 2030

3 45 2033
°
c
e ) 2035
g 30 I
@
5 2040
S T 4 4
o 15
=
3

0

2000 2015 2030 2045 20860 2075 2090

Time (Year)

Figure 8 An earlier start to a payout system can help pre-
vent ecosystem deterioration. All runs are based on a value
of ecosystem services of $20 per fully functional resource
unit.

Effect of Payouts with Fluctuating Damaging Use Profitability
100
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25
4‘__/-4’
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2000 2015 2030 2045 2060 2075 2090
Time (Year)

Figure 9 Fluctuations in profitability may assist ecosystem
recovery. Here line 1 is the same as the $20 line (line 2 in
Figure 7). The other lines have only a random component
added to damaging use profitability.
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The collection and distribution of funds depends
on the value of services provided, the need for eco-
system improvement, and the expectation of payout
by the resource users. Payments can exceed payouts,
creating a positive cash flow for the system (Figure
10). This is because incoming funds are only one
factor determining expected payouts (Figure 2).

Source and Use of Funds - Payments Only

2,000
Value of
envirenmental
1500 services
Payments from ___——%
- recipients of
© services
3]
> 1,000
&
500 \
< Payouts to eco-friendly
ol LAl f, L resource users
2000 2015 2030 2045 2060 2075 2090

Time (Year)

Figure 10 Sources and use of funds in a payments-only
program. This run incorporates the same random influence
as line 2 in Figure 9.

Effect of Payouts Funded Only by Penalties
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Figure 11 Payouts funded by penalties alone lose funding
and run a deficit as the ecosystem recovers. All except line 1
incorporate random fluctuations in damaging-use profit-
ability.

Using Penalties

Penalty payments applied to ecodamaging uses
lower profitability, making that use less attractive,
and can also help fund payouts to ecofriendly users.
A system of penalties alone can lead to ecosystem
recovery (Figure 11). However, penalties are depen-
dent on ecodamaging use, which disappear as a
switchover to ecofriendly uses occurs. As incoming
funds diminish, expected payout also drops, but does
not disappear. Payouts drop below expectation, low-
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ering environmental ethic, and making the long-term
maintenance of the ecosystem less likely. A system
of payouts based on penalty payments alone will be
unlikely to maintain an ecosystem recovery, espe-
cially if damaging use profitability varies signifi-
cantly (Figure 12). Such a system, when resulting in
recovery, will likely require deficit spending or out-
side funding.

Source and Use of Funds - Penalties Only

2,000
Value of
envirocnmental
1 ,500 services
Penalty
5 Cscxayme_nts on
lamaging use
S 1,000 ane
z
73
3 Payouts to eco-friendly
Y resource users
500 \ /
oL P45

" 72040 2055 2070 2085 2100
Time (Year)

2025

Figure 12 A system using only penalties to fund payouts.

Funding Payouts with Payments and Penalties

100 Sttty
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50 |
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units under eco-friendly use
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2025 2035 2045 2055 2065 2075 2085 2095
Time (Year)

Figure 13 A system of penalties and payments allows a
more rapid recovery of the system and provides for a stable
future status by providing both startup and long-term fund-

ing.

Payments Plus Penalties: The Best Option?
Payouts for implementation of ecofriendly re-
source uses can be funded by a system of payments
received from recipients of environmental services.
But if those services are low, as in a degraded eco-
system, then few funds are available. Penalties can
fund payouts when ecosystem services are still small
or nonexistent. Penalties also lower profitability of
ecodamaging activities making those activities less
attractive. PES systems provide long-term funding to
maintain higher profitability of ecofriendly resource
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uses. For these reasons, a combination of payments
and penalties might be the best solution for funding
payouts leading to a permanent recovery of an eco-
system and the services it provides (Figure 13). The
difference between payouts and total funds collected
reflects the difference between payouts expected by
resource users and the value of environmental ser-
vices provided. If this difference is large, then there
may be no need to charge recipients of environmental
services for the full value of received services (Figure
14).

Sources and Use of Funds - Payments & Penalties

2,000
Value of /""
envircnmental Excess funds
services collected
1,500
Total funds
collected
& Payouts to eco-friendly
g 1,000 \ resource users
3
Payments from
f——""Services recipients
500
Penalty
¢——_____payments on
0 damaging use
2000 2015 2030 2045 2060 2075 2090

Time (Year)

Figure 14 Source and use of funds in a system of payments
and penalties.

The Role of Environmental Ethics

I have hypothesized that a favorable environ-
mental ethic can increase apparent profitability of
ecofriendly uses thereby lowering the level of mone-
tary profitability needed to implement such uses. Im-
portantly, the act of switching to ecofriendly use
helps to further build environmental ethic. Even
when only random changes in profitability make eco-
friendly use temporarily more profitable, resource
users switching to that use thus stimulate the build-up
of environmental ethic. This positive feedback be-
tween environmental ethic and ecofriendly use makes
an ecosystem recovery more likely (Figure 15). In
many cases, this effect promotes ecofriendly use even
when its profitability (blue line 1 in Figure 15) falls
below damaging-use profitability (red line 2, Figure
15). Nevertheless, the role of environmental ethics is
important primarily when profitability differences
between the two uses are small.

Any relationship between a favorable environ-
mental ethic and a switchover to ecofriendly uses
would be difficult to assess. Different hypothesized
relationships indicate possible effects on a recovering
system where a system of payouts has been imple-
mented (Figure 16). These relationships determine
how much a changing environmental ethic might
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increase the ethic-effected profitability of ecofriendly
use. Maximum values for lines presented in Figure 16
are 24%, 18%, 9%, and zero (top to bottom). This
effect only becomes important when realized envi-
ronmental ethic is large compared to long-term envi-
ronmental ethic (between time 2060 and 2062 in the
figures).

Effect of Ethic on Profitability

200 $/(Year*units)
100 units Level of eco-
friendly activities

Ethic affected
profitability of
eco-friendly

/ activities

170  $/(Year*units)

76 units Profitability of

eco-friendly
activities ~—

140  $/(Year*units)
50 units

110 $/(Year*units)
25 units

80 $/(Year*units)
0 units

2000 2015 2030 2045 2060 2075 2090
Time (Year)

Figure 15 lllustration of the effect of environmental ethic on
the profitability of ecofriendly activities. The yellow arrow
represents the apparent change in profitability caused by
environmental ethic.

Effect of Ethic Switchover Behavior on Eco-Friendly Use

100 Ethic effectasin other___,
model runs

[o]
]
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S 50 switchover to eco-
@ friendly uses
[}
=]
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=
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Figure 16 lllustration of the effect of different relationships
between environmental ethic and the switchover to eco-
friendly resource use. Top line (1): relationship as in other
model runs. Lines 2-4: with progressively less influence of
environmental ethic. Bottom line (5): with no effect of envi-
ronmental ethic on switchover. In all runs the same random
component added to damaging use profitability.

In the model, a rising environmental ethic also
lowers expected payout below what would be antic-
ipated with no effect of environmental ethic (Figure
17).8 If, for some reason, environmental ethic later
drops, raising expectations, the current payment level
will be insufficient, causing a reversion to ecoda-

¥ For the complete model and model equations see the author’s
website at http://pws.prserv.net/RGDudley/dudspbs.html.
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maging use. Rising environmental ethic also in-
creases direct enhancement activities, although re-
sults of such activities are limited by the current po-
tential of the ecosystem, based on resource-use types.

Effect of Ethic Switchover Behavior on Desired Payout
40

No effect of ethic on switchover
to eco-friendly uses

30

20

Desired Payout $(Year*units)

10
Ethic effect as in other
model runs
L I P T
2000 2015 2030 2045 2080 2075 2090

Time (Year)

Figure 17 A favorable environmental ethic can lower desired
payout. Model runs as in the previous figure.

Managers may be interested in policies that min-
imize the level of payouts needed for full ecosystem
recovery, particularly in cases where charging for the
ecosystem services in question (e.g., clean water)
might be politically sensitive (Tognetti, 2005). Al-
though penalties can provide additional funding,
permitting lowered charges for environmental ser-
vices, penalties eventually disappear as the ecosystem
recovers.

It is hypothesized that a favorable environmental
ethic is effective in making the switchover to eco-
friendly uses occur at a lower monetary threshold. As
modeled, the switchover then further reinforces envi-
ronmental ethic. We can also see this effect in an ad-
ditional simple example whereby environmental ethic
is directly stepped up by 20% for five years. This
would be similar to the effect of an environmental
“awareness program.” Such a change in ethic in the
model is sufficient to cause a long-term switchover to
ecofriendly uses, but this change can only occur
when profitability of the two resource-use types is
similar, a circumstance that payouts for environmen-
tal services could create.

Discussion

The concept of a PES system is a challenging
subject for investigation with system dynamics mod-
eling. The model presented here attempts to mimic a
real PES system. It may differ from the actual world,
particularly in that funding for payouts in the model
is directly linked to environmental services actually
provided and in that sense parallels Wunder’s (2007)
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definition of PES systems. The amount that each
resource unit receives, or pays, will depend on the
total amount of ecosystem services provided or lost,
and also on the number of units within which each
type of activity is carried out. In the real world such
links may be less well defined. In fact, real-world
payouts often consist of a flat fee paid for each re-
source unit (e.g., per hectare of land) on which eco-
friendly uses are being applied. The fee may be com-
parable to a long-term gross estimate of actual envi-
ronmental services provided, but often, even under
the best systems, payouts are not directly linked to
specific, measured environmental services (e.g., see
Pagiola, 2007). Monitoring and sanctions for non-
compliance with goals may also be insufficient
(Ibarra & Hirakuri, 2007).

In the model, as more of the ecosystem comes
under ecofriendly uses, ecosystem status, ecosystem
benefits, and associated payments all approach a
maximum. Consequently, payouts can decline some-
what, lowering the profitability per ecofriendly unit.
This implies an incentive for self-enforcement of eco-
friendly standards, because each new unit categorized
as ecofriendly can decrease the per unit payout.

The model differs from many PES discussions
by incorporating penalty payments applied to da-
maging uses as a possible source of funding for
payouts for ecofriendly uses. Under this funding ap-
proach, increasing profitability of damaging use will
also increase profitability of ecologically desirable
activities. Penalties help environmentally friendly
uses remain competitive, but time lags make such
payments less helpful than we might expect. Also,
penalty charges are rare in the real world, where
taxes are based on economic value rather than on
damage to the environment.

Use of penalties is only rarely mentioned in the
PES literature (e.g., Gutman, 2003), perhaps because
it deals primarily with situations where resource users
are less financially secure than recipients of environ-
mental services. However, a counterexample would
be the situation where holiday villas of the wealthy
built in a formerly forested watershed cause flooding
of poor downstream farming and urban communities.
In such a case, it seems reasonable that taxes on villa
construction could supplement income from upland
farm and forest activities, thus discouraging further
villa construction. Penalties are most likely available
when resources have been degraded, and may be
most useful in restoring degraded ecosystems. Situa-
tions involving both payments and penalties would
support the catchment-care principle of Hatfield-
Dodds (2006).

Under circumstances when profitability varies
substantially, temporary crashes can occur because
the payment system, as modeled, is slow to respond
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compared to the changeover to damaging use. In the
model, payments are based largely on the changing
value of environmental services. Because ecosystem
services are slow to recover, their value can lag be-
hind changes in the resource-use pattern. Payments
for services are also delayed, in some cases suffi-
ciently to allow damaging uses to rise, pushing down
benefits and payouts.

For model testing a basic price differential of
15%, plus normal random variation, was considered a
realistic value for a PES model. In the real world,
price differentials can be much larger, but as Wunder
(2005) points out PES systems are less viable when
profitability differentials are big, due in large part to
the typically limited value of environmental services.

While the model may appear overly complex to
some observers, the model boundary is actually fairly
restricted. In fact, some of the excluded components
may be of interest in similar models. In the real
world, the adoption of one particular resource use
may accelerate further such adoption. For example, if
some farmers switch from tree crops to growing chi-
lies then other farmers may do the same as local mar-
keting capacity for chilies improves. The model pre-
sented here does not include that sort of influence. It
is also possible that the value of ecosystem services
will change with their availability. Demand for bio-
diversity products might increase as the products be-
came more widely known, but excessive availability
may cause a drop in value of these products. The
model has an (optional) feedback that decreases
payments as the environment recovers, but includes
no specific adjustment in value per service provided
as amount of services change.

The model also does not address any influence of
resource users’ knowledge that they are generating
useful services. Formal or informal community rec-
ognition of the environmental services provided may
positively influence environmental ethics, but when
environmental services are very high they may be
taken for granted. In a completely degraded ecosys-
tem the value of ecosystem services may be forgot-
ten, but it is possible that the costs of replacing lost
environmental services influence a community’s
awareness of that lost value. Community awareness
of environmental services will enhance support for
better ecosystem management. These types of rela-
tionships might be included in site-specific models.

The model illustrates how environmental ethics
might interact with payments, but only fairly tricky
field inquiries can determine how real people will
respond to payments. In the model, an increasingly
favorable environmental ethic increases the likeli-
hood of switching to ecofriendly uses, primarily by
lowering the monetary threshold needed to switch to
those uses. This observation supports the idea that
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issues other than profitability may influence resource
users. In a rural part of the United States, only 23.5%
of farmers who received PES compensation wanted
to maximize profits. Other goals included soil and
water conservation, maintaining a rural lifestyle, and
ensuring that the farm would be passed on to family
members (Lant et al. 2001). In the real world, as in
the model, payouts allow resource users to shift their
goals away from purely economic considerations. If
both ecosystem status and the community’s environ-
mental ethic are high, then there will be less need for
PES disbursements and these payments could be re-
duced.

We desire policies that protect and restore eco-
system status regardless of higher profitability of da-
maging uses. Under some circumstances, this goal
may be attained through a PES system alone. Penal-
ties on damaging uses can help fund payouts and
lower damaging use profitability. If either of these
options is sufficiently high, then ecofriendly uses can
dominate. A system of payments plus penalties may
work best, especially if the ecosystem is already de-
graded. In all cases, reaching the goal is more proba-
ble if policies also maintain or enhance environmen-
tal ethic. Typically, the limited value of environmen-
tal services means that PES systems are only likely to
be useful in situations where the profitability differ-
ence between the two uses is relatively small.

Some interesting issues remain unanswered. If
ecosystem services are normally viewed as free, then
what is the long-term, larger-scale effect of paying
for them? Do payouts for ecosystem services create
incentives for others to request, or demand, payments
for similar ecosystem protection? Who is it that ac-
tually owns the “ecosystem” in question—private re-
source owners/users or the public at large? What
resource-use obligations do resource owners/users
have? Is the implication that, without payment, they
can do whatever they want? How can society distin-
guish among reward, payment, reimbursement, in-
centive, bribery, and extortion? Do these distinctions
matter if the end result—protection of the ecosystem
and its services—is attained?

Recent comments by McCauley (2006b) and
subsequent debate (Costanza, 2006; Marvier et al.
2006; McCauley, 2006a; Reid et al. 2006) have high-
lighted the need for better means of integrating con-
cepts such as environmental ethics into PES systems.
If both payment and a favorable environmental ethic
are useful in better managing natural resources, then
both, and the interplay between them, should be ex-
plicitly stated in exploratory models of such systems.
Likewise, issues such as the expectation of payment
and its subsequent effect on desired payments can be
explicitly defined in the models to allow discussion
and investigation of these issues. Importantly, the
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structure of a system dynamics model attempts to
assess causality. That is, model outcomes should not
only be reasonable, they should be reasonable for the
right reasons.

Exploratory system dynamics models like the
one presented here are sometimes criticized on the
grounds that they contain many poorly known rela-
tionships among model components. For example,
the exact influence of a favorable environmental ethic
on resource-use patterns is difficult to know. How-
ever, omitting such important components merely
because we do not have (or cannot get) accurate in-
formation is clearly faulty. In these cases, approx-
imate information is better than none. Nevertheless,
due to the highly interlinked nature of system dy-
namics models the incorporation of some uncertain
model elements can lead to high variability in model
outcomes. Thus caution, or better information, is
needed when attempting to use such models to derive
policies.

In fact, the usefulness, rather than absolute accu-
racy, of a model is the real measure of its value (e.g.,
see Barlas, 1996), although ultimately satisfying both
criteria would be ideal. Exploratory models are cer-
tainly useful as research-planning tools to help iden-
tify where new information is needed. Causal models
could also be important in developing the type of
conservation-evaluation programs suggested by
Ferraro & Pattanayak (2006). This modeling ap-
proach can harmonize the work of many disciplines
attempting to craft a sustainable future (Fiksel, 2006;
Hjorth & Bagheri, 20006).
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