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Habitat Evaluation Procedure (HEP)/Habitat Equivalency Analysis (HEA)  

 

Habitat Evaluation Procedure (HEP) is a methodology developed by the U.S. Fish and Wildlife 

Service (USFWS) to evaluate a habitat suitability index (HSI) ranging from 0 to 1.0 (0 means no 

habitat value and 1.0 means a full properly functioning habitat condition) using specific key 

habitat characteristics necessary to support the life-cycle requirements of selected habitat 

indicator species (Raleigh, R.F., W.J. Miller, P.C. Nelson 1986). While HEP generally selects 

several key indicator species, collectively considered as a habitat guild, apparently in the case of 

the Portland Harbor Superfund Site, only one habitat indicator species was used, Chinook 

Salmon (Figure 1) to calculate mitigation banking credits and debits.   

 

 
Figure 1. Juvenile Chinook Salmon. 

 

Figure 2 provides examples of how different variables1 can be used collectively in estimating a 

habitat’s final evaluated habitat score in the field.  These habitat evaluations can be done both 

pre-disturbance and post disturbance and then the differences can be used to gauge the magni-

tude of the disturbance and to help quantify the amount of recovery needed for the habitat to be 

in a full properly functioning condition again.  Likewise, these habitat suitability index models 

can also be applied both pre-restoration and post restoration at restoration and / or mitigation 

projects in order to help quantify the recovery goals and objectives and later during subsequent 

monitoring to help judge recovery successes vs failures.   

 

 
1 These variable graphs should not be interpreted as direct measures of habitat function but rather as key 
surrogate indicators of habitat function. 
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HEP evaluations can also be used in creating a currency for mitigation and conservation banking 

transactions in the form of credits (generated by restoration actions) sold to off-set the impacts of 

debits (generated by adverse impacts to habitat).  At the Portland Harbor Superfund Site, a 

variation of HEP was initially planned to be merged with another habitat evaluation method-

ology developed by the National Oceanic and Atmospheric Administration (NOAA) called 

Habitat Equivalency Analysis (HEA).  HEA  is a service-to-service based scaling method to  

 

 
Figure 2. Habitat Evaluation Procedure (HEP) Habitat Suitability Index Graphs. 

 

calculate the amount of restoration necessary to off-set or compensate habitat damages from 

hazardous substances.  It initially employs a HEP or ‘HEP like’ habitat ranking scale, but instead 

of just comparing pre and post disturbance and / or restoration conditions, it also recognizes 

habitat remediation is rarely if ever instantaneous. Rather it is generally a continuous and gradual 

process over time. To account for the loss of functional habitat during the recovery period and 

for the potential risks associated with a successful recovery outcome, HEA uses an amortization 

technique to track the rate and amount of recovery over given time periods. This methodology 

also inherently invokes a time loss interest penalty (TLIP) that automatically calculates 

additional remediation debits that will require credits to be generated in order to help off-set the 

period of time when habitat functional services are effectively unavailable to the key indicator 

species (NOAA 2006).   

 

Discounted Service Acre Years (DSAYs)  

HEA is currently being used by the Portland Harbor Superfund mitigation and conservation 

banks (banks) to help offset habitat impacts from decades of dumping of hazardous materials  
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Figure 3. Delphi Determined Functional Habitat Values. 
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generally in the area between River Mile-1 and River Mile-12 on the Willamette River.  The 

credits and debits these banks are using are measured in discounted-service-acre-years (DSAYs). 

One DSAY represents the habitat value of ecosystem services provided by one acre of fully 

functioning habitat for one year.   

Functional Habitat Value Scale and Portland Harbor Superfund 

Site Years to Full Function (1, 3, 5, 10, 30, 40, 50, 100, 300)2 

 

The bank HEA applications deviated from the HEP model informed habitat ranking and instead 

used a best professional judgement process conducted collectively by a select committee of 

experts who systematically ranked an inventory of habitat types associated with use by Chinook 

salmon during their migrations through the Portland Harbor (Trustee Council 2009).  This 

technique, commonly known as a Delphi method, is used relatively frequently by natural 

resource regulators and managers when developing regulatory tools.  The select committee also 

provided habitat element associated time frames they considered  reasonable for achieving a full 

state of recovery (Figure 3).  

 

Delta HEA vs Annual Return Dividend for Calculating DSAYs 

To better understand how the banks calculated their respective DSAY allotments, I 

employed an Excel spreadsheet (Figure 4) to enter data extracted from the Mitigation Bank 

Prospectus for Linnton Mill, one of the banks,3 and information and data from various other 

related documents found in both text and tables. Using the spreadsheet allowed me to reproduce 

the DSAY amounts derived for the bank as shown in the Prospectus.  A pivotal operation 

necessary to calculate DSAYs requires finding the differences between the post-disturbance  

DSAYs - Discounted-Service-Acre-Years 

A – Habitat Acres 

TRS – Total Recovered Services Value Score 

DS – Damaged Services Value Score 

ARS – Annual Recovered Services Value Score 

DR – Discount Rate aka Recovery Rate 

PV – Present Value 

PV1 = (TRS – DS) / DR  (Logic Alternative Now Used by Banks) 

PV2 = (ARS – DS) / DR (Logic Alternative Suggested for Use by Banks) 

DSAYs = PV x A x 1-year 

Figure 4.  Delta HEA/Discount Rate vs Annual Return/Discount Rate DSAYs. 

HEA habitat scores and the anticipated full habitat recovery scores for each of the stratified 

habitat types (Cowardin, L.M.,V. Carter, F.C. Golet, E.T. LaRoe 1979), termed here as delta 

 
2 Time periods in black are provided by Trustee Council and time periods in red were added by the author to assist 
in broadening the perspective of the overall analysis. 
3 Determining how HEA DSAYs have been derived at the Portland Harbor mitigation and restoration banks has 
entailed a great deal of detective work involving formal agency information requests, reading through multiple 
documents, and generally patching together a method interpreted from multiple disparate sources.   
 



 Portland Harbor Superfund Site Discounted Service Acre Years (DSAYs)  

 Calculation Logic Review and Testing 
 

Page | 6 
 

HEA.  Delta HEA was then divided by a HEA discount rate of about 3%.  These results were 

then multiplied by their respective acreages and totaled to find the final amount of ~ 318 DSAYs 

(PV1 in Figure 4, top table Figure 5, and Figure 7).  This number of DSAYs is over 26 times 

greater than the 12-acres purportedly supporting them.  Logic seemed to suggest that if the range 

of DSAY value is between 0 and 1, and if all 12 acres were fully functioning, then the most the 

present value (PV) could possibly be is: 12 x 1 = 12 DSAYs.  My work with conservation 

easement endowments allowed me to recognize that the arithmetic used to calculate Portland 

Harbor mitigation bank DSAYs was very similar to capitalization operations that divide annual 

rates of return by the accepted discount rates to find present values.  I tried using annual rates of 

return instead of delta HEA as a dividend in the spreadsheet and found it yielded about 10 

DSAYs (PV2 in Figure 4, bottom table in Figure 5, and Figure 6).  This appeared to me to be a 

more justifiable result for DSAY present value than the results provided by the Portland Harbor 

mitigation bank sponsors and the Trustee Council.  

At this point, I requested clarification from NOAA chair of the Trustee Council regarding the 

logic behind the arithmetic discussed above.  They declined to provide it at the time I asked for it 

and they denied my request to speak to the NOAA HEA expert on this topic.  To-date and to the 

best of my knowledge, while there have been several general conversations and one general 

semi-formal presentation, there have been no specific responses targeting my request for a 

clarification of NOAA’s explanation on why they use delta HEA instead of annual return as 

dividends for their present value DSAY calculations.  

My takeaway from these general responses was that the Portland Harbor mitigation bank 

sponsors may believe their mitigation bank restoration actions should be rewarded as if they 

constitute some sort of semi-perpetuity ecosystem service credit factory that reaches fully 

functioning condition in one year and then begins adding function at a rate of 100% / year for 

each subsequent year over a time period of about 30-years.  At first glance this logic may seem 

somehow plausible.  After all if we debit against time periods from which habitat function is lost, 

why shouldn’t we credit habitat function for time periods after it is regained?   

A closer evaluation should however consider that our understanding of habitat functional loss 

and gain over extended periods of time is limited.  There are many dynamic ecosystem specific 

variables in the mix at any given site and subsequently inherent uncertainty surrounding both the 

degradation and the recovery of any given habitat type and associated interdependent species 

(Watts et al 2020).  Given the complexity and the risks associated with successful habitat 

recovery, it is probably wise to consider the likelihood and rate of success to be habitat type 

dependent. Perhaps more importantly, we should assume fast functional recovery to be the 

exception rather than the rule.  Under this convention, it is reasonable to assume any habitat 

restoration action will likely require years if not decades or centuries to off-set past habitat 

functional degradation before it can ever be considered to have achieved a net gain.  Putting this 

another way, it will be a very long time before we should be considering a future amortized delta 

HEA as the annual contribution to habitat function on any given habitat restoration site. 
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Testing Theory for Discounting Services on Specific Locations Over Time 

Remaining skeptical of the Portland Harbor mitigation bank DSAY calculation methods, I 

reasoned plugging the delta HEA into various amortization scenarios (Figures 8 through 27) with 

different time frames and HEA discount rates4 might provide some useful insights.  I used three 

questions to help guide my amortization test scenarios: 

1. What recovery time periods are anticipated at the banks? 

2. What is the HEA discount rate that banks are currently using? 

3. How would I have to manipulate the above two variables to achieve similar DSAY 

amounts as those derived in the Linnton Mill Mitigation and Conservation Bank 

Prospectus? 

4. What, if any, insights could be derived from the nature of the manipulations required in 

item 3 above? 

Recovery time periods were provided in Figure 3 and the discount rate was derived from text and 

tables in various Portland Harbor mitigation and conservation bank documents.   

As testing began per questions 3 and 4, a theory began to coalesce to help to explain what 

DSAYs acquired through HEA amortization arithmetic may actually represent in the real world.  

The HEA amortization sequence reflects the beginning of the recovery sequence and the overall 

state at that point in the process is nearly a complete loss of habitat function.  Next, as its name 

implies, the Time Lost Interest Penalty (TLIP) exacts a toll on the rate of recovery.  A way in 

which this could be used to represent real world circumstances is that very difficult to replace 

natural resources will likely take a considerable amount of time to recover (Industrial Eco- 

nomics, Inc. 2018). Longer periods of recovery time accumulate a greater amount of cumulative 

‘interest debt’ (loss of habitat functionality over time) relative to the ‘principal debt’ (initial 

habitat loss from impact). HEA was specifically designed to address this time loss habitat 

functionality as debt (NOAA 2006), not credit as indirectly implied in the Linnton Mitigation 

Bank Instrument (Grette Associates LLC. 2021).  In fact, the HEA method prescribes that the 

ratio of interest debt + principal debt over principal debt should be used as a debit multiplier 

(NOAA 2006) under the logic that if commensurately more acreage is dedicated to recovery than 

that acreage for which damage is being compensated, then there is a higher confidence time loss 

habitat functions will be adequately off-set and be effectively replaced.  This aligns well with a 

precautionary principle surrounding long-term habitat functional loss vs the risks and uncertainty 

of habitat functional recovery into the indefinite future. 

 

 

 

 

 
4 Also coined here as ‘Time Lost Interest Penalty’ or as annual rate of return. 
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Figure 5. Delta HEA vs Annual Return HEA Derived DSAYs (Linnton Mill Mitigation Bank HEA Credits (DSAY) Example Calculations and Open Questions 

to Regulatory Agencies  Tab ALT_DSAYs). 

 

https://www.mitigationcreditdebit.com/HEA_ALT_DSAYS.xlsx
https://www.mitigationcreditdebit.com/HEA_ALT_DSAYS.xlsx
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Figure 6. DSAYs Calculator Results Using Annual Return / Rate of Annual Return (https://www.mitigationcreditdebit.com/EcoServCalculator.html ).  
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Figure 7. DSAYs Calculator Results Using Delta HEA / Rate of Annual Return (https://www.mitigationcreditdebit.com/EcoServCalculator.html ). 
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Amortization of Functional Losses in DSAYs (3% TLIP) - 1 Years of Natural Resource Damage 

Assessment (Linnton Mill Mitigation Bank HEA Credits (DSAY) Example Calculations and Open 

Questions to Regulatory Agencies- Tab HEA_M). 

 
Figure 8. Test 1a Amortization of Functional Losses in DSAYs. 

 

 
Figure 9. Test 1b Amortization of Functional Losses in DSAYs. 
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Amortization of Functional Losses in DSAYs (3% TLIP) - 3 Years of Natural Resource 

Damage Assessment (Linnton Mill Mitigation Bank HEA Credits (DSAY) Example Calculations 

and Open Questions to Regulatory Agencies  - Tab HEA_K). 

 

 
Figure 10. Test 2a Amortization of Functional Losses in DSAYs. 

 

 
Figure 11. Test 2b Amortization of Functional Losses in DSAYs. 
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Amortization of Functional Losses in DSAYs (3% TLIP) - 5 Years of Natural Resource 

Damage Assessment (Linnton Mill Mitigation Bank HEA Credits (DSAY) Example Calculations 

and Open Questions to Regulatory Agencies - Tab HEA_L). 

 

 
Figure 12. Test 3a Amortization of Functional Losses in DSAYs. 

 

 
Figure 13. Test 3b Amortization of Functional Losses in DSAYs. 
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Amortization of Functional Losses in DSAYs (3% TLIP) - 10 Years of Natural Resource 

Damage Assessment (Linnton Mill Mitigation Bank HEA Credits (DSAY) Example Calculations 

and Open Questions to Regulatory Agencies  - Tab HEA_J). 

 

 
Figure 14. Test 4a Amortization of Functional Losses in DSAYs. 

 

 
Figure 15. Test 4b Amortization of Functional Losses in DSAYs. 
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Amortization of Functional Losses in DSAYs (3% TLIP) - 30 Years of Natural Resource 

Damage Assessment (Linnton Mill Mitigation Bank HEA Credits (DSAY) Example Calculations 

and Open Questions to Regulatory Agencies  - Tab HEA_F). 

 

 
Figure 16. Test 5a Amortization of Functional Losses in DSAYs. 

 

 
Figure 17. Test 5b Amortization of Functional Losses in DSAYs. 

 

P a g e  | 15 

0.00

1.00

2.00

3.00

4.00

5.00

6.00

7.00

8.00

9.00

10.00

1 1
2

2
3

3
4

4
5

5
6

6
7

7
8

8
9

1
0

0

1
1

1

1
2

2

1
3

3

1
4

4

1
5

5

1
6

6

1
7

7

1
8

8

1
9

9

2
1

0

2
2

1

2
3

2

2
4

3

2
5

4

2
6

5

2
7

6

2
8

7

2
9

8

3
0

9

3
2

0

3
3

1

3
4

2

3
5

3

Fu
n

ct
io

n
 L

o
st

Months

Remaining Loss of Functional Service

https://www.mitigationcreditdebit.com/HEA_ALT_DSAYS.xlsx
https://www.mitigationcreditdebit.com/HEA_ALT_DSAYS.xlsx


 Portland Harbor Superfund Site Discounted Service Acre Years (DSAYs)  

 Calculation Logic Review and Testing 
 

 

Amortization of Functional Losses in DSAYs (3% TLIP) - 40 Years of Natural Resource 

Damage Assessment (Linnton Mill Mitigation Bank HEA Credits (DSAY) Example Calculations 

and Open Questions to Regulatory Agencies  - Tab HEA_I). 

 

 
Figure 18. Test 6a Amortization of Functional Losses in DSAYs. 

 

 
Figure 19. Test 6b Amortization of Functional Losses in DSAYs. 
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Amortization of Functional Losses in DSAYs (3% TLIP) - 100 Years of Natural 

Resource Damage Assessment (Linnton Mill Mitigation Bank HEA Credits (DSAY) Example 

Calculations and Open Questions to Regulatory Agencies  - Tab HEA_H). 

 

 
Figure 20. Test 7a Amortization of Functional Losses in DSAYs. 

 

 
Figure 21. Test 7b Amortization of Functional Losses in DSAYs. 
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Amortization of Functional Losses in DSAYs (105.59% TLIP) - 30 Years of Natural 

Resource Damage Assessment (Linnton Mill Mitigation Bank HEA Credits (DSAY) Example 

Calculations and Open Questions to Regulatory Agencies  - Tab HEA_G). 

 

 
Figure 22. Test 8a Amortization of Functional Losses in DSAYs. 

 

 
Figure 23. Test 8b Amortization of Functional Losses in DSAYs. 
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Amortization of Functional Losses in DSAYs (3% TLIP) - 300 Years of Natural 

Resource Damage Assessment (Linnton Mill Mitigation Bank HEA Credits (DSAY) Example 

Calculations and Open Questions to Regulatory Agencies  - Tab HEA_N). 

 

 
Figure 24. Test 9a Amortization of Functional Losses in DSAYs. 

 

 
Figure 25. Test 9b Amortization of Functional Losses in DSAYs. 
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Amortization of Functional Losses in DSAYs (31.7% TLIP) - 100 Years of Natural 

Resource Damage Assessment (Linnton Mill Mitigation Bank HEA Credits (DSAY) Example 

Calculations and Open Questions to Regulatory Agencies  - Tab HEA_O). 

 

 
Figure 26. Test 10a Amortization of Functional Losses in DSAYs. 

 

 
Figure 27. Test 10b Amortization of Functional Losses in DSAYs. 
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Conclusion 

The present values calculated to derive for DSAYS for the Linnton Mill and other banks were 

obtained by dividing delta HEA by a discount rate of approximately 3%.  Arithmetically, this has 

a high resemblance to operations real estate appraisers use to calculate the present value of real 

property:  

To calculate the present value of the property, the investor divides the $10,500 net operating income by the 

capitalization rate of 3 percent for a present value or capitalized value of $350,000, since $10,500 / 0.03 = 

$350,000 ( https://smallbusiness.chron.com/capitalized-value-method-35138.html ).  

The problem lies in the fact that delta HEA does not reflect the habitat function annual recovery, 

but rather the entire functional recovery over the entire life of the bank. It appears that the arith-

metic used by the banks may treat this much larger figure as the annual accrual of function at 

their respective locations, thereby effectively artificially magnifying their true overall functional 

values about 30 times (Figure 28).  

Two of the tests resulted in DSAY numbers similar to those derived in the Linnton Mitigation 

and Conservation Bank Prospectus, both with TLIPs far higher than 3%.  The first had a TLIP 

over 105% over a 30-year recovery time (Figures 22 and 23) and the second had a TLIP over 

31% over a 100-year recovery period (Figures 26 and 27).  Direct interpretation of these tests 

suggests that in order to compensate for the amount of existing habitat function debt accrued in 

the Portland Harbor, banks would have to reach over 100% of potential habitat value annual 

accrual their first year and then continue that service for at least 30-years.  Or they could be 

afforded about 1/30 of a credit for each acre undergoing restoration on their bank sites making it 

necessary to restore 30-acres of credit for every acre of debit in the Portland Harbor,5 in effect 

the exact opposite of the credit (DSAYs) calculation currently under use by the banks that 

provide about 30-credits for each acre undergoing restoration.  This suggests a serious flaw in the 

logic used to calculate DSAYs at the banks.  The Trustee Council should investigate this further 

and their investigation finding results should be reported to the Portland Harbor stakeholders and 

to the general public. 

Epilogue 

 

If the result of the investigation suggested above is that the alternative to the existing HEA 

DSAY calculation arithmetic logic provided in this paper’s analysis is more defensible than the 

method currently used by the banks, then another body of logic relevant to subsequent mitigation 

ratios naturally emerges.  It carries over with it the interpretation that the HEA TLIP or ‘discount 

rate’ reflects recovery of lost value over a specified time period and that this recovery rate  
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5 Neither of these alternatives are practical to administer a mitigation banking program.  They are stated here to 
illustrate the significant differences in the credit theories as evidenced by the two disparate arithmetic logic 
methods used to calculate credit contrasted and discussed in this paper.  
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satisfactorily represents the actual functional loss recovery the banks aspire to off-set, both from 

the standpoint of historical losses and from the standpoint of lag time to a future date of fully 

recovered function.  Simply put, the ratio is a function of the interest debt plus the principal debt  

 

Figure 28. Comparison of Two DSAY Calculations Based on Different Arithmetic Logic. 
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over the principal debt.  However, the ratios emerging out of the amortization tests are too severe 

to sustain a viable mitigation banking program in the Portland Harbor.  Added to that realization 

is the fact that full ecological recovery of the Portland Harbor to pre-European settlement 

condition is not feasible in the 21st century.  A lower benchmark for recovery is therefore 

justifiable as a compromise option. 

 

It could be argued that the responsibility for off-setting (compensating) for historical losses lies 

with those responsible for the impacts, the polluters.  And the responsibility for assuming the risk 

and time lag loss for achieving full recovery to an agreed upon 21st century benchmark lies with 

the mitigation bank sponsors.  Splitting these responsibilities can be accomplished using 

effective mitigation ratios (https://www.mitigationcreditdebit.com/indexR.html ).    

However, there are at least several permutations of how the different burdens reflected in the 

effective ratios can be divided. Figure 29 displays six alternative cases, each with a different  

foundational logic and overall recovery result: 

 Case 1.  There is an effective 1:1 ratio. For every 1-acre of mitigation, 1-acre of impact is 

compensated. The impact incurs full TLIP while mitigation receives reverse TLIP as a bonus for 

anticipated perpetuity future gain in function.  

Case 2.  There is an effective 3:1 ratio.  For every 3-acres of mitigation, 1-acre of impact is 

compensated. The impact incurs full TLIP while mitigation remains TLIP neutral, no penalty and 

no bonus but receives credit for full recovery in advance.  

Case 3.  There is an effective 9:1 ratio.  For every 9-acres of mitigation, 1-acre of impact is 

compensated. The impact incurs full TLIP while mitigation also incurs full TLIP for on-going 

time loss and risk for recovery still on-going. 

  

Case 4.  There is an effective 1:3 ratio.  For every 1-acre of mitigation, 3-acres of impact is 

compensated. The impact remains TLIP neutral while mitigation receives reverse TLIP as a 

bonus for anticipated perpetuity future gain in function. 

 

Case 5.  There is an effective 1:9 ratio.  For every 1-acre of mitigation, 9- acres of impact is 

compensated. The impact and the mitigation receive reverse TLIPs as a bonus for anticipated 

perpetuity future gain in function. 

   

Case 6.  There is an effective 2.25:1 ratio.  For every 2.25-acres of mitigation, 1- acre of impact 

is compensated. The impact and the mitigation share TLIP equally with moderate bonus for 

anticipated perpetuity future gain in function. 

 

For meeting functional resource conservation recovery goals only Cases 1, 2, 3, and 6 would be 

acceptable, but Cases 2 and 3 would be the most desirable.  While Case 3 is the best recovery 

alternative, and arguably the most defensible as representing actual natural function losses and 

likely risks associated with recovery, it is probably not practical from the perspectives of  
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mitigation bank sponsors and regulators. After that, Case 2 would be the next best recovery 

alternative but mitigation bank sponsors would likely argue Case 1 is more cost effective for 

them to implement while still maintaining an effective 1:1 mitigation ratio.  Case 6 might be 

viewed as a reasonable compromise between Cases 1 and 2.  

 

It should be noted that in each of these scenarios there is this implied notion that weighted 

acreages can take on the role for compensating temporal losses of habitat functions along with 

the notion functional impacts have been accurately measured and represented in the arithmetic. 

Because of the state-of-the-art / science of measuring function is relatively still new and 

experimental (National Academy of Sciences 2001), and because the regulatory process itself 

favors coarse surrogate measures over direct functional analyses, neither can be empirically 

verified.  This is why regulators have traditionally exercised a precautionary principle of no less 

than 1:1 mitigation ratios realizing even then, with properly enforced performance measures and 

on-going stewardship through adaptive management, net functional losses are still highly likely 

and full functional recovery remains elusive and highly unlikely. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

P a g e  | 24



 Portland Harbor Superfund Site Discounted Service Acre Years (DSAYs)  

 Calculation Logic Review and Testing 
 

 

 

 
Figure 29. Example Credit / Debit Transactions at 100-Year HEA Amortized Time Loss Interest Penalty of 3% as Discount Rates and Mitigation 

Ratios (https://www.mitigationcreditdebit.com/WVWMB_CDWorksheet.html ). 

 

 

 

 

 

P a g e  | 25

https://www.mitigationcreditdebit.com/WVWMB_CDWorksheet.html


 Portland Harbor Superfund Site Discounted Service Acre Years (DSAYs)  

 Calculation Logic Review and Testing 
 

 

References 

 

Cowardin, L. M., V. Carter, F.C. Golet, E.T. LaRoe. 1979. Classification of Wetlands 

and Deepwater Habitats of the United States, Office of Biological Services, Fish and 

Wildlife Service, U.S. Department of the Interior, Washington, D.C.  

 

Grette Associates LLC. 2016. Prospectus: Linnton Mill Restoration Site Mitigation Bank, 

Sponsor: Linnton Water Credits LLC, Submitted to: Oregon Department of State Lands 

and the U.S. Army Corp of Engineers, Portland District, Portland, Oregon. 

 

Grette Associates LLC. 2021. Linnton Mill Restoration Site Mitigation Banking 

Instrument (NWP-2014-477;58909-RF;59636-MBI), Sponsor: Linnton Water Credits 

LLC, Submitted to: Oregon Department of State Lands and the U.S. Army Corp of 

Engineers, Portland District, Portland, Oregon 

 

Industrial Economics, Inc. 2018. Portland Harbor Superfund Site Natural Resource 

Damage Assessment Plan Addendum 2: Phase 3 Damage Assessment Plan, Prepared for: 

National Oceanic and Atmospheric Administration, Cambridge, MA. 

 

National Academy of Sciences. 2001. Compensating for Wetland Losses Under the Clean 

Water Act, National Research Council, National Academy Press, Washington, D.C. 

 

National Oceanic and Atmospheric Administration. 2006. Revised Habitat Equivalency 

Analysis: An Overview, Damage Assessment and Restoration Program, Department of 

Commerce, Washington, D.C. 

 

Raleigh, R.F., W.J. Miller, P.C. Nelson. 1986. Habitat Suitability Index Models and 

Instream Flow Suitability Curves: Chinook Salmon, National Ecology Center, Division of 

Wildlife and Contaminant Research, Fish and Wildlife Service, U.S. Department of the 

Interior, Washington, D.C. 

 

Trustee Council. 2009. Portland Harbor Natural Resource Trustee Council “Expert 

Panel” Discussion of Habitat Restoration for Chinook Salmon, Unpublished Executive 

Summary, Portland, Oregon. 

 

Watts K, Whytock RC, Park KJ, Fuentes-Montemayor E, Macgregor NA, Duffield S & 

McGowan PJK. 2020. Ecological time lags and the journey towards conservation 

success. Nature Ecology & Evolution, 4, pp. 304-311. https://doi.org/10.1038/s41559-

019-1087-8. 

 

 

 

P a g e  | 26 

https://doi.org/10.1038/s41559-019-1087-8
https://doi.org/10.1038/s41559-019-1087-8

