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 Project Management 

Overview of the Mid-Atlantic States Regional Wetlands Assessment 

Objectives 
The Pennsylvania State University’s Cooperative Wetlands Center (Penn State-CWC) and the Virginia 
Institute of Marine Science Center for Coastal Resources Management (VIMS-CCRM) are 
collaborating to develop and implement a wetlands assessment protocol for the Mid-Atlantic region.  
The protocol will evaluate, and ultimately synthesize, methods currently developed for Pennsylvania, 
Virginia, and Delaware to generate a protocol that can be used for probabilistic sampling and 
characterization of wetlands in each of the major eco-regions of the Mid-Atlantic.   
 
The work undertaken in this project will constitute the first steps in an effort to establish a continuing 
monitoring and assessment program for wetland condition throughout the region.  The intent is to 
develop a multilevel assessment protocol that can provide periodic characterizations of wetland 
condition at multiple geopolitical units (states, regions, and at the national level), as well as the basis 
for restoration and protection goals.  The project will be developed in close collaboration with the 
Mid-Atlantic Wetlands Working Group (MAWWG), which exists to provide communication and 
coordination among state wetlands management programs throughout the region.  Ensuring that the 
assessment protocol developed in this project is responsive to the information needs and management 
objectives of each of the MAWWG partners is a specific objective of the work plan.  The 
collaboration with MAWWG ensures that the scope of work supports a strengthened capacity of the 
states to perform a statistically-valid wetlands monitoring and assessment protocol that meets the 
management needs of both EPA and the individual states. This project will result in the development 
and implementation of a wetlands assessment protocol that can: 

• provide a periodic characterization of regional wetland conditions based on probabilistic 
sampling that is also suitable for individual state, regional, and national assessments 

• diagnose the dominant stressors that are effecting wetland conditions that can inform managers 
about how to proceed with remediation and restoration 

• generate a comprehensive landscape assessment of wetland conditions suitable to inform 
regulatory decisions and support non-regulatory wetland protection programs 

• inform the setting of restoration and creation goals 
 
Over the course of a five-year project period, we will: 

• Design, test and apply a landscape assessment of all mapped wetlands in the region based on 
extant remotely-sensed data; 

• Test a number of existing rapid assessment methods and utilize the results to construct a Mid-
Atlantic Regional Rapid Assessment, and apply the rapid assessment method in a probabilistic 
survey design to characterize wetland condition at several scales in the Mid-Atlantic region; 

• Initiate a strategy for continuing monitoring of wetlands in the region that will support a five-
year iteration of regional assessments 

 



 

6 
 

 
 

 

Project/Task Organization 
The Mid-Atlantic States Regional Wetlands Assessment (MASWRA) consists of two distinct parts:  
the Landscape Assessment (Level 1) and the Rapid Assessment (Level 2).  The overall responsibility 
for the project, including quality control and quality assurance, rests with two Co-Principal 
Investigators, R. Brooks and D. H. Wardrop.  The four project Principal Investigators (Brooks, 
Wardrop, Hershner, Havens) comprise the core management team.  The core management team will 
hold periodic conference calls and frequent email exchanges to administer and coordinate the project.    

Assessment/Oversight 
The management team (Brooks, Wardrop, Hershner, Havens) will be coordinated by R. Brooks.  The 
Project Manager of the Landscape Assessment, C. Hershner, is responsible for assuring that quality 
assurance procedures are followed and will train and perform checks on any individuals assisting in 
data collection and analysis. The Project Manager of the Rapid Assessment, D. Wardrop, is 
responsible for assuring that quality assurance procedures are followed in the field portion of the 
assessment, and for ensuring that appropriate communication between the project team and MAWWG 
occurs in a timely and complete fashion. Hannah Ingram is the Integrating Team Leader for the field 
activities associated with the Rapid Assessment, as well as Level 2 Coordinator for the Penn State 
Team.  She is responsible for the deployment and logistics of the Penn State field crew, as well as 
integrating the activities of both field teams.  Kirk Havens is the Level 2 Coordinator for the VIMS 
Team, and is responsible for the deployment and logistics of the VIMS field crew,   

Audits 
EPA QA staff will review the quality assurance activities planned for both the Landscape and Rapid 
Assessment project periods of 2008 through 2010.   It is expected that they will conduct periodic field 
visits during one or more of the project years (most probably in 2008 and 2009) to determine how well 
the quality assurance plan is being implemented in both portions of the project. 

Quality Assurance Reports  
A quality assurance report will be prepared at the end of each project year.  The focus of the report 
will be to highlight factors that contribute to the uncertainty and reliability of research conclusions.  
The report will detail the nature and frequency of problems that were: (1) prevented, (2) discovered, 
and (3) corrected.  Recommendations will be made to help improve subsequent data collection. 

Landscape Assessment Model Development 
The Landscape Assessment will have one specific goal; to apply an accepted non-tidal wetlands 
assessment methodology to all non-tidal wetlands in the Mid-Atlantic.  A technical team of scientists 
at the Virginia Institute of Marine Science’s Center will carry out this objective for the Center for 
Coastal Resources Management (CCRM) using an existing Ecosystem Services Model. The model 
assesses wetland habitat and water quality stress condition and has been calibrated for Virginia’s 
Coastal Plain and Piedmont regions. Calibration of Virginia’s Valley & Ridge, and Appalachian 
Plateau and validation of the Coastal Plain and Piedmont is ongoing in a separate project. The Project 
Manager at CCRM will oversee the model protocol developed by CCRM and applied in Virginia.  
Carl Hershner, director of the center, will assume project management responsibilities.    
 



 

7 
 

 
 

 

Project/Task Organization 
The landscape assessment will be based on remotely sensed information and associated ecosystem 
service models.  It is designed to generate a comprehensive assessment of all wetlands that are 
digitally mapped in the region.  The Virginia non-tidal wetlands assessment method, developed with 
USEPA support, is an example of this type of approach (Havens et al. 2005, Havens et al. 2006, 
Havens et al. 2007). This project will build on the Virginia model by using the Mid Atlantic Rapid 
Assessment to calibrate by ecoregion in multiple states. A timeline outlining the process is included in 
Table 1. (Details on the method can be found in the projectreport to USEPA, available on line at: 
http://ccrm.vims.edu/publications/pubs/Wetland_assessment_final_phase_I.pdf). 
The assessment protocol utilizes landscape analysis to predict stressors impacting a limited list of 
wetland ecosystem services and involves two distinct steps.  The first is a computer-based analysis of 
land use patterns in both the surrounding landscape and the contributing watershed for every mapped 
wetland. The output will be a large database of landscape characteristics for all wetlands in the study 
area.  The second step utilizes the landscape characteristics as input to an ecosystem service model for 
water quality and habitat services.  Each is described in detail as follows. 
 
Table 1. Long-term wetlands assessment strategy for Virginia. 
  
 

 Oct 
2003 

Begin Level I assessment for Virginia. Complete 

Dec 
2004 

Begin Level II site assessment of Coastal Plain wetlands. Complete 

Phase 
1 

Dec 
2005 

Complete Level I assessment of Virginia, Complete Level 
II site assessment of Coastal Plain, Develop protocol for 
Level III assessment for Coastal Plain physiographic 
province. 

Complete 

Dec 
2005 

Begin Level II site assessment of Piedmont physiographic 
province. Complete Phase 

2 
Sept 
2007  

Complete Level II site assessment of Piedmont. Begin 
Level III sampling for coastal plain sites. Complete 

Oct 
2007 

Complete enhanced wetland site selection for Valley & 
Ridge, Blue Ridge, and Appalachian Plateau Level II site 
assessment using a protocol for probable wetlands 
location. Continue Level III sampling for Coastal Plain. 

Complete 2008 

Phase 
3 

Oct 
2007 

Complete Level II site assessment for Valley & Ridge, 
Blue Ridge, and Appalachian Plateau physiographic 
provinces.  

Complete 2008 

Phase 
4 

Dec 
2008 

Begin Level III sampling for Piedmont and Valley and 
Ridge. Proposed 

Phase 
5 

Dec 
2008  

 Begin Level II re-sample of coastal plain subset for 
calibration in preparation for status and trends analysis.  Proposed 
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Task One.  Analysis of Land Use 
In order to conduct the analysis, the watershed around each wetland is generated. The watershed 
delineation requires an elevation data source. We plan to use the USGS National Elevation Dataset 
(NED), which is a 1:24,000 30-meter resolution dataset.  The source of the wetlands data is the 
National Wetlands Inventory (NWI) of the U.S. Fish and Wildlife Service.  If feasible and cost-
effective, we will attempt to enhance the NWI layer by using a combination of digital elevation 
modeling, digital hydric soil layers, and/or buffering of stream and river corridors.  
Using the VIMS model, the NWI and the NED are imported into ESRI ArcView 3.2; the NED is in 
ESRI GRID format and the NWI is in ESRI shapefile format.  Then, the hydrologic tools available in 
ArcView are used to create the watersheds.  First, the isolated sinks in the NED are filled.  These sinks 
are localized depressions in the elevation data, which are assumed to be anomalies.  The new NED is 
used to generate a “flow direction” GRID; the flow direction GRID assigns numeric values to 
individual cells in the GRID based on the flow direction in that cell.  Finally, each NWI polygon must 
be converted into a GRID format, and a watershed GRID is generated around it from the flow 
direction GRID.  Each NWI polygon is considered a wetland, i.e., adjoining NWI polygons are not 
composited. 
 
The next step uses USGS TIGER/Line 2000 roads data and the USGS National Land Cover Dataset 
(NLCD) 1999 in conjunction with the drainage watersheds created above and the NWI wetlands data.  
All raster data is converted to vector data and analyses are run in Workstation ArcInfo. Each selected 
wetland is buffered at three distances (3m, 200m, and 1000m) and combined with the land cover 
(NLCD).  Landcover classifications/combinations are determined specifically for states and 
physiographic regions.  Roads are used to further refine the analysis. Roads are separated into 
highways (primary highways with limited access and their access ramps) and roads (all other roads).  
Metrics such as proximity of highways and roads to wetlands, highway/road density (linear distance 
per area within the buffers) and road alignment relative to wetland watershed is also considered.  
 

Task Two:  Estimation of Ecosystem Services 
The second step is development of the ecosystem service models.  Selected habitat and water quality 
service models have been developed for Virginia by VIMS.  These will serve as the starting point for 
regional assessment models. These models synthesize research findings and best professional 
judgments to generate assessments of wetland services based on the landscape metrics generated in the 
first step (i.e. density of roads, distance to adjacent wetlands, percentage of different surrounding 
landcovers).    
 

Data Generation and Acquisition 
This project uses available GIS data sets from federal and state sources. Data used in model are 
accepted as is. Marcia Berman, director of the center’s GIS and remote sensing program will assume 
responsibility as the Quality Assurance Manager for GIS-based activities.  The Quality Assurance 
Manager will insure GIS staff utilized current and best available data, consider all model parameters, 
and remain consistent with established in-house CCRM QA/QC protocols. The Center protocols and 
Standard Operating Procedures (SOPs) are documented on this website: 
http://ccrm.vims.edu/about_us/QAQC/qaqc.html. The Quality Assurance Manager will facilitate 
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acquisition of these data through appropriate channels.  Qualitative measures of the land cover, 
wetlands, transportation networks, and any other data sets utilized in the model are understood to have 
quality limitations established by the source agency, and these limitations are reported in original 
metadata records accompanying the data sets.  The quality of the model output is controlled in part by 
the accuracy and limitations of the data inputs.   
 
The same programs are run for each data set and data is processed by ecoregion. 
 
Coverage precision is set to double. Precision refers to the exactness of the coordinate and the number 
of significant digits that can be stored for each coordinate. Double precision stores up to 15 significant 
digits and, therefore, retains a mathematical precision of less than 1 meter at a global extent (ArcGIS 
Desktop Help).  Single precision stores up to 7 significant digits. This means that any coordinate that 
differs beyond the seventh significant digit is seen by the computer as being the same and can lead to 
the loss of data.  Double precision minimizes the effects of coordinate shifting. 
 
Tolerances can also affect the amount of coordinate movement.  This project uses 0.01 m as a standard 
for all tolerances specified. Fuzzy tolerance is the maximum distance coordinates can shift during 
command operations such as clean, buffer, and union. Dangle length specifies the removal of dangling 
arcs less than the dangle length during the clean operation.  Grain and Weed tolerances are set in the 
ArcEdit window. Grain tolerance specifies the distance between vertices along a curved line and weed 
tolerance is the minimum distance between any two vertices along an arc. 
 
There are QCs built into the main analysis program that: 
1. Check that the selected wetland is put into a new coverage and built for line and/or polygon 

properly. This check was written into the program in response to a series of  program errors in the 
testing phase of the model where, for an unknown reason, during a build or clean, the computer 
would “forget”  how to finish the command and the expected coverage was left as a temporary xx 
file, thus crashing the program. The program now checks for the existence of a given coverage 
after the build command. If the coverage is found, the program continues. If the coverage does not 
exist, it is remade and the program continues. 

2. Check for proper buffer size/area, re-buffers if necessary, and writes the wetland id to a file for 
later manual checking (problem.txt).  Three buffer distances (3m, 200m, and 1000m) are used in 
the wetland assessment model to determine adjacent land use patterns, neighboring wetland 
proximity, and proximity and density of roads. Occasionally a wetland does not buffer properly, 
i.e. it will not buffer a given distance or the buffer is deformed/partial.  This check insures the 
buffered area of a wetland is at least the area of a buffer of the same distance around a point.  If a 
buffer is empty or less than the desired area, the wetland identification number is written to a file 
and the wetland is re-buffered as follows:  

a. If the 1000m buffer was a problem, do not use the existing coverage. If the 200m buffered 
correctly, use it to create a new 1000m buffer by buffering the 200m buffer 800m. 

b.  If the 200m didn't work properly, then do not use and create a 100m buffer. Buffer that 
coverage 100m to produce a new 200m wetland buffer. 

3. Randomly selects 3 polygon wetlands and three linear wetlands (if available), one each of type 
PSS, PFO, and PEM. All coverages and files created while analyzing the random wetlands are 
saved to a separate directory. These files are used to verify the processes are completed accurately 
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and the results make sense. 
 

When the processing of the hydrologic unit is complete, the workspace is checked for the problem text 
file. If the text file exists, the buffer areas of the listed wetlands are checked to see that the areas 
increase with buffer distance and are larger than the minimal buffer area around a point. If the values 
do not meet expectation, the offending wetland will be reprocessed. 
  
Data is checked for zero values or empty fields. If a field is not coded properly, the program is 
examined for errors and corrected if necessary. If no error is found in the program, the wetland(s) in 
question are reprocessed.  Fields allowed to have zero values include:  

a. wshab and wswater (habitat and water quality scores for wetland size); if the wetland is < 
0.04 ha 

b. rdhab and hwhab (habitat scores for wetland proximity to roads/highways); if 
roads/highways are within or adjacent to wetland 

c. rdwtr3 and hwwtr3 (water quality scores for proximity to roads/highways); if 
roads/highways are within or adjacent to wetland 

d. rdwtr2h and hwwtr2h (water quality scores for proximity to roads/highways);  if 
roads/highways cross both sides of drainage area within 200m of wetland 

e. any road or highway density values if roads/highways are not within 1000m of wetland or 
within wetland drainage area 

f. proxhab (proximity to other wetlands), if nearest wetland is > 1000m 
 

Processed coverages are appended so that all wetlands are in one final coverage/shapefile. Appending 
serves as QC on attribute field names because an append does not work if the field names are not the 
same. 
 
Wetlands that cross the hydrologic unit boundaries are processed after all the wetlands contained 
within the hydrologic unit boundaries.  They receive the same treatment as the preceding wetlands. 
Prior to appending, boundaries are checked for overlapping wetlands. 
 

Data Management 
 

Full backups of all network drives are done every Friday beginning at 8:00 PM.  This weekly backup 
copies full content of all drive to backup tapes.  Backups generally last 28 to 36 hours.  Incremental 
backups are done nightly Monday through Thursday.  These incremental backups target only those 
files that have been modified since the last full backup. Successful completion of backup jobs is 
verified every morning Monday through Friday and failed jobs are rescheduled if they occur. Tapes 
containing the most recent full backup are removed from the Qualstar Backup Library and stored in a 
fire proof safe in CCRM administration building. Full copies are kept for at least the previous month.  
 
CCRM procedures are consistent within the guidelines outlined in Little and Chapa (2003). 
 

Testing Rapid Assessment Methods for Construction of a Mid-
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Atlantic Regional Rapid Assessment  
 
The Level 2 assessment must address the following three needs in the context of the MAWRA: 

• A probabilistic survey of wetland condition with the capability of being stratified by states and 
ecoregions 

• A landscape profile, sensu Bedford 1999, with the capability of being stratified by states and 
ecoregions 

• Calibration of the Level 1 ecosystem service models 
 
Thus, the Mid-Atlantic Regional Rapid Assessment (MARRA) constructed during this project must be 
able to meet all of the above objectives.  We will test four methods as MARRA candidates, either in 
part or in whole: 

• Delaware Rapid Assessment Method 
• The Virginia Level 2 Assessment   
• The Penn State Rapid Assessment  
• Draft US Rapid Assessment Method (currently under development for use in the 2011 

National Wetland Condition Assessment) 
 
Communication between the parties developing the various methods has found a high degree of 
similarity in stressor lists and classification systems.  Development of the MARRA will take 
advantage of this similarity to develop a protocol that uses the largest possible set of common 
parameters.  The goal is to align the regional assessment method as closely as possible with existing 
state specific methods.   
 
The second need is a landscape profile of wetland types at a variety of geopolitical boundaries. 
Landscape profiles are critical tools for restoration, management, mitigation, and cumulative impact 
assessment of naturally-occurring wetlands (Bedford 1996, Gwin et al. 1999).  Use of NWI maps 
alone cannot provide this profile, because they do not always include the entire resource and do not 
typically assign wetland type according to the HGM classification. 
We will utilize a regional HGM classification key that is broadly applicable across the Mid-Atlantic 
(Brooks et al. in prep.). 
 
The third need addressed by the regional Level 2 protocol is the calibration of the Level 1 ecosystem 
service models.  The Level 1 models predict stressor levels affecting wetland services based on the 
composition of surrounding landscapes.  The Level 2 protocol will (among other things) collect 
information on the stressors (e.g., Adamus and Brandt 1990, Adamus et al. 2001) actually present in a 
variety of landscape settings.  We anticipate that the relationship between landscape composition and 
stress occurrence will vary among ecoregions and general landscape type.  The probabilistic Level 2 
sampling will support description of those relationships, and thereby support calibration of the Level 1 
model predictions.  
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Project/Task Organization 

Task 1. Field test the selected rapid assessment methods across the Mid-
Atlantic region in Year One 
The four methods will be utilized in the Year One assessment efforts, and will be applied to 
approximately 200 points during the summer of 2008.  The objectives of the field test will generally 
follow those of previous efforts (Fennessey et al., 2004) in order to determine: 1) how the methods 
perform in different physiographic units and wetland types; 2) if there are core indicators that are 
likely to be broadly applicable; 3) the kinds of indicators that need to be regionalized and how to do it; 
and 4) how special cases, e.g., restoration/mitigation projects, regionally rare wetlands, rare and 
endangered species, wetlands with reduced but important functions, might be handled in the 
assessment. 
 
It is expected that each of the five physiographic units (Valley and Ridge, Piedmont, Appalachian 
Plateau (divided into two subunits according to glaciated and unglaciated sections), and Coastal Plain) 
will contain approximately 40 points (physiographic provinces and sections follow the definitions and 
delineations found at http://tapestry.usgs.gov/physiogr/physio.html). This will be sufficient to provide 
wetlands from major subclasses (using the HGM classification scheme) to evaluate method 
performance.  
 
The standard field procedures to be used at each site include the following: 
 

1. Each team will attempt to access the sampling point.  If a wetland is not apparent, unsafe to 
sample, or access is denied by the land owner the relevant information will be recorded and the 
team will move on to the next point. 

2. Each team will attempt to determine the property owner and ask permission to gain access to 
each site.  This will be done by approaching a nearby house and knocking on the door to ask if 
the wetland and house are part of the same parcel.  If the owner of the nearby house does not 
also own the wetland site, any information gained about the actual owner of the land should be 
solicited.  If the owner is undetermined or not available to obtain permission from, the team 
should attempt to access the site unless the land is posted or fences must be crossed.  Each field 
vehicle will have a sign in a window with contact information stating that the vehicle is part of 
an ecological survey. 

3. At each site, the Team Leader will provide a review of the definition of the assessment areas 
(AA), i.e., what part of the wetland is to be included in the assessment. This varies by method 
such that different methods are scored based on different assessment areas (e.g., the Virginia 
method utilized the entire wetland, while the Pennsylvania method defines a representative 
assessment area).  A Summary Cover Sheet that can be consulted in the field has been 
developed that defines the AA for each method.  

 
4. The encompassing wetland will be classified according to the Mid-Atlantic HGM 

Classification key developed in anticipation of this project.  Documentation of the 
classification will be provided via a data sheet requiring photographs, a hand-drawn plan-view 
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map of the wetland and immediate surroundings, recording of water sources such as springs, 
seeps, streams, etc., and a comment field. 

 
5. Two Small teams of 2 to 3 persons will be formed to complete the Level 2  (Rapid 

Assessment) methods in the field. One team will assess all wetland points in the Coastal Plain 
and Piedmont physiographic provinces and one team will assess all wetland points in the 
Valley and Ridge and Appalachian Plateau physiographic provinces. Each team will fill out 
one set of data sheets working by consensus. Team membership will remain the same for the 
entire sampling season.  

 
6. Upon completing all of the data sheets, the team leader will go back and make sure that the 

data sheets are complete before leaving the site.  Detailed notes will be taken about any aspects 
of the site assessment that may be helpful in analyzing the data or a future return trip to the 
same wetland site. 

 
7. At the end of each week a debriefing will take place involving all members of each field crew.  

The nature of this meeting will be to discuss any issues associated with the logistics of the 
fieldwork. The VIMS team will report on the debriefing to the Integrating Team Manager, 
Hannah Ingram, who also serves as the Penn State Team Leader.  Ingram will be responsible 
for resolving any inter-team differences in method practice.  

Task 2. Analyze and summarize Rapid Assessment data from Year One 
When both the Level 1 and Level 2 data have been collected, we will develop criteria for evaluating 
assessment procedures based on transferability between regions and wetland types, consistency in 
results between users, use-ability of data to various state personnel as discussed in MAWWG, and 
utility in calibrating the Level 1 assessment .  These results will be reported in the Year One QA 
Report, as guidance to EPA’s Wetlands Division, the state wetland programs, and MAWWG. This 
will include strategies describing how the rapid assessment techniques can be transferred and adapted 
for the National Assessment.  The MARRA will be developed by synthesizing the “best’ portions of 
the four candidate protocols, or by wholesale adoption of one protocol, if appropriate.  The MARRA 
will then be utilized in Year Two. 
 
The classification key will be evaluated by constructing landscape profiles from the Year One data, 
and evaluating the ability of the field teams to classify wetlands of various types.  For example, the 
Upper Juniata project (Wardrop et al., 2007) found that it was difficult for field teams to “split” a 
complex of wetlands into small-scale components.  In response, a class of wetlands termed “headwater 
complex” was designed to allow classification at an appropriate spatial scale.  The documentation will 
be utilized to infer problem areas of the classification key. 
 

Task 3.  Utilize the MARRA in Year Two sampling 
The resulting MARRA and classification key developed in Year One will be utilized in the Year Two 
sampling effort, and will be applied to approximately 200 points during the summer of 2009. It is 
expected that each of the five physiographic units (Valley and Ridge, Piedmont, Glaciated 
Appalachian  Plateau, Unglaciated Appalachian Plateau, and Coastal Plain) will contain approximately 
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40 points. This will provide wetlands from different classes (using the HGM classification scheme) to 
evaluate method performance.  
 
The standard field procedures to be used at each site include the following: 

 
1. The encompassing wetland will be classified according to the Mid-Atlantic HGM 

Classification key.  Documentation of the classification will be provided via a data sheet 
requiring photographs, a hand-drawn plan-view map of the wetland and immediate 
surroundings, recording of water sources such as springs, seeps, streams, etc., and a comment 
field. 

 
2. Two teams of 2 to 3 persons have been designated, and membership of each team will remain 

constant throughout the sampling season. Using the MARRA each team will assess their 
designated points.  

 
3. At the end of each week a debriefing will take place involving all members of each field crew.  

The nature of this meeting will be to discuss any issues associated with the logistics of the 
fieldwork.  The VIMS team will report on the debriefing to the Integrating Team Manager, 
Hannah Ingram, who also serves as the Penn State Team Leader.  Ingram will be responsible 
for resolving any inter-team differences in method practice.  

 

Quality Objectives and Criteria 
Primary data quality objectives for the testing of rapid assessment methods are precision, accuracy, 
completeness, representativeness, and comparability.  Before quality assurance methods to maintain 
data quality standards can be developed, the quality standards must be determined. Terms used to 
express data quality standards and examples of the QA/QC used to assure those standards are given 
below (Sherman et al. 1991): 
 
1) Precision - is a measure of mutual agreement among individual measurements of the same variable, 
usually under prescribed similar conditions. Data precision can be checked through the use of replicate 
field measurements and standard procedures.  Specific criteria are given in Table 2. 
 
2) Accuracy - is the degree to which a measurement reflects the true or accepted value of the measured 
parameter. It is a measure of the bias in a system. Accuracy depends on the technique used to measure 
a parameter and the care with which it is executed. Standard procedures and QA audits are used to 
maintain data accuracy. Specific criteria are given in Table 2. 
 
 
3) Completeness - is a measure of the amount of valid data actually obtained compared with the 
amount that was expected to be obtained under normal conditions. Ideally, 100% of the data should be 
collected.  Data may be incomplete due to incomplete data collection, lost or damaged data forms, or 
errors in data transcription. Specific criteria are given in Table 2. 
 
4) Representativeness - expresses the degree to which data accurately and precisely represent a 
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characteristic of the parameter measured. Representativeness is established by training measures 
(detailed below) and expert follow-up of 10% of the sampled sites. 
 
5) Comparability - expresses the confidence with which one data set can be compared to another. 
Collection of data by different investigators is the primary cause of variability in the data. 
Standardized procedures, internal QA audits by the QA manager, and training measures (detailed 
below) minimize variability in the data. 
 
Additional data quality objectives of the project are to (1) collect accurate and precise data across the 
Mid-Atlantic Region, (2) to transmit this data from each field crew to a computer database without the 
addition of error, and (3) to transmit data compiled by both teams into a master computer database 
without addition of error. This will be achieved by establishing quality assurance checks throughout 
the data handling process from checking data sheets in the field prior to leaving a site. Since multiple 
teams will be used to sample sites, extensive training will be done prior to field sampling to ensure 
consistency in method scoring.  We have prepared this QA Plan in consultation with US EPA (2002).  
Additional QA tables are included as Tables 3 through 7. 
 
For the purposes of this project, we will not set a specific DQO for method results.  We will set a DQO 
threshold of 10% such that, if method results between groups during any of the three QA exercises 
vary by more than that amount, the Integrating Team Manager (Ingram) will review method 
procedures to identify inconsistencies in method use by the two field crews.  
 

Special Training/ Certification 
In order to prevent team “drift” in scoring, the two field teams will train together at the beginning of 
each field season.  A field test, designed to ensure inter-team consistency, will be performed 
immediately after training.  Two more such events will take place during the field season, at 
approximately one week and three weeks after the initial field test. A field test will consist of both 
field teams visiting the following four sites:  a minimally-impacted and severely-impacted site in 
either the Valley and Ridge or Appalachian Plateau physiographic provinces, and a minimally-
impacted and severely-impacted site in either the Piedmont or Coastal Plain physiographic.  Field 
manuals for all four methods will be available at all times; they are included in Appendix A, excluding 
US RAM, which will be added when available.   
  

Data Generation And Acquisition 

Sampling Process Design 
The sampling design involves completion of the selected rapid assessments at each assessment point, 
as follows.  
Site Selection: For most states, digital versions of the National Wetland Inventory (NWI) maps 
provide the best representation of wetland occurrence in the Mid-Atlantic (i.e., a frame in statistical 
terminology).  NWI is the most complete catalog of wetland location, type, and extent that is 
consistently available across the Mid-Atlantic states, and will be the default source from which to 
draw a sample.  As stated previously, the NWI map can be adjusted using a geographic information 
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system to better represent the resource by buffering wetlands represented as lines (e.g., riverine 
wetlands represented as a linear resource) on the map to make polygons, thereby including these 
wetlands in the sample, and/or by removing polygons that are likely to be wetland types that should be 
excluded from assessment (e.g., farm ponds).  Individual states may have more accurate 
representations of the resource that were developed independently.  At the beginning of the project, all 
potential representations of the resource from the Mid-Atlantic states will be considered.  However, 
we will initially assume that NWI maps will be the basis for site selection. We recognize that NWI 
maps are known to have varying degrees of under coverage of wetland resources (Wardrop et al. 
2007a).  Due to time, cost and human resource constraints no additional frames are likely to become 
available to increase the accuracy of the sample frame across the Mid-Atlantic during the study period. 
VIMS will conduct the sampling of wetlands using software programs made available from NHEERL.   
 
A Generalized Random Tessellation Stratified (GRTS) design (Stevens and Olsen 1999, Stevens and 
Olsen 2003, Stevens and Olsen 2004) will be used to draw sample points from the relevant map, 
utilizing the expertise of US EPA NHEERL, Western Ecology Division, Monitoring Design and 
Analysis Team.  Briefly, the GRTS design results in a spatially-balanced sample with the points 
ordered so that sequential use of the points as study sites maintains spatial balance.  The initial survey 
design checklist will be developed in conjunction with MAWWG to define the sampling frame.  This 
sampling design stipulates that the sites be evaluated for use in numerical order, as indicated by the 
site ID number.  In each physiographic unit we will sample up to the first 40 sample points.   

 
Data collection: All forms will be completed using the appropriate individual protocols (data 
completion instructions are included in the individual method protocols). Data forms include both 
Palm pilot-based forms, as well as some additional hard copy forms.  All hard copy data forms and 
Palm Pilot-based files will be transferred to the Integrating Team Captain, and all data will be entered 
into a master database at Penn State. 

 

Sampling Methods 
Rapid assessment method evaluations will be performed according to the individual protocols. 
(Protocols will not be altered or adapted based on regional differences; if questions are unable to be 
answered or completed due to these differences, detailed notes will be recorded as to why there are 
missing data. 

 

Quality Control 
The best way to assure accuracy, precision and completeness in the collection of field data is to assure 
that the field crewmembers are well trained in all procedures (i.e., rapid assessment methods) and are 
familiar with the technical language used in the procedures. Accuracy will be assured by providing 
training to field crewmembers prior to initiation of the sampling in both 2008 and 2009.  Training in 
each method will be provided by the appropriate developers/authors of the method (e.g., Amy Jacobs 
for the Delaware Method). 
 
In the field, the Team Leader (one each for the PSU and VIMS field teams; Hannah Ingram is 
Integrating Team Leader) will be responsible for making sure that all data sheets and/or electronic files 
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are completed and accurate prior to leaving a site. Data sheets and/or electronic files will be checked 
for completeness (i.e., all fields requiring information are completed), and subsequently dated and 
signed.  If missing or incorrect data are found, field crewmembers will be notified of specific problems 
and any missing data will be collected. After each 10 points sampled by each team, data will be 
transferred to the Integrating Team Leader (H. Ingram).  Hardcopy originals will be mailed; all Palm 
pilot files will be electronically transferred. 
 
In order to prevent team “drift” in scoring, the two field teams will train together at the beginning of 
each field season.  A field test, designed to ensure inter-team consistency, will be performed 
immediately after training.  The test will be comprised of four site assessments:  two in the Ridge and 
Valley/Plateaus, and two in the Piedmont/Coastal Plain.  The two sites in any ecoregion will be 
selected to represent minimally impacted and heavily impacted, if possible.  Two more such events 
will take place approximately one week and three weeks after the initial field test. 
 
In each ecoregion, a team of experts (derived from the Core Management Team) will perform a re-
assessment of 10% of the points.  The re-assessment will take place during the active field season.  If 
the Level 2 method results for any one site differ by more than 10% from the field crew assessment, a 
meeting will be held between the expert team and the field teams to reconcile differences.  All results 
will be reported in the QA report. 
 

Analytical Methods Requirements  
The selection and use of appropriate statistical methods is a critical component of the present study.  
The following section outlines the procedure for processing field data forms and the expected 
approach to statistical analysis and for assessing the quality of the data collected. We will also 
analyzing the data to determine what statistically significant differences or conclusions can be reached.  
Our approach to data analysis will be developed once data collection is complete as there is currently 
no defined method for integrating individual rapid assessment methods into one for regional use.   
 
Project Data Quality Objectives (PDQOs) 
The data quality objectives of the project are to collect accurate and precise data and to transmit this 
data from the field to a computer database without the addition of error.  This will be achieved by 
establishing quality assurance checks (described below) throughout the data handling process, 
including checking data sheets in the field before leaving a site to double-checking all data entry into 
the computer.  Since multiple teams will be used to sample sites, training will be done prior to field 
sampling to ensure consistency in scoring (see above). 
 
Procedures for processing field data forms 
Each team will be responsible for providing completed and checked field data sheets to the Team 
Leader.  The team will be responsible for checking that all field data sheets are filled out correctly and 
in full.  When errors are encountered in the completion of the field data sheets (i.e., missing data, 
illegible writing) then the problems will be discussed and corrected by team members.  As an 
additional check for errors in the field data sheets, the Integrating Team Leader will check all data 
forms when they are submitted to her (required after completion of 10 sites). If any problems arise at 
this stage then they will discuss and correct the problem in conjunction with the team members.   
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Approach to Data Analysis 
By its nature this analysis will be exploratory and the data analysis techniques will be finalized once 
the data collection is complete.  Since each wetland will be assessed using the four rapid assessment 
methods, the scores will be compared. We expect that scores for a given method at a site will be within 
10 % of one another.  If this is not the case, it may reflect the fact that one or more methods lead to 
inconsistent scores.  Comparing the consistency in scores across the different methods (i.e., is there 
consistently higher disagreement with the scores for Method A as compared to Method B) will provide 
information on the relative repeatability of the methods.  If a specific team is consistently higher (or 
lower) for all methods, this will indicate that the variability is due to the team itself. 
 
The accuracy of each method will be assessed by comparing the mean scores of the Level 2 (Rapid 
Assessment) methods to any available Level 3 data provided by each of the Mid-Atlantic states.  For 
example, a regression analysis will be conducted (see below) of the Plant-based Index of Biotic 
Integrity (P-IBI) scores collected in Pennsylvania (see Miller et al., 2006) against the Level 2 method 
results.  Each state may have different types of Level 3 information; the availability and type of such 
information will be discussed and vetted through MAWWG.  With these different types of Level 3 
information, it is possible that application of state-specific regression analyses may lead to differing 
results related to performance of the various Level 2 methods.  The relative ‘fit’ (r-squared value) of 
the regression for each Level 2 method will provide insight into their relative ability to accurately 
assess ecological condition. We will use residual analysis to assess the relative performance of each 
method in each state.  For example, if the residuals for Method A are consistently lower than for 
Method B, it would indicate that Method A is being scored more consistently.  In this analysis we will 
pay particular attention to two aspects of the methods:  the accurate accounting of stressors and the 
‘core indicators’ of the rapid methods.  The accurate accounting of stressors is important for the use of 
the results to calibrate and refine the Level 1 assessments.  Core indicators include metrics directly 
related to the three parameters that are used to define wetland ecosystems: hydrology, soils, and 
vegetation. We expect these will show the strongest correlation (highest correlation coefficient) with 
the Level 3 results since they are the most central to wetland ecological condition.  
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Statistical Programs 
JMP will be the main statistical package used to analyze data collected in this study.  This is a 
powerful, flexible, and comprehensive program that will perform most of the tests discussed below, as 
well as a wide variety of multivariate exploratory techniques (e.g., CART, clustering).  
 
Descriptive and Graphical Methods 
Descriptive and graphical methods will provide a sound starting point for subsequent analyses. For 
example, "notched box and whisker" plots of Level 2 metric and summary scores by ecoregion may 
illustrate differences in Level 2 method performance.  Scatter plots of one Level 2 method versus 
another will indicate comparability of methods.   
 
Simple/multiple regressions and residual analysis 
Useful simple and multiple linear regression models may be able to be developed from the data 
collected in this study.  In particular, models that use biological measures may be helpful in 
determining the relationship between Level 1,2, and 3-assessment information.  The relationship 
between individual rapid assessment metrics will also be compared.    
 
Analysis of Variance 
Analysis of variance (ANOVA) is a commonly employed statistical technique that determines whether 
means of two or more sampling distributions are significantly different from the expected value using 
an F-distribution. This can be used to compare the mean scores for each method in each 
state/ecoregion as a gauge of relative wetland condition.  Tukey's multiple comparison test is typically 
used after obtaining a significant result from an ANOVA test to determine which means are 
significantly different from each other.  If certain data sets depart seriously from the assumption of 
normality, nonparametric equivalents to the ANOVA and Tukey's multiple comparison test will be 
used, e.g. Kruskal-Wallis Distribution-free Test for General Alternatives and the Critchlow-Fligner 
Multiple Comparison. 

Instrument/ Equipment Testing, Inspection, and Maintenance 
The majority of equipment used for data collection will be for the purpose of navigation and data 
recording.  If navigation units (e.g., GPS units) require calibration (determined according to 
manufacturers specifications), the Team Leader for each ecoregion will be responsible for ensuring 
that all equipment is calibrated and working correctly. 
 

Data Management 
Checks of the data are performed at each step of the process to ensure that high quality and accurate 
data are collected.  More extensive checks of data will be performed if during any step of the process 
errors are found in >5% of the sites or appear to follow a systematic pattern.   
 
All original hard-copy data sheets and Palm Pilot files will be archived at Penn State for a guaranteed 
period of 7 years.  The Master Database will be maintained on a server-based network at Penn State, 
and will be backed-up weekly.  Two archival copies will be prepared quarterly; one will be kept at 
Penn State, and one at VIMS.  All project files at Penn State will be backed-up weekly, and archived 
quarterly. 
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QA/QC TABLES 
 
Table 2.  Data quality objectives.  
 

Parameter Measurement Units Expected Range Accuracy 
 

Precision 
 

Completeness (%) 

Rapid Assessment Method  
Scores  

Ordinal scores  0 to 100 or  
within that range 

NA ±10% of 
mean score

95 

Global positioning system Latitude/Longitude DD 35.0000 to 50.0000N 
and 90.0000 to 

75.0000W  

30 m Within 30 m 
between 

units 

95 

 
 
 
 
Table 3.  Summary of sample collection, handling and preservation.  
 
Not applicable in this study.  
 

Sample Type Parameters 
Measured 

Sample 
Container 

Minimum Sample 
Size 

Preservation and Storage Maximum 
Holding Time 
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Table 4.  Instrument, data, and inference. 
 
 

Instrument Parameter Inference and Caveats 
Global positioning system 3-D sample and 

topographic 
locations 

Infer relative, 3-dimensional geographic positions of sample points and 
surface topography  

 
 
 
Table 5.  Instrument Calibration.  
 
 
 

Instrument Calibration Check Frequency 
Global positioning system 1. Check against reference benchmarks 

2. Repeat point measure; check against tape 
1. Pre- and post-season 
2. Before each use 

 
 
Table 6.  Quality control checks.  
 

Instrument QC Check Frequency Data Summary Acceptance 
Criteria 

Action if Values 
Unacceptable 

Global 
positioning 
system  

Repeat on 1 cross-
section 

Once per 
Assessment Area 

Calculate 
precision 

Meets DQO 1. Correct blunders   2. 
Repeat measurements 
until acceptable.  
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Table 7.  Preventative maintenance.  
 

Instrument Frequency Preventative Maintenance 
Global positioning system Before, during and after use Transport in hard case; recharge batteries; keep clean and dry. 
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Appendix A:  Rapid Assessment Protocols 
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Pennsylvania Rapid Assessment Protocol (PA-RAP) 

for Mid-Atlantic States Regional Wetlands Assessment 

Prepared by:  Robert P. Brooks, Denice H. Wardrop, and Hannah M. Ingram 

The purposes of a Level 2 -- Rapid Assessment using the Pennsylvania method (PA-RAP), as 
applied to the Mid-Atlantic States Regional Wetlands Assessment are to:  1) determine the 
condition of the wetland resource in a designated area (e.g., ecoregion, state, river basin, 
etc.); 2) determine the predominant stressors affecting wetland resources and their associated 
buffers in the designated area; and 3) confirm the hydrogeomorphic classes or subclasses of 
the wetlands in the sample.  The PA-RAP process helps to properly classify target wetlands 
and identify specific stressors during a brief visit to a site. 

To determine the overall condition of a wetland using the PA-RAP, a Level 2 assessment 
must combine the land use analysis from Level 1 – Landscape Assessment with a 
characterization of the buffer area adjacent to the wetland of interest and a checklist of on-
site stressors (e.g., sedimentation, eutrophication; Adamus and Brandt 1990) observed during 
ground reconnaissance (Brooks et al. 2006, Wardrop et al. 2007).  A one-page stressor 
checklist is completed during brief site visits to characterize the stressors and buffer 
conditions found at each site (Figure 1).  

The stressors considered in developing the stressor checklist were derived from (Adamus and 
Brandt 1990): 

Enrichment/Eutrophication - increases in the concentration or availability of nitrogen and 
phosphorus 

Organic Loading and Reduced Dissolved Oxygen - increases in carbon such that biological 
oxygen demand increases 

Contaminant Toxicity - increases in the concentration, availability, and/or toxicity of metals 
and synthetic organic substances 

Acidification - increases in acidity (decreases in pH) associated with atmospheric deposition 
or mining of coal 

Salinization - increases in dissolved salts primarily due to changes or shifts in hydrologic 
regimes 

Sedimentation - increases in deposited sediments resulting in burial of organisms or 
alterations of substrates 

Turbidity - reductions in solar penetration of waters, usually by suspended sediments or 
organisms 

Vegetation Removal/Alteration - increased defoliation or reduction in vegetation structure, 
colonization and/or increase in invasive species 
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Thermal Alteration - long-term changes, usually increases, in temperature of water and/or 
sediments 

Hydrologic Modification - changes in water levels, duration, frequency, or extent 

 

On the checklist, each stressor has an associated list of observable field indicators to check 
off during the rapid site visit (Figure 1).  The following equation is used to compute a 
condition score adjusted to a standard scale of 0-100, where 0 is the least disturbed, and 100 
is the most disturbed condition: 

CF = 100 - [ ]
⎭
⎬
⎫

⎩
⎨
⎧

−+⎥⎦
⎤

⎢⎣
⎡ − HITS BUFFERSCORE BUFFER

10
STRESSORS#10*%FLC  

Where: 

CF = calibration factor (100/114) standardizes the scores to a scale of 0 to 100 
%FLC = percent forested land cover 
#STRESSORS = the number of the ten categories of stressors present on site 
BUFFER SCORE = a value from 0 to 14 assigned to the buffer given its type and width 
BUFFER HITS = number of the stressor indicators present that were likely to “puncture” the 
buffer; can not exceed the value of BUFFER SCORE, i.e., it isn’t possible to degrade a 
buffer more than it is worth.   

The assessment assumes that the higher the number of stressor categories present at a site, the 
lower the influence of the surrounding forest land cover.  This is reflected in the first portion 
of the equation, which weights the amount of surrounding forested land cover used in the 
Level 1 assessment with the number of stressor categories present on the site.  Buffers can 
help to ameliorate the effects of surrounding land use on wetland condition.  Their potential 
to do so is a function of both their width and type; therefore, the presence of a buffer 
improves the condition score.  Wide buffers (>100 m) of natural forest get the highest score 
(14); no buffer, the lowest (0).  However, certain stressors cannot be effectively mitigated by 
the presence of a buffer and are represented in the formula by BUFFER HITS.  These are 
types of stressors, like culverts, that allow the effects of surrounding land use to affect the 
wetland despite the presence of a vegetated buffer. 

Protocol 

To apply the Level 2 rapid assessment protocol, sites should be visited between May and 
October.  Once the sites or wetlands have been selected and permission granted for access, a 
brief ground reconnaissance visit is conducted.  Each site should be assessed for about 30 
min once the target wetland is located.  During that visit, the classification of the wetland is 
confirmed or modified, information is collected on the number and type of stressors 
occurring at the site, and the buffer characteristics are described.  A one-page sheet (Stressor 
Checklist, Figure 1) is used to record data on stressors and the extent and type of buffer 
surrounding the wetland.  All determinations and data measurements are made by the team 
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members working together, and then recorded. 

Steps for Level 2 - Rapid Condition Assessment   

 1.  Wetlands for the assessment are selected at random from the available pool, and a 
list of possible sites with their spatial coordinates are provided to field teams. 
 2.  Although not required, prior to the actual field assessment, it is suggested that 
reconnaissance on each of the selected points be done by a brief field visit to ascertain 
location, access issues, and an initial classification, although interpretation of other office-
based resources can serve as a substitute for the initial field visit (e.g., aerial photographs, 
topographic maps, NWI maps, etc.).  During this initial field visit, if conducted, an attempt 
should be made to identify and contact the owner to request permission to sample the site at a 
specified date and time. 
 3.  When ready to conduct the actual Level 2 – Rapid Assessment, locate the wetland 
based on the coordinates provided using maps and/or GPS.  Once located, attempt to contact 
the landowner by visiting proximal dwellings, requesting information from local citizens or 
establishments, or using available mapping resources for tax parcels.  Record relevant contact 
information as available.  If the specific landowner cannot be identified or contacted, and the 
property is not posted against trespassing, then access the site and conduct the assessment 
being respectful of the owner’s property and possessions.  Copies of a summary letter 
describing the nature of the project will be provided to field team to hand out to interested 
landowners. 
 4.  Upon entering the wetland, walk the general perimeter to ascertain general 
characteristics useful for classifying the site, observe stressors in the wetland and 
surrounding buffer, and determine the HGM class or subclass.  When bounding a wetland for 
assessment, it may be necessary to truncate wetland complexes and mix types, particularly in 
long, linear, riverine systems.  For large wetlands (multiple hectares), choose a representative 
area to assess that respects the hydrologic gradient(s) of the site.  In general, the assessment 
area should be about 0.3 ha (0.75 ac) to 1.0 ha (2.5 ac), with most being about 0.4 ha (1.0 ac). 
 SPECIAL POINTS & PROTOCOL:  In order to capture wetlands along linear, 
riverine features that were not mapped as polygons on NWI mapping layers, we buffered 
streams according to stream order as a means to locate these wetlands.  Thus, for these sites, 
no NWI mapping polygon exists.  When these points are encountered (they will be labeled 
from the sampling frame as such), there must be an inspection of the site to determine if a 
wetland is present in the vicinity of the point location.  An initial office-based determination 
can be made first to help focus field efforts.  Examine available aerial photographs and maps 
for evidence of wetlands within 100 m up- and down-stream of the sampling point location, 
and 25 m perpendicular to the stream bank on both sides of the stream.  Whether a wetland is 
found or not during the office study, a site inspection should examine the same area on the 
ground before deciding to sample or not.  Thus, a rectangle of approximately 200 m x 50 m 
(10,000 m2 or 1 ha) around the sampling point is examined.  If any portion of a wetland 
enters this box, then the wetland is assessed, regardless of its size or extent.  If more than one 
wetland is encountered, then one is chosen randomly.  If no wetland is encountered, note any 
findings but do not conduct the assessment, and move on to the next point in the sample. 
 5.  Complete the stressor checklist and buffer assessment (this can be done 
simultaneously with the field reconnaissance) and record the data using either paper forms or 
electronic media.  Fill in any additional data sheets, such as the one for general site 
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information and the sketch map.  Label all forms or data entries with the unique site number. 
 6.  Confirm the HGM class or subclass of the wetland using the attached key (Brooks 
et al. In review).  Circle the most appropriate class or subclass on the key.  As a check on 
making correct classifications of sites, take at least one photograph of the wetland, and make 
a simple sketch of the site noting orientations to other natural and built features.  Note the 
location and orientation of the photograph(s) on the sketch map.  At the bottom of the sketch 
map, write a brief narrative description (2-3 sentences or phrases) of the site that relates 
observed features to the choice of a class or subclass. 
 7.  Once sampling is completed, compute the disturbance score for all wetlands by 
combining the measures of percent forest (from Level 1), buffer type and width, and stressor 
checklist score in the equation provided in the text using the equation listed above.  This 
computation is not part of the field-based protocol. 
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Figure 1.  Stressor checklist for the Pennsylvania Rapid Assessment protocol for  wetlands.  
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*Key for selecting among tidal and nontidal hydrogeomorphic wetland types in the Mid-Atlantic 
Region of the U.S.  Descriptions and definitions are based on Cowardin et al. (1979), Brinson 
(1993), Cole et al. (1997).  Classes and subclasses are in bold. 
 
PLEASE READ BEFORE USING THIS WETLAND CLASSIFICATION SYSTEM: 
No classification system can capture effectively all of the inherent variability in natural systems, nor 
can it provide a foolproof determination given the different experiences of users.  This wetland 
classification system for the Mid-Atlantic region is designed to distinguish among major wetland 
types with recognizable differences.  It also purports to serve both the needs of the regulatory 
community where certainty is preferred, and the science community that grapples with variability in 
ecological systems.  Given that dual function, it is critical that users consider the landscape and 
hydrologic contexts of each wetland.  How large an area is being classified?  A river channel and 
the associated floodplain on both sides of the channel, or just the wetland associated with a 
property on the upland edge of a floodplain.  Context really matters, and should be carefully and 
succinctly documented. 
 
When seeking to classify a particular wetland, the most fundamental question the user must ask is, 
“How was the wetland formed?”, which can be stated as, “What is the origin of the wetland?”.  If 
this question is thoughtfully answered and described in a brief narrative, then the actual label 
assigned to the wetland matters less, because the user will have considered where and how the 
wetland fits in a given landscape and hydrologic setting.  Obviously, this is more relevant for 
regions where wetlands do not form the dominant matrix of a landscape (e.g., coastal salt 
marshes, bottomland hardwood forests).   
 
For example, is it a depression that is isolated during drier times of the year but located in a 
floodplain setting?  Or is it isolated from all riverine influences, and receiving a combination of 
groundwater and precipitation?  Clearly, these wetlands are distinctively different in many of their 
attributes and functions, but they could have the same morphometric dimensions.  Either wetland 
also could have some characteristics of yet another type, warranting a dual label (e.g., 
depression/slope) just as NWI mapping recognizes mixed vegetation classes (e.g., forested/scrub-
shrub, FO/SS).  Thus, it is important to recognize these distinctive elements and document the 
reasons for labeling the wetland as a specific type.  This is especially important when addressing 
wetlands that occur along a broad hydrologic gradient and when a group of microhabitats occur in 
a cluster.  Thoughtful selection of classes supported by careful documentation will make any 
classification system more consistent among users. 
 
*Citation:  Brooks, Robert P., Mark M. Brinson, Kirk J. Havens, Carl S. Hershner,  
Richard D. Rheinhardt, Denice H. Wardrop, Dennis F. Whigham, Amy D. Jacobs, and 
Jennifer M. Rubbo.  In review.  Proposed hydrogeomorphic classification for wetlands in 
the Mid-Atlantic Region, USA.   
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1.  Wetland found along tidal fringe of a marine ecosystem (ocean, beach, rocky shore)  2 
1.  Wetland not associated with marine ecosystem       3 
 2.  Continuously submerged littoral zone     Marine subtidal (MF1) 
 2.  Alternately flooded and exposed to air     Marine intertidal (MF2) 

3.  Wetland associated with shallow estuarine ecosystem 
 (mixture of saline and freshwater)        4 
3.  Wetland not associated with shallow estuarine ecosystem     7 

4.  Wetland not impounded         5 
4.  Wetland impounded     Estuarine impounded (EFi) 

5.  Wetland continuously submerged   Estuarine subtidal (EF1) 
5.  Wetland alternately flooded and exposed to air     6 

6.  Wetland regularly or irregularly flooded by semidiurnal, storm, or spring tides  
      Estuarine lunar intertidal (EF2l) 

6.  Wetland flooding induced by wind 
        Estuarine wind intertidal (EF2w) 

 7.  Wetland associated with freshwater stream or river    8 
 7.  Wetland not associated with freshwater stream or river   11 

8.  Wetland associated with permanent flowing water from surface water sources 
          9 

8.  Wetland dominated by ground water or intermittent flows   10 
9.  Wetland associated with low gradient tidal creek (see Estuarine types 3) 
9.  Wetland associated with low gradient and low velocities, within a well-developed 

floodplain   Riverine lower perennial (R2) 
9.  Wetland part of a mosaic dominated by floodplain features (former channels, 

depressions) that may include slope wetlands supported by ground water (see 
Slope 17)  Riverine floodplain complex (R2c) 

9.  Wetland associated with high gradient and high velocities with relatively straight 
channel, with or without a floodplain  

Riverine upper perennial (R3) 
10.  Wetland part of a mosaic of small streams, depressions, and slope wetlands 

generally supported by ground water 
     Riverine headwater complex (R3c) 
10.  Wetland associated with intermittent hydroperiod 
     Riverine intermittent (R4) 

Note:  For any riverine type that is impounded, distinguish between: 
Wetland impounded by beaver activity  

      Riverine...beaver impounded (R...b) 
Wetland impounded by human activity 

      Riverine...human impounded (R...i) 
 
  11.  Wetland fringing on a lake or reservoir      12 
  11.  Wetland not fringing on lake or reservoir     14 

12.  Wetland inundation controlled by relatively natural hydroperiod  13 
 13.  Wetland inundation is permanent with minor fluctuations (year round) 
     Lacustrine permanently flooded (LF?) 

13.  Wetland inundation is semipermanent (growing season) 
    Lacustrine semipermanently flooded (LFF) 
13.  Wetland inundation is intermittent (substrate exposed often) 
    Lacustrine intermittently flooded (LFG) 

12.  Wetland inundation controlled by dam releases 
     Lacustrine artificially flooded (LFK) 
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14.  Wetland water source dominated by precipitation and vertical fluctuations of 
the water table due to low topographic relief 15 

14.  Wetland differs from above      16 
 15.  Wetland substrate is primarily of mineral origin  

Flat mineral soil (FLn) 
 15.  Wetland substrate is primarily of organic origin 
       Flat organic soil (FLg) 

16.  Wetland water source is primarily ground water and has unidirectional 
and horizontal flows    17 

16.  Wetland forms a depression     18 
17.  Water source for wetland derived from structural geologic 

discontinuities resulting in discharge of groundwater from distinct 
point(s) on slope Stratigraphic slope (SLs) 

17.  Water source for wetland accumulates at toe-of-slope before 
discharging  Topographic slope (SLt) 

Note:  For any slope type, distinguish between:  Wetland 
substrate is primarily of mineral origin ...slope 
mineral soil (SL...n) 
Wetland substrate is primarily of organic origin 

 ...slope organic soil (SL...g) 
18.  Wetland with frequent surface connections conveying 

channelized flow Depression perennial (DFH) 
18.  Wetland with infrequent surface water connections conveying 

channelized flow  
Depression seasonal (DFC) 

18.  Wetland with no surface outlet, often perched above water 
table  Depression temporary (DFA) 
Note:  For any depression type that is impounded or 
excavated distinguish between: 

Wetland is impounded by human activities 
    Depression...human impounded (DPi) 
   Wetland is excavated by human activities 

Depression...human excavated (DPx) 
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Mid-Atlantic Wetland Classification (most relevant to freshwater wetlands in the study area are bold): 
 
Classes 
 Subclasses 
  Modifiers 
Marine 
 subtidal 
 intertidal 
Estuarine 
 subtidal 
 lunar intertidal 
 wind intertidal 
 impounded 
Riverine 
 lower perennial 
 floodplain complex 
 upper perennial 
 headwater complex 
 intermittent 
  beaver impounded 
  human impounded 
Lacustrine (fringe) 
 permanently inundated 
 semipermanently inundated 
 intermittently inundated 
 artificially inundated 
Flat 
 Flat mineral soil 
 Flat organic soil 
Slope 

Stratigraphic 
Topographic 

mineral soil 
organic soil 

Depression 
perennial 
seasonal 
temporary 

human impounded 
human excavated 

 
 

 


