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Abstract
NOAA is asked frequently to make recommendations regarding permit applications for development projects that will adversely affect coastal wetlands.  Because coastal wetlands are scarce and important to fisheries and other marine resources, and are at risk from unavoidable hazards such as sea level rise and shifting weather patterns NOAA usually recommends that these permits be denied.  However, if worthwhile economic development projects cannot avoid wetland impacts many of them are permitted as long as permit seekers agree to mitigate adverse wetland impacts.  In these cases, NOAA is asked to make recommendations regarding the quantity and quality of wetland mitigation that will offset "unavoidable" wetland impacts and result in “no net loss” of wetland functions and values.
The mitigation offered by permit seekers usually involves undertaking wetland creation, restoration, or enhancement projects, purchasing mitigation credits from an approved wetland mitigation bank, or paying into a state or county managed "in lieu fee" wetland mitigation program.  Where these options are not available mitigation may also take the form of wetland conservation.  Mitigation costs are paid by permit seekers and high mitigation costs can have significant adverse effects on the economic payoff from development investments.  As a result permit seekers take whatever measures are necessary to keep mitigation costs as low as possible, and often challenge NOAA’s recommendations regarding the quality and quantity of mitigation they must provide.  Without a sound science-based framework for justifying the amount of wetland mitigation NOAA recommends, these recommendations will be challenged more frequently and those challenges will succeed more often.
This paper describes a set of analytical tools that can be used to develop wetland mitigation ratios that are technically and legally defensible, and are based on achieving “full” replacement of lost wetland services.  The tools can be applied to all types of proposed mitigation, and can be used to establish appropriate ratios for individual wetland permitting decisions, or to “score” wetland mitigation trades, or to assign “credits” to acres of wetlands at mitigation banks or offered as part of mitigation “in lieu fee” programs.  The tools are essentially an abbreviated approach to performing Habitat Equivalency Analysis (HEA) which is necessary in the case of wetland mitigation because the large number of permit applications and mitigation proposals that NOAA must consider make it impractical to apply a full-scale HEA in each case.
Three versions of the analytical tool are developed and presented here.  The first is suitable in situations where mitigation involves wetland creation, restoration or enhancement.  The second is suitable in situations where mitigation involves wetland conservation.  The third version is a combination of these, and is suitable when a mitigation proposal includes both conservation and restoration.
The description of the analytical tools presented here provides essential background for using the "Mitigation Ratio Calculator" (MRC) which is an Excel spreadsheet for applying the tools developed here.  An illustration of the MRC is presented as Appendix A.  
1. Introduction
1.1 Statement of the Problem

NOAA is frequently asked to make recommendations regarding permit applications for development projects that will adversely affect coastal wetlands.  If there is an alternative development site that does not involve wetland impacts, NOAA usually recommends that these permits be denied because coastal wetlands are scarce and important to fisheries and other marine resources and are at risk from unavoidable hazards such as sea level rise and shifting weather patterns.  However, undeveloped coastal lands in most areas are so scarce that developers who apply for wetland permits often have exhausted their options to avoid and minimize wetland impacts, and can prove it.  In these cases, their projects are usually permitted as long as they agree to mitigate remaining wetland impacts.
The mitigation offered by permit seekers usually involves undertaking wetland creation, restoration, or enhancement projects, purchasing mitigation credits from an approved wetland mitigation bank, or paying into a state or county managed "in lieu fee" wetland mitigation program.  Where these options are not possible, for example in areas where there are no degraded wetlands available to restore, mitigation may take the form of wetland conservation whereby the permit seeker agrees to take action to protect existing wetland areas that would otherwise be lost, eventually, to development.
In all of these cases, NOAA is responsible for assuring that the quality and quantity of wetland mitigation that is accepted by permitting agencies is adequate to offset these “unavoidable” wetland impacts.  Since high mitigation costs can have significant adverse effects on the economic payoff from development investments, permit seekers do whatever is possible to keep mitigation costs as low as possible, and often challenge NOAA recommendations regarding the quality and quantity of mitigation they should provide.  Without a sound science-based framework for justifying the amount of wetland mitigation NOAA recommends, these recommendations will be challenged more frequently and those challenges will succeed more often.

In general, the cost of providing wetland mitigation increases with the quality of mitigation that is required, which is reflected in spending per acre; and with the quantity of mitigation required, which is reflected in the number of acres of mitigation required per acre of wetland impact.  Design and construction standards for restoration work have evolved to the point where the quality of mitigation and associated costs per acre are often non-negotiable.  This has provided stronger economic incentives for permit seekers to try to control mitigation costs by holding down the quantity of mitigation required.  NOAA’s role is to ensure that the economic incentives that permit seekers and mitigation providers have to lower mitigation costs by reducing the quantity of mitigation that is required to obtain a wetland development permit do not result in mitigation that fails to replace lost wetland functions and services.  What NOAA needs, therefore, is a standard approach for estimating wetland mitigation ratios that can be applied in a wide range of situations and can be expected to withstand technical and legal challenges.  Such an approach must be capable of quantifying and comparing the quality of functions and values at wetland impact and wetland mitigation sites on a per acre basis, and then using differences in wetland quality to establish the ratio of mitigation acres to impact acres that will result in "no net loss" of wetland functions and values.
1.2 Proposed Solution
Debates over wetland values and the “equivalency” of wetland gains and losses from mitigation are usually reduced to establishing a “compensation ratio”, a number that establishes the number of mitigation acres required per acre of wetland impacts.  The implicit quality/quantity tradeoff inherent in the use of compensation ratios strikes some as illogical (e.g., how many acres of created mudflats are equivalent to an acre of mature mangrove?).  However, if the compensation ratio is developed in a way that compares gains and losses in expected streams of wetland services, it can be used effectively to both protect wetlands and manage wetland mitigation.  For example, by using conventional analytical methods for dealing with differences in the timing and riskiness of wetland services provided by lost and replacement wetlands, it is relatively easy to justify that many acres of a young, restored wetland may be needed to provide the equivalent “value” of an acre of mature, natural wetland.  Such a comparison, in economic terms, is not very different from comparing how many shares in a risky start-up company (e.g., a penny stock) would be equal, in terms of expected earnings over time, to a share in a mature, proven company (e.g., a blue chip stock).

The approach to establishing wetland mitigation ratios that is described here is based on the universal “net present value” approach to asset valuation.  This approach is used routinely to compare the “value” of all kinds of manufactured assets and financial assets, and has withstood countless technical and legal challenges for at least a century.  The approach requires users to generate parameters related to a few key characteristics about the impacted wetland and the replacement or mitigation wetland that determine the relative “value” of the streams of wetland services they are expected to provide over time.  Illustrations of the Wetland Mitigation Calculator (WMC) presented in Appendix A show that in the most typical situations using the approach requires estimating numerical values for eight parameters associated with the impacted and the mitigation wetlands.  These values can be generated in many different ways, but the most likely approach will involve expert consensus.  

Using the tool to defend mitigation recommendations and/or to guide negotiations regarding wetland mitigation will, in most cases, result in higher mitigation requirements than not using the tool.  Using the tool routinely will also provide economic incentives for developers to avoid or at least minimize wetland impacts as much as possible in order to avoid the need for mitigation and/or the cost of challenging NOAA wetland mitigation recommendations that are likely to be more defensible.  Because using the tool results in relatively low quantities of mitigation (number of acres) when the quality of mitigation (gains in wetland services per acre) is relatively high, it also provides economic incentives for developers to provide higher quality wetland restoration in order to reduce the number of acres of mitigation required and associated costs.
1.3 Format of the Paper
The remainder of this paper contains sections that: describe the economic basis for establishing mitigation ratios; define some key variables; present and illustrate the use of a “universal” wetland mitigation ratio estimating equation; and develop three versions of the Mitigation Ratio Calculator (MRC).  The first version is suitable in the most typical situation where the mitigation that is under consideration involves wetland creation, restoration or enhancement; and the analytical focus is on the gains in wetland functions and values at the mitigation site and how they compare with the losses at the wetland impact site.  The second is suitable in situations where the conservation of one wetland area is being considered as mitigation for the destruction of another wetland area.  The focus here is on the likelihood that the conserved wetland, in the absence of the action being offered as mitigation, would be degraded or destroyed and when this is likely to take place.  The third version of the MRC is the most comprehensive and combines the first two; it is suitable when proposed mitigation involves both wetland conservation and wetland restoration.

The main body of the paper is followed by:

· Appendix A, a four-page print-out from an interactive spreadsheet program called “the five-step wetland mitigation ratio calculator,”
· Appendix B, a list and set of references for over 50 Wetland Assessment Methods that can be used with “the five-step wetland mitigation ratio calculator,” 
· Appendix C, which describes the effects of time discounting on the estimation of mitigation ratios, 
· Appendix D, which describes the effects of landscape context on the estimation of mitigation ratios; and

· Appendix E, a version of the MRC tool that can be used in the unusual case where the project causing wetland impacts actually provides some "self mitigation."  This situation can arise when, for example, the losses from wetland development primarily involve negative impacts to fish resources, but are a result of the construction of a fish hatchery or other facility that has positive impacts on fish resources.
2. Background
2.1 Policy Context
Most state and federal wetland policies involve a three stage process known as “sequencing” which requires wetland permit seekers to: avoid wetland impacts if possible, minimize unavoidable wetland impacts to the maximum extent “practicable”, and mitigate any remaining wetland impacts. (MOA 1990)  In principle this approach makes sense.  The costs and delays associated with the third stage of permitting, wetland mitigation, provide at least some economic incentives for land developers to avoid and minimize wetland impacts.  And, as long as wetland mitigation actually offsets unavoidable wetland losses, the approach results in “no net loss” of wetlands without preventing worthwhile coastal economic development that really cannot be designed to fully avoid wetlands.  So, it is often during the third stage of sequencing that NOAA can most usefully apply economics to help prevent losses of wetland functions, services, and values.  Where opposing a proposed wetland development project cannot succeed, in other words, the next-best strategy for NOAA to protect wetland services is to impose quality control on the wetland mitigation associated with the project.
Offsetting losses
Wetland mitigation is a sound idea and there are many specific examples of wetland impacts that have been successfully mitigated.  However, virtually every review of wetland mitigation over the past twenty years has shown that overall wetland gains resulting from mitigation projects have not adequately offset overall wetland losses that are resulting from permitted wetland development. (King 1997, NRC 2001, OPPAGA 2001)  Wetland experts often attribute the problems with wetland mitigation to our limited understanding of wetland restoration science and technology and our inability to measure and compare the value of wetlands.  The argument here is that wetland mitigation is failing because we do not know how to create or restore wetlands and cannot measure what is important about them.  However, most reviews of wetland mitigation failures indicate that this is probably a secondary issue.  According to these reviews the problems with wetland mitigation fall into two categories: 1) the number of acres of wetlands provided as mitigation is less than the number of wetland acres impacted; and 2) where mitigation does result in at least “one-for-one replacement” in terms of wetland acres, differences in wetland quality between the lost and replacement wetlands result in a net loss of wetland functions and services.

Our national wetland mitigation policy is logical on both economic and environmental grounds, but it is apparently being implemented in a way that is resulting in a steady loss of valuable and often irreplaceable wetlands.  In terms of wetland services, if not in terms of wetland area, this policy, as it is currently being applied, is failing to achieve our national goal of “no net loss.”  While there are limits to restoration science and technology that will always limit mitigation success, the evidence indicates that the real problem is not these limits, but perverse economic incentives in wetland mitigation markets.  Mitigation providers have strong economic incentives to lower permitting costs by providing the lowest quality mitigation that wetland regulators will allow; and mitigation regulators do not have the tools they need to impose quality control on mitigation or to provide countervailing economic incentives that promote high quality mitigation.
2.2 Measuring Mitigation Success
Normal markets are essentially self-regulating as buyers and sellers compete with each other over price and quantity.  Wetland mitigation markets, however, are very different.  Sellers of mitigation (e.g., mitigation contractors and, more recently, mitigation bankers) and buyers of mitigation (e.g., real estate developers and state DOTs) actually have more economic incentives to work together to keep mitigation costs low than they have to compete with one another.  Both buyers and sellers of mitigation tend to be only as concerned about mitigation quality as mitigation regulators or the rules governing mitigation require them to be.  In this market situation, the high level of confusion and uncertainty about the relative “value” of different types of wetlands (e.g., restored vs. natural, urban vs. rural, tidal vs. non-tidal, vegetated vs. mud) is an advantage to those interested in controlling permitting costs and has contributed to widespread mitigation failure.  Uncertainty about wetland values has made it nearly impossible for regulatory agencies to use conventional economic arguments to justify imposing quality control on wetland mitigation.  It has also made it difficult for resource agencies to argue that any acre of wetland creation, restoration, or enhancement that is offered as mitigation is worth any less than the acre of natural wetland it is supposed to offset.

Worsening this problem is the fact that in most regulatory and judicial settings the burden of proof is not on permit seekers to demonstrate that one-for-one wetland mitigation will result in no net loss of wetland services, but on the wetland regulators to show that proposals that involve one-for-one mitigation will result in losses in wetland functions and values.  The “value-free” bio-physical indicators of wetland function that are preferred by wetland scientists may be useful for making certain wetland comparisons, but they have not been useful as a legitimate basis for determining the adequacy of mitigation, establishing how much money permit seekers should spend on mitigation, or deciding how liability for mitigation failures should be assigned to buyers or sellers.  

Underlying the high failure rates associated with wetland mitigation is another economic reality that buyers and sellers of wetland mitigation and most regulators understand.  The cost of wetland restoration projects that have a reasonable chance of providing wetland services that are “equivalent” to those that are lost when a natural wetland is lost can be enormous, and are often prohibitive.  None of the groups involved with wetland mitigation want standards that are so strict that they will close out the option of using mitigation to resolve wetland permitting problems.  As long as the standards for what constitutes acceptable mitigation are kept vague, on the other hand, it is possible to control mitigation costs, and claim to be achieving the national “no net loss” wetland goal without anticipating any technical or legal challenges.

In summary, the root source of the problem with our national wetland mitigation policy is that the rules governing mitigation trading have evolved primarily to keep the cost of mitigation affordable and to make our national wetland policy appear to be successful.  Tools that help insure that wetland gains from mitigation actually offset wetland losses are not available, and are not popular with mitigation traders or with many wetland regulators.  Despite protests to the contrary, the powerful interests involved in wetland mitigation prefer using ad hoc (political) negotiations over what constitutes acceptable mitigation to strict (accounting-based) trading rules.  If trade regulators had the political support and technical tools to negotiate effectively, this would be an acceptable situation, but they do not.  This is why formula-based mitigation trading rules like the one developed later in this paper are so important.
2.3 Usefulness of Economic Approach to Mitigation Ratios

Differences in a wetland’s condition and location can result in significant differences in the functions, services, and values it provides; an immature wetland also provides fewer ecosystem services than an older mature wetland.  To account for these differences in wetland quality, most wetland regulatory institutions use mitigation ratios to adjust the number of acres gained and lost as a result of mitigation trades.  This ratio is calculated as the number of acres of created, restored or enhanced wetlands required as mitigation for each acre of natural wetland being impacted.

From an economic perspective these ratios reflect a type of quantity-quality tradeoff.  Where two assets involved in a trade are of equal value, whether they are wetlands or financial instruments, they can be fairly traded on a one-for-one basis.  Where the two assets are not of equal value, some type of quality/quantity adjustment is typically used to even out the trade.  In principle, the mitigation ratio is intended to balance gains and losses because the wetland functions and services associated with an acre of created or restored wetland are usually expected to be less than those associated with a natural (impacted) wetland.  Of course, in cases where the impacted wetland is already severely degraded or is in an inferior location, it is reasonable to expect that the appropriate compensation ratio could be less than one-for-one.

In general, the mitigation ratio is supposed to be an aggregate index that allows the quantity of wetlands gained and lost to be adjusted to account for differences in wetland quality that result in differences in the streams of ecosystem services they are expected to provide over time.

The Use of Mitigation Ratios

A national review of 68 wetland mitigation banks (Brown and Lant, 1999) determined that the mean mitigation ratio used to score wetland mitigation trades in the U.S. was 1.36:1, based on the number of trades, and 1.41:1 when trades were weighted by wetland area. That is roughly 1.4 acres of created or restored wetland for each acre of natural wetland destroyed.  The review also showed that “the majority of wetland mitigation banks use a 1:1 ratio, accounting for 73% of all the acreage.”

One-to-one is a surprisingly low “typical” compensation ratio, especially considering that the sample of mitigation projects used in the study had the following characteristics: creation (25%), restoration (49%), enhancement (15%), preservation (12%)
.  Wetland restoration projects are inherently risky, and it takes time for even successful wetland restoration projects to achieve full functional capacity.  Also, providers of mitigation are not expected to receive “credit” for wetland functions that exist at the mitigation site prior to mitigation.  If these factors were considered, one would expect to almost never encounter a mitigation ratio of 1:1.  In fact, using an economic approach to establish mitigation ratios based on asset values, such as the one described and illustrated below, a ratio of 1:1 can only result in “no net loss” of wetland function and value in the unlikely event that each acre of proposed mitigation provides full, immediate, and riskless replacement of all wetland services provided by each acre of impacted wetland.

One reason that prevailing compensation ratios are inconsistent with asset-based trading is that wetland scientists and environmental protection advocates have generally viewed all wetlands as valuable, and have strongly resisted attempts to classify one wetland as being any more or less valuable than another.  While this position may have prevented “low-valued” wetlands from being “cherry picked” for development, it has also backfired by providing no technical basis for distinguishing between the “value” of wetlands for purposes of managing mitigation.  The result has been that compensation ratios used to guide wetland mitigation trades have been based, in most regulatory settings, on political negotiations and ad hoc criteria, rather than sound science or asset based economic tools.

In some cases political negotiations have resulted in official mitigation ratio tables that are used routinely by regulators and specify ratios for specific types of mitigation (e.g., 1.2:1 for restoration projects, 2:1 for enhancement projects).  In these cases, reliance on fixed compensation ratios rather than ad hoc negotiations seems to impart an element of fairness and predictability to the setting of compensations ratios.  It is also convenient for regulators and permit seekers.  However, a system that establishes fixed mitigation ratios based on ad hoc negotiations also gives lawyers and regulators a great deal of discretion in establishing the terms of mitigation trades, including who bears the risks of failure.  Permit seekers and mitigation providers who constantly strive to keep compensation ratios and associated mitigation costs low do so, at least in part, by managing the expectations of regulators and political leaders concerning what are viewed as “excessive” mitigation costs.  As quality standards for wetland restoration work become more standard, costs per acre become less negotiable.  Keeping mitigation costs low, therefore, requires low mitigation ratios which can be achieved more easily through ad hoc negotiations than strict “asset-based” decision rules.

Elements of Mitigation Ratios

To account for differences in the ecosystem services provided per acre by impacted and replacement wetlands, a mitigation ratio should take account of five factors: 

1. The existing level of wetland function at the site prior to the mitigation;

2. The resulting level of wetland function expected at the mitigation site after the project is fully successful;

3. The length of time before the mitigation is expected to be fully successful; 

4. The risk that the mitigation project may not succeed; and

5. Differences in the location of the lost wetland and the mitigation wetland that affect the services and values they have the capacity and opportunity to generate. 

3. Proposed Framework
3.1 Overview

This section illustrates the proposed method by defining the necessary conditions for one-to-one mitigation to provide adequate compensation for lost wetland services, and then incrementally considering how the five factors listed above should be considered to establish compensation ratios that will provide “full” mitigation under more realistic assumptions.

For the sake of illustration, consider the depiction of a wetland mitigation project shown in Figure 1.  The project is characterized using three parameters, A, B and C, where: A represents the level of wetland services at the mitigation site prior to mitigation expressed as a percent of the level of wetland services at the wetland impact site; B represents the maximum level of wetland services with mitigation expressed in the same way; and C is the number of years expected for wetland services to increase from A to B.

Under the situation described above, the box outlined in Figure 1 represents the 100% loss of annual wetland services per acre of wetland over T years at the wetland impact site, and the shaded area represents the amount of offsetting annual wetland services provided per acre by the mitigation project over T years.  The white area represents the lost wetland services that are not mitigated with one-to-one mitigation because it existed at the site prior to the mitigation project (the area below A) or will not be attained after the mitigation (the area above B).  The ratio of the white area to the boxed area, therefore, is the percent loss in wetland services with one-for-one mitigation.
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Now consider Figure 2, which depicts the conditions under which a mitigation ratio of 1:1 would provide no net loss in wetland services.  If we ignore the potential risks of mitigation project failure, achieving no net loss of wetland services with acre-for-acre mitigation would require that three conditions be met.

1. In the absence of the mitigation activity, the wetland services provided at the mitigation site are negligible (A ≈ 0).

2. With mitigation, each acre of mitigation produces wetland services that fully replace those associated with an acre of wetland loss at the wetland impact site (B = 100% or more); and

3. The mitigation site generates these full replacement wetland services instantly as soon as it is constructed (C = 0); 
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Obviously, the scenario depicted in Figure 2 is highly unlikely which calls into question the widespread use of 1:1 mitigation ratios to score wetland mitigation bank trades.  More typical scenarios based on more realistic values of A, B, and C and a few other parameters are described below.
3.2 MRC Version 1: Creation/Restoration as Mitigation
In typical mitigation situations that involve wetland restoration rather than wetland creation, there is already some level of wetland function at the mitigation site (A>0); the restored wetland cannot reach maximum function immediately (C>0), and the function of the mitigation wetland may never equal that of the impacted wetland (B< 100%).

Figures 3, 4 and 5 incrementally add factors that should be reflected in mitigation ratios and show how the shaded area, depicting the amount of mitigation, changes.  Figure 3 shows that not giving “credit” for existing wetland function at the mitigation site (area below A) increases the mitigation ratio.  Figure 4 shows that if the mitigation project does not achieve full function immediately (C>0) the mitigation ratio is even higher.  Figure 5 shows that if the stream of wetland services from the mitigation wetland after mitigation is less than that of the impacted wetland the appropriate mitigation ratio is still higher.
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The A, B, C Framework
The framework outlined in section 3.1 above is relatively simple to apply.  Since the shaded area depicts the value provided by an acre of mitigation and the entire rectangle from T0 to Tmax depicts the values lost with each acre of the lost wetland, dividing the shaded area by the total area gives the percentage of wetland value compensated with 1:1 mitigation.  The inverse of this percentage gives an estimate of the “appropriate” compensation ratio.  A 50% loss on an acre-for-acre basis requires a mitigation ratio of 2, compensating 66.6% of wetland value requires a mitigation ratio of 1.5, compensating only 33.3% of wetland value requires a mitigation ratio of 3, and so on.

The percentage loss in wetland value with acre-for-acre mitigation depends directly on the values of A, B, and C.  The mitigation ratio, or the number of acres of mitigation required to generate no net loss in the stream of wetland services gained and lost over time, is also based on A, B, and C.
Other Important Factors to Consider

The simple A, B, C framework misses a few important considerations; namely the timing, risk, and landscape context of the mitigation.  A more complete version requires adding parameters to account for these three additional considerations, which can be defined as follows:

6. risk – that a wetland creation or restoration project will not perform as well as expected.  Figure 6 illustrates the effect of considering risk in calculating the mitigation ratio. 

7. landscape context
 – to account for differences in landscape context of impacted and mitigation wetlands.  Figure 7 demonstrates that enhanced or less-ideal landscape conditions can alter the mitigation ratio in either direction.  

8. advanced or delayed compensation – the possibility that a mitigation project may be completed and begin providing replacement wetland value either before or after the loss of the original wetland;
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Equation Parameters

The introduction of a few new parameters that consider time, risk that the mitigation will fail, and landscape context into the simple A, B, C framework completes the picture.  When these factors are all included in a compensation ratio formula it begins to look like a relatively standard version of the universally used “net present value” formula, which is used to evaluate all types of investments.  The problem of monetary valuation is avoided because we are comparing the streams of services from impacted and replacement wetlands in relative terms.

Using the MRC formula, which is presented below, requires the user to estimate or settle upon acceptable values of the following parameters:

A:
The level of wetland function provided per acre at the mitigation site prior to the mitigation project, expressed as a percentage of the level of function per acre at the wetland impact site;
B:
The maximum level of wetland function each acre of mitigation is expected to attain, if it is successful, expressed as a percentage of the per acre level of function at the wetland impact site;
C:
The number of years after construction that the mitigation project is expected to achieve maximum function;
D:
The number of years before destruction of the impacted wetland that the mitigation project begins to generate mitigation values (negative values of D represent delayed compensation);
E: 
The percent likelihood that the mitigation project will fail and provide none of the anticipated benefits (with mitigation failure, wetland values at the mitigation site return to level A);
L:
The percent difference in expected wetland values based on differences in landscape context of the mitigation site when compared with the impacted wetland (positive values represent more favorable landscape context at mitigation site);
r :
The discount rate used for comparing gains and losses that accrue at different times in terms of their present value (tables provide estimates based on discount rates of 0%, 5%, and 10%);

Tmax:
The time horizon used in the analysis (Using the OMB recommended discount rate of r=7%, the impact of gains and losses in wetland values beyond about Tmax = 75 years has a negligible effect on the resulting mitigation ratio)
Under the circumstances described above the discrete time equation that can be used to solve for the appropriate mitigation ratio is as follows:
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Examples
Table 1 shows some calculated compensation ratios based on the compensation formula in the MRC.  The first three cases show the effects on the resulting compensation ratio of delaying or advancing the compensatory mitigation project.  The next three examples illustrate how preexisting wetland values at the mitigation site or compensation for the loss of a degraded wetland affect compensation requirements.  The third set of examples demonstrates the effect of landscape context on the mitigation ratio.  The final set of examples illustrates how the assessment of failure risk can affect the estimated compensation ratio. 

The basic characteristics of the mitigation project itself, as reflected in the values of A, B, and C are obviously important in determining the appropriate compensation ratio.  The last example shown in Table 1, however, illustrates why advanced mitigation should provide a significant advantage over concurrent mitigation in terms of compensation requirements.  Since many mitigation failures can 1) be detected, and 2) be corrected within a year or so of project construction, advanced compensation allows mitigation providers to manage many controllable risk factors and significantly lower the risk of failure.  At the same time, advanced mitigation provides replacement wetland values sooner than concurrent mitigation, so there is less discounting of replacement values and more resulting mitigation provided per acre.  Combined, these factors result in a substantial advantage for advanced mitigation as compared to concurrent or delayed mitigation in terms of the number of mitigation acres required.  Lower compensation ratios for advanced mitigation mean lower mitigation costs, which in many cases could more than offset the cost of committing funds for advanced mitigation or investing in a mitigation bank. 
Table 1.  Calculated compensation ratios for a variety of hypothetical compen​sation scenarios, based on a time horizon (Tmax) of 50 years.

	
	
	
	
	
	
	
	
	COMPENSATION RATIOS

	
	Parameters
	
	Discount Rate

	
	A
	B
	C
	D
	E
	L
	
	0%
	5%
	10%

	Concurrent Creation
	0
	0.7
	10
	0
	0
	0
	
	1.6
	1.9
	2.3

	Advanced Creation
	0
	0.7
	10
	5
	0
	0
	
	1.4
	1.5
	1.4

	Delayed Creation
	0
	0.7
	10
	-5
	0
	0
	
	1.8
	2.5
	3.8

	
	
	
	
	
	
	
	
	
	
	

	Concurrent Restoration
	0.1
	0.7
	10
	0
	0
	0
	
	1.9
	2.2
	2.7

	Original Wetland Degraded
	0
	1.4
	10
	0
	0
	0
	
	0.8
	1.0
	1.2

	Concurrent Enhancement
	0.4
	0.7
	10
	0
	0.2
	0
	
	7.0
	8.3
	10.2

	
	
	
	
	
	
	
	
	
	
	

	Concurrent, Enhanced Landscape
	0
	0.7
	10
	0
	0
	0.3
	
	1.2
	1.5
	1.8

	Concurrent, Less ideal Landscape
	0
	0.7
	10
	0
	0
	-0.3
	
	2.3
	2.7
	3.3

	
	
	
	
	
	
	
	
	
	
	

	Difficult Creation
	0
	0.7
	10
	0
	0.5
	0
	
	3.2
	3.8
	4.7

	Very Difficult Creation
	0
	0.7
	10
	0
	0.75
	0
	
	6.4
	7.6
	9.4

	Same, Advanced & Risk Adjusted
	0
	0.7
	10
	5
	0.2
	0
	
	1.8
	1.8
	1.8


3.3 MRC Version 2: Conservation as Mitigation
In conventional applications of the MRC, mitigation credit is based on the difference between the wetland function at the mitigation site prior to the mitigation (A) and the wetland function at the mitigation site after mitigation (B).  In the situation depicted in Figure 8, the value of A is 0.3 and the value of B is 0.8, so the "environmental lift" from the project is 0.5 per acre (B-A = 0.8-0.3 = 0.5).  On an acre-acre basis, this mitigation project would get credit for providing half the function lost at the impact site, so the appropriate mitigation ratio would be 2:1.

If we consider instead the case of preservation, where a conservation easement at the same wetland described in Figure 8 is offered as mitigation, there is no “environmental lift” to measure.  That is, since no restoration is being undertaken the value of B is equivalent to the value of A (0.3).  Note in the initial MRC equation that the situation where B=A, (conservation, but no restoration) would require dividing by a zero.

However, it is possible to use the MRC to estimate mitigation credit for preservation as long as there is at least some risk that the wetland would be developed in the absence of the conservation easement.  For example, if the annual risk of development is 5%, then at the end of year 1, in the absence of preservation, there would be a 95% chance that the wetland would remain undeveloped.  At the end of year two, the probability that the wetland would still be undeveloped would be 90.25% (95% * 95%), and so on.  In the absence of the conservation easement the “expected value” of the wetland function from the site declines over time as the cumulative probability of the site being developed increases.  Preventing this loss is the basis for mitigation credits which can be measured by comparing differences between the risk-adjusted expected value of wetland function at the site with and without development risk.

Figure 8.
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Figure 9.
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In Figure 9, the area in yellow represents this difference, and can be thought of as the “gain” (actually expected loss of wetland function avoided) associated with the conservation easement.  In Figure 9, the wetland site is shown to have a 5% annual risk of development.  In this case, therefore, the appropriate mitigation ratio, using a 20 year time horizon would be 2.7:1.  If the annual risk of development were 10% or 50% the appropriate mitigation ratio would be 1.7:1 or 1.1:1, respectively.

As in the case with the initial MRC equation additional variables can be factored into the “pure preservation” version of the MRC equation to account for differences in site quality and landscape quality at the impact and mitigation (preservation) site.  Using the level of function (A) and the landscape context (L) of the mitigation site in the equation, for example, the appropriate mitigation ratio for pure conservation would be as follows: 
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Where: 

k = The percent likelihood that the mitigation site, in the absence of the proposed conservation action (e.g., purchase or easement) would be developed in any future year.  This is treated as a cumulative distribution function in the equation;
A = existing function at mitigation site as percent of function at impact site

L = landscape context relative to impact site
r = discount rate

Sensitivity Testing 

The preservation term is very sensitive to the value of k and to the time horizon used in the analysis.  Consider the following values:

	Variable
	Value

	A
	100%

	B
	100%

	C
	0

	D
	0

	E
	0

	L
	0

	k
	n%

	r
	5%

	Tmax
	N


Given different values of k and Tmax, the calculator generates the following mitigation ratios: 
	Tmax = 20
	 
	Tmax = 50

	k
	MR
	 
	k
	MR

	1%
	12.8 : 1
	 
	1%
	7.3 : 1

	2%
	6.8: 1
	 
	2%
	4.1 : 1

	5%
	3.2 : 1
	 
	5%
	2.2 : 1

	10%
	2.0 : 1
	 
	10%
	1.6 : 1

	25%
	1.4 : 1
	 
	25%
	1.2 : 1

	50%
	1.2 : 1
	 
	50%
	1.1 : 1


Figure 10 shows how the value of k affects the probability that the site will remain undeveloped (i.e., survive) over time.  The x,y value of any point along the curve is the probability that the mitigation site will be providing habitat function at that time in absence of preservation.  

Figure 10.
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If the value of k is 50%, then there is only a 50% chance that the site would have persisted beyond year 1 without protection.  Therefore, the expected value of the wetland function at this site is 0.5, and the owner of a conservation easement on this site (likely a permit seeker) could expect credit for preserving 50% of the function of the site in year 1.  At the end of year 2, without protection, there is only a 25% chance that the site would still remain undeveloped (50% * 50%), therefore, the permit seeker could expect credit for ensuring 75% of the function of the site that would have otherwise been lost.  

With a development risk as high as 50%, the probability that the site would persist in the absence of preservation drops to a value very close to 0 in just a few years.  When that probability approaches 0, the expected “gain” from the preservation (the yellow area in Figure 9 above), is close to 100%.  Therefore, if the mitigation site is providing the same level of function as the impact site (i.e., A = 100%), the appropriate mitigation ratio is close to 1:1.

Besides being sensitive to the likelihood and timing of development in the absence of preservation, the mitigation ratio generated by the preservation only version of the MRC is also sensitive to the time horizon (Tmax) selected for the analysis.  From the time the probability of survival drops to a value very close to 0 until Tmax, the conservation is providing mitigation at a rate close to or equal to 1:1.  For example, when the risk of development is 50%, the probability of “survival” in the absence of preservation drops to <1% after year 6; and to near 0 from year 6 until Tmax.  The expected value of the habitat function at the mitigation site during these years, therefore, is near 0, which means that the conservation easement is effectively providing 100% of the function of the site.  When Tmax is large, therefore, the permit seeker accrues a great deal more credit than when the Tmax represents a more moderate time horizon.  For example, when the development risk is 5%, the MR is 2.7:1 when Tmax = 20 years and 1.6:1 when Tmax = 50 years.  Because development risk over long periods of time is not likely to be a constant, a more conservative approach would be to use shorter time horizons when calculating credit for preservation projects.

Calculating k from Estimated Time of Loss of Site

Users of the revised version of the MRC might find it easier to estimate a time at which the mitigation site is likely to be lost, rather than the annual development risk.  For example, based on development rates in nearby areas, the user might estimate, with 95% confidence, that the site is likely to be developed within 20 years if no preservation activity is undertaken.  In this case, the basic equation can be used to back-calculate the value of k as follows:
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Where: 

k = likelihood that the mitigation site will be developed in any given year
Td = the estimated time by which the site will be lost without preservation

m = the confidence the user has in the estimated Td

1-m = the probability the site will “survive” at Td
r = discount rate
Solving this equation for k gives us the following:
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The following table shows different calculated values of k, given the confidence level (m) and estimated Td shown, using a 5% discount rate.  For example, if the user believes, with 95% confidence, that the site will be lost in 10 years, the appropriate value of k to plug into the MRC would be 22%.  Assuming k is 22% and a Tmax of 20 years, the appropriate mitigation ratio for preserving this site would be 1.4:1.
	Value of k with 5% discount rate

	 
	Confidence level (m)

	Td
	95%
	90%
	85%
	80%
	75%

	5
	42.3%
	33.8%
	28.2%
	23.9%
	20.4%

	10
	22.2%
	16.6%
	13.1%
	10.6%
	8.6%

	15
	14.0%
	9.9%
	7.5%
	5.7%
	4.3%

	20
	9.6%
	6.4%
	4.5%
	3.1%
	2.0%

	25
	6.9%
	4.2%
	2.7%
	1.6%
	0.7%

	30
	5.0%
	2.8%
	1.4%
	0.5%
	NA


3.4 MRC Version 3: Combined Creation/Restoration & Conservation
In some cases, preservation may be combined with restoration activity at a site to provide a basis for considering mitigation using both criteria.  A situation may exist, for example, where preservation and restoration of a stream are accomplished through land acquisition and dam removal.  In this case, the pure preservation equation described above can simply be added to the standard MRC equation as follows:
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This equation is just the original MRC equation with the preservation term added to the denominator.  In essence, the numerator in the equation measures the wetland services that are lost on a per acre basis at the impact site and the denominator measures what is gained at the mitigation site.  If what is gained is only creation or restoration the factor shown on the left hand side of the denominator is used.  If what is gained is only preservation the factor shown on the right-hand side of the denominator is used.  If what is gained is both restoration (or creation) and preservation, then the equation above, which includes both factors, is used.
As an example of this application, assume the following values for the variables associated with the land acquisition/dam removal project described above:

	Variable
	Value

	A
	50%

	B
	75%

	C
	0

	D
	0

	E
	0

	L
	0

	k
	5%

	r
	5%

	Tmax
	20


This set of values indicates that the existing stream is providing 50% of the function of the impacted stream, but with removal of the dam, the function will increase to 75% of the impacted stream.  Additionally, the 5% development risk will be removed when the land is acquired.  Using the equation above, at a 5% discount rate, the mitigation ratio for this project would be 2.45:1.  
4. Recommended Application Methods
4.1 Selecting the Equation

Equation 1 should be used to estimate the appropriate mitigation ratio when the proposed mitigation involves wetland creation, restoration, or enhancement.  Wetland creation, in effect, is a special case of wetland restoration where there is no level of wetland function prior to the restoration project (A=0).  A fully degraded wetland being considered for restoration may also register an initial, pre-restoration value of A=0.  Differences in the appropriate mitigation ratio in each case will depend on the values assigned to other parameters, such as B, the maximum level of wetland function expected with the project and E, the likelihood that the project will fail.

Equation 2 should be used to estimate the appropriate mitigation ratio when the proposed mitigation involves wetland conservation (preservation) only.  The emphasis here is on the likelihood and expected timing of the loss or degradation of the mitigation wetland in the absence of the proposed purchase or easement.
Equation 5 should be used to estimate the appropriate mitigation ratio when the proposed mitigation involves both conservation (preservation) of wetland areas and wetland creation, restoration or enhancement.  This equation is a combination of Equations 1 and 2, and it reduces the acres of wetland conservation required to provide adequate mitigation as the quantity or quality of proposed wetland creation or restoration increases, and vice versa.

The equation presented in Appendix E should be used in the unusual situation referred to as “self-mitigation” where the development project itself provides partial mitigation for the wetland impact it is causing.  This situation arose, for example, in a case in Alaska where a fish hatchery intended to enhance natural fish stocks and generate fishery-related benefits was proposed for construction on a wetland area that was important primarily because of its fishery related benefits.  Except in the rare situation where “self-mitigation” fully offsets wetland impact losses, this equation will need to be used in combination with Equation 1, 2, or 5. 
4.2 Estimating Parameters
The most direct way to estimate the relative value of wetlands is to start with conventional wetland functional capacity indices, such as those developed through Hydrogeomorphic Method (HGM) or Wetlands Rapid Assessment Process (WRAP), and extend them to consider the effects of landscape context on expected level of function (e.g., rate of functional capacity utilization) and related services, values, and risk.  The recommended method is based on three sets of wetland site capacity adjustment indices, including:

9. Functional Capacity Utilization Index – Indicators of landscape conditions that determine how much of the functional capacity of the site is likely to be used. 

10. Service Value Index – Indicators of landscape conditions that limit or enhance the level of services expected per unit of function (output per unit capacity) or the expected value per unit service (value per unit output).
11. Service Risk Index – Indicators of the likelihood of future disruptions in service flows that affect the value of expected wetland services.  These are related to the exposure and vulnerability of the site or other critical landscape features to such threats as floods, droughts, fire, disease, infestations, water diversion, pollution, and industrial development.

4.3 Interpreting and Using Results

The mitigation ratios estimated using the standardized formula developed in this paper can be interpreted to result in “no net loss” of the expected stream of risk-adjusted wetland services.  They are based on the universal “net present value” formula that is applied routinely to compare all types of income-generating and benefit producing assets.

This paper recommends the use of this standardized formula for developing defensible wetland mitigation ratios that should withstand technical and legal challenges.  As a practical matter, however, it can be presumed that for the foreseeable future wetland mitigation ratios in the U.S. will continue to be based on some combination of ad hoc negotiations or on the basis of pre-negotiated regulator-approved “look up” tables.  The most valuable application of the approach developed here in the near-term, therefore, may be to influence the mitigation ratios that are developed in these ways and to challenge them when they are clearly inadequate. 
4.4 Conclusions and Recommendations

The framework and formula described above and in the accompanying spreadsheet program are based on generally accepted economic concepts.  However, the parameters used to estimate compensation ratios related to any particular project (e.g., A, B, and C) are based on wetland science, or at least the judgment of wetland scientists.  It is useful to note that employing the formula allows mitigation providers the option of providing more mitigation by investing at either the intensive or extensive margin.  For example, if the mitigation provider spends more per acre to increase the quality per acre of mitigation provided (e.g., higher B, lower C, or both), the mitigation ratio that reflects the number of acres required will decline.  If the mitigation provider spends more on land (acres) and less on restoration efforts ($ per acre), the mitigation value per unit area will be lower and the required mitigation ratio (number of acres) will increase.

The proposed formula can serve several purposes.  It can help prevent wetland mitigation trades that result in losses of wetland values and impose risks on the general public.  It can make mitigation requirements more predictable and consistent for permit seekers.  And, it can help mitigation providers understand the payoff from investing in wetland mitigation credits at the intensive margin (more $ per acre) or at the extensive margin (more acres).  Finally, the formula also allows the level of wetland mitigation to be based on science and economics, not politics, and generates compensation ratios that will withstand most technical and legal challenges.
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Appendix A  Wetland mitigation ratio calculator
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APPROACH

     The spreadsheet tool presented in the following pages can be used to develop wetland mitigation ratios that are based on sound 

economic and scientific principles and, therefore, should be able to withstand technical and legal challenges.  The tool is based on a 

standard "net present value" assessment of asset value and uses relative measures of the expected streams of wetland functions and 

values over time from the impacted wetland and from the mitigation wetland to determine the appropriate mitigation ratio.  

Establishing how many acres of an inferior wetland (e.g., a young wetland being restored as mitigation) can be expected to provide 

the same wetland "value" as an acre of a superior wetland (e.g., a mature, natural wetland that is impacted), in economic terms, is not 

much different than comparing how many shares in a risky start-up company (e.g., a penny stock) are equal to a single share in a 

mature, proven company (e.g., a blue chip stock) by examining differences in risk-adjusted earnings per share over time.

     In the rare case where wetland mitigation can be expected to fully, immediately, and risklessly replace lost wetland functions and 

values at the impact site, the appropriate number of acres of mitigation required to achieve "no net loss" of wetland functions and 

values would be equal to the number of wetland acres impacted. In practice, however, determining the “equivalency” of wetland gains 

and losses from on-site and off-site and in-kind and out-of-kind mitigation requires more complicated "quantity-quality tradeoffs."  

These tradeoffs usually result in the establishment of a “mitigation compensation ratio” that establishes the number of acres of 

mitigation required per acre of wetland impact.  The proper mitigation ratio differs from case to case based on the characteristics of 

the impacted wetland and whether the proposed mitigation involves wetland creation, restoration, enhancement, or conservation.  

Since mitigation ratios can have an enormous impact on the cost of mitigation, they are often controversial and are frequently 

challenged by wetland permit seekers.

     The approach requires the user to specify values for a set of parameters that characterize expected gains in wetland services at 

the proposed mitigation in relative terms based on the wetland services lost at the impact site.  The version of the tool that is 

developed here can be used to estimate compensation ratios for mitigation that involves wetland creation, restoration, or 

enhancement, or wetland conservation, or any combination.
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Advance to Calculator

Defintion of Terms and Generalized Equation

The level of wetland function provided per acre at the mitigation site prior to the mitigation project, expressed as a 

percentage of the level of function per acre at the wetland impact site;

The maximum level of wetland function each acre of mitigation is expected to attain, if it is successful, expressed as a 

percentage of the per acre level of function at the wetland impact site;

The number of years after construction that the mitigation project is expected to achieve maximum function;

The Mitigation Ratio Calculator (MRC) requires users to estimate or settle upon acceptable values for the following nine parameters.  

The parameter k is assigned a zero value except when wetland preservation (conservation) is part of the mitigation package under 

consideration. A supplemental formula and "look up" table is provided for specifying appropriate values for k in these cases.

The discount rate used for comparing gains and losses that accrue at different times in terms of their present value; 

The time horizon used in the analysis (Using the OMB recommended discount rate of r=7%, the impact of gains and 

losses in wetland values beyond about Tmax = 75 years has a negligible effect on the resulting mitigation ratio)

The discrete time equation that can be used to solve for the appropriate mitigation ratio for mitigation that includes wetland 

creation/restoration or wetland conservation, or both, is as follows:

The number of years before destruction of the impacted wetland that the mitigation project begins to generate mitigation 

values (negative values of D represent delayed compensation);

The percent likelihood that the mitigation project will fail and provide none of the anticipated benefits (with mitigation 

failure, wetland values at the mitigation site return to level A);

The percent difference in expected wetland values based on differences in landscape context of the mitigation site when 

compared with the impacted wetland (positive values represent more favorable landscape context at mitigation site);

The percent likelihood that the mitigation site, in the absence of the proposed conservation action (e.g., purchase or 

easement) would be developed in any future year.  This is treated as a cumulative distribution function in the equation;
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Estimating the value of k to determine the mitigation value of wetland conservation

     A conservation action that prevents the loss of wetland functions and values at a wetland site can be characterized as providing mitigation for 

the wetland functions and values lost at a wetland impact site. However, the mitigation value of such a conservation action depends on how likely 

and how soon the site in question is expected to be developed in the absence of the conservation action.  If development is imminent (and the 

conservation action is not expected to merely move the proposed development to some other wetland site), it could be claimed that the 

conservation action provides mitigation on an acre-for-acre basis.  On the other hand, if there is little likelihood that the site would be developed 

without the conservation action, it could be claimed that the mitigation value of providing assurances that the site will not be developed is near 

zero.

In the MRC the value of k is used to "score" the mitigation value of conservation action at any given wetland site, where k is the percent likelihood 

that the site will be developed during any particular year in the absence of the conservation action.  Because it is easier for users to estimate how 

long they expect a particular site to remain undeveloped than to estimate the likelihood that it will be developed in any particular year, the value of k 

is derived from two user-specified values: Td, the future year by which the site is expected to be developed, and cTd, the confidence the user has 

in the estimated value of Td.  A user, for example, might be 90% sure that the site in question will be developed within 10 years without the 

conservation action.  Using the table below and a 5% discount rate this would result in an imputed annual likelihood of development of 16.6% (k = 

16.6%).

Parameters

Year by which the mitigation site is likely to be developed (estimated by user)

Confidence that mitigation site will be developed by year T

d

 (estmiated by user)

Discount rate (input by user)

Likelihood that mitigation site will remain in year T

d

 (solved for: 1 – confidence)

Value of k with 5% discount rate

Percent likelihood that the mitigation site would otherwise be developed in any given year (solved for)
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Appendix B  Potential Wetland Assessment Methods

	
	Name
	Acronym
	Reference

	1
	Alberta Lentic
	Alberta Lentic
	Alberta Riparian Habitat Management Society 2003a, b, 2004a, b

	2
	Alberta Lotic
	Alberta Lotic
	Alberta Riparian Habitat Management Society 2003c, 2004c, d

	3
	Amphibian IBI
	Amphibian IBI
	Micacchion 2002

	4
	Avian Richness Evaluation Method
	AREM
	Adamus 1993a, b

	5
	Bay Area Watershed Science Approach 
	WSA
	Watershed Science Team 1998

	6
	Bird Community Index
	BCI 
	O’Connell et al. 1998, 2000

	7
	California Rapid Assessment Method
	CRAM
	Collins et al. 2004

	8
	Connecticut Method 
	Connecticut Method
	Ammann et al. 1986

	9
	Coral Reef Assessment and Monitoring Program 
	CRAMP
	Jokiel and Friedlander 2004

	10
	Delaware Method
	DE Method
	Jacobs 2003

	11
	Eeelgrass
	Eelgrass
	Short et al. 2000

	12
	Evaluation for Planned Wetlands  
	EPW
	Bartoldus et al. 1994

	13
	Floristic Quality Assessment Index
	FQAI
	Andreas et al. 2004, Bernthal 2003, Herman et al. 2001, Lopez and Fennessy 2002, Mushet et al. 2002, NGPFQP 2001

	14
	Habitat Assessment Technique 
	HAT
	Cable et al. 1989

	15
	Habitat Evaluation Procedure 
	HEP
	USFWS 1980, 1981

	16
	Hollands-Magee Method 
	Hollands-Magee Method
	Hollands and Magee 1985

	17
	Hydrogeomorphic Approach 
	HGM Approach
	NRCS et al. 1995, Smith 1993, Smith et al. 1995, Whited 1997

	
	
	HGM Approach - AR
	AR Multi-Agency Wetland Planning Team 2001

	
	
	HGM Approach – Deciduous Wetland Flats
	Rheinhardt et al. 1995, Rheinhardt and Brinson 1997

	
	
	HGM Approach – Estuarine Fringe OR
	Adamus 2004

	
	
	HGM Approach – Guidebook AK
	Hall et al. 2003

	
	
	HGM Approach – PA
	Wardrop et al. 1998

	
	
	HGM Approach – Prairie Potholes
	Whited et al. 2003

	
	
	HGM Approach – Riverine Guidebook
	Brinson et al. 1995

	
	
	HGM Approach – Riverine impounding Willamette Valley, OR
	Adamus 2001, Adamus and Field 2001

	
	
	HGM Approach – Riverine Coastal Plain, Chesapeake Bay
	USACE 1995a

	
	
	HGM Approach – Riverine Western KY
	Ainslie et al. 1999

	
	
	HGM Approach – Riverine/slope AK
	Powell et al. 2003

	
	
	HGM Approach – Tidal Fringe Guidebook
	Shafer and Yozzo 1998

	18
	Index of Biotic Integrity 
	IBI
	Karr 1981, 1987, 1990

	19
	Indicator Value Assessment 
	IVA
	Hruby 1995

	20
	Larson-Golet Method 
	Larson-Golet Method
	Golet 1976, Golet and Davis 1982, Heeley and Motts 1976, Larson 1976, Wencek 1986

	21
	Maryland Department of the Environment Method
	MDE Method
	East 1995, Taylor et al. 1997

	22
	Methods for Assessing Wetland Functions
	MAWF
	Hruby and Granger 1996, Hruby et al.1997, 1999a, b, 2000a, b, 2004, WA State Dept Ecology 2002

	23
	Minnesota Routine Assessment Method 
	MIN RAM
	MBWSR 2004

	24
	Montana Wetland Assessment Method
	MT Form
	Berglund 1999

	25
	New Hampshire Method 
	NH Method
	Ammann and Stone 1991

	26
	New Jersey Freshwater Wetland Mitigation  
	NJ Freshwater Wetland Mitigation
	Balzano et al. 2002

	27
	North Carolina Coastal Region Evaluation of Wetland Significance
	NC-CREWS
	Sutter et al. 1999

	28
	North Carolina Guidance for Rating Values of Wetlands 
	NC Method
	NCDEHNR 1995

	29
	Ohio Rapid Assessment Method for Wetlands
	ORAM
	Mack 2001

	30
	Oregon Method 
	Oregon Method
	Roth et al. 1993, 1996

	31
	Oregon Watershed Assessment Manual
	OR Watershed Assessment Manual
	OR Watershed Enhancement Board 1999

	32
	Oyster
	Oyster
	Coen and Luckenbach 2000

	33
	Pennsylvania Habitat Evaluation Procedure 
	PAM HEP
	Palmer et al. 1985, USFWS 1980

	34
	Process for assessing proper functioning condition
	PFC
	Clemmer 1994, Gebhardt et al. 1990, Leonard et al. 1992, Lewis et al. 2003, Myers 1989, Prichard 1993, Prichard et al. 1993, 1996, Sada et al. 2001

	35
	Process for assessing proper functioning condition
	PFC – Lentic
	Prichard et al. 1998b, 1999

	36
	Process for assessing proper functioning condition
	PFC – Lotic
	Prichard et al. 1998a

	37
	Salt marsh health
	Salt marsh health
	Pennings et al. 2002

	38
	Savannah District SOP
	Savannah District SOP
	USACE Savannah District. 2003

	39
	Synoptic Approach for Wetlands 
	Synoptic Approach
	Abbruzzese et al 1990a, b, Abbruzzese and Leibowitz 1997, Hyman and Leibowitz 2000, Leibowitz et al. 1992, McAllister et al. 2000, Schweiger et al. 2002, Vellidis et al. 2003

	40
	TNC - Integrity Assessment and Ecological Models
	TNC - Integrity Assessment
	TNC 2003, 2004a, b

	41
	TNRCC Stream Habitat Assessment Procedure
	TNRCC Stream Habitat Assessment Procedure
	TNRCC 1999

	42
	Transport Suitability Index
	TSI 
	Short and Davis 1999

	43
	Vegetation Index of Biotic Integrity
	VIBI
	Mack et al. 2000

	44
	VIMS Method 
	VIMS Method
	Bradshaw 1991

	45
	WA State Wetland Rating System (Western)
	WA State Wetland Rating System
	WA State Dept  Ecology 1993

	46
	Water Quality Index 
	WQI
	Lodge et al. 1995

	47
	Wetland Evaluation Technique 
	WET2
	Adamus et al. 1987, 1991

	48
	Wetland Functions and Values 
	Descriptive Approach
	USACE 1995b

	49
	Wetland Habitat Indicators for Nongame Species
	WEThings
	Whitlock et al. 1994a, b

	50
	Wetland Habitat Indicators for Nongame Species
	WEThings - Birds
	Crowley et al. 1994, Crowley 1997

	51
	Wetland Rapid Assessment Methodology 
	WRAP
	Miller and Gunsalus 1997

	52
	Wetland Value Assessment Methodology 
	WVA
	EWG 2002

	53
	Wildlife Habitat Appraisal Procedure
	WHAP
	TPWD 1991

	54
	Wisconsin Rapid Assessment Methodology 
	WI RAM
	WDNR 2001
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Appendix C  Effects of Discounting on Mitigation Ratios

The Need to Compare Present Values
Not discounting the streams of wetland services to account for time differences implicitly assumes that replacement wetland services that will be realized as far as 50 years in the future are equal to wetland services lost today.  In general, wetland-related benefits that accrue in the future, like the benefits from all other natural and man-made assets, are less valuable than those that accrue immediately.  The concept of “discounting” cannot be described here, but it is used universally in economics to compare different streams of costs and benefits in “present value” terms and should be applied here to compare different streams of wetland benefits.  To determine an appropriate compensation ratio, in other words, one must compare not only the magnitude of the values gained and lost, but also when the gains and losses accrue.  Since concurrent mitigation means losing the benefits of a natural wetland now and having it replaced later after the compensatory wetland is established, discounting will usually result in higher compensation ratios than not discounting.  Discount rates on the order of 5% to 10% per year are typical for most applications.

The effect of discounting on the stream of wetland benefits is illustrated in Figure B1.  This curve represents a discount rate of 5% applied over 50 years.  While the current value of the stream of benefits is 1.0, the present value of the stream of benefits 50 years from now is 0.09.  The formula 
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 is used to calculate present value in year t, where r is the discount rate.  The mitigation ratios in the following sections all reflect the application of a 5% discount rate.
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Figure C1.  Effect of discounting present value over 50 years.

Appendix D  Accounting for Differences in Wetland Location

Wetland location is included in the equation as a scalar of relative change in landscape context of the mitigation site with respect to the impacted wetland.  Figure C1 illustrates the basis for considering landscape factors in the assessment of wetland mitigation trades.  The wetland at Site A and the wetland at Site B in Figure C1 are shown to be identical in terms of size and shape.  For sake of illustration assume that they are also the same type of wetland and are identical in terms of bio-physical characteristics (e.g., soil, vegetation, hydrology).  Consider a situation where Site B is a created or restored wetland that is offered as mitigation for the loss of Site A.  Since we are assuming that the two sites are identical we are, for now, ignoring the temporal lag and risks associated with mitigation projects and focusing only on landscape factors that might influence the relative value of the two wetlands.

The factors listed above illustrate that the value of Site A, all other things equal, is greater than the value of Site B.  They also provide evidence for a rebuttable presumption that a mitigation ratio used to “score” a trade that involves losing wetland area at Site A and gaining wetland area at Site B should be greater than 1:1.  However, the existing landscape context of the two sites provides only part of the criteria for taking account of location.  For sake of illustration, for example, consider additional evidence that Site B is located where it is more exposed to infestation (or re-infestation) from invasive species, or where it is more vulnerable to disruptions from planned water diversions or anticipated flooding.  Consider also the possibility that a new regional 10-year plan designates the area around Site A as “environmentally sensitive—no-growth” and the area around Site B as “industrial—quick permitting.”  Any of these conditions would imply that Site A, already more valuable than Site B under current landscape conditions, is likely to be even more valuable in the future.  The expected (risk-adjusted) value of each future stream of wetland services from Site A is greater than the expected value of an identical stream of services from Site B because the services from Site B are more likely to be disrupted.

Current Landscape Conditions

Since the wetlands at Site A and Site B are identical they have exactly the same capacity to provide all wetland function.  A first approximation of the appropriate mitigation ratio based on site conditions alone, therefore, would be 1:1.  Differences in the landscape contexts of Site A and Site B show that they can be expected to provide significantly different services and that the services they provide on a per unit basis are also likely to be different.

For example, consider how differences in landscape context of the two sites would affect their relative value with respect to three specific functions: wildlife habitat, fishery support, and water quality improvements.  Even though the two wetland sites are shown to be relatively close to one another (on either side of Route #66) consider the following differences which affect their relative value:

· Site A has more opportunity than Site B to provide wildlife support because it is accessible to wildlife from the upland wildlife refuge area whereas the road blocks the wildlife corridor to Site B. 

· Site A has more opportunity to support fish habitat than Site B because it is adjacent to fish habitat whereas Site B is not. 

· Site A has more opportunity to improve water quality than Site B because of its proximity to the coast and because it’s longest dimension is parallel to the coast, therefore providing greater "buffering" potential.  

· Site A is down-slope of agricultural land uses that generate harmful levels of nutrients that without a wetland at Site A would reach the water body.  

· Site B, on the other hand, creates a narrow "buffer" away from the coast and has no significant upslope source of nutrients to filter.  

· Even with a source of nutrients, the payoff from filtering nutrients at Site B would be less than at Site A because Site B is adjacent to a polluted and fast-moving section of the water body where harmful effects would be negligible.

· Site A is located where it provides aesthetic and educational opportunities to a nearby residential population whereas Site B is surrounded by industrial sites and private forest lands which limit its amenity values. 

These differences indicate how landscape context can affect the relative value of wetlands even if they are identical in terms of site characteristics.  It also illustrates the mitigation ratio’s need to reflect location as well as time and risk. 

Conclusions about Wetland Location

The above illustration serves to demonstrate three points.  First, wetland functional capacity is a necessary but not sufficient condition for wetland value; factors related to the landscape context limit or enhance the expected value of wetlands.  Second, information about landscape context provides a logical and defensible basis for comparing relative (non-dollar) wetland values without resorting to complicated and controversial dollar-based valuation methods.  Third, mitigation ratios that are intended to take account of differences in the value of wetlands gained and lost through offsite mitigation should take account of differences in wetland location.

Differences in landscape context measured at greater geographic scales, (e.g. different watersheds) can be expected to have similar effects.  In fact, the greater the distance between the impacted wetland and the replacement wetland, the greater the potential for broad-scale and systemic differences in landscape conditions that could affect their relative value.  This is particularly important when assessing the cumulative impacts of mitigation at the scale of a watershed or a water basin.
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Wetland Site A and Wetland Site B are identical in size, shape and bio-physical characteristics
and are located in the same sub-watershed on either side of Highway 66.

Landscape Context
SITE A

» near the coast, downstream is a beach area

» adjacent to large healthy shellfish grounds
that are accessible to the community

» upslope is agricultural land (nutrient run off)

» wildlife corridor open from the North

» near residential areas (aesthetics, scenic)

» good access, adjacent public lands
» access to many urban poor people

SITE B

» slightly off coast, downstream is industrial site

» adjacent to fishing port and small shellfish beds that
are contaminated and remote

> upslope is forest (no nutrient runoff)

» wildlife corridor is blocked by Highway 66

> nearby industrial sites (no proximity to people)

» poor access, surrounded by private lands

» access to few suburban rich people




Appendix E  Self-mitigation as a Special Case

Statement of the Problem

The MRC, as currently specified, assumes a 100% permanent loss of environmental functions and services at an impact site which is mitigated by way of mitigation project(s) that take place off-site.  In the case of the proposed aquaculture, what might be called “self-mitigation” is expected to occur at the impact site as a result of aquaculture operations.  This should reduce the amount of off-site mitigation that is required.

General Approach

This situation can most easily be characterized by continuing to specify a 100% loss of environmental functions and services at the impact site, and showing how it is mitigated partially by “self-mitigation” at the impact site and partially by off-site mitigation.  The task, then, is merely to show how much off-site mitigation is required to offset the 100% loss of functions and services at the impact site less the losses that will be mitigated as a by-product of on-site activities.

Modification to the MRC
In the current version of the MRC, the numerator represents 100% loss per acre at the impact site and the denominator represents the amount of offsetting gains per acre at the mitigation site.  The MRC is simply the ratio of two equations which shows the acres of mitigation required per acre of impact to achieve no net loss of functions and values.

The modified version that takes account of the aquaculture situation involves only modifying the numerator to show that the loss that needs to be mitigated off-site is the 100% loss associated with the project impact less the gains expected from self-mitigation.  This involves three simple steps:

1) determine the per acre environmental gain from the “self-mitigation” using exactly the same formulation as we have been using for off-site mitigation;

2) subtract the resulting per acre gains from “self mitigation” at the impact site from the 100% per acre losses in the numerator of the MRC; and 

3) leave the denominator of the equation, which reflects the per acre gains associated with the off-site mitigation, unchanged.

Results

The result of modifying the numerator of the MRC in this way to reflect the fact that the net loss per acre at the mitigation site (including “self-mitigation”) is less than 100% will result in each acre of off-site mitigation offsetting more impacted acres.  The modified MRC, therefore, will result in a mitigation ratio that takes account of the “self-mitigation” and is smaller than the mitigation ratio that would be required using the basic version of the MRC.

One useful way to characterize the modification to the MRC is as follows:

The current MRC is R = X/Z
The modified MRC is R = (X – Y)/Z
where:

R = The appropriate mitigation ratio expressed as acres of off-site mitigation per acre of impact

X = 100% loss of functions and services per acre at the impact site

Y = the % gain in functions and services per acre from “self-mitigation” at the impact site

Z = the % gain in function and services per acre from off-site mitigation.

The following section provides more details about how to implement this modification to the MRC in order to incorporate time, risk, advanced and delayed mitigation and so on.  The most complicated version of the modified MRC equation is provided at the end of the section.  This version allows for the possibility that the number of acres of “self-mitigation” provided at the impact site may be less than the number of acres impacted by the aquaculture operation.  This could be the case, for example, if docks or site maintenance or shellfish handling facilities occupy some part of the impacted site reducing the size of the aquaculture area that provides self mitigation.  This would reduce the overall level of self mitigation provided and increase the amount of offsite mitigation required which would be reflected as an increase in the mitigation ratio.

Step-by-step Development of Self-mitigation Parameters

Simplified Current Version

One of the basic assumptions of the mitigation ratio calculator is that 100% of function is lost at the impact site.  In the MRC, the numerator accounts for the lost function.  A simplified version of the formula (only using parameters A, B, and C and no accounting for time or risk, or landscape differences or advanced or delayed mitigation) appears like this:
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where: 

A = level of existing function at the mitigation site, 

B = maximum level of function attained at the mitigation site

C = amount of time it takes to achieve full function (B) at the mitigation site.

In equation (1), the numerator reflects the lost function at the impact site by assuming that, without impact, the function would have been 100% (1 in the equation) from time t = 0 to tmax.  The denominator accounts for function gained at the mitigation site over time.  The ratio of lost function to gained function indicates, on a per-acre basis, how much mitigation is necessary to make up for the impact.
Simplified with “self-mitigation”

The formula can be modified in the event that the function lost at the impact site is less than 100% due to ecosystem services provided by the project itself.  Assuming that post-impact ecosystem function at the impact site is constant across the entire area (i.e., no impacted acres lose all function), the equation could be adjusted in the following way:
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where: 

α = level of function remaining after impact

β = level of function associated with the project itself  

Incorporating these parameters into the equation reduces the value of the numerator, and therefore reduces the amount of lost function that the mitigation project would need to make up.

(In this version of the equation, parameter α is equivalent to parameter b and parameter β is equivalent to parameter F, as described in “Seagrass Habitat and Shellfish Aquaculture: Evaluating Shellfish Aquaculture Functions/Services to the Environment Within a Wetland (Seagrass) Mitigation Context”)

More Complicated with “self-mitigation”
The formula could also be modified to account for non-homogenous loss of function at the impact site.  For example, constructing a shellfish aquaculture facility on 10 acres of seagrass beds could yield total loss of function at 2 acres (due to construction of piers, etc), and partial maintenance or restoration of function at the remaining 8 acres.  Adding this refinement, the formula would look like this:

where:

Si = total acreage of the impact site

Ssm = area where some function remains (i.e., the area of self-mitigation).
To keep things relatively simple, the modification above divides the impact into two parts.  Putting this equation in terms of the shellfish aquaculture example above, the first term in the numerator assumes that all function is lost over the 10 acres of impact.  The second term assumes that some function remains and/or is regained over 8 acres of impact.  The difference between these terms is then divided by the total acreage of impact to yield the per-acre function that requires mitigation.  In other words, if your α + β was 0.2, then the numerator would be [(10 * 1) – (8 * 0.2)]/10 = 0.84.  Because this numerator is less than 1, the resulting mitigation ratio would be lower than if 100% of function at the impact site had been lost.

If this incorporation of heterogeneous impacts (different acres of losses and gains at the impact site) were not included, that is, if equation (2) were used, and the same numbers used above applied, the numerator would be 1 – 0.2 = 0.80 (not [(10 * 1) – (8 * 0.2)]/10 = 0.84) which would lead to an inappropriately low mitigation ratio because the numerator would be too small.  Adding this spatial refinement to the formula may not always be useful, but does not complicate things very much and allows the user to approximate the actual gains and losses at the impact site in terms of quantity (acres) as well as quality (gains and losses per acre) and capture mitigation tradeoffs more closely.

More Complicated by adding time

If it takes a certain period of time for the aquaculture project to achieve its full ecosystem function, the equation would look like this:


where:

γ = the amount of time it takes to attain function β.

Most Complicated by discounting and adding risk, landscape factors, etc.
Finally, if the discount rate, time, risk and landscape context are factored into equation (4), it would appear as follows:



where:

D = Number of years before destruction of the original wetland that the mitigation project begins to generate mitigation values

E = Risk that the mitigation project will fail and provide none of the anticipated benefits

L = Percent difference in expected wetland values based on differences in landscape context of the mitigation site and impacted wetland 

r = discount rate
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Figure 6:  Accounts for risk of failure, restoration limits, time to achieve function and existing wetland function
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Figure 5.  Accounts for restoration limitations, time to achieve function and existing wetland function
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Figure 4.  Accounts for time


to achieve function and


existing wetland function


Tmax = 50 years


A = 0.25, B = 1.0 and C = 10
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� These percentages are taken directly from Brown and Lant (1999) and sum to 101%, presumably because of rounding error.


� For more information on how landscape context should factor in to decision making in wetland mitigation, see Appendix D.





PAGE  
54

_1217052688.unknown

_1217052888.unknown

_1217052889.unknown

_1217052762.unknown

_1217052785.unknown

_1217052751.unknown

_1140504242.xls
Chart1

		0

		1

		2

		3

		4

		5

		6

		7

		8

		9

		10

		11

		12

		13

		14

		15

		16

		17

		18

		19

		20

		21

		22

		23

		24

		25

		26

		27

		28

		29

		30

		31

		32

		33

		34

		35

		36

		37

		38

		39

		40

		41

		42

		43

		44

		45

		46

		47

		48

		49

		50



1/(1+r)^t

Time (years)

Present Value

1

0.9523809524

0.9070294785

0.8638375985

0.8227024748

0.7835261665

0.7462153966

0.7106813301

0.676839362

0.6446089162

0.6139132535

0.5846792891

0.5568374182

0.5303213506

0.505067953

0.4810170981

0.458111522

0.4362966876

0.4155206549

0.395733957

0.3768894829

0.3589423646

0.3418498711

0.3255713058

0.3100679103

0.2953027717

0.281240735

0.267848319

0.2550936371

0.2429463211

0.2313774487

0.2203594749

0.2098661666

0.1998725396

0.1903547996

0.1812902854

0.1726574146

0.164435633

0.1566053647

0.1491479664

0.1420456823

0.1352816022

0.1288396211

0.1227044011

0.1168613344

0.1112965089

0.1059966752

0.1009492144

0.096142109

0.0915639133

0.087203727



Sheet1

		time		discount rate		value at time t

		0				1.000		1.000

		1		0.03		0.970		0.971

		2				0.941		0.943

		3				0.913		0.915

		4				0.885		0.888

		5				0.859		0.863

		6				0.833		0.837

		7				0.808		0.813

		8				0.784		0.789

		9				0.760		0.766

		10				0.737		0.744

		11				0.715		0.722

		12				0.694		0.701

		13				0.673		0.681

		14				0.653		0.661

		15				0.633		0.642

		16				0.614		0.623

		17				0.596		0.605

		18				0.578		0.587

		19				0.561		0.570

		20				0.544		0.554

		21				0.527		0.538

		22				0.512		0.522

		23				0.496		0.507

		24				0.481		0.492

		25				0.467		0.478

		26				0.453		0.464

		27				0.439		0.450

		28				0.426		0.437

		29				0.413		0.424

		30				0.401		0.412

		31				0.389		0.400

		32				0.377		0.388

		33				0.366		0.377

		34				0.355		0.366

		35				0.344		0.355

		36				0.334		0.345

		37				0.324		0.335

		38				0.314		0.325

		39				0.305		0.316

		40				0.296		0.307

		41				0.287		0.298

		42				0.278		0.289

		43				0.270		0.281

		44				0.262		0.272

		45				0.254		0.264

		46				0.246		0.257

		47				0.239		0.249

		48				0.232		0.242

		49				0.225		0.235

		50				0.218		0.228

		51				0.212		0.221

		52				0.205		0.215

		53				0.199		0.209

		54				0.193		0.203

		55				0.187		0.197

		56				0.182		0.191

		57				0.176		0.185

		58				0.171		0.180

		59				0.166		0.175

		60				0.161		0.170

		61				0.156		0.165

		62				0.151		0.160

		63				0.147		0.155

		64				0.142		0.151

		65				0.138		0.146

		66				0.134		0.142

		67				0.130		0.138

		68				0.126		0.134

		69				0.122		0.130

		70				0.119		0.126

		71				0.115		0.123

		72				0.112		0.119

		73				0.108		0.116

		74				0.105		0.112

		75						0.109





Sheet2

		time		(1+r)^-t		t(1+r)^-t		A		0.25				R		2.66		:1

		0		1		0		B		0.75

		1		0.9523809524		0.9523809524		C		10

		2		0.9070294785		1.8140589569		D		0

		3		0.8638375985		2.5915127956		E		0

		4		0.8227024748		3.2908098992		r		0.05

		5		0.7835261665		3.9176308323		L		0

		6		0.7462153966		4.4772923798

		7		0.7106813301		4.9747693109

		8		0.676839362		5.4147148962

		9		0.6446089162		5.801480246

		10		0.6139132535		6.1391325354

		11		0.5846792891		6.43147218

		12		0.5568374182		6.6820490181

		13		0.5303213506		6.8941775584

		14		0.505067953		7.0709513419

		15		0.4810170981		7.2152564714

		16		0.458111522		7.3297843519

		17		0.4362966876		7.4170436894

		18		0.4155206549		7.4793717876

		19		0.395733957		7.5189451833

		20		0.3768894829		7.5377896575

		21		0.3589423646		7.5377896575

		22		0.3418498711		7.5206971639

		23		0.3255713058		7.4881400333

		24		0.3100679103		7.4416298468

		25		0.2953027717		7.3825692924

		26		0.281240735		7.3122591087

		27		0.267848319		7.231904613

		28		0.2550936371		7.14262184

		29		0.2429463211		7.0454433116

		30		0.2313774487		6.9413234597

		31		0.2203594749		6.8311437222

		32		0.2098661666		6.7157173306

		33		0.1998725396		6.5957938068

		34		0.1903547996		6.4720631871

		35		0.1812902854		6.3451599873

		36		0.1726574146		6.2156669264

		37		0.164435633		6.08411842

		38		0.1566053647		5.95100386

		39		0.1491479664		5.8167706902

		40		0.1420456823		5.681827292

		41		0.1352816022		5.5465456898

		42		0.1288396211		5.4112640876

		43		0.1227044011		5.2762892464

		44		0.1168613344		5.1418987119

		45		0.1112965089		5.0083429012

		46		0.1059966752		4.8758470573

		47		0.1009492144		4.7446130785

		48		0.096142109		4.6148212314

		49		0.0915639133		4.4866317527

		50		0.087203727		4.3601863486

		51		0.0830511685		4.2356095958

		52		0.079096351		4.1130102518

		53		0.0753298581		3.9924824788

		54		0.071742722		3.8741069875

		55		0.0683264019		3.7579521043

		56		0.0650727637		3.6440747678

		57		0.0619740607		3.5325214586

		58		0.0590229149		3.423329066

		59		0.0562122999		3.3165256961

		60		0.0535355237		3.2121314248

		61		0.0509862131		3.1101589986

		62		0.0485582982		3.0106144873

		63		0.0462459983		2.913497891

		64		0.0440438079		2.818803704

		65		0.0419464837		2.7265214399

		66		0.0399490321		2.6366361177

		67		0.0380466972		2.5491287141

		68		0.0362349497		2.4639765822

		69		0.0345094759		2.38115384

		70		0.0328661676		2.3006317294

		71		0.031301112		2.2223789495

		72		0.0298105828		2.1463619633

		73		0.0283910313		2.072545282

		74		0.0270390774		2.0008917269

		75		0.0257515023		1.9313626708

		tmax sum		19.2559254606

		sum t(1+r)^-t				39.3737828047

		C+1 to Tmax		10.5341905314





Sheet2

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



(1+r)^-t

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



c = 10

				1/(1+r)^t		(B(1-E)(1+L)-A)t/C((1+r)^t)		(B(1-E)(1+L)-A)/((1+r)^t)

		t				0-C-1		C-tmax				A		0

		0		1		0						B		0.7

		1		0.9523809524		0.0333333333						C		10

		2		0.9070294785		0.0634920635						E		0.5

		3		0.8638375985		0.0907029478						L		0

		4		0.8227024748		0.1151783465						r		0.05

		5		0.7835261665		0.1371170791

		6		0.7462153966		0.1567052333						R=		3.80

		7		0.7106813301		0.1741169259						R c=0		2.86

		8		0.676839362		0.1895150214

		9		0.6446089162		0.2030518086

		10		0.6139132535				0.2148696387

		11		0.5846792891				0.2046377512

		12		0.5568374182				0.1948930964

		13		0.5303213506				0.1856124727

		14		0.505067953				0.1767737835

		15		0.4810170981				0.1683559843

		16		0.458111522				0.1603390327

		17		0.4362966876				0.1527038407

		18		0.4155206549				0.1454322292

		19		0.395733957				0.138506885

		20		0.3768894829				0.131911319

		21		0.3589423646				0.1256298276

		22		0.3418498711				0.1196474549

		23		0.3255713058				0.113949957

		24		0.3100679103				0.1085237686

		25		0.2953027717				0.1033559701

		26		0.281240735				0.0984342572

		27		0.267848319				0.0937469117

		28		0.2550936371				0.089282773

		29		0.2429463211				0.0850312124

		30		0.2313774487				0.080982107

		31		0.2203594749				0.0771258162

		32		0.2098661666				0.0734531583

		33		0.1998725396				0.0699553889

		34		0.1903547996				0.0666241799

		35		0.1812902854				0.0634515999

		36		0.1726574146				0.0604300951

		37		0.164435633				0.0575524715

		38		0.1566053647				0.0548118777

		39		0.1491479664				0.0522017882

		40		0.1420456823				0.0497159888

		41		0.1352816022				0.0473485608

		42		0.1288396211				0.0450938674

		43		0.1227044011				0.0429465404

		44		0.1168613344				0.040901467

		45		0.1112965089				0.0389537781

		46		0.1059966752				0.0370988363

		47		0.1009492144				0.0353322251

		48		0.096142109				0.0336497381

		49		0.0915639133				0.0320473697

		50		0.087203727				0.0305213044

				19.2559254606		1.1632127594		3.9018363247





c = 10

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



1/(1+r)^t

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0



mitigation site

impacted site untouched

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0




_1211036234.unknown

_1211039670.unknown

_1217010596.unknown

_1211036084.unknown

_1140442985.unknown

