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KEY TAKE-HOME MESSAGES

•
 

Why was CRAM developed?
•

 
What is CRAM and how does it work?

•
 

How can CRAM be useful to my agency or 
organization?



•
 

Lot’s of wetland 
monitoring is being 
conducted throughout 
California

•
 

Lack of coordinated and 
standardized assessment 
tools

Wetland Management Challenges

•
 

Numerous State and 
Federal programs focus 
on regulating and 
managing wetlands



Millions of public and 
private funds expended on 
wetland acquisition, 
restoration and 
enhancement

•
 

Are we making a difference?
•

 
What is the net effect of our actions?

•
 

Are our programs effective?
•

 
Is additional investment justified?

Wetland Management Challenges



Provide rapid, scientifically defensible, 
standardized, cost-effective assessments of the 
status and trends in the condition of wetlands 
and the performance of related policies, 
programs and projects throughout California.

Goal of Developing CRAM



What is CRAM?



•
 

Development and Overview 

•
 

Context

•
 

Mechanics: Attributes and Metrics

Topics for Discussion



CRAM Development

Funded through USEPA since 2002 to build 
state and tribal capacity to assess wetlands:


 
Wetland Development Grants (104(b)3) 


 

PI Team, Statewide, Regional Teams


 

Principal authors include:
o San Francisco Estuary Institute

o SCCWRP

o Moss Landing Marine Labs

o California Coastal Commission



CRAM Development 



 
Conceptual models of wetland form and 
function



 
Review of other RAMs



 
Verification          revisions
●

 
BPJ and field testing



 
Validation          revisions
●

 
Correlated CRAM scores to quantitative data

●
 

Tested repeatability within and among teams





 

Standardized “walk and talk”
 

diagnostic tool to 
assess wetland condition (health)



 

Less than 4 hrs field time



 

Team of 2-3 trained people


 

Requires expertise comparable 
to a wetland jurisdictional
delineation

CRAM Overview



CRAM Design: Attributes
Wetland 
Condition

Landscape 
Context

Hydrology Physical 
Structure

Biotic 
Structure



Geographic Scope
 All Wetlands in California



 

Estuaries
●

 
Perennial/seasonal tidal



 

Rivers and streams
●

 
Confined/unconfined



 

Depressional
 

Wetlands


 
Vernal Pools



 

Lacustrine
 

(lakes)


 

Slope Wetlands


 
Wet Meadows



 
Seeps and Springs



 

Playas



Landscape 
Context

Hydrology Physical 
Structure

Biotic 
Structure

Buffer

Landscape Connectivity

Wetland 
Condition

CRAM Design: Metrics



Landscape 
Context

Hydrology Physical 
Structure

Biotic 
Structure

Buffer

Landscape Connectivity

% of Area with Buffer

Buffer Condition

Buffer Width

Wetland 
Condition

CRAM Design: Sub-metrics



Alphabetic 
Score

Numeric 
Score

Alternative State

A 12 Average buffer width 190-250m
B 9 Average buffer width is 130 –

 
189m

C 6 Average buffer width is 65 –
 

129m

D 3 Average buffer width 0 -64m

Sub-metric Scoring Example



 

Mutually exclusive alternative states


 

Represent full range of possible condition

Buffer Width



Wetland 
Condition

Landscape 
Context

Hydrology Physical 
Structure

Biotic 
Structure

Vertical Biotic Structure

Interspersion and Zonation

Plant Comm. Composition

A

C

B

12 or 100%

6 or 50%

9 or 75%

=

=
=

75 %47 %30 %57 %

CRAM Scoring: 
Ratio of metric scores 

 
Attribute score

27/36 = 75% 
of Possible



Wetland 
Condition

Landscape 
Context

Hydrology Physical 
Structure

Biotic 
Structure

75 %47 %30 %57 %

52 %

CRAM Scoring: 
Average of Attribute scores = Overall score

Vertical Biotic Structure

Interspersion and Zonation

Plant Comm. Composition

A

C

B

12 or 100%

6 or 50%

9 or 75%

=

=
=

27/36 = 75% 
of Possible



Stressors are Identified

Wetland 
Condition

Landscape 
Context

Hydrology Physical 
Structure

Biotic 
Structure

Stressor Checklist





 

Identify possible causes for low 
CRAM scores



 

Identify possible corrective actions



 

Develop testable hypotheses 
relating scores to stressors

Uses of the Stressor Checklist



Articles and Peer Review*


 

CRAM Validation: riverine
 

and estuarine modules  
(Stein et al. 2009)*


 

Rapid Assessment in California (Sutula
 

et al. 2006)*

 Mitigation project review (Ambrose et al. 2005, 2006)*

 USACE ERDC Review (completed 2008)*


 

SWRCB Review (complete and results pending)


 

Technical Bulletin on using CRAM to assess wetland 
projects for regulatory/management programs*

*Available for download at www.cramwetlands.org



Context for CRAM



Evolving State Program


 
California Water Quality Monitoring 
Council
Created via SB 1070
Co-chaired by Natural Resources and CalEPA



 
Two Major Goals
 Improve coordination of water quality 

monitoring programs in California
Make information more accessible to agencies 

and the public



www.CaWaterQuality.net



California Wetland Monitoring 
Workgroup (CWMW)



 
Subcommittee of California Water Quality 
Monitoring Council



 
State and Federal co-chairs + SB1070 
liason



 
Participating agencies:
●

 
12 State, 5 Federal, 5 Academic/Research

Goal
 

= development, coordination, and 
implementation of wetland monitoring 
across California



Level 2
Rapid assessment of 

overall wetland condition

Level 1 Resource inventories 
and maps

e.g. Is the wetland 
impacted by 

contaminants?
Level 3 Intensive assessment of 

specific functionality

Ambient Sample Frames

Validate Level 2

Three-tiered Monitoring Framework

What is the 
regional 

condition of 
wetlands?

How does the 
project compare 

to regional 
wetland 

condition?

Where are 
wetlands in 
the region?





State Wetland Monitoring Plan


 

Question driven
o Flexible: support individual agency’s info needs
o Support, not subsume agency programs



 

Consistent Statewide Framework
o Common tools and data management
o Focus on Levels 1 and 2 & data management



 

Regional Implementation
o Build on existing programs
o Customize to meet regional/local needs



 

Management of Statewide Products


 

Level 1 (mapping) 


 

Level 2 (CRAM + other RAMs) 



 

Ongoing Technical Support and Coordination


 

CWMW provides statewide coordination


 

Most “work”

 

occurs through regional teams



How Does CRAM Work?



CRAM Design

Wetland 
Condition

Landscape 
Context

Hydrology Physical 
Structure

Biotic 
Structure

Stressor Checklist



Steps of CRAM Assessment

Step 1:   Assemble background information
Step 2:   Classify the wetland
Step 3:   Verify the appropriate season
Step 4:

 
Sketch the CRAM Assessment Area (AA)

Step 5:
 

Conduct the office assessment of AA
Step 6:

 
Conduct the field assessment of AA 

Step 7:
 

Complete CRAM QA/QC
Step 8:

 
Submit assessment results using eCRAM



Materials and Training


 

CRAM User’s Manual (v5.0.2):  Complete for all wetland 
classes



 

CRAM Field Books: Complete for for
 

riverine, estuarine, 
and vernal pools



 

Regional 3-day practitioner trainings for one wetland 
type

-

 

2-day add on modules for additional wetland type



 

No certification at this time, but list of trained 
practitioners on CRAM website



Fundamental unit 
of CRAM is the 

Assessment Area 
(AA)

100m



Considerations for 
delineating the AA



 
Purpose of Assessment
•

 
Project (multiple AAs

 
to cover site)

•
 

Ambient (AA located at probabilistic draw point)



 
Hydrogeomorphic

 
Integrity

•
 

Bounded by changes in flow and sediment regimes
•

 
Maximize detection of management effects



 
Size Limits for AAs
•

 
Larger AAs

 
have higher or more variable scores

•
 

Larger AAs
 

take longer to assess



Office Assessment

Some CRAM metrics that rely on background 
information and broad geographic overview 
are best assessed in the office, subject to 
field verification



 

Buffer and Landscape Context Attribute

- Landscape Connectivity (metric)

- Percent of AA with Buffer (submetric)

- Average Buffer Width (submetric)



 

Hydrology Attribute

- Water Source (metric)



Average Buffer Width (Landscape Context 
Attribute)

Avg. 490/8 = 68mLine F = 15mLine C = 80m

Line H = 65mLine E = 60mLine B = 100m

Line G = 50mLine D = 75mLine A = 100m

A CB
D E

F

H G

100 
m



Average Buffer Width (Landscape Context 
Attribute)

Rating Alternative States

A Average Buffer Width is 190-250 m

B Average Buffer Width is 130-189 m

C Average Buffer Width is 65-129 m

D Average Buffer Width is 0-64 m



Field Assessment

The majority of CRAM metrics are assessed in 
the field using narrative accounts, 
worksheets, diagrams, or a combination 
thereof.



 

e.g. Buffer condition submetric, most Hydrology 
metrics, and  all metrics comprising the Physical 
Structure and Biotic Structure attributes

 
4.6c 

A 

B 

A 

B 

C 

C 
D 



Rating for Buffer Condition

Rating Alternative States

A Buffer for AA is dominated by native vegetation, has undisturbed

 
soils, and is apparently subject to little or no human visitation.

B
Buffer for AA is characterized by an intermediate mix of native 
and non-native vegetation, but mostly undisturbed soils, and is 
apparently subject to little or no human visitation.

C

Buffer for AA is characterized by substantial amounts of
non-native vegetation, AND there is at least a moderate degree
of soil disturbance/compaction undisturbed soils, and/or there is
evidence of at least moderate intensity of human visitation.

D
Buffer for AA is characterized by barren ground and/or
highly compacted or otherwise disturbed soils, and/or there is
evidence of very intense human visitation.



Structural Patch Type Worksheet



 

A B C D 

Horizontal Interspersion 
and Zonation

(Biotic attribute metric)

High                                None



Sub-metric

Attribute

Metric

Attribute

Attribute

Attribute
Sub-metric

Sub-metric
Sub-metric

Metric
Metric

Metric
Metric

MetricMetric
Metric

Sub-metric
Sub-metric

Overall Index 

Score

CRAM Scoring Sheet

Metric



CRAM Design

Wetland 
Condition

Landscape 
Context

Hydrology Physical 
Structure

Biotic 
Structure

Stressor Checklist



Stressor Checklist



CRAM Application and 
Implementation



•
 

Interpretation of CRAM scores

•
 

Applications of CRAM 
•

 
project assessment

•
 

CRAM Data Management

Topics for Discussion



CRAM Design



 

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

= Overall (Index) 
Score 



Sub-metric

Attribute

Metric

Attribute

Attribute

Attribute
Sub-metric
Sub-metric
Sub-metric

Metric
Metric

Metric
Metric

MetricMetric
Metric

Sub-metric
Sub-metric

Overall Index 

Score

CRAM Field Scoring Sheet



What Does a CRAM Score Mean? 



 

CRAM Index Score represents overall condition, 
functional capacity, or “health.”
●

 
numerical, repeatable, but unitless

●
 

does not represent any particular function or set 
of functions (that’s Level 3).

Analogous to:

–
 

Apgar Scores (newborn infant health)

–
 

Dow Jones Industrial Average (DOW)

–
 

Gross National Product (GNP)

–
 

Grade Point Average (GPA)





 

Identical Index Scores can be derived from 
different Attribute Scores

Scientific Meaning of CRAM Scores 

– Must refer to 
Attribute Scores 
and sometimes 
Metric Scores to 
interpret Index 

Scores
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

 

Each Attribute Score represents a suite of 
expected functions

●
 

e.g., Landscape and Buffer Attribute represents 
ecological connectivity at landscape scale, ability of 
buffer to mediate external stressors, etc.

●
 

e.g., Hydrology Attribute represents recharge, peak 
stage reduction, water quality maintenance, etc. 



 

Condition = status at specific time point 



 

Function = process occurring over time

Scientific Meaning of CRAM Scores 



Application of CRAM Scores 


 

Scores based on internal reference standard 
●

 
Best achievable condition statewide

●
 

Scores range from 25-100



 

Ability to compare CRAM scores 
●

 
Project-ambient

●
 

Project-project
●

 
Wetland-wetland

●
 

Detecting changes in wetland condition over time



How is CRAM being Used?


 
Statewide assessments

▪
 

Perennially tidal estuaries
▪

 
SWAMP Perennial Stream Assessment (PSA)



 
Regional assessments
●

 
Stormwater

 
Monitoring Coalition (SMC)

●
 

San Gabriel River Monitoring Program



 
Program evaluation
●

 
Compensatory mitigation –

 
404/401 CWA

●
 

Restoration effectiveness –
 

Wetland Recovery 
Project



Available at:  
www.waterboards.ca.gov/mywaterquality/monitoring_council/wetland_workgroup

 

or 
www.cramwetlands.org



Selected Components of
 CRAM Technical Bulletin

●

 

Appropriate and inappropriate uses

●

 

How to address situation when project area ≠AA

●

 

How to interpret a CRAM score

●

 

Practitioner requirements

●

 

Necessary documentation to accompany a CRAM 
assessment

●

 

Quality assurance measures –
 

regional audit teams

●

 

Sample assessment scenarios 



Appropriate Uses of CRAM:
 Ambient Assessment and 

Monitoring 



 

Ambient assessment of wetland condition 



 

Monitoring of ecological reserves, mitigation 
banks, wildlife refuges, etc.



 Focus on four 
 coastal regions


 

Perennially tidal 
 saline estuaries 
 targeted



 

150 sites 
 probabilistically 

 selected

 Used CRAM to 
 assess condition

Pt. Conception

Russian River

South Coast

Central Coast

North Coast

SF Bay

Statewide Condition 
 Assessment

 of California’s 
 Estuarine Wetlands



SF Bay Mean CFD
North Coast Mean CFD
South Coast Mean CFD
Central Coast Mean CFD

•
 

Gradient in condition from North to South Coast

Regional Differences in Condition

CRAM Index Score
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Estuary

Flowing Streams

3rd Order Streams

N



 

Probabilistic sampling of 30 
“ambient sites”



 

Targeted sampling at key 
confluence points



 

Multiple metrics (Levels 2 & 3)
●

 

CRAM 
●

 

Water chemistry
●

 

Bioassessment
●

 

Toxicity

Multi-metric Assessment of 
Watershed Condition 
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

 

Pre-project conditions at impact, mitigation, 
or restoration sites



 

Unauthorized (enforcement) actions


 

Project performance/success


 

Compliance with mitigation 
targets/performance criteria



 

Comparison of proposed 
alternatives for regulatory and
restoration planning

Appropriate Uses of CRAM:
 Project Assessment



Inappropriate Uses of CRAM



 

Jurisdictional determinations


 

Focused/endangered/threatened spp. monitoring


 

Substitute for Level 3 monitoring


 

Compliance with water quality objectives


 

Assessment of wetland mechanisms/processes 


 

Assessment of wetland values


 

“Designing projects to the metric”

Agencies Retain Discretion on Specific Applications



Project Area < AA 



 
Two CRAM 
Assessments
●

 
Entire AA

●
 

Project area



Project Area > AA 



Appendix 1 CRAM User’s 
Manual ver. 5.0.2



Project Assessment Caveats



 

Do not
 

modify metrics or attributes 



 

Avoid multiplying CRAM scores by area/linear 
distance for mitigation ratios



 

Changes in wetland area are more appropriately 
assessed using a Level 1 tool.



Project Assessment Caveats



 

Summarizing multiple CRAM scores:

●
 

Average of Metric scores to calculate Attribute 
and Overall scores

●
 

Compare scores to regional ambient assessment





Interpretation of CRAM Scores
 Pre vs. Post comparisons

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

AA1

AA2

Buffer
Hydrology
Physical
Biological



Sulphur Creek Restoration Monitoring



Interpretation of CRAM Scores
 comparison to reference



Monitoring CRAM Scores Over 
Time
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CRAM QA/OC


 
Minimum reporting requirements



 
Audit process



 
Precision targets
●

 
10 pts./Overall score; 5 pts./Attribute score



 
Accuracy of assessments
●

 
Testing at reference sites



 
Seasonal variability



 
Multiple versions of CRAM



CRAM Data Management



Download eCRAM
 Software,* User’s 

Manual, Field Books
 *Registration required

www.CRAMWetlands.org



www.CaWaterQuality.net



California Water Quality 
Monitoring Council

76
76

76



http://www.CaliforniaWetlands.net

California Wetlands Portal



Southern California Portal Page



Southern California Portal Page



Southern California Portal Page



Project Tracking Functionality









Next Steps for the Portal


 

Additional functionality via current funding
●

 

Merge eCRAM

 

+ Project Tracking 

 

Portal
●

 

Additional reporting capability
▪

 

CRAM reports output
▪

 

Customized data queries and standardized reports



 

Online mapping functionality



 

Data entry via new user interface
●

 

401 online application



 

Additional data
●

 

Historical data
●

 

Level 3 data (coordinate with new 404 monitoring 
requirements)



Next Steps for CRAM


 
Reference network development



 
Module development and refinement
●

 
Depressional

 
wetland validation

●
 

Arid ephemeral stream module
●

 
Wet Meadow module



 
2-day agency-specific trainings planned 
for 2011
●

 
State Waterboard

 
Training Academy



Thank you!

CRAM website www.CRAMWetlands.org

California Wetlands Portal: www.CaliforniaWetlands.net

California Wetlands Monitoring Workgroup: 

www.waterboards.ca.gov/mywaterquality/monitoring_council/wetland_workgroup

My Water Quality website: www.CaWaterQuality.net

chriss@sccwrp.org

714‐755‐3244
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