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What is a Crediting System?

Common language or currency for informing 
decisions about tradeoffs between ecological 
impacts and appropriate compensatory mitigation

Gains over time > losses over time



Impact Sites



Restoration Site

How many credits?

ACME
Assessment 

Method



Main Messages for Today

Primary objective is to determine equitable and appropriate 
number of credits to compensate for a given impact

Crediting approach should be consistent with objectives of the 
mitigation (i.e. should reflect priority functions and services)

Construct should be transparent and easy to communicate

Issue of time is the most difficult to address

Watershed-based solutions will be most effective



Why Do We Need to Worry About This?

2008 Compensatory Mitigation Regulations

§332.2  Definitions

Credit means a unit of measure (e.g., a functional or 
areal measure or other suitable metric) representing 
the accrual or attainment of aquatic functions at a 
compensatory mitigation site. The measure of 
aquatic functions is based on the resources restored, 
established, enhanced, or preserved.



The Rule Does Provide Some 
Help!

The district engineer must require a mitigation ratio greater than 
one-to-one where necessary to account for:

method of compensatory mitigation (e.g., preservation)
the likelihood of success
differences between the functions lost at the impact site and the functions 
expected to be produced by the mitigation project
temporal losses of aquatic resource functions
the difficulty of restoring or establishing the desired aquatic resource 
type and functions
distance between the affected aquatic resource and the compensation 
site. 

The rationale for the required replacement ratio must be 
documented in the administrative record for the permit action.



Lots of Options

Basic rule sets or 
decision trees

Social values and 
ecosystem service 
assessments

Function or condition 
assessments 



Key Considerations

Applicable to target wetland types
Different methods may be necessary for different wetland 
types

Applicable to the target geography / service area

Level of complexity commensurate with resource 
function or value

Assesses the functions or services of interest

Easy to apply and to communicate



Set Ratios Based on Mitigation Type

New England District, 2010

St. Paul District, 2002



Decision Rules & Simple Equations

Charleston District Mitigation Guidelines, 2010



Need More Robust Crediting System

Assesses relevant functions or services 
Anchored to clearly defined reference conditions



Empirical
Modeled
Expert judgment

All Assessment are Anchored to Reference

Culturally 
unaltered

Best 
attainable



Need More Robust Crediting System

Assesses relevant functions or services 
Anchored to clearly defined reference conditions

Output to appropriate unit of analysis
hectares, meters, conservation units

Clear rules for combining components
Transparent logic
Averaging, summing, decision trees

Addresses timing of compensation relative to impact

Assesses risk factors/uncertainty



Ecosystem Service Assessments



Ecosystem Service Assessments

Willamette Partnership , 2008



Condition or Function Assessment

http://www.wetland.org/publications_home.htm



Typical Classes of Indicators

Habitat structure, diversity, complexity
Response guilds

Hydrology or geomorphology

Biogeochemistry

Landscape context
Connectivity
Buffers

Evaluate ecological 
processes (function) or 
bundles of processes 

(condition)

Evaluate ecological 
processes (function) or 
bundles of processes 

(condition)



Hydrogeomorphic (HGM)  Method



Assessment Output



• Field-based, rapid tool to assess 
wetland  condition

• Applicable to all wetland types

• Based on readily observable field 
indicators  simple numerical output

• Evaluates broad suite of wetland 
conditions (i.e. bundles of functions)

• Validated with more intensive 
measures of condition

Condition Assessments
California Rapid Assessment CRAM



CRAM Design: Attributes

CRAM recognizes four attributes of wetland condition

Each attribute is represented by 2-3 metrics, some of which 
have sub-metrics.

Wetland 
Condition

Landscape 
Context

Hydrology Physical 
Structure

Biotic 
Structure



Landscape 
Context

Hydrology Physical 
Structure

Biotic 
Structure

Buffer

Landscape Connectivity

% of Area with Buffer

Buffer Condition

Buffer Width

Wetland 
Condition

CRAM Design: Metrics



Wetland 
Condition

Landscape 
Context

Hydrology Physical 
Structure

Biotic 
Structure

75 %47 %30 %57 %

52 %

CRAM Scoring

Vertical Biotic Structure

Interspersion and Zonation

Plant Comm. Composition

A

C

B

12 or 100%

6 or 50%

9 or 75%

=

=
=

25/36 = 75% 
of Possible





General Stream Condition

Low

High

Medium



Mitigation Assessment Based on CRAM

AA
pre post change pre post change pre post change pre post change

A1 85 100 15 100 100 0 50 88 38 64 100 36
A2 85 100 15 100 100 0 50 75 25 39 100 61

B1 85 0 (85) 100 0 (100) 63 0 (63) 31 0 (31)
B2 85 0 (85) 100 0 (100) 50 0 (50) 50 0 (50)
B3 85 0 (85) 92 0 (92) 63 0 (63) 44 0 (44)
B4 85 0 (85) 100 0 (100) 75 0 (75) 64 0 (64)
B5 85 0 (85) 100 0 (100) 75 0 (75) 60 0 (60)

H2 0 59 59 0 92 92 0 63 63 0 100 100
H3 0 52 52 0 92 92 0 75 75 0 100 100
H4 83 97 14 100 83 (17) 63 88 25 53 100 47
H5 85 93 8 100 92 (8) 63 88 25 61 100 39

Buffer and Lanscape Context Hydrology Physical Structure Biotic Structure



Setting Mitigation Ratios
Los Angeles District, Corps

Before-After-Mitigation-Impact (BAMI) procedure (CRAM example)
Functions/conditions ImpactBefore ImpactAfter Impactdelta MitigationBefore MitigationAfter Mitigationdelta

4.1 Buffer and Landscape Context
4.1.1 Landscape Connectivity 9 3 -6 6 6 0
4.1.2 Percent of AA with Buffer 12 6 -6 3 9 6
4.1.3 Average Buffer Width 3 3 0 3 12 9
4.1.4 Buffer Condition 6 6 0 3 9 6
RAW SCORE 15.0 8.0 -7 9.0 15.7 7
FINAL SCORE 62.5 33.6 -29 37.5 65.3 28
4.2 Attribute 2: Hydrology
4.2.1 Water Source 6 6 0 6 6 0
4.2.2 Hydroperiod or Channel Stability 9 12 3 3 9 6
4.2.3 Hydrologic Connectivity 12 9 -3 3 12 9
RAW SCORE 27.0 27.0 0 12.0 27.0 15
FINAL SCORE 75.0 75.0 0 33.4 75.0 42
4.3 Attribute 3: Physical Structure
4.3.1 Structural Patch Richness 6 3 -3 3 9 6
4.3.2 Topographic Complexity 6 3 -3 3 6 3
RAW SCORE 12.0 6.0 -6 6.0 15.0 9
FINAL SCORE 50.0 25.0 -25 25.0 62.5 38
4.4 Attribute 4: Biotic Structure
4.4.1 Number of Plant Layers 12 9 -3 6 9 3
4.4.2  Co-Dominant Species 6 6 0 6 12 6
4.4.3 Percent Invasion 6 9 3 3 12 9
4.4.5 Interspersion/Zonation 9 3 -6 3 9 6
4.4.6 Vertical Structure 6 3 -3 3 6 3
RAW SCORE 23 14 -9 11 26 15

FINAL SCORE 63.9 38.9 -25 30.6 72.3 42
OVERALL SCORE 65.0 46.0 -19 32.0 70.0 38



Restoration Monitoring



King and Price 2006

Additional Considerations

Mitigation site location 

Type of mitigation

Cumulative effects

Type conversion

Uncertainty

Temporal loss 



Type of Mitigation

Creation

Type conversion

Restoration

Enhancement

Preservation
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Considerations for Preservation

the district engineer should apply a higher mitigation 
ratio if the requirements are to be met through the 
use of preservation credits.

Ecological value
Position relative to other resources of concern
Threat/risk



Adjusting Mitigation Ratios Based on Risk

King and Price 2004



Adjusting Mitigation Ratios
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King and Price 2006

Discounting (change over time)





Ways to Reduce Risk/Uncertainty

Up-front mitigation

Watershed-based decision making

Coordination with existing preserves
Adjacent 
Additional work within preserved lands
Cooperation on long-term management



Watershed-based Decisions

What is appropriate on 
existing preserved lands?

San Diego Creek 
Watershed SAMP



Closing Thoughts

Choose the right tool

Keep it simple

Clear communication

Move toward watershed 
approach
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Rapidity / Ease of Use



Thank You

Eric Stein
714-755-3233
erics@sccwrp.org

Eric Stein
714-755-3233
erics@sccwrp.org


