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Frog in northern Ohio wetland near Painesville 

Executive Summary 
Methods and Results for a Geographic Information System Landscape 
Model of Wetland Functions in the Sandusky Subbasin 
 
Lake Erie in recent years has seen an increase in harmful algal blooms, hypoxia 
in the central basin, and nuisance benthic algae washing up on the shorelines, 
all due to excess nutrients coming into the lake. Nutrient reduction is one of 
three top priorities for implementation projects funded under the Great Lakes 
Restoration Initiative (GLRI), the largest investment in the Great Lakes in two 
decades.  
 
Determining where in a watershed to restore or enhance existing wetlands, or create new wetlands, is part of 
a complete assessment for water quality, quantity, and wildlife habitat. The GLRI Action Plan highlights 
wetland restoration as a key component of their 2010-2014 strategy. It goes without saying that wetland loss 
has been significant in the Midwest as compared to the pre-settlement landscape conditions. Understanding 
not only the amount and locations of prior wetlands but also the types of wetland functions that were lost, 
helps decision makers better target wetland restoration efforts in the Lake Erie basin.  
 
In order to address this need, a geographic information system (GIS)-based, landscape-level wetland 
functional analysis (LLWFA) was developed for the Sandusky River watershed in northern Ohio. The 
hydrogeomorphic classification process followed Tiner’s 2011 landscape position, landform, waterbody 
type, and water flow path (LLWW) descriptor system. The 2010 U.S. Fish and Wildlife Service watershed-
based preliminary assessment of wetland functions method, or W-PAWF, was then used to assess the 
significance of wetland functions. The 11 wetland functions chosen for the analysis included: flood water 
storage; streamflow maintenance; nutrient transformation; sediment retention; shoreline stabilization; stream 
shading; and fish, amphibian, waterfowl, and other wildlife habitat. Collectively, the use of LLWW and W-
PAWF together is referred to as performing a LLWFA. 
 
The functional analysis was performed on both the current National Wetlands Inventory (NWI) data and on 
an interpretation of the extent of pre-European settlement wetlands. Pre-European settlement vegetation 
maps and the current location of hydric soils from the National Resources Conservation Services (NRCS) 
Soil Survey Geographic database (SSURGO) were used to interpret the type and extent of pre-European 
settlement wetlands in the Sandusky River watershed. Historically, approximately 15% of the entire surface 
area of the Sandusky subbasin was composed of vegetated wetlands, compared to the 3% that is currently 
present. Overall, vegetated wetlands decreased by 81% from pre-European times until now. Most of that 
loss has been in forested wetlands, which were reduced by 90%. This change has contributed to the 
substantial decrease of wetlands with a high functional significance from the pre-European settlement 
conditions to now. 
 
A composite score including all of the functional significance criteria was calculated to rank wetlands. Total 
aggregate scores were observed to possibly not be as meaningful as selecting a subset of complementary 
wetland function critera and examining them. Overall, composite scores indicated that vegetated palustrine 
and lacustrine, non-open-water wetlands in the geologic pre-history lake sediments of the lowlands that 
flood occasionally or frequently appear to be the most effective candidates for improving the nutrient 
reduction function in the Sandusky River watershed. The recommended next steps are to pursue targeted 
field work and physically assess wetlands, using the results of this study to target areas of interest.
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 Introduction 1.0
Lake Erie in recent years has seen an increase in harmful algal blooms, hypoxia in the central 
basin, and nuisance benthic algae washing up on the shorelines, all due to excess nutrients 
coming into the lake. Nutrient reduction is one of three top priorities for implementation 
projects funded under the Great Lakes Restoration Initiative (GLRI), the largest investment 
in the Great Lakes in two decades. The GLRI action plan, covering fiscal years 2010 through 
2014, specifies actions to clean up toxic areas, combat invasive species, protect watersheds 
from polluted run-off, and restore wetlands and other habitats in the Great Lakes region. 
The initiative tracks the progress of those efforts as well as increases outreach and 
collaboration with partners. 
 
Determining where in a watershed to restore or enhance existing wetlands, or create new 
wetlands, is part of a complete assessment for water quality, quantity, and wildlife habitat. 
The goal of this project was to provide quantitative information on wetland restoration 
opportunities to support the GLRI. 
 
The 2011 Michigan Department of Environmental Quality (MDEQ) Landscape Level Wetland 
Functional Assessment (LLWFA) Version 1.0, Methodology Report added information about the 
hydrology and geomorphology of wetlands to the existing U.S. Fish and Wildlife Service’s 
(USFWS) National Wetlands Inventory (NWI) geospatial database. Using this enhanced 
digital wetland database in combination with other GIS data, a landscape-level functional 
wetland analysis can infer functions that the wetland performs. Understanding the level of 
those functions allows regulators and watershed planners to draw inferences between those 
functions and the contributions the functions might offer to water quality, quantity, and 
wildlife habitat. 
 
Loosely documented hand-screening methodologies involving multiple analysts over the 
course of a medium-to-large project can lead to inconsistent decisions and irregularities. 
Providing partial automation that can be implemented by a basic GIS operator reduces the 
time burden and requirement for extensive involvement of specially trained interpreters. 
This makes the type of screening presented here effective and desirable, especially for 
smaller research groups or constrained budgets. 
 
A geographic information system-based (GIS) screening method was developed to identify 
such wetland opportunities in the Sandusky River watershed in northern Ohio on Lake Erie. 
The approach closely follows the MDEQ method, with regional adjustments for the 
Sandusky River watershed as well as further analysis and refinements based on new 
information or the methods of other wetland function researchers.  
 
This screening method does not seek to replace the involvement of trained wetland scientists 
with automation, but rather to provide trained specialists with well-summarized results that 
they then can review, evaluate, and further refine. Instead, the goal of a screening 
methodology is to create a first-pass, high-level division and grouping. The analysis is just the 
first step and is intended to be used to assist in planning a full field assessment. 
 
This new, streamlined, enhanced, LLFWA methodology for the Sandusky subbasin identifies 
areas where restoration of wetlands are likely to provide the most effective results for 
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Watershed Definitions 
Name Level Digit 

Region 1 2 
Subregion 2 4 
Basin 3 6 
Subbasin 4 8 
Watershed 5 10 
Subwatershed 6 12 

 

improving wetland functions. These methods and results can be applied to other subbasins 
and watersheds to determine how hydrogeomorphic traits combined with other GIS data 
translate into wetland functions and how to restore wetlands to enhance the positive 
functions. 
 
Also undertaken and presented here is a method similar to the one employed by MDEQ to 
approximate the location and type of wetlands that might have been lost due to habitation 
and development. Referred to as an inventory of pre-European settlement wetlands, this 
analysis is performed in order to model the potential loss of wetland function and to identify 
areas where restoration of wetlands might be most effective for various wetland functions. 

 Background 2.0
In the early to mid-1990s wetland attributes other than those native to the NWI dataset, 
originally developed in the 1970s, were recognized as being useful to the assessment of a 
given wetland’s functional level. The Landscape Position, Landform, Waterbody Type, and 
Water Flow Path (LLWW) system of wetland classification characterizes the 
hydrogeomorphic qualities of each wetland. Both Brinson (1993) and Tiner (2003b) used the 
hydrogeomorphic, or LLWW, approach to build upon the original Cowardin, et. al. (1979) 
classification system of the original NWI dataset. The resultant modified NWI database with 
LLWW attributes is generally referred to as an “enhanced NWI” dataset or “NWIPlus.” 
 
A landscape-level functional wetland assessment highlights the significance of different 
wetlands and their existing or potential water quality or quantity functions. These functions 
include surface water detention; streamflow maintenance; nutrient transformation; sediment 
retention; carbon sequestration; shoreline stabilization; coastal storm surge detention; and 
fish, shellfish, waterfowl, and other wildlife habitat. The USFWS (2010) refers to this type of 
functional analysis using LLWW attributes as a watershed-based preliminary assessment of 
wetland functions, or W-PAWF. 
 
The Sandusky subbasin in northern Ohio was 
chosen as the area of focus for this wetland 
screening methodology due to its direct location 
on Lake Erie, the presence of the Sandusky River 
in the watershed, and the impacts to water quality 
and quantity that wetland conditions can have on 
both of those waterbodies. The base NWI dataset 
was updated for the Sandusky watershed in 2011 
by Ducks Unlimited, in partnership with the 
USFWS, using 2004 (summer) and 2006 (spring) 
aerial imagery as well as new field survey data. The 
Sandusky subbasin is designated in the U.S. Geological Survey’s National Hydrography 
Dataset (NHD) as a fourth level hydrologic unit and is given an eight-digit hydrologic unit 
code (HUC 8) of 04100011. Note that sometimes the term “watershed” is used to broadly 
describe the family of hydrologic unit boundary names or to talk in general about a specific 
hydrologic unit (“the Sandusky watershed”). However, “watershed” is also the specific term 
that is designated for fifth level hydrologic unit code, also called HUC 10, (refer to the 
sidebar on this page). The terms Sandusky subbasin or Sandusky River watershed will 
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be used interchangeably throughout the report to refer to the entire area of analysis, 
the HUC 8 subbasin.  
 
One key limitation of a landscape level wetland functional assessment is that it is only an 
initial screening for potential. The method does not take into account actual land use 
practices that may be affecting wetlands, such as agriculture, stormwater runoff, levels of 
disturbance in the adjacent non-wetland (upland) areas, or the water quality and quantity of 
the waterbodies associated with the wetlands. Although multiple wetlands may fall into the 
same LLWW type, and thus the same category of significance for a wetland function, there 
can be significant differences between the health and ecology of those wetlands. 

 Methods Overview 3.0
The Sandusky subbasin was chosen as the area of focus for this wetland screening 
methodology due to its direct location on Lake Erie, the presence of the Sandusky River in 
the watershed, and the impacts to water quality and quantity that wetland conditions can 
have on both of those waterbodies. The NWI dataset is considered an ideal starting point for 
the Sandusky subbasin because of its recent 2011 verification and update by the USFWS and 
Ducks Unlimited. It possesses multiple layers of wetland classification characteristics in the 
form of Cowardin codes that can, in part, be used to assign LLWW descriptors. 
 
This screening incorporated 11 wetland functional classes, all the same or similar to those 
employed in the MDEQ methodology. As well, the initial LLWW classification of the NWI 
data followed MDEQ, with most modifications based on guidance from Tiner’s recent 2011 
update to the LLWW classification system. 
 
The GIS-screening methodology for the Sandusky subbasin involved four major tasks: 
 

1. Updating and verifying wetland codes within the starting NWI data. 
2. Determining the extent and types of pre-European settlement wetlands. 
3. Using GIS tools to sort, select, and code records with LLWW descriptors. 
4. Conducting a functional analysis and comparing wetlands to each other. 

3.1. Wetland Codes 
Prior to conducting the analysis, the USFWS’s GIS tool “NWI Wetlands Data Verification 
Toolset” was run on the NWI dataset. This tool updates wetland codes based on the latest 
USFWS Wetlands Geodatabase table (USFWS, 2011) and adds several useful fields that can 
be used during LLWW analysis. Refer to Section 9.1 for full details of the tool and its usage. 

3.2. Extent of Pre-European Settlement Wetlands 
The GIS-based interpretation for the extent of pre-European settlement wetlands was 
created primarily through the use of present-day soil data from the National Resources 
Conservation Service (NRCS) Soil Survey Geographic Database (SSURGO) overlain with 
pre-European vegetation cover data. This followed MDEQ’s methodology, with minor 
refinements made for the unique elements of the Sandusky subbasin and Ohio, such as the 
use of a local pre-European settlement vegetation map. A new GIS layer of interpreted pre-
European settlement wetland polygons was produced. LLWW classification and wetland 
functional assessment, similar to that used on the current-day NWI data, was applied to the 
new GIS layer. 
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3.3. Programmatic Sorting and Selecting Tool 
A specialized tool called the Wetland Code Splitter was written specifically for this project using 
the Python programing language. The program breaks apart the Cowardin wetland codes 
within the NWI GIS data into separate, sortable attribute fields based on the respective 
classification system components (system, subsystem, class, subclass, water regime, and 
special modifiers). Using the Wetland Code Splitter, analysts can easily sort and select records 
for various criteria during LLWW and functional analyses, as well as build automated tools 
within the GIS in a straightforward manner. Refer to Section 9.2 for the full text of the 
Python code and the details of its usage and limitations. 
 
Data governance is crucial for accurate database queries, records sorting, and to make valid 
comparisons between datasets. In order to maintain good data governance and to ensure a 
clear and consistent naming convention for the GIS data, particularly for the LLWW 
descriptors that form the core of the methodology, a geodatabase with defined domains was 
used in the GIS. A geodatabase uses a specialized and efficient file system to collect 
geospatial data in a central location for use within a GIS. The geodatabase file system also 
ensures data integrity by allowing a user to define allowable data values for various fields, 
and then to restrict entry to only those choices. Those restricted fields are called domains. 
Analysts using this methodology for other regions are encouraged to follow the same 
naming conventions and geodatabase usage so that the steps described later in this report 
will match with their inputs. Refer to section 9.3 for a full explanation of the domains and 
values. 
 
As much as possible, existing data and information was used for these analyses. Local and 
regional GIS datasets were obtained and evaluated to determine if more recent, more 
accurate, or higher-resolution data were available. A few sources were found, including (1) 
the Ohio Statewide Imagery Program (OSIP), high-resolution, 2.5-meter, Digital Elevation 
Model (DEM) data obtained through the use of LiDAR (Light Detection and Ranging); (2)  
historical vegetation data, and (3) information about the physiographic provinces of Ohio. 
 
While the Sandusky subbasin, shown in Figure 1, was chosen as the area of focus for this 
wetland screening methodology, the methodology is applicable to other subbasins in other 
regions, and in theory would scale down into watersheds, the fifth level hydrologic unit. 
Once into the subwatershed scale (HUC 12), the effort to implement the screening 
methodology might be more time-intensive than manual methods or field-based evaluations. 
 
A focus group is recommended for application of this methodology in areas outside of Ohio 
and the Sandusky subbasin. The focus group could be constructed similarly to the one in 
Michigan; in Michigan, an advisory group of state biologists, wetland specialists, and others 
evaluated the original LLWW criteria outlined by Tiner (2003b and 2011) and adapted them 
to the unique characteristics of Michigan wetlands. Since northern Ohio and Michigan and in 
particular the Sandusky River watershed are in close proximity, most aspects of the Michigan 
methodology were seen as immediately applicable, and no focus group was formed for this 
project.  
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Figure 1. Sandusky subbasin, counties, and major waterbodies 
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3.4. Functional Analysis and Comparison 
Functional attributes were assigned to the NWI data as well as to the historic wetland GIS 
data using the LLWW and the W-PAWF methods. Scores were then assigned to the 
wetlands based on those characteristics. Comparison of overall composite scores allowed for 
the ranking of wetlands relative to each other. Current and historic wetlands were analyzed 
separately using the same methods and scoring, and then compared to each other to see if 
the functional significance of wetlands in the watershed had diminished or increased. For 
future data analysis in this watershed or others, watershed practitioners could customize or 
weight a subset of the functional attribute classes in order to emphasize wetlands that 
possess a particular function of interest for regulatory or special watershed planning needs. 

 Methods Detail 4.0
Three main categories of analysis and classification tools were used to construct this 
methodology, which is primarily GIS-based: 
 

1. Pre-European settlement wetland inventory. 
2. LLWW classification process. 
3. W-PAWF classification process. 

 
Discussions of the assumptions made and descriptions of general steps taken to perform 
each part of the analysis are provided below. More detailed descriptions of the steps and 
tools used in the GIS are provided in the appendices of this report.  

4.1. Pre-European Settlement Wetland Inventory 
Quantifying the loss of wetland function for a watershed can only be done by comparing the 
current functional analysis to a starting point. The ideal point of comparison would be the 
natural state of the watershed prior to wide-scale agricultural modifications, deforestation, 
roadway construction, and hydromodification, such as canals, ditches, reservoirs, and 
municipal storm sewer systems. This reference point in time is commonly referred to as a 
pre-European settlement condition, which in Ohio is generally taken to be around the late 
1700s. 

4.1.1. Pre-European Settlement Wetland Identification 

Records and maps of pre-European settlement land cover and vegetation types and extent 
offer insight into areas where wetlands might have been. NWI Cowardin code vegetative 
classes are assigned to those historic vegetation types to represent the potential types of 
wetlands that could have been present in areas of hydric soil. That information is then cross-
referenced in a GIS to the known location of hydric soils from current soil surveys. The end 
result is an estimate of the types and extent of pre-European settlement wetlands, in the 
form of coded polygons within a GIS that are similar in format and function to existing 
NWI data. The pre-European settlement wetlands can then be classified using LLWW 
descriptors and a functional assessment can be performed using the same methods as are 
used with the current NWI data. The result is that the two datasets, historic and modern, are 
then directly comparable. 
 
For Ohio and the Sandusky River watershed region, the historic vegetation and land cover 
information for this analysis was obtained from the map “Pre-European Settlement 
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Vegetation Classification” (Gordon, 1966), which had been digitized for use in a GIS in 
2003.  A correlation schema between that pre-European settlement vegetation cover and the 
NWI Class was designed for the Sandusky subbasin and applied to the polygons 
representing each vegetation type. Refer to Section 9.4, Table 21, “Correlation Schema for 
Pre-European Settlement Land Cover Class to NWI Class,” at the end of this report for a 
detailed crosswalk. 
 
Current-day hydric soils for the Sandusky subbasin were found by querying the National 
Resources Conservation Services (NRCS) Soil Survey Geographic (SSURGO) database. An 
online web map service—the “SSURGO Data Downloader”—allows users to download 
map packages of ready-to-use SSURGO data that have been grouped by subbasin (HUC 8, 
in this case). The most commonly used soil fields, variables, and values from the SSURGO 
database have already been processed, in accordance with NRCS methods, and then joined 
to the map polygons, which allows for immediate implementation in a GIS. This service 
saves substantial time and also allows less-experienced GIS users to quickly proceed with 
analysis in the GIS. 
 
The hydric soil map units from the SSURGO database were then correlated to the 
interpreted historic NWI water regimes for the Sandusky subbasin. (Refer to Section 9.4, 
Table 22, “Correlation Schema for SSURGO Soil Map Units to NWI Water Regime,” for a 
detailed breakdown of that crosswalk.) A GIS ModelBuilder workflow was constructed to 
automatically assign soil map units to an NWI Water Regime based on the crosswalk. 
ModelBuilder allows a GIS operator to string together multiple actions from a workflow. The 
resultant model is savable, can be edited and adjusted at any time, and most importantly, can 
quickly be re-applied to the same data with revised selection criteria if needed. An illustration 
of that ModelBuilder workflow can be found in section 9.4, Figure 46. 
 
The third significant dataset for a pre-European settlement wetland area analysis is typically a 
GIS-compatible layer that represents pre-European settlement hydrology – the historical 
location of rivers, streams, lakes, and ponds. For the Sandusky watershed, General Land 
Office (GLO) records and maps were only available in hardcopy format for viewing in 
person at certain libraries, and would need to have been hand-digitized and georeferenced in 
order to be used with a GIS, which was beyond the scope of this analysis. Instead, a 
modified version of the National Hydrography Dataset (NHD) was used, removing 
waterbodies and flow lines indicated in the dataset as constructed features. Analysts working 
in other watersheds are encouraged to follow this same, rapid-assessment step if no digitally 
scanned and georeferenced historical maps are available1. 
  

                                                 
1 Alternately, if time and budget allow, obtaining hardcopies and digitizing historical maps can be planned and 
incorporated into other projects that wish to employ the same methodology. The Ohio Historic Preservation 
Office (http://www.ohiohistory.org/ohio-historic-preservation-office) and the U.S. National Archives 
(http://www.archives.gov/research/) are good places to determine if historic hydrologic maps for a study area 
are available and where those hardcopies can be found. 

http://www.ohiohistory.org/ohio-historic-preservation-office
http://www.archives.gov/research/
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4.1.2. Results and Discussion of the Pre-European Settlement 
Wetland Area Analysis  

The final pre-European settlement wetland polygons derived from this analysis are a coarse 
representation of the potential locations for pre-European settlement wetlands. Figure 2 
shows the pre-European settlement wetlands in relation to topography and Figure 3 
compares the historic and modern wetlands. The results are strongly influenced by the 
resolution and quality of the input data, as well as by the assumptions made in selecting 
attributes from the SSURGO database. 
 
Sharp boundaries between areas of interpreted wetlands and areas without any wetlands are 
seen to closely follow the boundaries between different vegetation types in Gordon’s 1966 
“Pre-European Settlement Vegetation Classification” map. Interpreted pre-European 
settlement wetlands are observed to cluster in, for example, the “elm-ash swamp forests” 
polygons in the southwest area of the Sandusky subbasin, but are then starkly absent in the 
immediately adjacent “mixed oak forests” classification (refer to Figure 4). As well, the beech 
forest vegetation classification that dominates much of the vegetation map is mostly devoid 
of wetlands, even in areas where that beech forest vegetation type is immediately adjacent to 
vegetation types that are interpreted to have numerous wetlands. For instance, in the 
northern area of the subbasin the relatively wetland-free beech forest is adjacent to the 
wetland-dense elm-ash swamp forests vegetation classification. 
 
However, when the distribution pattern of pre-European settlement wetlands is considered 
in the broader context of the physiographic regions of Ohio, a reasonable agreement is 
observed, and the wetland locations appear to be a valid interpretation. The Sandusky 
subbasin is divided approximately in half by an east-west boundary between two major 
physiographic provinces of Ohio, the Huron-Erie Lake plains, and the glacial till plains (refer 
to Figure 5). This dividing line is, in part, defined by the Columbus Escarpment, a significant 
change in slope that marks the western edge of the Columbus and Delaware Limestones and 
the beginning of lake sediments left over from the extent of Maumee Lake, a waterbody 
from geologic pre-history. The other half of the two major provinces is defined by the 
Central Ohio clayey till plain physiographic region to the south of the Columbus 
Escarpment, which is composed of glaciated till deposits from the latest Ice Age. Scattered 
throughout the till are small pockets of ancient lake basin deposits that are separated from 
the Huron-Erie Lake Plains region, but that have similar soil and geomorphic characteristics 
(refer to Figure 6). 
 
Pre-European settlement vegetation maps were derived from historical records and old 
surveys, and it is likely that those accounts were highly generalized and did not capture 
natural variability. Historic surveyors usually did not thoroughly traverse all areas, and 
generalized in order to fill in the gaps (Fizzell, 2007). As well, emergent and scrub-shrub 
areas are probably under-represented due to natural disturbances like fire. Despite these 
generalizations and limitations, the pre-European settlement wetland analysis does provide 
an adequate landscape-level foundation with which to perform functional assessments and to 
make observations regarding the losses and gains in wetland extent and type. 
 
Table 1 below summarizes the types and amounts of pre-European settlement wetlands and 
current wetlands. Prior to European settlement, approximately 15% of the entire surface 
area of the Sandusky subbasin was comprised of vegetated wetlands. Currently, less than 3% 
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of the total area of the watershed has vegetated wetland area remaining – an 81% loss in 
total wetlands. Most of that loss has been in forested wetlands, which were reduced by 90%. 
Interestingly, emergent type wetlands increased 6.5-fold. That increase is likely the result of 
the removal and drainage of forested wetlands and conversion to emergent or scrub-shrub 
wetlands due to agricultural and silvicultural activity (Fizzell, 2007). 

Table 1. Amount of Pre-European Settlement Versus Current Wetlands 

 
Pre-European Settlement 

Wetlands 
Current Wetlands Difference 

Forested Wetlands 159,485 acres 15,436 acres 90% loss 

Emergent 
Wetlands 

1,578 acres 11,859 acres 
6.5-fold 
increase 

Scrub-Shrub 
Wetlands 

16,084 acres 2,484 acres 85% loss 

Open Water 14,676 acres 8,009 acres 55% loss 

TOTAL 191,823 acres 37,788 acres 78% loss 

Total vegetated only 177,147 acres 29,779 acres 81% loss 

 
Using these interpreted pre-European settlement wetland polygons, a similar LLWW 
classification process and then W-PAWF analysis was performed in parallel with the current, 
modern-day NWI data, using the same GIS-based techniques. The result is a comparative 
landscape-level wetland functional analysis that provides an estimate of the change in 
wetland type and wetland function from pre-European settlement to current conditions. The 
sections that follow provide the details and discussion of the LLWW and W-PAWF 
classification processes for both the current and pre-European settlement wetlands.  



March 31, 2014 
Page 10 

Methods and Results for a Geographic Information System Landscape Model of Wetland Functions in the Sandusky 
Subbasin 

Figure 2. Pre-European settlement wetlands overlain on digital elevation model 
topography 
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Figure 3.Pre-settlement wetlands overlain with current NWI wetlands 
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Figure 4.Pre-settlement wetlands overlain on the “Pre-European Settlement 
Vegetation Classification” (Gordon, 1966) 
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Figure 5. Physiographic regions of Ohio (Ohio Division of Geological Survey, 
1998) (see index, section 9.4 for a descriptive table of the physiographic regions) 

 



March 31, 2014 
Page 14 

Methods and Results for a Geographic Information System Landscape Model of Wetland Functions in the Sandusky 
Subbasin 

Figure 6.Select physiographic province and region boundaries overlain on pre-
European settlement wetlands and vegetation 
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4.2. LLWW Classification Process 
The LLWW system provides information about where a wetland sits, such as along a river or 
in a lake basin; provides information about whether that wetland is isolated or is the source 
of a stream; identifies whether a waterbody associated with the wetland is natural or 
constructed; and provides an idea of the scale of that waterbody. As previously discussed, 
the LLWW approach used by MDEQ (2011) was closely followed and further refined using 
recent publications by Tiner (2003b, 2011) as well as other current research. 
 
The order in which the LLWW steps are discussed reflects the order of operations that is 
most effective for GIS processing, and is in approximate order of the level of effort 
required, from most to least: 1) landform; 2) landscape position; 3) water flow path; and 4) 
waterbody type. For each step of the LLWW classification process, an overview of the data 
selected, assumptions made, and steps taken is provided. Complete, detailed, GIS-analysis 
steps for each LLWW class are provided at the end of this report, starting in Section 9.0, 
“Specific GIS Steps, Workflows, and Code.” 

4.2.1. Landform  

Landform refers to the physical shape of a wetland or the landscape where that wetland is 
located. Examples would include whether a wetland was in a closed depression, on sloped 
ground, or on level terrain. Other considerations are if the wetland is in a floodplain or 
influenced by a waterbody. Similar to the 2011 MDEQ method, landform classes were 
derived from the Cowardin water regime information contained in the NWI wetlands 
polygons, as well as through the use of DEM, the NHD Waterbody, and the Federal 
Emergency Management Agency (FEMA) 100-year floodplain data. The landform classes 
are not mutually exclusive, and the order of operations is significant. For this reason, it is 
important to run the analysis for landform in the exact order of slope-island-fringe-
floodplain-basin-flat, as specified by Tiner (2011). For example, a wetland polygon could 
potentially possess characteristics that would both allow it to either be coded basin (BA) or 
slope (SL), depending on which selection process was performed first. 
 
The first step in landform analysis was to determine the slope (SL) class. To begin with, a 
high-resolution percent slope grid was created using the Statewide Imagery Program’s 
(OSIP), 2.5-meter resolution, DEM data for the Sandusky subbasin. This slope raster was 
used to determine the average percent slope across the area of each wetland polygon, which 
was then used to assign the slope class (wetlands with slopes of 5% or greater).  
 
The remaining landform classes were assigned primarily based on each wetland’s NWI water 
regime contained within its Cowardin code assignment. The floodplain (FP) class was 
determined by coincidence of wetlands within the FEMA-designated floodplain areas. The 
categorization of landform classes for the Sandusky subbasin is summarized in Table 2.  
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Table 2. Sandusky Subbasin Landform Classes 

Slope 
(SL) 

Wetlands occurring on a slope of 5% or greater, as 
indicated by a slope raster generated from the OSIP 2.5-
foot DEM 

35.66% (3,566/10,000 
records) 

Island 
(IL) 

A wetland completely surrounded by water, as indicated 
by the NHD Waterbody layer. 

Less than 1 percent 
(36/10,000) 

Fringe 
(FR) 

Wetland occurs in the shallow water zone of a permanent 
waterbody. *NWI water regimes F, G, and H 

27.13% (2,713/10,000) 

Floodplain 
(FP) 

Wetland occurs on an active alluvial plain along a river 
and some streams, as defined through the use of FEMA 
floodplain data. *Modifiers FPba (basin) and FPfl (flat) 

8.02% (802/10,000 FP; 
436 FPba, 366 FPfl) 

Basin 
(BA) 

Wetland occurs in a distinct depression. 
*NWI water regimes C and E 

15.2% (1,520/10,000) 

Flat 
(FL) 

Wetland occurs on a nearly level landform. 
*NWI water regimes A, B, and K. 

13.63% (1,363/10,000) 

 

4.2.2. Landscape Position 

Landscape position refers to the location of a particular wetland with respect to topography 
and the impact of that topography on the water source(s) for the wetland. There are four 
possible classes: lentic (LE), lotic river (LR), lotic stream (LS), and terrene (TE). Refer to 
Figure 7 for Tiner’s generalized example of landscape position. Table 3 summarizes the 
categorization of landscape position classes for the Sandusky subbasin. Tiner (2011) states 
that all of the wetlands within the immediate area of the topographic basin containing a lake 
should be considered lentic, including wetlands near the lake that are bisected by streams. 
For this analysis, a lake is taken to mean a waterbody that is 5.0 acres or greater. A high-
resolution DEM dataset was employed to increase the assignment accuracy of the lentic 
landscape position class. 
 

Lentic 
Tiner advises that the upstream limit of a lake’s influence can usually be approximated by the 
extent of the basin that the lake occurs in. However, he notes that assigning the limits of a 
lake’s influence should be based on the physiography and climate of the landscape under 
analysis. For example, in areas such as the arctic, subarctic, or the Mississippi delta, there is 
relatively little topographic relief; a lake in these areas would have an extensive drainage 
basin. Despite that seemingly large drainage area, only wetlands immediately near the 
shoreline that are periodically flooded by the lake would be classified as lentic, as they are the 
ones that are actually immediately influenced by lake level changes. 
 
The landscape of the Sandusky subbasin is characterized by medium topographic relief, and 
analysis showed distinct drainage basins that were not extensive or far-reaching. In this 
landscape of distinct valleys and ridges, a 500-foot buffer around the lakes was used for the 
model.  Wetlands that fell within that buffer region and that were also within the drainage 
area calculated from the DEM data were assigned the lentic landscape position class (refer to 
Figure 8 for an example of the selection criteria). 
 
It is important to note that the DEM pre-processing necessary in order to perform the lake 
basin analysis in the GIS is very time-consuming. Other analysts performing a similar 
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methodology should either allow for the time, or instead choose a buffer zone distance 
around lakes, and classify wetlands that fall within that buffer as lentic. This will likely 
designate a small percentage of wetlands incorrectly to the lentic class, but will be faster, and 
hand-screening could be employed afterwards to remove any errors. 
 

Lotic River and Lotic Stream 
Tiner (2011) defines a lotic river wetland as one that “is associated with a river (a broad 
channel mapped as a polygon or 2-lined watercourse on a 1:24,000 U.S. Geological Survey 
topographic map) or its active floodplain.” He defines a lotic stream wetland as one that “is 
associated with a stream (a linear or single-line watercourse on a 1:24,000 U.S. Geological 
Survey topographic map) or its active floodplain.”  Essentially, the distinction is that a 
watercourse defined as a polygon is considered a river, and one that shows as a linear feature 
in the GIS is considered a stream. 
 
For this analysis of the Sandusky subbasin, a 500-foot buffer around rivers was used to 
simulate the effective area of influence on wetlands. The lotic river analysis was performed 
first, since rivers are generally larger and have more influence than streams. Performing the 
lotic river analysis first removes stream lines that fall inside river polygons, leaving only 
wetlands that should be considered for the lotic stream class. 
 
Tiner’s other important classification criterion for a lotic river or stream wetland was 
periodic flooding of that wetland. The soil attribute “Flooding Frequency - Dominant 
Condition” (the “flodfreqdcd” code in the GIS data) from the SSURGO database was used 
as a proxy to determine the expected frequency of flooding at each wetland. Those 
frequency attributes were especially helpful in differentiating between the terrene and the 
lotic river and lotic stream classes. 
 
In the GIS, wetlands that intersected the 500-foot river buffer and also intersected soils with 
frequent or occasional flooding values were coded as lotic river. Wetlands with polygons that 
intersected river polygons (as shown on the NHD Area GIS layer) were coded as lotic river, 
regardless of their flooding frequency. Similar to the process for lotic river classification, 
wetlands that were not within the frequent or occasional flooding values for soils but that 
were directly intersected by the NHD Flowline stream layer were also selected and coded as 
lotic stream. 
 
The frequent and occasional flooding soil value also made visible and identified small lateral 
drainages to streams and rivers that were not mapped as lines in the NHD Flowline layer. 
Numerous wetlands were noted within those unmapped drainages (refer to Figure 10 for 
examples of these wetlands). While those lateral drainages do not have their own defined line 
in the GIS indicating a stream within them, the drainages are usually observed in satellite 
imagery to be heavily vegetated and do appear to support running water for at least some 
part of the year. In order to emphasize Tiner’s significant criteria of “periodically flooded” 
and to capture and model the influence of the smaller streams that are not mapped in the 
NHD, the wetlands that intersected the frequent and occasional flooding soil values but no 
other GIS layer were selected and coded as lotic stream. Because of the way in which this 
classification is performed, an additional step is needed during the water flow path step of 
the LLWW: any wetlands that end up classified as lotic stream but with an isolated (IS) water 
flow path should be modified to throughflow intermittent (TI), in order to accurately reflect 
the periodic connection of those wetlands to the hydrologic system. 
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Terrene 
Between the lotic river and the lotic stream analysis steps, an intermediate step to identify the 
headwater subclass of terrene wetlands was performed. Headwater (hw) wetlands are where 
a river or stream does not extend through and well beyond the wetland, and the wetland is 
actually the source of the stream. The starting points of the stream network system were 
analyzed for and identified in the GIS, and then wetlands with those starting points in them 
or within a 75-foot buffer of those points were selected and coded as terrene (TE) headwater 
(hw). Note that if this step is not done at the appropriate time – in between the lotic river 
and lotic stream steps – wetlands that should be assigned to the terrene landscape position 
could be inadvertently categorized as lotic stream instead (refer to Figure 9 for an example; 
there, if the terrene headwater analysis was not performed first, the wetland would simply get 
assigned to lotic stream, as it intersects an NHD stream line). Finally, the unclassified 
wetlands remaining after the lotic stream analysis step that are surrounded by upland or 
those in or adjacent to a pond (a waterbody < 5.0 acres) surrounded by upland (non-hydric 
soils) were selected and classed as terrene. 

Table 3. Sandusky Subbasin Landscape Position Classes 

Lentic 
(LE) 

Wetland in or along lake (waterbody >= 5 acres) or 
within basin, defined as area contiguous to lake affected 
by rising lake levels. Contiguous area of effect found 
through Arc Hydro GIS analysis. This landscape position 
type should be analyzed and assigned first. 

5.54% (554/10,000) 

Lotic River 
(LR) 

Wetland associated with (directly intersected by) a river 
or its active floodplain. 

7.89% (789/10,000) 

Lotic Stream 
(LS) 

Wetland is associated with (directly intersected by) a 
stream or its active floodplain. 

13.97% 
(1,397/10,000) 

Terrene 
(TE) 

Wetland that is: 1. Located in or borders pond, or 
wetland is a pond, (waterbody < 5 acres in size 
surrounded by upland); 2. Or, adjacent to but is not 
affected by a stream or river (located in or along, but 
NOT periodically flooded stream); 3. Or, completely 
surrounded by upland (non-hydric soils). 

72.60% 
(7,260/10,000, of 

which 191, 1.91%, 
are headwater 

wetlands) 
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Figure 7. Generalized examples of Landscape Position classes (Tiner, 2011) 
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Figure 8. Example of DEM lake basin drainage area analysis and the lentic (LE) 
class of landscape position. 
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Figure 9. Example of landscape position terrene (TE) headwater (hw) class 
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Figure 10. Examples of various Landscape Position classes 
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4.2.3. Water Flow Path 

The water flow path class is assigned to a wetland based on its water source and the role that 
the wetland may play as a source for downstream waterways. The five main water flow path 
classes contain several subclasses, which are determined by whether the body of water is 
naturally occurring or constructed, such as a canal or drainage ditch; or whether the flow is 
intermittent or continuous. Table 4 summarizes the categorization of water flow path classes 
for the Sandusky subbasin. The general analysis approach for the water flow path class was 
to find intersections between the NHD Flowline layer and the NWI wetlands in the GIS, 
and then classify each wetland based on the type of waterbody it intersects.  
 
The identification of waterbody types in the NHD Flowline layer was facilitated through the 
use of feature codes (FCodes). These codes identify the type of waterway that each line 
represents. For this analysis, codes and their associated lines were grouped into three types: 
 

1. Perennial (FCode 46006, “Stream/River – Perennial” and FCode 55800, “Artificial 
Path”) 

2. Intermittent (FCode 46003, “Stream/River – Intermittent” and FCode 46007, 
“Stream/River – Ephemeral” [none of the “Ephemeral” type were present in the 
Sandusky data]) 

3. Pipes/Canals/Ditches (FCode 42800, “Pipeline,” [7 records, approximately 15 km of 
linear distance in one isolated location in the northeast portion of the Sandusky 
subbasin], FCode 33600, “Canal/Ditch” [concentrated immediately near Sandusky 
Bay], and FCode 33400, “Connector”). 

 
The artificial path classification in the NHD does not indicate a constructed waterway as 
opposed to a natural one. Rather, artificial paths in the NHD Flowline are connectors that 
bridge the gap between open water bodies, such as lakes and ponds, and broad rivers. These 
features are manually interpreted and included in the NHD. This interpretation forms 
complete pathways and facilitates hydrologic modeling. Because these artificial paths include 
many natural rivers and streams, it is included in the perennial group for this analysis. 
 
Tiner (2011) states that throughflow (TH) water flow path wetlands are defined by: 1) 
receiving surface or ground water from a stream, other waterbody, or another wetland at a 
higher elevation, and 2) that the surface or ground water passes through that wetland to 
another stream or waterbody. In order to account for groundwater influence, a 200-ft buffer 
was created for the perennial and intermittent NHD Flowline groups. The buffer also 
incidentally corrects for small discrepancies in position between the NHD Flowlines and the 
actual waterbody that might occur during digitization of the NHD. Those discrepancies 
could cause a waterbody line to not intersect a wetland in the GIS and not get correctly 
coded during the water flow path classification, when in fact the waterbody is actually 
connected to the wetland. No buffer was used for the pipes/canals/ditches group due to the 
limited groundwater influence that these constructed waterways would have on nearby 
wetlands that they do not directly intersect. 
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Figure 11. Generalized examples of Water Flow Path classes (Tiner, 2011) 
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This component of the LLWW analysis is limited by the exclusion of many constructed and 
straightened stream reaches from FCode 33600, the canal/ditch classification. This is likely 
due to a specification in Ohio regulations, whereby when the drainage area of a drainage 
ditch is greater than 3 square miles, in regulatory terminology that drainage ditch ceases to be 
a “ditch” and becomes a “stream.” The available NHD GIS data identifies the majority of 
waterways as streams, including those that are obviously agricultural irrigation conveyances 
or so-called straightened stream reaches, based on their linear nature and presence in prime 
cropland areas. This means that many wetlands in this analysis that are classified as 
throughflow are probably more appropriately classified as throughflow artificial (TA), 
however there is currently not a way defined in this methodology to differentiate them. 

Table 4. Sandusky Subbasin Water Flow Path Classes 

Outflow 
(OU) 

Water flows out of the wetland 
naturally, but does not flow into this 
wetland from another source. 

Less than 1 percent 
(75/10,000) 

Outflow 
Intermittent 

(OI) 

Water flows out of the wetland 
intermittently, but does not flow into 
this wetland from another source. 

Less than 1 percent 
(63/10,000) 

Outflow Artificial 
(OA) 

Water flows out of the wetland, in a 
channel that was manipulated or 
artificially created. 

Less than 1 percent 
(53/10,000) 

Bidirectional 
(BI) 

Wetland along a lake and not along a 
river or stream entering this type of 
waterbody; its water levels are 
subjected to the rise and fall of the lake 
levels. Lentic wetlands with no streams 
intersecting them. 

3.48% (348/10,000) 

Throughflow 
(TH) 

Water flows through the wetland, often 
coming from upstream sources 
(typically wetlands along rivers and 
streams). Lentic wetlands with streams 
running through them are classified as 
throughflow (or throughflow 
intermittent, if stream is classed as 
intermittent). 

19.15% (1,915/10,000) 

Throughflow 
Intermittent 

(TI) 

Water flows through the wetland 
intermittently, often coming from 
upstream sources (typically wetlands 
along streams). 

11.02% (1,102/10,000) 

Throughflow 
Artificial 

(TA) 

Water flows through the wetland, in a 
channel that was manipulated or 
artificially created. 

1.16% (116/10,000) 

Isolated 
(IS) 

Wetland is typically surrounded by 
upland (nonhydric soil); receives 
precipitation and runoff from adjacent 
areas with no apparent outflow. 

63.85% (6,385/10,000) 

Inflow 
(IN) 

Wetland is a sink receiving water from 
a river, stream, or other surface water 
source, lacking surface-water outflow. 

Not currently implemented; 
would be a fraction of the 

less than 1 percent of 
currently coded outflow (OU) 
and outflow intermittent (OI) 

wetlands 
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4.2.4. Waterbody Type 

The waterbody type classification applies only to permanent and deep open water habitats, 
such as ponds, lakes, and rivers. A pond is an example of a wetland that qualifies as both 
wetland and open water, and such wetlands can be assigned a waterbody type. The 
waterbody type of a wetland is directly determined by the NWI Cowardin code of that 
wetland. 
 
The “Wetland Verification Toolset,” an important pre-processing step for the NWI wetlands 
data prior to analysis, creates a wetland type attribute class in the GIS and fills in a 
generalized classification name for each wetland. For the waterbody type classification step, 
that that assigned name was used, sorting and selecting for the “freshwater pond” and “lake” 
wetland types, and then those greater than 5 acres in size were classified as lakes.2 The 
Cowardin code special modifiers were used to separate the artificial or dammed waterbodies 
from the natural ones. Table 5 summarizes all the waterbody type classes. 

Table 5. Sandusky Subbasin Waterbody Type Classes 

Natural Pond 
(PD1) 

A natural pond that is less than 5 acres 
in size. 

6.4% (640/10,000) 

Diked and/or 
impounded pond 

(PD2)
a
 

A pond that is diked and/or impounded 
and is less than 5 acres in size. 

4.27% (427/10,000) 

Excavated Pond 
(PD3) 

A pond that excavated and is less than 
5 acres in size. 

26.17% (2,617/10,000) 

Natural Lake 
(LK1) 

A natural lake that is greater than 5 
acres in size. 

Less than 1 percent 
(62/10,000) 

Dammed River 
Valley 
(LK2) 

A lake (greater than 5 acres in size) 
and created by damming a river valley. 

Less than 1 percent 
(40/10,000) 

Excavated Lake 
(LK3) 

A lake that is excavated and greater 
than 5 acres in size. 

1.06% (106/10,000) 

River 
(RV) 

A polygonal feature in the NHD (or 
Ohio hydrography dataset) or NWI 
dataset. 

Less than 1 percent 
(28/10,000) 

a
The NWI Cowardin code for “Diked/Impounded” was observed to be absent from a small percentage of 

wetlands that could be seen in aerial imagery to have been formed by impoundment. Therefore, for a small 
percentage of wetlands, it is possible that the LK2 and PD2 values were not assigned when they should 
have been. 
  

                                                 
2 Those selected wetlands identified by the “Wetland Verification Toolset” as “freshwater pond” and “lake” in 
the Sandusky subbasin translated to Cowardian codes PUBG (Palustrine, Unconsolidated Bottom, 
Intermittently Exposed Ground), PUBF (Semipermanently Flooded), or PUBK (Artificially Flooded), with 
special modifiers “x” (Excavated),  “h” (Diked/Impounded), or “d” (Partially Drained/Ditched). 
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4.3. W-PAWF Classification Process  
The watershed-based preliminary assessment of wetland functions, or W-PAWF, refers to 
the process of classifying wetlands based on the significance of their functions (USFWS, 
2010). A wetland function is any natural physical and biological process that occurs within 
the wetland, as well as, to some extent, within the waterways and other ecosystems that the 
wetland is connected to. Those processes may serve to sustain and maintain the wetland, or 
may be an incidental function that the wetland provides. Examples include the retention of 
sediments, the provision of wildlife habitat, or the transformation of nutrients, such as 
soluble nitrogen. 
 
The significance of a function refers to the ability and level of that natural process to occur 
in comparison to other wetlands. Significance is a relative measure, and the terms “high,” 
“moderate,” and “low” are used to describe the level of function that one group of wetlands 
has in comparison to another. These terms are used without regard to the perceived human 
value of any wetland function or its benefit to a watershed. Wetlands that have a high 
functional significance for nutrient transformation are not ones that meet any particular 
regulatory standard or limit, but rather are performing that process at a better and higher rate 
than other wetlands within the area of analysis. These terms are used without regard to the 
perceived human value of any wetland function or its benefit to a watershed. 
 
The W-PAWF analysis starts with wetlands that have already been classified using LLWW 
hydrogeomorphic descriptors and also makes use of the original NWI Cowardin wetland 
type designations. Additional GIS data and information about the ecology, hydrology, and 
physiography of the watershed are used to supplement the analysis. A correlation is drawn 
between combinations of those component inputs and the different levels of functional 
significance for each wetland function. The specific GIS steps for creating the functional 
significance groupings can be found in Section 9.9. 
 
This analysis began with Tiner’s core 11 wetland functions (Tiner, 2003) and then 
incorporated regional modifications for the Sandusky subbasin, such as removing shellfish 
habitat. The functions selected include: flood water storage; streamflow maintenance; 
nutrient transformation; sediment retention; shoreline stabilization; stream shading; and fish, 
amphibian, waterfowl, and other wildlife habitat. This is slightly different from the 2011 
MDEQ report, which also modified Tiner’s 2003 approach, but chose 13 indicators of 
wetland functional significance. 

4.3.1. Flood Water Storage 

Tiner (2003b) refers to this wetland function as “Surface Water Detention,” but discusses it 
in terms of the ability to stop or delay flooding. The 2011 MDEQ report emphasizes the 
benefit to flood control, and refers to this wetland function as “Flood Water Storage,” which 
is the term used here. In this analysis, larger wetlands have been assigned a higher functional 
significance class for flood water storage than smaller wetlands. While the size of a wetland 
is not a precise estimate of wetland storage capacity or volume for flood water storage, larger 
wetlands presumably have a higher storage capacity. The median value of wetlands acreage 
from the entire population was used to determine a threshold value, which was found to be 
0.59 acres. The selection criteria for flood water storage and the corresponding results for 
the Sandusky subbasin are described in Table 6 below; Figure 12 and Figure 13 provide 
maps of the functional significance results for NWI and pre-European wetlands in the 
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Sandusky subbasin. The detailed GIS steps to perform the analysis can be found at the end 
of this report in Section 9.9. 

Table 6. Sandusky Subbasin Flood Water Storage Criteria and Results 

Functional 
Significance 

Selection Criteria 

Results 

NWI 
Pre-European 

Settlement 
 

High 

 Wetlands along streams and 
rivers 

 Island wetlands 

 Ponds that are throughflow, 
throughflow intermittent, 
bidirectional, and isolated 

 and, that are = or > 0.59 acres 

31.76% 
(13,175 of 

41,489 
acres) 

21.48% 
(41,338 of 

192,451 acres) 

Moderate 

 All of the above in the High 
category that are < 0.59 acres 

 Terrene basin isolated
a
 

 Terrene & outflow or outflow 
intermittent wetlands 

 Other ponds and terrene 
wetlands associated with ponds 
connected to hydrography 
network 

 Terrene wetlands that are 
associated with ponds 

 All lake-side wetlands not already 
ranked high 

40.16% 
(16,661 of 

41,489 
acres) 

64.09% (123,350 
of 192,451 

acres) 

Low 

 All remaining wetlands 28.09% 
(11,653 of 

41,489 
acres) 

14.43% (27,763 
of 192,451 

acres) 

a 
Moved from high in MDEQ criteria to moderate here. 

 

4.3.2. Streamflow Maintenance 

Both Tiner (2003b) and the 2011 MDEQ report give high functional significance to 
wetlands that sustain streamflow by acting as sources of ground water for surface waterways. 
Wetlands in the headwaters of a watershed are rated high for the streamflow maintenance 
function, followed by wetlands that store and release water over long periods of time, such 
as those rated high for the flood water storage wetland function. As with the flood water 
storage function, the size of a particular wetland impacts its functional significance class. The 
selection criteria for streamflow maintenance and the corresponding results for the Sandusky 
subbasin are described in Table 7 below; Figure 14 and Figure 15 provide maps of the 
functional significance results for NWI and pre-European wetlands in the Sandusky 
subbasin. 
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Table 7. Sandusky Subbasin Streamflow Maintenance Criteria and Results 

Functional 
Significance  

Selection Criteria 

Results 

NWI 
Pre-European 

Settlement 
 

High 
 All headwater wetlands (hw) 

that are = or > 0.59 acres 

7.75% (3,215 
of 41,489 

acres) 

32.60% (62,741 
of 192,451 acres) 

Moderate 

 All headwater wetlands (hw) 
that are < 0.59 acres 

 Lotic stream and river 
floodplain and fringe wetlands 

 Lotic stream basin wetlands 

 Throughflow & outflow ponds 
& lakes 

 Terrene outflow wetlands 
associated with a pond  

 Terrene outflow wetlands 
outflowing to hydrography 
network 

21.62% (8,972 
of 41,489 

acres) 

19.35% (37,246 
of 192,451 acres) 

Low 
 All remaining wetlands 70.63% 

(29,302 of 
41,489 acres) 

48.05% (92,464 
of 192,451 acres) 

 

4.3.3. Nutrient Transformation 

Highly vegetated wetlands with water tables that fluctuate receive high functional 
significance ratings for nutrient transformation by both Tiner (2003b) and in the 2011 
MDEQ report. Fluctuation of the water table increases deposition, and the presence of 
vegetation slows the flow of water, allowing for the precipitation of minerals and settling out 
of particulates (and those nutrients sorbed to settled particulates). Other opportunities to 
encourage deposition, such as the reduction of stream flow velocity upon entering a large 
body of water, also provide for minor functional value. 
 
More importantly, the frequent rise and fall of water tables and therefore surface water in 
wetlands promotes accelerated nutrient uptake by most obligate and facultative wetland 
vegetation. This, coupled with the fact that the frequent wetting and drying of soils increases 
the probability of successful completion of the denitrification process (microbial removal of 
nitrogen dissolved in water through a series of biogeochemical processes resulting in the off-
gassing into the atmosphere of nitrogen as N2) makes the nutrient transformation indicator 
an important function. Both the vegetative class and the water regime wetland attributes are 
used by MDEQ and Tiner for wetland classification. Because these hydrodynamic processes 
address one of the primary goals of the Great Lakes Restoration Initiative Strategic Plan – 
the absorption and reprocessing of nutrients – an additional GIS data layer was used to 
further refine the nutrient transformation indicator. The previously discussed SSURGO 
database soil attribute of flooding frequency from the landscape position LLWW 
classification was added to the analysis to better determine where wetlands with frequent 
wetting and drying cycles were located. The selection criteria for nutrient transformation and 
the corresponding results for the Sandusky subbasin are described in Table 8 below; Figure 
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16 and Figure 17 provide maps of the functional significance results for NWI and pre-
European wetlands in the Sandusky subbasin. 

Table 8. Sandusky Subbasin Nutrient Transformation Criteria and Results 

Functional 
Significance 

Selection Criteria 

Results 

NWI 
Pre-European 

Settlement 
 

High 

 Vegetated wetlands from NWI P_ 
(AB, EM, SS, FO, and mixes) with 
water regime C, E, F, H, G. No 
open water types – with SSURGO 
Flood Frequency of “Frequent” or 
“Occasional” 

10.13% (4,205 
of 41,489 

acres) 

25.37% (48,827 
of 192,451 

acres) 

Moderate 

 Vegetated wetlands from NWI P_ 
(AB, EM, SS, FO, and mixes) with 
water regime C, E, F, H, G. No 
open water types – with SSURGO 
Flood Frequency of “Rare” or 
“None” (“Very Rare” not found in 
this data set) 

 Seasonally Saturated and 
Temporarily Flooded Vegetated 
Wetlands from NWI P_ (AB, EM, 
SS, FO, and mixes) with A, B water 
regime or lacustrine vegetated 
wetlands (no open water) – with 
SSURGO Flood Frequency of 
“Frequent” or “Occasional” 

32.11% 
(13,323 of 

41,489 acres) 

62.01% (119,339 
of 192,451 

acres) 

Low 
 All remaining wetlands 57.75% 

(23,961 of 
41,489 acres) 

12.62% (24,284 
of 192,451 

acres) 

 

4.3.4. Sediment and Other Particulate Retention 

As mentioned in the nutrient transformation function section above, the ability of a wetland 
to provide a sediment retention function depends on the presence of vegetation to reduce 
the flow of water, to drop sediment out of entrainment, and then to assist in retaining the 
sediment. However, it is important to note that large, open bodies of water also offer 
opportunities to reduce water velocity and produce deposition. 
 
Tiner (2003) notes that when watershed planners are using this criteria and assigning a 
functional significance value based on the presence of ponds, certain types of waterbodies 
should probably be removed, such as ponds formed in gravel pits, impoundments that are 
completely surrounded by dikes, and man-made dug-out ponds with little to no surface 
water inflow, such as stormwater detention ponds. The NHD Waterbody GIS data layer was 
used to differentiate waterbody types that should be removed or ranked low for this 
indicator. The selection criteria for sediment retention and the corresponding results for the 
Sandusky subbasin are described in Table 9 below; Figure 18 and Figure 19 provide maps of 
the functional significance results for NWI and pre-European wetlands in the Sandusky 
subbasin. 
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Table 9. Sandusky Subbasin Sediment Retention Criteria and Results 

Functional 
Significance 

Selection Criteria 

Results 

NWI 
Pre-European 

Settlement 
 

High 

 Basin wetlands associated with 
lakes 

 Fringe and island wetlands 
associated with lakes 

 Floodplain wetlands 

 Lotic stream basin, flat, and fringe 
wetlands that are throughflow or 
throughflow intermittent 

 Lotic river floodplain or fringe 
throughflow wetlands 

 Throughflow or throughflow 
intermittent ponds 

 Island wetlands 

11.74% (4,872 
of 41,489 

acres) 

43.80% (84,291 
of 192,451 

acres) 

Moderate  Terrene basin wetlands that are 
outflow, outflow intermittent or 
outflow artificial 

 Natural ponds not already rated 
water regime H (Permanently 
Flooded) 

 All wetlands associated with a pond 

 Terrene basin wetlands that are 
isolated 

35.09% 
(14,557 of 

41,489 acres) 

36.74% (70,706 
of 192,451 

acres) 

Low 
 All remaining wetlands 53.17% 

(22,060 of 
41,489 acres) 

19.46% (37,453 
of 192,451 

acres) 

 

4.3.5. Shoreline Stabilization 

The function of wetlands to provide erosion control to prevent the effect of wave action or 
stream cutting on shores and banks is evaluated with these criteria. The presence of 
vegetation on shorelines and banks is the primary characteristic for rating a wetland as being 
highly significant for this function. The selection criteria for shoreline stabilization and the 
corresponding results for the Sandusky subbasin are described in Table 10 below; Figure 20 
and Figure 21 provide maps of the functional significance results for NWI and pre-
European wetlands in the Sandusky subbasin. 

Table 10. Sandusky Subbasin Shoreline Stabilization Criteria and Results 

Functional 
Significance  

Selection Criteria 

Results 

NWI 
Pre-European 

Settlement 
 

High 

 Vegetated wetlands (except island 
types) along water bodies (rivers, 
lakes, streams) 

39.89% 
(16,549 of 

41,489 
acres) 

46.17% 
(88,856 of 
192,451 
acres) 

Moderate  Terrene vegetated wetlands along 
ponds 

 Terrene outflow, outflow intermittent, 
outflow artificial wetlands that are 
headwater 

9.93% (4,121 
of 41,489 

acres) 

33.15% 
(63,798 of 
192,451 
acres) 
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Functional 
Significance  

Selection Criteria 

Results 

NWI 
Pre-European 

Settlement 
 

 

Low 

 All remaining wetlands 53.17% 
(22,060 of 

41,489 
acres) 

20.68% 
(39,797 of 
192,451 
acres) 

 

4.3.6. Fish Habitat 

Tiner (2003b) states that the functional significance criteria identified for fish habitat are 
specific to the Northeast, and need to be re-examined for individual watersheds when 
performing functional assessments in other regions of the country. He suggests that the 
other functional criteria in his analysis method should be relevant nationwide, but that fish 
and wildlife habitat are highly watershed-dependent. As well, Tiner grouped shellfish in the 
same habitat function as fish, and provided criteria for tidally influenced wetlands. The Great 
Lakes can be considered non-tidal, however, and so Tiner’s functional significance criteria 
that involve tidal influence have been left out for the Sandusky subbasin wetlands. The 
remaining criteria for the fish habitat function were obtained from the 2011 MDEQ report, 
and are deemed suitable for the Sandusky subbasin due to the relative proximity of the 
MDEQ study area. The selection criteria for fish habitat and the corresponding results for 
the Sandusky subbasin are described in Table 11 below; Figure 22 and Figure 23 provide 
maps of the functional significance results for NWI and pre-European wetlands in the 
Sandusky subbasin. 
 
Note that the fish habitat and streamflow functions are closely related. Tiner directly 
correlates the fish habitat wetland function with wetlands that are rated high for the 
streamflow maintenance function, as consistent streamflow is critical for those organisms. 
Additionally, streamflow maintenance provides temperature control in water bodies, which 
decreases solubility for many chemicals, decreasing the chance of toxic stress to aquatic 
organisms (California SWRCB, 2012), both of which benefit to fish habitat. 

Table 11. Sandusky Subbasin Fish Habitat Criteria and Results 

Functional 
Significance  

Selection Criteria 

Results 

NWI 
Pre-European 

Settlement 
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Functional 
Significance  

Selection Criteria 

Results 

NWI 
Pre-European 

Settlement 
 

High 

 Lentic wetlands 

 Stream and river wetlands that are 
only throughflow 

 Wetlands associated with a pond 
connected to the hydrography 
network 

 Palustrine aquatic bed outflowing 
wetlands 

 Natural lakes 

 All lakes that are throughflow, 
throughflow intermittent, artificial, 
outflow, or outflow intermittent 

 Headwater wetlands except 
artificial types connected to the 
hydrography network 

64.23% 
(26,648 of 
41,489 acres) 

78.82% (151,683 
of 192,451 
acres) 

Moderate  Lentic wetlands 

 Stream and river wetlands that are 
only throughflow 

 Wetlands associated with a pond 
not connected to the hydrography 
network 

 Ponds not connected to the 
hydrography network that are 
associated with a wetland 

 Natural ponds that are isolated 
a
 

 Headwater wetlands except 
artificial types not connected to the 
hydrography network 

 Throughflow ponds 

5.45% (2,260 
of 41,489 
acres) 

6.68% (12,846 of 
192,451 acres) 

Low 
 All remaining wetlands. 30.32% 

(12,580 of 
41,489 acres) 

14.51% (27,921 
of 192,451 
acres) 

a
 Moved from MDEQ’s assignment of a high classification. 

 

4.3.7. Stream Shading 

Forested or scrub-shrub wetlands that provide the stream shading function are capable of 
regulating water temperature in nearby streams and waterways. Shaded headwater wetlands 
provide the highest level of this function. Tiner (2003b) did not specifically call out this 
wetland function, however it was a function examined in the 2011 MDEQ report. 
Temperature regulation contributes to increasing the significance of the fish and amphibian 
habitat wetland functions, as well as providing increased function in nearby streams and 
rivers. Temperature control of streams and waterways can decrease the solubility of many 
chemicals, and thus decrease the chance of toxic stress to aquatic organisms overall 
(California SWRCB, 2012). The selection criteria for stream shading and the corresponding 
results for the Sandusky subbasin are described in Table 12 below; Figure 24 and Figure 25 
provide maps of the functional significance results for NWI and pre-European wetlands in 
the Sandusky subbasin. 

Table 12. Sandusky Subbasin Stream Shading Criteria and Results 
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Functional 
Significance  

Selection Criteria 

Results 

NWI 
Pre-European 

Settlement 
 

High 
 Terrene headwater wetlands that 

are palustrine forested and scrub-
shrub and headwater 

4.67% (1,939 
of 41,489 

acres) 

32.35% (62,255 
of 192,451 

acres) 

Moderate 

 All other wetlands that are forested 
and scrub-shrub 

 Stream wetlands that are palustrine 
forested and palustrine scrub-shrub 
and not headwater 

8.56% (3,552 
of 41,489 

acres) 

13.91% (26,777 
of 192,451 

acres) 

Low 
 All remaining wetlands 86.76% 

(35,998 of 
41,489 acres) 

53.74% (103,418 
of 192,451 

acres) 
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Figure 12. Flood water storage functional significance – NWI wetlands
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Figure 13. Flood water storage functional significance - Pre-European settlement wetlands
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Figure 14. Streamflow maintenance functional significance – NWI wetlands
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Figure 15. Streamflow maintenance functional significance – Pre-European settlement 
wetlands
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Figure 16. Nutrient transformation functional significance – NWI wetlands 
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Figure 17. Nutrient transformation functional significance – Pre-European settlement wetlands 
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Figure 18. Sediment retention functional significance – NWI wetlands 
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Figure 19. Sediment retention functional significance - Pre-European settlement wetlands
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Figure 20. Shoreline stabilization functional significance – NWI wetlands
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Figure 21. Shoreline stabilization functional significance - Pre-European settlement wetlands

 



March 31, 2014 
Page 45 

Methods and Results for a Geographic Information System Landscape Model of Wetland Functions in the Sandusky Subbasin 

Figure 22. Fish habitat functional significance – NWI wetlands
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Figure 23. Fish habitat functional significance - Pre-European settlement wetlands
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Figure 24. Stream shading functional significance – NWI wetlands
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Figure 25. Stream shading functional significance - Pre-European settlement wetlands
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Figure 26. Waterfowl and waterbird habitat functional significance – NWI wetlands
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Figure 27. Waterfowl and waterbird habitat functional significance - Pre-European settlement 
wetlands
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Figure 28. Shorebird habitat functional significance – NWI wetlands
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Figure 29. Shorebird habitat functional significance - Pre-European settlement wetlands
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Figure 30. Forest bird habitat functional significance – NWI wetlands
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Figure 31. Forest bird habitat functional significance - Pre-European settlement wetlands
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Figure 32. Amphibian habitat functional significance – NWI wetlands
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Figure 33. Amphibian habitat - Pre-European settlement wetlands
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4.3.8. Waterfowl and Waterbird Habitat 

As with the fish habitat function and the wildlife-based criteria, Tiner (2003b) states that the 
correlations for significance are specific to the Northeast, and that in other parts of the 
country they will need to be tailored for each watershed under consideration. Wetlands that 
are more consistently wet or that are flooded for long periods of time generally provide a 
better habitat for nesting, reproduction, or feeding. Consequently, Tiner rated these types of 
wetlands high for the waterfowl and waterbird habitat function. The same criteria were used 
here for analysis, and came from the 2011 MDEQ report. Those criteria for waterfowl and 
waterbird habitat and the corresponding results for the Sandusky subbasin are described in 
Table 13 below; Figure 26 and Figure 27 provide maps of the functional significance results 
for NWI and pre-European wetlands in the Sandusky subbasin. 

Table 13. Sandusky Subbasin Waterfowl and Waterbird Habitat Criteria and 
Results 

Functional 
Significance  

Selection Criteria 

Results 

NWI 
Pre-European 

Settlement 
 

High 

 Palustrine aquatic bed emergent 
and scrub-shrub wetlands that are 
seasonally flooded, seasonally 
flooded/saturated, semi-
permanently flooded, intermittently 
exposed, and permanently flooded. 
No coniferous. 

17.70% (7,342 
of 41,489 

acres) 

8.35% (16,077 of 
192,451 acres) 

Moderate 

 Palustrine forested wetlands that 
are seasonally flooded, seasonally 
flooded/saturated, Semi 
permanently flooded, intermittently 
exposed, and permanently flooded. 
No coniferous. 

22.78% (9,452 
of 41,489 

acres) 

78.22% (150,540 
of 192,451 

acres) 

Low 
 All remaining wetlands 59.52% 

(24,694 of 
41,489 acres) 

13.42% (25,834 
of 192,451 

acres) 

 

4.3.9. Shorebird Habitat 

The 2011 MDEQ report and methodology further defined wetlands that perform habitat 
functions for additional bird types, such as shore birds and interior forest birds. General 
characteristics of wetlands that should be rated high for providing the function of shorebird 
habitat are those that have more open water areas and less canopy coverage along the 
shoreline. This provides better habitats for nesting, reproducing, or feeding. Those same 
criteria as used by MDEQ were applied here. The selection criteria for shorebird habitat and 
the corresponding results for the Sandusky subbasin are described in Table 14 below; Figure 
28 and Figure 29 provide maps of the functional significance results for NWI and pre-
European wetlands in the Sandusky subbasin. 
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Table 14. Sandusky Subbasin Shorebird Habitat Criteria and Results 

Functional 
Significance  

Selection Criteria 

Results 

NWI 
Pre-European 

Settlement 
 

High 

 Palustrine aquatic bed emergent 
and scrub-shrub wetlands not 
intermittently exposed or 
permanently flooded 

 Non-persistent wetlands (PEM2) 

 Lacustrine unconsolidated shore 
that is partially flooded 

0.17% (72 of 
41,489 acres) 

0.00% (0 of 
192,451 acres) 

Moderate 

 Palustrine emergent, scrub-shrub, 
and forested wetlands that are not 
intermittently exposed or 
permanently flooded 

71.61% 
(29,709 of 

41,489 acres) 

6.56% (12,620 of 
192,451 acres) 

Low 
 All remaining wetlands 28.22% 

(11,708 of 
41,489 acres) 

93.44% (179,831 
of 192,451 

acres) 

 

4.3.10. Interior Forest Bird Habitat 

Interior forest birds require large areas of forested land along waterways and waterbodies 
that offer habitat for nesting, reproducing, and feeding. This wetland function was 
developed by MDEQ to highlight those wetland features, and the same criteria were applied 
to this study as well. The selection criteria for interior forest bird habitat and the 
corresponding results for the Sandusky subbasin are described in Table 15 below; Figure 30 
and Figure 31 provide maps of the functional significance results for NWI and pre-
European wetlands in the Sandusky subbasin. 

Table 15. Sandusky Subbasin Interior Forest Bird Habitat Criteria and Results 

Functional 
Significance  

Selection Criteria 

Results 

NWI 
Pre-European 

Settlement 
 

High 

 Forested or scrub-shrub wetlands 

 Palustrine forested wetlands that 
are along rivers 

 Palustrine scrub-shrub wetlands 
and those mixed with other 
wetlands types 

46.94% 
(19,473 of 

41,489 acres) 

91.56% (176,202 
of 192,451 

acres) 

Moderate 
 Forested or scrub-shrub wetlands 

 Palustrine forested wetlands that 
are not already rated as high 

0.05% (23 of 
41,489 acres) 

0.00% (0 of 
192,451 acres) 

Low 
 All remaining wetlands 53.01% 

(21,993 of 
41,489 acres) 

8.44% (16,249 of 
192,451 acres) 

 

4.3.11. Amphibian Habitat 

Tiner (2003b) did not specifically address significance criteria for amphibians, such as frogs, 
but instead noted that some of the criteria that he mainly intended for fish and shellfish 
should be applicable to amphibians and what he called other aquatic-dependent species. The 
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2011 MDEQ report builds on Tiner’s original criteria, and identifies more specific 
characteristics of wetlands that provide the function of amphibian habitat. The size of the 
wetland is a primary consideration. Smaller wetlands less than 5 acres that are vegetated, 
isolated, and can provide terrestrial habitat for some or all of the year rank high for the 
amphibian habitat function. Other wetlands that rank high include those that are naturally 
outflow water flow path, floodplain landform wetlands, lentic landscape position wetlands, 
and wetlands associated with natural ponds, as well as the ponds themselves. Here, the same 
criteria were used, and the SSURGO flooding frequency criteria was also added to the 
indicator. The selection criteria for amphibian habitat and the corresponding results for the 
Sandusky subbasin are described in Table 16 below; Figure 32 and Figure 33 provide maps 
of the functional significance results for NWI and pre-European wetlands in the Sandusky 
subbasin. 

Table 16. Sandusky Subbasin Amphibian Habitat Criteria and Results 

Functional 
Significance  

Selection Criteria 

Results 

NWI 
Pre-

European 
Settlement 

 

High 

 Palustrine emergent, scrub-shrub, 
and forested wetlands along with 
those mixed types that are less than 5 
acres, isolated, and only seasonally 
flooded, seasonally flooded/saturated, 
or semipermanently flooded; and not 
frequently flooded as defined by 
SSURGO. 

 Outflowing wetlands 

 Palustrine aquatic beds that are 
isolated and not intermittently 
exposed or permanently flooded; and 
not frequently flooded as defined by 
SSURGO. 

 Wetlands adjacent to rivers 

 Lakeside wetlands 

 Natural ponds and any wetlands that 
are associated with those ponds 

46.88% 
(19,452 of 

41,489 acres) 

58.28% 
(112,160 of 

192,451 
acres) 
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Functional 
Significance  

Selection Criteria 

Results 

NWI 
Pre-

European 
Settlement 

 

Moderate 

 Palustrine emergent, scrub-shrub, 
and forested wetlands with those 
mixed types that are less than 5 acres 
and within 50 feet of the hydrography 
network and only seasonally flooded, 
seasonally flooded/ saturated, or 
semi-permanently flooded; and not 
frequently flooded as defined by 
SSURGO. 

 Palustrine emergent, scrub-shrub, 
and forested wetlands along with 
those mixed types that are less than 5 
acres and outflowing artificially or 
intermittently and only seasonally 
flooded, seasonally flooded/ 
saturated, or semi-permanently 
flooded; and not frequently flooded as 
defined by SSURGO. 

 Palustrine emergent, scrub-shrub, 
and forested wetlands along with 
those mixed types that are isolated 
and only seasonally flooded, 
seasonally flooded/ saturated, or 
semi-permanently flooded; and not 
frequently flooded as defined by 
SSURGO. 

 Palustrine aquatic bed isolated 
wetlands that are permanently 
flooded 

 Scrub-shrub and forested wetlands 
less than 5 acres (must be PFO1) 

 Rivers 

 Ponds and the wetlands associated 
with them not already rated water 
regime H (Permanently Flooded) 

11.85% (4,915 
of 41,489 

acres) 

4.90% (9,431 
of 192,451 

acres) 

Low 

 All remaining wetlands 
41.27% 

(17,123 of 
41,489 acres) 

36.82% 
(70,860 of 
192,451 
acres) 

 

 Results and Discussion 5.0
A composite score including all of the functional significance criteria was calculated to rank 
wetlands. Values were assigned to each functional significance level—1 to a low significance, 
2 to moderate, and 3 to high. In this manner, each wetland could receive an overall 
composite score ranging from a low of 11 (low functional significance in all categories) to a 
high of 33 (high functional significance in all categories). The overall composite score results 
are provided as a Microsoft Excel file, with this report. Map-based versions of the results are 
also provided. 
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In many cases, a total aggregate score is not as meaningful as selecting a subset of 
complementary values and examining them. For instance, watershed planners could compile 
the flood water storage, nutrient transformation, and sediment retention criteria together as 
an indicator of the ability for wetlands to control nutrients, sediment, and stormwater. 
Another benefit to selecting a subset of values is that many of the functional significance 
criteria are mutually exclusive, particularly the ones for habitat. A wetland that is a more 
suitable habitat for shorebirds is naturally not going to be as suitable for interior forest bird 
habitat.  
 
Overall, the composite scores do not show an appreciable change from pre-European 
settlement wetlands to current wetlands. Out of a possible total score of 33 the wetlands 
datasets have average composite scores of 18 and 17 and medians of 16 and 17 for pre-
European and current wetlands, respectively. 
 
Given the lack of numerical variation detailed above, a graphical comparison of where highly 
functioning wetlands were located versus where they currently are, as well as the acreage lost 
and gained in various wetlands types, appears to be a more useful tool than simply 
comparing composite scores. Figure 34 through Figure 39 show the geographic distribution 
of NWI (current) wetland composite scores. Figure 40 through Figure 45 show the 
geographic distribution of composite scores for historic wetlands. 
 
To summarize, this comparison of pre-European settlement wetlands to current-day 
wetlands shows that a greater percentage of the Sandusky River watershed’s acreage was 
wetland prior to European settlement. This is unsurprising and was expected due to 
increases in agriculture and development. The primary loss of acreage was observed in 
forested wetlands, followed by scrub-shrub wetlands. Those wetlands were replaced by 
emergent wetlands, consequently the percentage of emergent wetlands increased overall 
when comparing pre-European settlement to current wetlands. This change impacted the 
functional significance for all of the criteria used in this analysis. A much lower percentage of 
current wetlands rated high in functional significance as compared to the pre-European 
settlement wetlands. 
 
The wetland function of nutrient transformation, such as the reduction of waterborne 
phosphorus, is a target issue for the GLRI Action Plan and the Great Lakes Regional 
Collaboration. Currently, riverine wetlands and those along streams provide high functional 
significance for nutrient transformation, while the lowest functional significance belongs to 
unvegetated, open-water wetlands and those that do not experience periodic wetting and 
drying. Pre-European settlement wetlands located in the geologic pre-history lake sediments 
of the lowlands, and then those along rivers and streams show the highest functional 
significance for nutrient transformation. Based on that pattern, vegetated Palustrine and 
Lacustrine, non-open-water wetlands in the lowlands and lake sediments that flood 
occasionally or frequently appear to be the most effective candidates for improving the 
nutrient reduction function. 
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Figure 34. NWI wetlands total composites - Pickerel Creek and Mills Creek Watersheds
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Figure 35. NWI wetlands total composites - Muddy Creek and Sandusky River Watersheds 
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Figure 36. NWI wetlands total composites – Wolf Creek and Rock Creek Watersheds 
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Figure 37. NWI wetlands total composites – Honey Creek and Sycamore Watersheds
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Figure 38. NWI wetlands total composites – Broken Sword Creek and Headwaters Sandusky River Watersheds  
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Figure 39. NWI wetlands total composites – Upper and Lower Tymochtee Creek Watersheds
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Figure 40. Pre-European settlement wetlands total composites - Pickerel Creek and Mills Creek Watersheds
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Figure 41. Pre-European settlement wetlands total composites - Muddy Creek and Sandusky River Watersheds

 



March 31, 2014 
Page 70 

Methods and Results for a Geographic Information System Landscape Model of Wetland Functions in the Sandusky Subbasin 

Figure 42. Pre-European settlement wetlands total composites – Wolf Creek and Rock Creek Watersheds 
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Figure 43. Pre-European settlement wetlands total composites – Honey Creek and Sycamore Watersheds
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Figure 44. Pre-European settlement wetlands total composites – Broken Sword Creek and Headwaters Sandusky River 
Watersheds 
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Figure 45. Pre-European settlement wetlands total composites – Upper and Lower Tymochtee 
Creek Watersheds
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 Conclusion 6.0
Functional characteristics of wetlands help to provide valuable information about the 
ecological services a wetland provides. Comparing the functional characteristics and their 
effectiveness can identify what benefits wetland enhancement or restoration activities could 
provide. The results of the landscape-level wetland functional analysis presented here are 
intended only as an initial screening assessment. This initial screening can pre-sort and select 
wetlands to examine in greater detail via field-based assessments to verify the classification 
and functional significance of those wetlands. In a sense, this is purely a mission-planning 
and fieldwork targeting tool.  
 
The automated LLWW classification method lies at the core of the approach presented here. 
Once the LLWW classification of a wetland dataset is complete, any wetland function can be 
created and screened for by selecting a suitable combination of LLWW, NWI Cowardin 
codes, and additional GIS data that are meaningful for that function. The W-PAWF and 
functional significance criteria are examples of selecting such characteristics. Composite 
scores can be generated using the results of the functional analysis. In generating composite 
scores, the end user can isolate one or more functional significance criteria and create an 
alternative scoring and ranking output. As well, a user can weight different indicators higher 
or lower as the composite score is compiled, allowing for a customizable analysis. 
 
The functional significance criteria or weighting for the composite scores can be further 
refined and adjusted based on field work that verifies or questions the original LLWW 
assignments. Supplementary screening or site evaluation and planning in preparation for 
field work through the use of aerial imagery can also offer opportunities to double-check the 
LLWW assignments and further refine the process. During the field evaluation of wetlands 
that should follow a screening process such as this one, a detailed, onsite evaluation of soil 
characteristics, topography, and hydrology would ideally be performed, particularly if 
wetlands are being evaluated for restoration or creation.  
 
In short, a verifiable process that is applicable to other areas, watersheds, and wetlands has 
been detailed and documented. In addition, this process was applied specifically to the 
Sandusky subbasin to identify wetlands based on the current concerns and program areas for 
the Great Lakes regions. The analysis indicates vegetated palustrine and lacustrine, non-
open-water wetlands in the lowlands and lake sediments that flood occasionally or frequently 
appear to be the most effective candidates for reducing nutrients, a goal of the GLRI Action 
Plan.  
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 Dataset Identification 8.0
The datasets that were identified for use in this wetlands identification and screening report 
are listed below in a table. This summary of datasets was originally presented as a Technical 
Memo on November 9, 2012. At the EPA’s request, further revisions and additions to that 
summary were made and were re-submitted on December 10, 2012. Year and scale were 
added to the table, as well as several new data sources. Other datasets and sources were then 
recorded as they became available or were discovered during the project. This table below 
represents the formal, final citation of the datasets considered, referenced, and/or directly 
used during analysis and their sources. 

Table 17. List of Data Sources 

Data Type Year Source Scale Description 

Geography and Physical 

 Aerial imagery 2011 NRCS 
(National 
Resources 
Conservation 
Services) 

1 m Color air photos by county; these 
orthophotos are produced by 
NDOP (National Digital Ortho 
Photo Program); same as USDA 
source below, will be compared 
to determine the best one to use, 
but appear to be essentially the 
same 

 2011 USDA (U.S. 
Department of 
Agriculture) 
Aerial 
Photography 
Field Office 
(APFO) 

1 m County-level MDOQs (mosaics 
of digital orthophoto quarter 
quads (DOQs));  produced by 
NDOP (National Digital Ortho 
Photo Program) and NAIP 
(National Agriculture Imagery 
Program); are flown on a 5-year 
cycle; was recently flown for 
Ohio in 2011 

 2006 data, 
published 

2009 

 USDA, NRCS 0.15 m to 0.6 
m 

Digital Ortho High Resolution 
County Mosaic-Natural Color; 
high-resolution ortho imagery 
rectified with LiDAR data; this 
appears to be the same data as 
the OSIP source, below 

 2006 – 
2008 

OSIP (Ohio 
Statewide 
Imagery 
Program) 

1 ft 

6 in 

Color air photos by county, 
rectified with LiDAR data for 
increased accuracy; also 
available as tiled statewide 
coverage 

County 
boundaries 

2010 U.S. Census, 
TIGER 2010 

N/A Current boundaries of counties 

Ecoregions Various 
sources, 
1989 – 
2005, 

current 
compilation 
published 

U.S. EPA N/A Shapefiles and narrative 
descriptions of Ohio and Indiana 
level III and IV ecoregions 
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Data Type Year Source Scale Description 

2011 

Physiographic 
Regions 

1998 Ohio Division of 
Geological 
Survey 

1:2,100,000 Un-georeferenced single page 
digital map with explanation 
showing physiographic regions 
of Ohio. 

Elevation See 
description 

USGS (U.S. 
Geological 
Survey) 

3 m (1/9-arc-
second) 

10 m (1/3-arc-
second) 

30 m (1-arc-
second) 

NED (National Elevation 
Dataset); 1- and 1/3-arc-second 
data sets updated on nominal 2 
month cycle, but bi-monthly 
updates may be skipped due to 
budget / data constraints 

New datasets are released into 
the nationwide NED 1/9-arc-
second collection on monthly 
basis and in conjunction with the 
bi-monthly updates when 
possible 

2002 ODNR (Ohio 
Department of 
Natural 
Resources) 

30 m Original Level 1 NED data for 
Ohio and portions of PA, WV, 
KY, IN, and MI; errors and 
omissions are corrected using 
DLG (Digital Line Graph) 
hypsography 

2006 – 
2008 

OSIP (Ohio 
Statewide 
Imagery 
Program) 

2.5 ft DEM 

2 m LiDAR 

State-level LiDAR (Light 
Detection and Ranging) 

Topography 2002, 2009 
(varies by 
county) 

USDA, NRCS 1:24,000 DRG (Digital Raster Graphic); 
scanned images of USGS 
standard series topographic map 
that includes all collar 
information (e.g., legend, scale 
bar, index map, etc.); and 
DRGE, where the collar 
information has been removed to 
allow for seamless mosaicking 
and edge-mapping 

Land use and 
land cover 

2006 MRLC (Multi-
Resolution 
Land 
Characteristics 
Consortium)  

30 m 2006 NLCD (National Land 
Cover Database); includes 
Percent impervious cover 

2011 USGS Gap 
Analysis 
Program (GAP) 

N/A Version 1.2 of the PAD-US 
(Protected Areas Database) that 
illustrates public land ownership, 
management and conservation 
lands 

2006  - 
2011 

growing 

USDA NASS 
(National 
Agricultural 

30 m Produced by USDA NASS, 
Research and Development 
Division (RDD), Geospatial 
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Data Type Year Source Scale Description 

seasons 
available 
for Ohio 
coverage 

Statistics 
Server) 
Cropland Data 
Layer 

Information Branch (GIB), Spatial 
Analysis Research Section 
(SARS); multiple input sources 
including USGS NED, USGS 
NLCD 2006, and the National 
Aeronautics and Space 
Administration (NASA) Moderate 
Resolution Imaging 
Spectroradiometer (MODIS) 250 
meter 16 day Normalized 
Difference Vegetation Index 
(NDVI) composites; primary 
“strength and emphasis of the 
CDL is agricultural land cover” 

1966 
(Gordon), 

digitized by 
ODNR, 
2003 

ODNR State-wide, 
varying scales 

Pre-European Settlement 
Vegetation Classification 

Roads 2010 U.S. Census, 
TIGER 2010 

N/A Primary, secondary roads, and 
streets by state and county 

Soils December 
3, 2012 

ESRI, USDA, 
NRCS 

N/A 130 of the most useful and 
commonly used fields, variables, 
and values from the SSURGO 
database that have been 
processed and joined to the map 
unit polygons, and are ready for 
immediate use in a GIS. 
Accessed via a web map 
interface, and packaged by 
subbasin (HUC8) from the 
Watershed Boundary Dataset 
(WBD).   

Available at 
http://www.arcgis.com/home/item
.html?id=7791592ac59d45c697b
f9d2e4f292833 

Or by going to arcgis.com and 
searching for “SSURGO Data 
Downloader.” 

2009 – 
2012 

(varies by 
county) 

USDA, NRCS N/A SSURGO version 2.2 

Hydrology and Hydrography 

Flow Varies USGS N/A NWIS (National Water 
Information System) continuous 

http://www.arcgis.com/home/item.html?id=7791592ac59d45c697bf9d2e4f292833
http://www.arcgis.com/home/item.html?id=7791592ac59d45c697bf9d2e4f292833
http://www.arcgis.com/home/item.html?id=7791592ac59d45c697bf9d2e4f292833
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Data Type Year Source Scale Description 

flow records 

Streams Varies USGS 1:100,000 NHD 

2012 Horizon 
Systems 
Corporation 

1:100,000 
(originally 

derived from 
NHD) 

NHDPlusV2; data set that 
incorporates the National 
Hydrography Dataset (NHD), the 
National Elevation Dataset 
(NED), and the WBD (Watershed 
Boundary Dataset), as well as 
additional useful information not 
originally present in any of those 
sources, such as detailed stream 
and waterbody names 

Watershed 
boundaries 
(WBD) 

Varies USGS 1:24,000 WBD (Watershed Boundary 
Dataset); hydrologic unit 
drainage boundaries 

2012 Horizon 
Systems 
Corporation 

1:100,000 
(originally 

derived from 
NHD) 

NHDPlusV2 

Wetlands 2011 Ducks 
Unlimited (DU) 

State-wide National Wetlands Inventory 
(NWI) data from 1970s to 1980s 
that has been updated by DU 
based on 2005-2007 aerial 
photos as well as ground truthing 

Varies USFWS (U.S. 
Fish and 
Wildlife 
Service) 

N/A Original NWI (National Wetland 
Inventory) 

2010 Ohio EPA N/A Potential Vernal Pool Restoration 
Sites; from B. Gara and M. 
Micacchion (2010), “Assessment 
of wetland mitigation projects in 
Ohio. Volume 2: Developing a 
GIS-based tool to optimize 
vernal pool wetland mitigation 
site selection” 

Water and Habitat Quality 

Biological 
assessment 

Varies Ohio EPA N/A IBI (Index of Biotic Integrity), ICI, 
Miwb (Modified Index of Well-
Being), QHEI (Qualitative Habitat 
Evaluation Index) 
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 Specific GIS Steps, Workflows, and Code 9.0

9.1. Pre-Processing – Wetlands Data Verification Toolset  
Preprocessing of obtained wetland codes using the NWI Wetlands Data Verification Toolset 
(available at http://www.fws.gov/wetlands/Data/Tools-Forms.html as of the time of 
writing) should always be performed in order to verify the wetland attribute codes and 
format. 
 
For example, many old wetland codes have new synonyms, and the previous version is no 
longer accepted. Many mixed or split wetland classes are no longer used, and several other 
classifications have been shortened. As well, the toolset checks for incorrect or improperly 
formatted wetland codes. 
 
“Wetlands Data Verification Toolset,” Wetlands Data Verification Toolset version 1206; 
database version 1110. The Wetlands Geodatabase table is updated often, and the latest table 
of accepted updated wetland codes and toolset file was downloaded May 2013. 
The tool is distributed as the compressed file 
“NWI_QAQC_Tool_ArcGIS10_1206_1110.zip” and includes the PDF “Installation 
Instructions and User Information,” dated December 2011 and the ArcToolbox add-in 
“NWI_QAQC_Tool,” which is used for data verification. Specifically, the “Incorrect 
Wetland Codes” and the “Wetland Type Calc” tools were used. 
 
As per the provided PDF-format instructions, the wetlands to be verified as well as a layer 
defining the area of analysis must be loaded into the blank template database that is included 
with the tool. Once the bad Cowardin codes or ones that should be replaced with synonyms 
are identified, an Edit session can be opened in the GIS, and the Attribute Table for the 
wetlands modified with the use of the Find and Replace tool. Summary tables of the codes 
found by the tool for the Sandusky subbasin and the changes made are shown below. 

Table 18. Summary of Attribute Synonyms 

FREQUENCY Old Attribute New Attribute Comments 

1 L2EM2/UBF L2EM2F 
 

1 L2EM2/UBG L2EM2G 
 

3 L2UB/EM2G L2UBG 
 

1 L2UB/EM2Gh L2UBGh 
 

4 PEM1/UBF PEM1F 
 

1 PEM1/UBFh PEM1Fh 
 

57 PEM1Kah PEM1Kh 
 

41 PEM1KCh PEM1Kh 
 

90 PEM1KFh PEM1Kh 
 

4 PEM2/UBG PEM2G 
 

1 PFO1/SS1KFh PFO1/SS1K 
 

5 PFO1KCh PFO1Kh 
 

6 PSS1KCh PSS1Kh 
 

1 PSS1KFh PSS1Kh 
 

10 PUBKGh PUBKh 
 

http://www.fws.gov/wetlands/Data/Tools-Forms.html
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FREQUENCY Old Attribute New Attribute Comments 

1 PUBKGx PUBKx 
 

1 R4SBG R4SBC 
 

Table 19. Summary of Bad Attributes 

FREQUENCY Bad Attributes Comments 

1 L2UB/FO5G 
FO5’ is “Forested, Dead”; possibly flooded stand of dead 

trees; changed to “L2UBG” 

8 PSS1/EM1KCh 
Should be “PSS1/EM1Kh”; the ‘C’ for “Seasonally 

Flooded” is now dropped in the official nomenclature 

 

 Loading data into the provided template geodatabase: 

 
 

 Example of the Find and Replace tool: 
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9.2. Pre-Processing – Wetland Code Splitter 
The following is a tool written in Python that splits the NWI Cowardin code into its 
component parts (System, Subsystem, Class, Subclass, Water Regime, and Special Modifiers) 
and creates columns populated with those component values. It is intended as a pre-
processing tool for NWI GIS files to simplify the sorting, analysis, and assignment of 
LLWW descriptors to those wetland polygons. With the NWI components broken out into 
discrete columns, Workflows and ModelBuilder models for the assignment of LLWW 
functional values can simply be set to query the presence or absence of a particular value in 
one or more columns, which makes the construction of those sorts of tools easier. 
 
In order to manage what are called “mixed” or “split” wetland classes, where two Cowardin 
code Classes are assigned to a wetland (e.g., PFO1/SS1K, which are, respectively, Palustrine 
Forested and Palustrine Scrub-Shrub with an Artificially Flooded Water Regime), and handle 
them within the coding process, a secondary set of columns were created. Attention and 
consideration to that second set of wetland codes should be taken during analysis so as not 
to leave them out of any selection criteria. Note that this tool currently does not recognize 
the Marine and Estuarine Classes, as these were not present in the study area, however, using 
the code below, an analyst could readily add those steps in if needed. 
 
Program Code: 
 
#------------------------------------------------------------------------------- 
# Name:     Wetland_crosswalk.py 
# Purpose:  This code splits NWI codes into new fields and crosswalks to LLWW codes 
# Input:    Polygon layer with Field containing NWI codes ('ATTRIBUTE') 
#------------------------------------------------------------------------------- 
 
# import modules 
import os, arcpy, time 
from arcpy import env 

 
# allow overwrite 
arcpy.env.overwriteOutput = True 
 
# define workspace and in files (layers from gdb) 
env.workspace = arcpy.GetParameterAsText(0) 
wetland_layer = arcpy.GetParameterAsText(1) # Input 
 
#------------------------------------------------------------------------------- 
# PART A 
#------------------------------------------------------------------------------- 
# add fields for NWI Classes 
arcpy.AddField_management(wetland_layer, "NWI_Code", "STRING") 
arcpy.AddField_management(wetland_layer, "NWI_System", "STRING") 
arcpy.AddField_management(wetland_layer, "NWI_SubSys", "STRING") 
arcpy.AddField_management(wetland_layer, "NWI_Class", "STRING") 
arcpy.AddField_management(wetland_layer, "NWI_SubCla", "STRING") 
arcpy.AddField_management(wetland_layer, "NWI_WatReg", "STRING") 
arcpy.AddField_management(wetland_layer, "NWI_SpMod", "STRING") 
# add fields for NWI Classes – alternatives 
arcpy.AddField_management(wetland_layer, "NWI_Code2", "STRING") 
arcpy.AddField_management(wetland_layer, "NWI_Class2", "STRING") 
arcpy.AddField_management(wetland_layer, "NWI_SubCl2", "STRING") 
arcpy.AddField_management(wetland_layer, "NWI_WatRe2", "STRING") 
arcpy.AddField_management(wetland_layer, "NWI_SpMod2", "STRING") 
arcpy.AddMessage("PART A COMPLETE – Fields added.") 
 
#------------------------------------------------------------------------------- 
# PART B 
#------------------------------------------------------------------------------- 
# start timer 
ta = time.time() 
 
# if-then-else queries to break apart NWI code into separate update fields 
wetland = arcpy.UpdateCursor(wetland_layer) 
 
# 'ATTRIBUTE' strings are 83nicode – copy them to a new field as ascii 
for row in wetland: 
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    row.NWI_Code = row.ATTRIBUTE.encode("ascii") 
    row.NWI_System = row.NWI_Code[0] 
    wetland.updateRow(row) 
 
    # Deal with split classes 
    if row.NWI_Code.find('/')!=-1: 
        temp = [] 
        x = row.NWI_Code.split('/') 
        temp.append(x) 
        row.NWI_Code = x[0] 
        row.NWI_Code2 = x[1] 
        wetland.updateRow(row) 
 
        row.NWI_Class = row.NWI_Code[1:3] 
 
        # Deal with regular classes & water regime 
        if (row.NWI_Code[3].isdigit()) == True: 
            row.NWI_SubCla = row.NWI_Code[3] 
 
            # Deal with special modifiers 
            if (row.NWI_Code[-1].islower()) == True: 
                row.NWI_SpMod = row.NWI_Code[-1] 
 
        # Deal with missing class 
        else: 
            row.NWI_WatReg = row.NWI_Code[3] 
             
            # Deal with special modifiers 
            if (row.NWI_Code[-1].islower()) == True: 
                row.NWI_SpMod = row.NWI_Code[-1] 
 
        row.NWI_Class2 = row.NWI_Code2[0:2] 
 
        # Deal with regular classes & water regime 
        if (row.NWI_Code2[2].isdigit()) == True: 
            row.NWI_SubCl2 = row.NWI_Code2[2] 
            row.NWI_WatRe2 = row.NWI_Code2[3] 
            row.NWI_WatReg = row.NWI_Code2[3]  
 
            # Deal with special modifiers 
            if (row.NWI_Code2[-1].islower()) == True: 
                row.NWI_SpMod2 = row.NWI_Code2[-1] 
 
        # Deal with missing class 
        else: 

            row.NWI_WatRe2 = row.NWI_Code2[2] 
             
            # Deal with special modifiers 
            if (row.NWI_Code2[-1].islower()) == True: 
                row.NWI_SpMod2 = row.NWI_Code2[-1] 
         
 
    # Palustrine ('P') system classification – does not contain subsystem 
    elif row.NWI_System == 'P': 
        row.NWI_Class = row.NWI_Code[1:3] 
 
        # Deal with regular classes & water regime 
        if (row.NWI_Code[3].isdigit()) == True: 
            row.NWI_SubCla = row.NWI_Code[3] 
            row.NWI_WatReg = row.NWI_Code[4] 
 
            # Deal with special modifiers 
            if (row.NWI_Code[-1].islower()) == True: 
                row.NWI_SpMod = row.NWI_Code[-1] 
 
        # Deal with missing class 
        else: 

            row.NWI_WatReg = row.NWI_Code[3] 
             
            # Deal with special modifiers 
            if (row.NWI_Code[-1].islower()) == True: 
                row.NWI_SpMod = row.NWI_Code[-1] 
 
    # Other ('R' and 'L') system classification – contain subsystem 
    else: 
        row.NWI_SubSys = row.NWI_Code[1] 
        row.NWI_Class = row.NWI_Code[2:4] 
 
        # Deal with regular classes & water regime 
        if (row.NWI_Code[4].isdigit()) == True: 
            row.NWI_SubCla = row.NWI_Code[4] 
            row.NWI_WatReg = row.NWI_Code[5] 
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            # Deal with special modifiers 
            if (row.NWI_Code[-1].islower()) == True: 
                row.NWI_SpMod = row.NWI_Code[-1] 
 
        # Deal with missing class 
        else: 
            row.NWI_WatReg = row.NWI_Code[4] 
             
            # Deal with special modifiers 
            if (row.NWI_Code[-1].islower()) == True: 
                row.NWI_SpMod = row.NWI_Code[-1] 
    # update rows 
    wetland.updateRow(row) 
 
#stop timer 
arcpy.AddMessage("Update time = %s seconds" %(time.time()-ta)) 
arcpy.AddMessage ("PART B COMPLETE – Fields updated & crosswalk complete.") 
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9.3. Pre-Processing – Geodatabase with Domains 
Data governance includes the process of maintaining consistency with the naming of files 
and elements in a digital project, such as GIS analysis. The geodatabase system lets a set list 
of allowable data entry values for various fields be defined, and then restricts entry in those 
field to only those choices. Those restricted fields are called domains. Below are listed all of 
the domains and values that were used in this project. In order to duplicate these domains 
and ensure good data governance in future projects that want to use this methodology, the 
“FileGeodatabase_Fields” tool should be used in combination with the template file 
geodatabase included in the digital documentation for this report that already contains the 
Domains (both courtesy of Andrea Bolks’ “Wetlands Function Correlations Version 1.0”). 
Wetland data should be loaded into the blank template geodatabase and then running the 
tool will create the necessary GIS fields that match the domain names in whatever digital file 
it is pointed at, usually the wetlands data layer. 
 
“Feature Class Fields” and “Geodatabase Domain Values” that are included in the template 
file geodatabase and that will be added by the “FileGeodatabase_Fields” tool include: 
 
LandscapePosition 
Landscape1 
Landform 
Landform1 
WaterbodyType 
WaterflowPath  
Past_Current 
 
Two additional fields, “ACRES” and “ATTRIBUTE” are also added by the tool, but do not 
have any domain restrictions associated with them. These fields are intended to hold the 
acreage values and NWI Cowardin wetland classification codes, however many data sets will 
already have fields with the same name and purpose already present, and if so the tool will 
simply error out, and not overwrite those existing field. 
 
Those fields and their respective domain values are listed in the table below. 
 

Table 20. Included Domain Values in File Geodatabase 

Domain Name Coded Values 

Landscape_Position 

Code Description 

TE Terrene 

LE Lentic 

LR Lotic River 

LS Lotic Stream 
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Domain Name Coded Values 

Landform 

Code Description 

SL Slope 

Il Island 

FR Fringe 

FP Floodplain 

BA Basin 

FL Flat 
 

Waterbody_Type 

Code Description 

PD1 Natural Pond 

PD2 Dike/Impounded 
Pond 

PD3 Excavated Pond 

LK1 Natural Lake 

LK2 Dike/Impounded 
Lake 

LK3 Excavated Lake 

RV River 
 

Waterflow_Path 

Code Description 

IS Isolated 

IN Inflow 

OU Outflow 

OI Outflow 
Intermittent 

OA Outflow Artificial 

TH Throughflow 

TI Throughflow 
Intermittent 

TA Throughflow 
Artificial 

BI Bidirectional 
 

Landscape1 
Code Description 

hw Headwater 
 

Landform1 

Code Description 

pd Influenced by a 
Pond 

ba Basin 

fl Flat 
 

Past_Current 

Code Description 

P Past Wetland 

C Current Wetland 
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Domain Name Coded Values 

Check 
Code Description 

Y Yes 
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9.4. Pre-European Settlement Wetland Inventory 
Wetlands that were characteristic of certain areas and physiographic provinces (“poorly 
drained outwash areas” or “ground moraine,” for example); Palustrine Forested wetlands are 
observed to be distributed throughout almost all areas, but are particularly dense in the 
northwest region of the subbasin; Palustrine Emergent wetlands are isolated to one area in 
the southeast region of the subbasin (looks like an interpretive bias); Palustrine Scrub-Shrub 
are concentrated in the areas immediately around Sandusky Bay and just to the east, and then 
one pocket of them along the southeastern edge of the subbasin. 
 
Outline of GIS steps for creating pre-European settlement wetland polygons: 

 A “VEG_CLASS” attribute field was added to the Sandusky pre-European 
settlement vegetation layer, and then vegetative classes (NWI Cowardin codes) were 
manually assigned, based on Table 2, “Correlation Schema for Pre-European 
Settlement Land Cover Class to NWI Class” 

 A “WATER_REGIME” attribute field was added to the Sandusky SSURGO (Soil 
Survey Geographic database) layer, and then records were selected and an NWI 
Water Regime assigned and populated into that new field, based on the values of 
select attribute fields in the SSURGO layer, which are detailed in Table 2, 
“Correlation Schema for SSURGO Soil Map Units to NWI Water Regime Class.”  
The process for selecting the layers and assigning them an NWI Water Regime class 
was automated through the use of a Workflow that selected records based on SQL 
(Structured Query Language) queries, which produced a final layer with the codes 
assigned. The queries and Workflow are highly modifiable, and can be used as a 
template for future analyses, or in order to modify the selection criteria for repeat 
analyses of the Sandusky subbasin. 

 The NWI Water Regime classified results of the SSURGO layer were then 
intersected (ArcToolbox > Analysis Tools > Overlay > Intersect) to the 
Sandusky pre-settlement vegetation layer that had previously been modified with 
NWI vegetative classification attribute field (“VEG_CLASS”).  This intersection step 
produced a new layer with pre-settlement vegetation polygons that contained soil 
data, including the NWI Water Regime information from the previous step. In cases 
where a single pre-settlement vegetation polygon was intersected by multiple, 
differing soil polygons, that single pre-settlement vegetation polygon was 
automatically split by the Intersect tool into several polygons, each with the 
appropriate soil information appended to it. 

 An “ATTRIBUTE” attribute field was added to the new intersected layer, and a 
manual Field Calculator operation was performed to concatenate the 
“VEG_CLASS” and “WATER_REGIME” attribute fields into a single NWI 
Wetland Code in the “ATTRIBUTE” field. 

 Lastly, in order to assign the pre-historic “R2UBH” and “L1UBH” wetland codes, all 
records with an NWI Water Regime class of “H” (Permanently Flooded) were 
selected, and then overlain with the NHD Waterbody layer. Any of the “H”-class 
polygons with their centroid within the NHD Waterbody layer were assigned an 
“L1UBH” wetland code. The remainder of the “H”-class polygons were assigned an 
“R2UBH” wetland code. 
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Comparison between Pre-European and Current Wetland Extent 

 
Pre-European: 

 Total interpreted wetlands area: 191,823.59 acres ;Vegetated wetlands (no L1UBH or 
R2UBH): 177,147.65 acres, prior to European settlement; 1,169,324.69 acres, total 
subbasin area; percentage of that which was vegetated wetlands, approximately 
15.15% 

 Percentage of the wetlands that are forested (PFO1A, PFO1B, PFO1C, PFO1E, 
PFO1F, and PFO1G) 159,485.45 acres, 90.02% ; versus emergent (PEM1B, 
PEM1E, and PEM1G) 1,578.16 acres, 0.9% (“less than one percent”); versus scrub-
shrub wetlands (PSS1/EM1B, PSS1/EM1C, PSS1/EM1E, and PSS1/EM1G) 
16,084.03 acres, 9.08% ; [versus open water (L1UBH and R2UBH) 14,675.94 acres] 

 Predominant forested wetland types, PFO1G (Palustrine Forested Broad-Leaved 
Deciduous, Intermittently Exposed) 149,711.04 acres, PFO1F 26.85 acres, PFO1E 
320.69 acres, PFO1C 160.33 acres, PFO1B 9,238.74 acres, PFO1A 27.80 acres 

 Wetlands that were characteristic of certain areas and physiographic provinces 
(“poorly drained outwash areas” or “ground moraine,” for example); Palustrine 
Forested wetlands are observed to be distributed throughout almost all areas, but are 
particularly dense in the northwest region of the subbasin; Palustrine Emergent 
wetlands are isolated to one area in the southeast region of the subbasin (looks like 
an interpretive bias); Palustrine Scrub-Shrub are concentrated in the areas 
immediately around Sandusky Bay and just to the east, and then one pocket of them 
along the southeastern edge of the subbasin. 

Current: 

 Total interpreted wetlands area: 41,488.68 acres; Vegetated wetlands (no L1 or L2, or 
R2 or R4 wetlands): 33,479.46 acres ; percentage of the total subbasin area 
comprised of vegetated wetland, 2.86% 

 Decrease of wetlands percent 18.90% decrease in comparison to pre-European 

 Percentage of the wetlands that are forested 15,435.55 acres, 46.10% ; versus 
emergent 11,858.61 acres, 35.42%,versus scrub-shrub wetlands 2,484.01 acres, 7.42% 

Comparison: 

 1,169,324.69 acres, total subbasin area; percentage of that which was vegetated 
wetlands, approximately 15.15%; current percentage of the total subbasin area 
comprised of vegetated wetland, 2.86% 
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Table 21. Correlation Schema for Pre-European Settlement Land Cover Class to 
NWI Class 

General 
Type 

Cowardin, et al. 
(1979) NWI 

Vegetative Class 

Ohio Natural 
Vegetation Cover Type 

(Sandusky only) 
Michigan PLA Veg. Type 

(MDEQ, 2011) 

Uplands 

PFO1 

Oak-Sugar Maple Forests - 

Beech Forests 
Beech-Sugar Maple Forest 

Beech-Sugar Maple-Hemlock Forest 

Mixed Oak Forests Mixed Oak Forest 

 

Black Oak Barren 

Aspen Birch Forest 

Mixed Oak Savanna 

Oak-Hickory Forest 

Oak-Pine Barrens 

PEM1 
Prairie Grasslands Grassland 

Beach Sand Dune 

PFO4 
 

White Pine-Mixed Hardwood Forest 

White Pine-White Oak Forest 

White Pine-Red Pine Forest 

Hemlock White Pine Forest 

Pine Barrens 

Spruce-Fir-Cedar Forest 

Wetlands 

PFO1 Elm-Ash Swamp Forests Black Ash Swamp 

R2UBH 

Special case; soil layers 
classed as NWI Water 

Regime [H], Permanently 
Flooded, that intersected 
the NHD Waterbody layer 

were assigned to the 
L1UB; the remaining [H] 
Water Regime soils were 

classed as R2UB. 

River (Use Riverpoly) R2UB 

L1UBH 

Lakes (Use Lakepoly) L1UB 

PFO4  Mixed Conifer Swamp 

PFO1 
 

Mixed Hardwood Swamp 

Cedar Swamp 

PSS1/EM1 
Freshwater Marshes and 
Fens Shrub Swamp/Emergent Marsh 

PEM1  Wet Prairie 

Sphagnum Peat Bogs Muskeg/Bog 
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Table 22. Correlation Schema for SSURGO Soil Map Units to NWI Water Regime 

NWI Water 
Regime 

Description Value Selections for GIS Attribute Fields in NRCS SSURGO Data 

[A] Temporarily 
Flooded 

“Not hydric,” Moderately well drained and 
Somewhat poorly drained soils on 
Floodplain terraces 

 
Surface water present for brief periods during 
the growing season. Plants that grow both in 
uplands and wetlands are characteristic of 
the temporarily flooded regime. 

ATTRIBUTE FIELD 
VALUE(s) 

ALIAS NAME 

Hydric classification – 
Presence 

hydclprs “Not hydric” (“Unknown” values excluded) 

Drainage Class – Dominant 
Condition 

drclassdcd “Moderately well drained” AND “Somewhat 

poorly drained” (<Null> values excluded) 

Geomorphic Description geomdesc “flood plains, terraces” 

[B] Saturated 

Hydric, Non-flooding, Poorly drained 
Mineral soils 

 
The substrate is saturated to the surface for 
extended periods during the growing season, 
but surface water is seldom present. 

ATTRIBUTE FIELD 
VALUE(s) 

ALIAS NAME 

Hydric classification – 
Presence 

hydclprs “All hydric” AND “Partially hydric” (“Unknown” 

values excluded) 

Flooding frequency – 
Dominant Condition 

flodfreqdcd  “None” (<Null> values excluded) 

Drainage Class – Dominant 
Condition 

drclassdcd  “Poorly drained” (<Null> values excluded) 

[Soil] Order taxorder all NOT “Histosols” (<Null> values excluded) 

[C] Seasonally 
Flooded 

Hydric, Flooding, Poorly drained Mineral 
soils 

 
Surface water is present for extended 
periods especially early in the growing 
season, but is absent by the end of the 
season in most years. 
 

ATTRIBUTE FIELD 
VALUE(s) 

ALIAS NAME 

Hydric classification – 
Presence  

hydclprs “All hydric” AND “Partially hydric” (“Unknown” 

values excluded) 

Flooding frequency – 
Dominant Condition 

flodfreqdcd “Rare” OR “Occasional” OR “Frequent” (<Null> 

values excluded) 

Drainage Class – Dominant 
Condition 

drclassdcd  “Poorly drained” (<Null> values excluded) 

[Soil] Order taxorder  all NOT “Histosols” (<Null> values excluded) 

[E] Seasonally 
Flooded/Saturated 

Hydric, Flooding, Very poorly drained 
Mineral soils 

 
Surface water is present for extended 
periods especially early in the growing 
season and when surface water is absent, 
substrate remains saturated near the surface 
for most of the growing season. 

ATTRIBUTE FIELD 
VALUE(s) 

ALIAS NAME 

Hydric classification – 
Presence 

hydclprs “All hydric” AND “Partially hydric” (“Unknown” 

values excluded) 

Flooding frequency – 
Dominant Condition 

flodfreqdcd  “Rare” OR “Occasional” OR “Frequent” (<Null> 

values excluded) 

Drainage Class – Dominant 
Condition 

drclassdcd  “Very poorly drained” 

[Soil] Order taxorder all NOT “Histosols” (<Null> values excluded) 

 



March 31, 2014 
Page 93 

Methods and Results for a Geographic Information System Landscape Model of Wetland Functions in the Sandusky Subbasin 

Table 22. Correlation Schema for SSURGO Soil Map Units to NWI Water Regime 

NWI Water 
Regime 

Description Value Selections for GIS Attribute Fields in NRCS SSURGO Data 

[F] Semi-
permanently 

Flooded 

Hydric, Flooding marshes, mucks, and 
mucky soils and Very poorly drained 
Mineral Soils 

 
Surface water persists throughout the 
growing season in most years. When surface 
water is absent, the water table is usually at 
or very near the land surface. (Note: In some 
counties from 10 to 35 percent of these map 
units are in non-flooding, upland areas.) 

ATTRIBUTE FIELD 
VALUE(s) 

ALIAS NAME 

Hydric classification – 
Presence 

hydclprs 
 

All hydric” AND “Partially hydric” (“Unknown” 

values excluded) 

Flooding frequency – 
Dominant Condition 

flodfreqdcd  “Rare” OR “Occasional” OR “Frequent” (<Null> 

values excluded) 

Drainage Class – Dominant 
Condition 

drclassdcd  “Very poorly drained” 

[Soil] Order taxorder  ALL soil orders, including “Histosols” (<Null> 

values excluded) 

[G] Intermittently 
Exposed 

Hydric, Non-flooding marshes, mucks, 
and mucky soils and Very poorly drained 
Mineral Soils 

 
Surface water is present throughout the year 
except in years of extreme drought. (Note: In 
some counties from 5 to 30 percent of the 
NRCS map units are on floodplains and in 
drainageways.)  

ATTRIBUTE FIELD 
VALUE(s) 

ALIAS NAME 

Hydric classification – 
Presence 

hydclprs  “All hydric” AND “Partially hydric” (“Unknown” 

values excluded) 

Flooding frequency – 
Dominant Condition 

flodfreqdcd “None” (<Null> values excluded) 

Drainage Class – Dominant 
Condition”  

drclassdcd “Very poorly drained” 

[Soil] Order taxorder  ALL soil orders, including “Histosols” (<Null> 

values excluded) 

[H] Permanently 
Flooded 

Subaqueous soils 

 
Water covers the land surface throughout the 
year in all years. 

ATTRIBUTE FIELD 
VALUE(s) 

ALIAS NAME 

Hydric classification – 
Presence 

hydclprs  ALL “Unknown” values 

Drainage Class – Dominant 
Condition 

drclassdcd ALL <Null> values 

[Soil] Order taxorder ALL <Null> values 
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Figure 46. ArcGIS ModelBuilder workflow for automated selection of SSURGO 
attributes and assignment of an NWI Water Regime 
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9.4.1. Soil Attribute Selection Criteria for NWI Water Regime  

The following are the Structured Query Language (SQL) code used to select soil type map 
units from the SSURGO database for the pre-European wetland analysis in the Sandusky 
subbasin. The SQL code was used in an ArcGIS ModelBuilder workflow as input for the 
Select tool to classify soil map units with an NWI Water Regime. 
 
Also see Table 22 in Section 9.4 for a written, non-code version of the selection criteria, and 
Figure 46 for an illustration of the ModelBuilder workflow and the location where the 
Select tool is applied. The letters A-C and E-H below represent the respective NWI water 
regimes. 
 
Select [A] 
“NWI_WATER_REGIME_A_Temporarily_Flooded” 
 
"hydclprs" = 'Not hydric' AND ("drclassdcd" = 'Moderately 
well drained' OR "drclassdcd" = 'Somewhat poorly drained') 
AND "geomdesc" = 'terraces' 

 
Select [B] 
“NWI_WATER_REGIME_B_Saturated” 
 
("hydclprs" = 'All hydric' OR "hydclprs" = 'Partially 
hydric') AND "flodfreqdcd" = 'None' AND "drclassdcd" = 
'Poorly drained' 

 
Select [C] 
“NWI_WATER_REGIME_C_ Seasonally_Flooded” 
 
("hydclprs" = 'All hydric' OR "hydclprs" = 'Partially 
hydric') AND ("flodfreqdcd" = 'Frequent' OR "flodfreqdcd" = 
'Occasional' OR "flodfreqdcd" = 'Rare') AND "drclassdcd" = 
'Poorly drained' AND "taxorder" <> 'Histosols' 

 
Select [E] 
“NWI_WATER_REGIME_E_ Seasonally_Flooded_Saturated” 
 
("hydclprs" = 'All hydric' OR "hydclprs" = 'Partially 
hydric') AND ("flodfreqdcd" = 'Frequent' OR "flodfreqdcd" = 
'Occasional' OR "flodfreqdcd" = 'Rare') AND "drclassdcd" = 
'Very poorly drained' AND "taxorder" <> 'Histosols' 

 
Select [F] 
“NWI_WATER_REGIME_F_ Semi_Permanently_Flooded” 
 
("hydclprs" = 'All hydric' OR "hydclprs" = 'Partially 
hydric') AND ("flodfreqdcd" = 'Frequent' OR "flodfreqdcd" = 
'Occasional' OR "flodfreqdcd" = 'Rare') AND "drclassdcd" = 
'Very poorly drained' 
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Select [G] 
“NWI_WATER_REGIME_G_Intermittently_Exposed” 
 
("hydclprs" = 'All hydric' OR "hydclprs" = 'Partially 
hydric') AND "flodfreqdcd" = 'None' AND "drclassdcd" = 
'Very poorly drained' 

 
Select [H] 
“NWI_WATER_REGIME_H _Permanently_Flooded” 
 
"hydclprs" = 'Unknown' AND "drclassdcd" IS NULL AND 
"taxorder" IS NULL 
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9.4.2. Selected Types for Pre-European Settlement Wetlands 

The following combinations of NWI wetland codes and wetland types were selected to 
represent the final Per-European settlement wetland extent: 
 
L1UBH, Beach 
L1UBH, Beech Forests 
L1UBH, Elm-Ash Swamp Forests 
L1UBH, Freshwater Marshes and Fens 
L1UBH, Mixed Oak Forests 
L1UBH, Oak-Sugar Maple Forests  
L1UBH, Prairie Grasslands  
PEM1B, Sphagnum Peat Bogs 
PEM1E, Sphagnum Peat Bogs 
PEM1F, Sphagnum Peat Bogs 
PEM1G, Sphagnum Peat Bogs 
PFO1A, Elm-Ash Swamp Forests 
PFO1B, Elm-Ash Swamp Forests 
PFO1C, Elm-Ash Swamp Forests 
PFO1E, Elm-Ash Swamp Forests 
PFO1F, Elm-Ash Swamp Forests 
PFO1G, Elm-Ash Swamp Forests 
PSS1/EM1B, Freshwater Marshes and Fens 
PSS1/EM1C, Freshwater Marshes and Fens 
PSS1/EM1E, Freshwater Marshes and Fens 
PSS1/EM1F, Freshwater Marshes and Fens 
PSS1/EM1G, Freshwater Marshes and Fens 
R2UBH, Beach 
R2UBH, Beech Forests 
R2UBH, Elm-Ash Swamp Forests 
R2UBH, Freshwater Marshes and Fens 
R2UBH, Mixed Oak Forests 
R2UBH, Oak-Sugar Maple Forests 
R2UBH, Prairie Grasslands 
 
To automate the selection process of selected NWI wetland codes and wetland types from 
the original overall assessment results, the SQL expression below was used with the ArcGIS 
“Select By Attributes” tool, which can be modified by future users in order to modify or 
increase the selection criteria. 3,919 wetland polygons were identified from this selection: 
 
("ATTRIBUTE" = 'L1UBH' 
AND 
 "NAME" = 'Beach') 
 OR 
("ATTRIBUTE" = 'L1UBH' 
AND 
 "NAME" = 'Beech Forests') 
 OR 
("ATTRIBUTE" = 'L1UBH' 
AND 
 "NAME" = 'Elm-Ash Swamp Forests') 
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 OR 

("ATTRIBUTE" = 'L1UBH' 
AND 
 "NAME" = 'Freshwater Marshes and Fens') 
OR 
("ATTRIBUTE" = 'L1UBH' 
AND 
 "NAME" = 'Mixed Oak Forests') 
OR 
("ATTRIBUTE" = 'L1UBH' 
AND 
 "NAME" = 'Oak-Sugar Maple Forests') 
OR 
("ATTRIBUTE" = 'L1UBH' 
AND 

 "NAME" = 'Prairie Grasslands') 
OR 
("ATTRIBUTE" = 'PEM1B' 
AND 
 "NAME" = 'Sphagnum Peat Bogs') 
OR 
("ATTRIBUTE" = 'PEM1E' 
AND 
 "NAME" = 'Sphagnum Peat Bogs') 
OR 
("ATTRIBUTE" = 'PEM1F' 
AND 
 "NAME" = 'Sphagnum Peat Bogs') 
OR 
("ATTRIBUTE" = 'PEM1G' 

AND 
 "NAME" = 'Sphagnum Peat Bogs') 
OR 
("ATTRIBUTE" = 'PFO1A' 
AND 
 "NAME" = 'Elm-Ash Swamp Forests') 
OR 
("ATTRIBUTE" = 'PFO1B' 
AND 
 "NAME" = 'Elm-Ash Swamp Forests') 
OR 
("ATTRIBUTE" = 'PFO1C' 
AND 
 "NAME" = 'Elm-Ash Swamp Forests') 

OR 
("ATTRIBUTE" = 'PFO1E' 
AND 
 "NAME" = 'Elm-Ash Swamp Forests') 
OR 
("ATTRIBUTE" = 'PFO1F' 
AND 
 "NAME" = 'Elm-Ash Swamp Forests') 
OR 
("ATTRIBUTE" = 'PFO1G' 
AND 
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 "NAME" = 'Elm-Ash Swamp Forests') 

OR 
("ATTRIBUTE" = 'PSS1/EM1B' 
AND 
 "NAME" = 'Freshwater Marshes and Fens') 
OR 
("ATTRIBUTE" = 'PSS1/EM1C' 
AND 
 "NAME" = 'Freshwater Marshes and Fens') 
OR 
("ATTRIBUTE" = 'PSS1/EM1E' 
AND 
 "NAME" = 'Freshwater Marshes and Fens') 
OR 
("ATTRIBUTE" = 'PSS1/EM1F' 

AND 
 "NAME" = 'Freshwater Marshes and Fens') 
OR 
("ATTRIBUTE" = 'PSS1/EM1G' 
AND 
 "NAME" = 'Freshwater Marshes and Fens') 
OR 
("ATTRIBUTE" = 'R2UBH' 
AND 
 "NAME" = 'Beach') 
OR 
("ATTRIBUTE" = 'R2UBH' 
AND 
 "NAME" = 'Beech Forests') 
OR 

("ATTRIBUTE" = 'R2UBH' 
AND 
 "NAME" = 'Elm-Ash Swamp Forests') 
OR 
("ATTRIBUTE" = 'R2UBH' 
AND 
 "NAME" = 'Freshwater Marshes and Fens') 
OR 
("ATTRIBUTE" = 'R2UBH' 
AND 
 "NAME" = 'Mixed Oak Forests') 
OR 
("ATTRIBUTE" = 'R2UBH' 
AND 

 "NAME" = 'Oak-Sugar Maple Forests') 
OR 
("ATTRIBUTE" = 'R2UBH' 
AND 
 "NAME" = 'Prairie Grasslands') 
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Accompanying table to Figure 5, “Physiographic regions of Ohio (Ohio Division of 
Geological Survey, 1998) (see index, section 9.4 for a descriptive table of the physiographic regions),” 
describing the details of the physiographic regions of Ohio: 
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9.5. LLWW – Landform 
LLWW codes are written to the GIS layer using the Field Calculator to set the Attribute 
value in the various LLWW Fields once records have been selected using the criteria below. 
 

 
 
Additional steps after the first assignment start with selecting all the <Null> value fields (see 
example image below) and then creating sub-set selections of those records that have not yet 
been assigned: 
 

 
 
Note: if at any time you want to start over and re-assign a LLWW code, you can clear the 
entire field back to <Null> by using Field Calculator on that column in the Attribute 
Table and choosing NULL as the entry.  This will fill in the entire column with <Null> 
again. 
 
Outline of GIS steps for assigning Landform values to wetland polygons: 
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 Slope (SL) landform values; A Slope raster was generated from the OSIP 2.5-foot 
DEM, and then using that output raster plus the additional input of the wetland 
polygons, a mean percent slope for the area covered by each wetland polygon was 
calculated, by running Zonal Statistics as Table with the “MEAN” option set in 
“Statistics type” field. 
 

 
 

 Choose to export the results of the Zonal Statistics as Table as a “DBASE Table” 
(.dbf file), and then select “Yes” when asked if you want to add it to the Layout. 

 Export the Attribute Table of the wetland layer to a DBASE Table and also select 
“Yes” when asked if you want to add it to the Layout. 

 Now, use the Join Field Tool (Data Management > Joins) to add the MEAN results 
of the Zonal Statistics as Table tool to the exported Attribute Table of the wetland 
layer, based on their common OBJECTID values. 

 Export the final wetland layer with the added MEAN value again to a new “DBASE 
Table,” but don’t add it to the layout, instead use Microsoft Excel and open the file. 
Ensure that the Excel file is sorted in ascending order using the using attribute field 
“OBJECTID.” Open an Editor (Editor > Start Editing) session in ArcMap 
targeting the NWI wetland polygon feature class (or pre-European settlement 
wetlands layer), choose to view the Attribute Table (Right-click the feature class > 
Open Attribute Table) and also ensure that the table is sorted in ascending order 
using “OBJECTID.” Create a new attribute field in the NWI polygon feature class 
called “MEAN_PERC_SLOPE” and of type “Float”. Carefully copy and paste the 
percent slope results from the “MEAN” column of the Excel file into the new 
“MEAN_PERC_SLOPE” field.  Ensure that you spot-check multiple values, and 
don’t just blindly copy and paste.  Close the editor session, saving the changes. The 
mean percent slope value has now been added to the wetland polygons, and analysis 
can proceed. 

 Using Select By Attributes, choose the wetlands records that have a 
“MEAN_PERC_SLOPE” of with slopes of 5% or greater 

 3566 of 10,000 were selected and coded Slope (SL); pre-European settlement 
wetlands, 529 of 3,919 

 Island (IL) landform values; (1) wetland polygons that are completely surrounded 
by water, as compared to the NHDWaterbody layer. The “Select By Location” tool 
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in ArcMap was used, targeting the NWI or pre-European polygons, and the selecting 
the ones that “are completely within the source layer feature.”  56 wetland 
polygons initially met that criteria, however those previously given the Slope (SL) 
attribute needed to be removed; (2) The “Select By Attributes” tool was then used, 
and using the records selected from step 1 and then the “Remove from current 
selection” option, those “Landform” = ‘SL’ records were removed.  That final set 
was then written with the appropriate “IL” code into the Landform attribute field 
using the Field Calculator. 

 36 of 10,000 were selected and coded Island (IL); pre-European settlement wetlands, 
5 (five) of 3,919 

 Fringe (FR) landform values; use Select By Attributes Tool and statement 
“Landform” IS NULL to be left with only records that have none of the two 
previously coded Landform entries, IL and SL, in them yet. Then, use Select By 
Attributes Tool and the Select from current selection option with statement 
(“NWI_WatReg” = ‘F’ OR “NWI_WatReg = ‘G’ OR “NWI_WatReg = ‘H’) to 
highlight all the appropriate records. Use the Field Calculator to set the Attribute 
values of the selected records to “FR.” 

 2,713 of 10,000 were selected and coded Fringe (FR); pre-European settlement 
wetlands, 2,652 of 3,919 

 Floodplain (FP) landform values; note that many of the wetlands that would have 
fallen within the floodplain polygon area were already selected out for Slope (SL). 
For the FP value, wetland polygons are selected that intersect the chosen floodplain 
source layer feature, which here is ODNR’s FEMA 100 year floodplain boundary. 
Use the Select By Location Tool, choose the records that intersect the floodplain 
layer (intersect the source layer feature) and code as “FP”. 

 For the Landform subclass “Landform1” attributes “ba” (Basin) and “fl” (Flat), 
criteria similar to the main Landform classes Basin (BA) (NWI Water Regime C and 
E) and Flat (FL) (NWI Water Regime A and B) are used to select records. Records 
already coded with FP that have C and E water regimes are coded as “ba” and then 
the remainder of the records are coded as “fl,” since by default all of these are under 
5% slope, due to the early selection criteria for Slope (SL). 

 802 of 10,000 were selected and coded Floodplain FP; of those, 436 were FPba, and 
366 FPfl; pre-European settlement wetlands, 52 of 3,919, of those, 19 were FPba, 
and 33 FPfl. 

 “Landform1” the Landform subclass, which includes the subclass designations for 
Floodplain of “ba” (Basin) and “fl” (Flat), also includes a subclass of “pd” for 
wetlands associated with a pond. To class these, intersect the wetlands with 
waterbodies from NHDWaterbody that were designated as Ponds (<5 acres in size 
for this analysis) and assign them the “pd” subclass (1044 records, 10% of the total 
wetlands, intersect (“are associated with”) Ponds; pre-European wetlands, 
451 out of 3,919 wetlands intersects ponds). 

 Basin (BA) landform values; straightforward selection of all wetland polygons 
without a Landform class assigned yet that have a C or E NWI water regime code 

 1,520 of 10,000 were selected and coded Basin (BA); pre-European settlement 
wetlands, 11 of 3,919 

 Flat (FL) landform values; all remaining wetland polygons without a Landform class 
assigned yet, and that had an A or B NWI water regime code; it was noted that a few 
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dozen wetlands with the K water regime in the NWI wetlands, “artificially ponded,” 
were also left uncoded at this step; these were also added into the selection criteria 
and coded Flat (FL) as well. 1,363 of 10,000 were selected and coded Flat (FL); pre-
European settlement wetlands, 670 of 3,919 
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9.6. LLWW – Landscape Position 
Outline of GIS steps for assigning Landscape Position values to wetland polygons: 

 Significant pre-processing of DEM data is required before you can proceed 
with this step of LLWW classification. Specifically, the preparation of the 
DEM datasets in order to be able to assign wetlands to the Lentic (LE) class 
will require approximately 35 hours of unattended computer processing time. 
Those pre-processing steps are as follows: 

o The majority of these pre-processing steps involve the use of ESRI’s 
“ArcHydro” toolset, and the process is collectively referred to as “Arc Hydro 
analysis of a DEM.” Consult the ESRI website, and see the References 
section of this report for examples of resources. 

o First, use the Resample tool and the Bilinear Interpolation option to scale 
the original DEM to an appropriate resolution. The Reconditioning and 
Fill Sinks steps below took approximately 12 hours each using a resampled 
10m DEM, and it is expected that the original 2.5m DEM would have taken 
5 times as long to complete, so resampling a DEM to a resolution that 
matches your time budget is important. 

o Next, use the Reconditioning along with the NHD flowlines (streams and 
rivers layer) to create the new output ‘AgreeDEM’ raster. 

o Apply the Fill Sinks tool to remove water traps in the DEM and create the 
new output ‘Fil’ DEM raster. 

o Input the ‘Fil’ DEM raster from the previous step into the Flow Direction 
tool to calculate and create the new output ‘Fdr’ (flow direction) raster. 

o Extract the waterbody polygons that are ≥ 5.0 acres (or whatever the 
preferred definition of a ‘lake’ in the region of analysis is) from the 
NHDWaterbody layer to create a subset of ‘Lake’ polygons. 

o Add in that ‘Lake’ data subset to the NHDWaterbody Arc Hydro analysis 
layout, and run the Batch Watershed Delineation for Polygons tool with 
inputs of that ‘Lake’ layer and the ‘Fdr’ flow direction raster, which will 
create the new output ‘Watershed’ raster that shows areas that are within 
each lake’s basin. Ensure that ALL the records in the Lakes layer are 
Selected before running the tool (open Attribute Table, select all), otherwise 
the tool will do nothing and output an error. Use the created ‘Watershed’ 
raster for the next steps below. 

 Lentic (LE) landscape position values (554 records; 416 records, plus 131 near Lake 
Erie, as well as 7 more that directly intersect a lake polygon);  

o Using the ‘Lakes’ subset from the NHDWaterbody created during the DEM 
pre-processing, create a 500’ buffer layer around the Lakes. 

o Run a Selection tool (Menu > Selection > Select By Location) to determine 
which wetland polygons intersect the DEM pre-processing ‘Watershed’ raster 
(746 records) and then run a secondary sub-set selection (in Select by 
Location > “Selection method: select from the currently selected features 
in”) of that group to determine which of those also intersect the 500’ Lake 
buffer layer (416 records). Those wetlands are then coded as Lentic (LE) for 
the Landscape Position Class (in “View Attribute Table” for the wetland 
polygons, right-click “Landscape” Attribute field, and use the “Field 
Calculator;” and set the value just under the LandscapePosition field to “LE” 
- - ensure that you do surround LE with “” quotation marks). 
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o The Sandusky Bay and Lake Erie causes some coding issues. Pull them out as 
a LAKE waterbody polygon from the NHDArea, add in a 500’ buffer to it, 
and code wetlands lentic based on that (131 records selected). 

o Finally, of those that didn’t that fall within the buffer or watershed, choose 
those that intersect the lakes (NHDArea polygon), including Lake Erie, for 
instance small wetlands in the middle of a larger lake polygon (7 records 
selected for Lakes; 0 for Lake Erie). 

 Lotic River (LR) landscape position values (789 records; 661 plus 128 additional 
from direct intersection; pre-European settlement wetlands, 49 of 3,919): 

o First, create several new analysis layers, starting with a 500’ buffer for the 
NHD Area, using only the ‘StreamRiver’ and ‘CanalDitch’ Ftype values 
(additional Ftype values that represent “rivers” can be added in if needed; 
examine the data being used to determine which ones are applicable). 

o Next, extract the SSURGO database “Flooding Frequency – Dominant 
Condition” (flodfreqdcd), “Frequent” and “Occasional” value polygons. 

o Using only the wetland polygons that were NOT previously coded Lentic 
(LE) (Select by Attributes and choose “LandscapePosition” IS NULL in 
the “SELECT * FROM” field to get a selection of the fields that have not 
yet been coded), run a Selection > Select By Location tool to determine 
which of those remaining wetland polygons intersect the 500’ buffer for 
NHD Area (1106 records; pre-European settlement wetlands, 142) and 
ALSO intersect the SSURGO database “Flooding Frequency – Dominant 
Condition” (flodfreqdcd), “Frequent” and “Occasional” value polygons (661 
records; pre-European settlement wetlands, 49). Those wetlands are then 
coded as Lotic River (LR) for the Landscape Position Class (in “View 
Attribute Table” for the wetland polygons, right-click “Landscape” Attribute 
field, and use the “Field Calculator;” and set the value just under the 
LandscapePosition field to “LR” - - ensure that you do surround LR with “” 
quotation marks). 

o LR that intersect wetlands but DON’T intersect flodfreq; were 128 that fell 
into that category and were coded for; none (0) for pre-European settlement 
wetlands. 

 Terrene (TE) intermediate step (191 records total, with 75’ search criteria applied; 
pre-European settlement wetlands, 279 of 3,919), 1 of two total steps for assigning 
the terrene landscape position subclass; this intermediate step to assign select 
wetlands to the terrene landscape position is performed now, prior to assigning 
Lotic Stream (LS) landscape position values. This is done in order to account for 
headwater (hw) wetlands, where a river or stream does not extend through the 
wetland, and the wetland is the source of the stream. Situations can arise where 
wetlands that should be assigned to the terrene landscape position would get 
assigned Lotic Stream (LR) instead unless this step is done first. This step will find 
stream lines that originate inside a wetland, and assign them to the terrene landscape 
position. 

o First, use Unsplit Lines tool on NHDFlowline, with basic usage and no 
optional tool fields selected. This dissolves and merges the multiple lines of 
the NHD into a simpler line set. 
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o In the Attribute Table of that newly created unsplit layer, create (Add 
Field) new Double type attribute fields for the following: StartX, StartY, and 
EndX, EndY 

o These new fields will be used to populate with the X and Y positions of the 
start and end points of all the lines. To get these, perform a Calculate 
Geometry step (right-click each new column that was created in the 
Attribute Table, choose Calculate Geometry) to find XY of those start 
and end points (“Property:” field, “X Coordinate of Line Start,” etc. options, 
and “Units: Decimal Degrees”) 

o Now, from the Attribute Table menu, “Export…” and save the table as a 
“File and Personal Geodatabase tables” format in a logical location in 
geodatabase, and choose “Yes” to “Do you want to add the new table to the 
current map;”  

o Now, from the main ArcMap menu, choose “File” > “Add Data” > “Add 
XY Data” and from the drop-down choose newly added table as the source 
from which to get XY points (this will have to be performed twice, once for 
“End” points and once for “Start” points). Make sure during the adding 
process to change the coordinate system (here, the “Geographic Coordinate 
Systems > North America > NAD 1983 (NSRS2007) 
[GCS_NAD_1983_NSRS2007]” coordinate system was used) 

o Export those the two temporary “Event” type files to an actual layer to use 
in analysis (right-click “Event” layer in Table of Contents tree, choose “Data 
> Export Data…”). This may have to be in a temporary folder if there are 
editing schema locks on the geodatabase. 

o Use the Merge tool to join the points from the two separate layers into a 
new, single layer. 

o Finally, in order to find the points that represent the true start of a stream 
headwater, we will select the points that are NOT coincident with any other 
points, such as at a junction of three or more lines or a spot where there is a 
termination and then immediate continuation of another line. This is 
accomplished by using the ArcToolbox Intersect tool, and the original 
Unsplit Lines output layer with the optional setup field “Output Type” in 
the Intersect tool set to POINT.  

o Add the resultant point layer of the Intersect tool to the layout. Those new 
points will fall on top of everything that is NOT a stream headwater point. 
Use Select by Location tool and select points from the Unsplit Lines 
Flowline that intersect the Intersect tool output. Now if you use the “Switch 
Selection” menu option in the Attribute Table and then Export that 
reversed selection to a new layer named, for instance, “STARTPointsOnly,” 
what you have are the points that represent the start of each stream line. 

o Terrene (TE) “headwater selection” (191 records total, with 75’ search 
criteria applied; pre-European settlement wetlands, 279 of 3,919); first select 
all records that have not yet had a landscape position class assigned to them 
(Select by Attributes and choose “LandscapePosition” IS NULL in the 
“SELECT * FROM” field to get a selection of the fields that have not yet 
been coded); then a Select by Location with the “select from the currently 
selected features in” and choose all wetlands that have a “StartPoint” 
somewhere within them OR that are within 75’ distance of the StartPoint, by 
using the “Apply a search distance” option. These should be coded as 



March 31, 2014 
Page 108 

Methods and Results for a Geographic Information System Landscape Model of Wetland Functions in the Sandusky 
Subbasin 

Terrene (TE) with the Field Calculator and as well as assigned a 
headwater (hw) modifier. 

 Lotic Stream (LS) landscape position values (914 records selected; pre-European 
settlement wetlands, 657): 

o Using all of the remaining records that were NOT previously coded as either 
Lentic (LE) or Lotic River (LR), run a Selection tool for those wetlands that 
intersect the SSURGO database “Flooding Frequency – Dominant 
Condition” (flodfreqdcd), “Frequent” and “Occasional” value polygons 
Those wetlands are then coded as Lotic Stream (LS) for the Landscape 
Position Class (431 records; pre-European settlement wetlands, 211). 

o Then, wetlands that are directly bisected by the streams should be selected 
and coded as “LS.” “[I]ntersect the source layer feature” and using the 
“Unsplit” NHD Flowline layer will accomplish this, since all the other 
headwater wetlands have now been coded out (483 additional records; pre-
European settlement wetlands, 446). 

 Terrene (TE) landscape position values (7,069 records remained, and were selected 
by elimination; pre-European settlement wetlands, 2,236); all the remaining 
unclassified wetlands that are left at this point should be coded as Terrene (TE) for 
the Landscape Position Class.  
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9.7. LLWW – Water Flow Path 
Outline of GIS steps for assigning Water Flow Path values to wetland polygons: 

 Export the NHD Flowlines into separate layers, grouped by Fcode: 
o Perennial: Fcode = 46006, “Stream/River – Perennial” and Fcode =55800, 

“Artifical Path” as one layer; 
o Intermittent: Fcode = 46003, “Stream/River – Intermittent” as one layer 

(there were no Fcode = 46007, “Stream/River – Ephemeral” lines present, 
but would have been included if in the data); 

o Pipes/Canals/Ditches : Fcode = 42800, “Pipeline,” (7 records, barely 15 
km of linear distance in one isolated location in the northeast portion of the 
Sandusky subbasin), Fcode = 33600, “Canal/Ditch” (are only concentrated 
immediately near Sandusky Bay), and Fcode 33400, “Connector” as one 
layer. 

 Outflow (OU) (75 records; pre-European settlement wetlands, 92); all Terrene 
headwater Landscape Position wetlands (Select By Attributes > “Landscape1” = 
‘hw’) that intersect the Perennial NHD Flowlines WITHIN 75’, as was same criteria 
used to define Terrene headwater wetlands, are coded as Outflow. 

 Outflow Intermittent (OI) (63 records; pre-European settlement wetlands, 187); 
for the current-day NWI wetland polygons, chose all uncoded Terrene headwater 
wetlands (Select By Attributes > “Landscape1” = ‘hw’ AND “WaterflowPath IS 
NULL) that intersect the Intermittent NHD Flowlines WITHIN 75’, as was same 
criteria used to define Terrene headwater wetlands, and code as Outflow 
Intermittent. For the pre-European wetlands, ALL Terrene headwater wetlands 
not coded Outflow (OU) can be assumed to be Outflow Intermittent, and coded as 
such. 

 Outflow Artificial (OA) (53 records; pre-European settlement wetlands, not 
applicable); all remaining Terrene headwater wetlands that directly intersect the 
Pipes/Canals/Ditches NHD Flowlines WITHIN a 75’ buffer, can be coded as 
Outflow Artificial (should be all of the remaining ‘headwater’ records; if not, 
manually check the unselected records and consider changing the 75-foot buffer 
selection criteria of the previous steps or manually assigning the unselected records). 

 Step 1 of 4 for Throughflow (TH) wetlands (139 records; pre-European settlement 
wetlands, 209), including Throughflow Intermittent (8 records; pre-European 
settlement wetlands, 29) and Throughflow Artificial (59 records; pre-European 
settlement wetlands, not applicable); select all Lentic Landscape Position wetlands 
(554 records; pre-European settlement wetlands, 698) and then code appropriately 
for the ones that directly intersect (no buffer) either the Perennial, Intermittent, or 
Pipes/Canals/Ditches NHDFlowlines, with the exception of pre-European 
settlement wetlands and Pipes/Canals/Ditches NHDFlowlines, which would not be 
applicable for historical wetlands. 

 Bidirectional (BI) (348 records; pre-European settlement wetlands, 460); the 
remaining Lentic Landscape Position wetlands that were not coded as 
Throughflow are assigned to the Bidirectional (BI) Water Flow Path class. 

 Step 2 of 4 for Throughflow (TH) wetlands (1776 records; pre-European 
settlement wetlands, 435). Select all remaining uncoded Water Flow Path wetlands 
(Select By Attributes > “WaterflowPath IS NULL) and then find Perennial 
flowlines that intersect the wetlands within a 200’ buffer, by using the Apply a 
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search distance option with 200’ selected. Code those selected wetlands as 
Throughflow (TH). The 200’ buffer was chosen to represent the groundwater 
communication that natural waterways would have on nearby wetlands. That buffer 
distance can be increased or decreased depending on additional information an 
analyst might have for the area of analysis regarding the ability of groundwater to 
influence wetlands near waterways. 

 Step 3 of 4 for Throughflow (TH) wetlands: Throughflow Intermittent (1094 
records; pre-European settlement wetlands, 440) and Throughflow Artificial (57 
records; pre-European settlement wetlands, not applicable). Follow the same 
procedure as above, using the Intermittent NHD Flowline layer with a 200’ buffer. 
For the Pipes/Canals/Ditches NHD Flowlines, simply use the Flowlines themselves 
without a buffer and code appropriately for the wetlands that intersect them (not 
applicable for pre-European wetlands). The assumption here is that canals and pipes 
do not have as high a level of hydrologic communication with nearby wetlands, and 
so no buffer is used. 

 Step 4 of 4 for Throughflow (TH) wetlands: At this point, all remaining Lotic 
Stream (LS) and Lotic River (LR) Landscape Position wetlands should be 
assigned to Throughflow Intermittent (TI). In the previous Landscape Position 
LLWW classification step, all wetlands that intersected areas with SSURGO 
“Flooding Frequency - Dominant Condition” “Frequent” and “Occasional” soil 
attribute values but that were not intersected by NHD Flowlines were still assigned 
to Lotic Stream. To capture this periodic connection of these wetlands to the 
hydrologic system, despite the lack of an NHD Flowline through them, these records 
should now be classed as Throughflow Intermittent (TI), rather than Isolated 
(IS). As well, the wetlands that were not within the SSURGO “Flooding Frequency - 
Dominant Condition” “Frequent” and “Occasional” soil attribute values or not 
directly intersected by a flowline or within a buffer distance of one in the above steps 
but that were classed as Lotic River and Lotic Stream Landscape Position wetlands 
during the previous analysis step should also not receive an Isolated (IS) Water 
Flow Path, which would be contrary to their Landscape Position, but rather should 
be classed as Throughflow Intermittent (TI). 

o To filter for these wetlands, use Select By Attributes > 
("LandscapePosition" = 'LS' OR "LandscapePosition" = 'LR' ) AND 
"WaterflowPath" IS NULL) and then code these as Throughflow 
Intermittent (TI) (339 records; pre-European settlement wetlands, 105 
records). 

 Finally, assign the remaining unclassified wetlands an Isolated (IS) water flow path, 
which should be predominantly comprised of wetlands with a Terrene Landscape 
Position classification (5,989 records; pre-European settlement wetlands, 1,962). 
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9.8. LLWW – Waterbody Type 
Outline of GIS steps for assigning Waterbody Type values to wetland polygons: 

 Natural Lake (LK1) (62 records; pre-European settlement wetlands, 99); select 
wetlands by using Select By Attributes > and choosing “WETLAND_TY” = 
‘Freshwater Pond’ OR “WETLAND_TY” = ‘Lake’ (wetland type is an Attribute 
Field created and populated by using the NWI Wetlands Data Verification Toolset 
on the wetland ); 

o Wetlands 5 acres or above (the cutoff for Lake versus Pond) need to be 
separated. Use “Select from current selection” and choose wetlands where 
“ACRES >= 5” 

o Remove the non-natural NWI Cowardin Code Special Modifiers using the 
“Remove from current selection” option in Select By Attributes and 
selecting for NWI Cowardin Code Special Modifiers of “x” (Excavated), or 
“h” (Diked/Impounded), or “d” (Partially Drained/Ditched). As well, ensure 
that no wetlands with an NWI Cowardin Water Regime of “K” (Artificially 
Flooded) are included. Code this final remaining selection of wetlands as 
Natural Lake (LK1). 

 Excavated Lake (LK3) (106 records; pre-European settlement wetlands, not 
applicable); all remaining wetlands with “WETLAND_TY” of “Freshwater Pond” or 
“Lake”, where “ACRES >= 5”, and with modifier “x” (Excavated). This selection 
can include NWI Cowardin Modifier of “K” (Artificially Flooded). 

 Dammed River Valley (LK2) (40 records; pre-European settlement wetlands, not 
applicable); similar to above, but with Special Modifier of “h” (Diked/Impounded), 
and also can include NWI Cowardin Modifier of “K” (Artificially Flooded). 

 Natural Pond (PD1) (640 records; pre-European settlement wetlands, 204), 
Excavated Pond (PD3) (2,617 records; pre-European settlement wetlands, not 
applicable), Dike and/or Impounded Pond (PD2) (427 records; pre-European 
settlement wetlands, not applicable); perform similar process as with Natural Lake 
(LK1) , but using the subset of all wetlands with “WETLAND_TY” of “Freshwater 
Pond” or “Lake” but that are <5 acres in size. 

 Check to ensure no wetlands were left uncoded by looking for <Null> values 
in the WaterBodyType Attribute Field for “WETLAND_TY” = ‘Freshwater 
Pond’ OR “WETLAND_TY” = ‘Lake’. 

 River (RV (28 records; pre-European settlement wetlands, 375); use the 
“WETLAND_TY” (wetland type, from the NWI Wetlands Data Verification 
Toolset) classification of “Riverine” and code the selected wetlands as River (RV). 
Note that if the NHDArea polygon for rivers and Canals/Ditches is used and 
intersected with the wetland polygons, an abnormally large number of 369 records 
are selected, and the majority of them not actual Riverine wetlands (tested with the 
current-day NWI wetlands). As well, if the option of are completely within is used 
instead, an abnormally small number of 2 records are selected. Filtering by using the 
NWI Wetlands Data Verification Toolset wetland type classifications is 
recommended instead of any intersection method.
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9.9. W-PAWF 
The W-PAWF selection criteria for each wetland function and the specific steps undertaken in the GIS are detailed in the table below. 

Table 23. Summary of Functional Correlations and GIS Steps 

Function Significance Wetland Types/Query Steps 

Flood Water Storage High 

1. Query: Select all Lotic Stream (LS) Landscape Position and all Lotic River (LR) Landscape 
Position. 

2. Query: Select all Island (IL) Landform. 
3. Query: Select all “PD*” Waterbody Type wetlands (Natural Pond (PD1), Diked and/or 

Impounded Pond (PD2), Excavated Pond (PD3)). 
From that, select all: 

 Throughflow (TH) Water Flow Path 

 Throughflow Intermittent (TI) Water Flow Path 

 Bidirectional (BI) Water Flow Path 

 Isolated (IS) Water Flow Path 
4. **Select for > 0.59 acres (median size of wetland acreage from the entire population of the 

analysis area) 
5. All Terrene Basin Inflow wetlands (TE BA IN) Not implemented. 

 
SQL Query language: 
 
NOTE: When cutting and pasting text from this document or any other Microsoft Word document into 
the SQL entry field in ArcGIS, ensure that "straight quotes" have not been automatically changed into 

curly or so-called typographer's quotes (' or " versus ‘ ’ or “ ”) due to Microsoft Word's "smart 

quotes" setting and auto-correct being enabled. The typographer's quotes are not readable in SQL 
queries for ArcGIS, and will throw errors when trying to run the SQL queries. 
 
# Create a new selection 
 
(("LandscapePosition" = 'LS' 

 OR 
 "LandscapePosition" = 'LR') 
 OR 

"Landform" = 'IL') 

OR 
(("WaterbodyType" = 'PD1' 
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 OR 
 "WaterbodyType" = 'PD2' 

 OR 
 "WaterbodyType" = 'PD3') 
AND 

("WaterflowPath" = 'TH' 

 OR 
 "WaterflowPath" = 'TI' 

 OR 
 "WaterflowPath" = 'BI' 
 OR 

 "WaterflowPath" = 'IS') 
AND 
 "NEW_AreaAcres" >= 0.59) 

 
# Note: some layers also use "AREA" or "AREA_ACRES" for the wetland area 
field. Check each layer, and if in doubt on the values present, create a 

new area attribute and calculate new values. 
 
# Use Field Calculator to set final selected records to "High" 

 Moderate 

1. Query: Terrene (TE) Landscape Position, Outflow (OU) Water Flow Path and Outflow 
Intermittent (OI) Water Flow Path wetlands. 

2. All Terrene (TE) Landscape Position, Basin (BA) Landform, Isolated (IS) Water Flow Path 
wetlands. 

3. Query: Select all “PD*” Waterbody Type wetlands, and then add to the selection Terrene 
(TE) Landscape Position Associated with a Pond (pd) wetlands. Remove Throughflow 
Artificial (TA) Water Flow Path or Outflow Artificial (OA) Water Flow Path and any that have 
already been coded “High” for Flood Water Storage. 

4. Query: All Lentic (LE) Landscape Position wetlands and remove any that have already been 
coded “High” for Flood Water Storage. 

 
SQL Query language: 
 
# Create a new selection 
 
"FloodW_Store" IS NULL 

AND 
("LandscapePosition" = 'TE' 

 AND 
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( "WaterflowPath" = 'OU'  
 OR  

 "WaterflowPath" = 'OI' )) 
 
# Note: all Terrene Outflow wetlands are already headwater by default. 

 

# Use Field Calculator to set the selected records to "Moderate" 
 

# Create a new selection 
 
"FloodW_Store" IS NULL 

AND 
(( "WaterbodyType" = 'PD1' 
 OR 

 "WaterbodyType" = 'PD2' 
 OR 
 "WaterbodyType" = 'PD3')) 

 
# Remove from current selection 
 

"WaterflowPath" = 'TA'  
 OR  
 "WaterflowPath" = 'OA' 

 
# Use Field Calculator to set the selected records to "Moderate" 
 

# Create a new selection 
 

"FloodW_Store" IS NULL 

AND 
(( "LandscapePosition" = 'TE'  
 AND  

 "Landform1" = 'pd' )) 
 
# Use Field Calculator to set the selected records to "Moderate" 
 
# Create a new selection 
 

"FloodW_Store" IS NULL 
AND 

"LandscapePosition" = 'LE' 
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# Use Field Calculator to set records to "Moderate" 

 Low 

All remaining uncoded wetlands 
 
# Create a new selection 
 

"FloodW_Store" IS NULL 

 
# Use Field Calculator to set records to "Low" 

Streamflow Maintenance High 

1. Query: All headwater (hw) Landscape Position wetlands. 
2. **Select for > 0.59 acres 

 
# Create a new selection 
 

"Landscape1" = 'hw' 
AND 

"NEW_AreaAcres" >= 0.59 

 
# Use Field Calculator to set records to "High" 

 Moderate 

1. Query: All Lotic River (LR) and Lotic Stream (LS) Landscape Position. From that select only 
Floodplain (FP) and Fringe (FR) Landform. Remove any that have already been coded 
“High” for Streamflow Maintenance. 

2. Query: All Lotic Stream (LS) Landscape Position, and from those select only Basin (BA) 
Landscape Position and remove any that have already been coded “High” for Streamflow 
Maintenance. 

3. Query: All “PD*” Waterbody Type wetlands (Natural Pond (PD1), Diked and/or Impounded 
Pond (PD2), Excavated Pond (PD3)), and LK* Waterbody Type wetlands (Natural Lake 
(LK1), Dammed River Valley (LK2), Excavated Lake (LK3)), Select from those only 
Throughflow (TH), Throughflow Artificial (TA), Throughflow Intermittent (TI), Outflow (OU), 
Outflow Intermittent (OI), and Outflow Artificial (OA) Water Flow Path; Remove any that have 
already been coded “High” for Streamflow Maintenance. 

4. All Terrene (TE) Landscape Position Associated with a Pond (pd) wetlands with any Outflow 
Water Flow Path (Outflow (OU), Outflow Intermittent (OI), or Outflow Artificial (OA)) and 
remove any that have already been coded “High” for Streamflow Maintenance. None 
selected, but these might fall out from the acre criteria in other data sets. 

5. All Terrene (TE) Landscape Position with any Outflow Water Flow Path (Outflow (OU), 
Outflow Intermittent (OI), or Outflow Artificial (OA)) and remove any that have already been 
coded “High” for Streamflow Maintenance. Again, none selected, as above, but may be 
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present in other data sets. 
 
# Create a new selection 
 
"SFlow_Maint" IS NULL 

AND 

("LandscapePosition" = 'LR' 
 OR 

 "LandscapePosition" = 'LS') 
AND 
 ( "Landform" = 'FP' 

 OR 
 "Landform" = 'FR') 
 

# Use Field Calculator to set records to "Moderate" 
 
# Create a new selection 

 
"SFlow_Maint" IS NULL 
AND 

"LandscapePosition" = 'LS' 
 AND 
 "Landform" = 'BA' 

 
# Use Field Calculator to set records to "Moderate" 
 

# Create a new selection 
 

"SFlow_Maint" IS NULL 

AND 
( "WaterbodyType" = 'PD1' 
 OR 

 "WaterbodyType" = 'PD2' 
 OR 
 "WaterbodyType" = 'PD3' 

 OR  
 "WaterbodyType" = 'LK1'  
 OR  

 "WaterbodyType" = 'LK2'  

 OR  
 "WaterbodyType" = 'LK3' ) 
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AND 
( "WaterflowPath" = 'TH' 

 OR 
 "WaterflowPath" = 'TI' 
 OR 

 "WaterflowPath" = 'TA' 

 OR 
 "WaterflowPath" = 'OU' 

 OR 
 "WaterflowPath" = 'OI' 
 OR 

 "WaterflowPath" = 'OA') 
 
# Use Field Calculator to set records to "Moderate" 
 
# Create a new selection 
 

"SFlow_Maint" IS NULL 
AND 
"LandscapePosition" = 'TE' 

 AND 
 "Landform1" = 'pd' 
AND 

( "WaterflowPath" = 'OA' 
 OR 
 "WaterflowPath" = 'OI' 

 OR 
 "WaterflowPath" = 'OU') 

 

# Use Field Calculator to set records to "Moderate" 

 Low 

All remaining uncoded wetlands 
 
# Create a new selection 
 

"SFlow_Maint" IS NULL 
 
# Use Field Calculator to set records to "Low" 

Nutrient Transformation High 
1. Query: All Vegetated wetlands, Palustrine, Cowardin Code “P*” (Aquatic Bed (AB), Emergent 

(EM), Scrub-Shrub (SS), Forested (FO), and mixed or split class wetlands) with Water 
Regime C (Seasonally Flooded), E (Seasonally Flooded/Saturated), F (Semipermanently 
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Flooded), H (Permanently Flooded), and G (Intermittently Flooded). 
2. Remove all wetlands with open water LLWW hydrogeomorphic descriptors, such as all “PD*” 

and “LK*” Waterbody Type wetlands (Natural Pond (PD1), Diked and/or Impounded Pond 
(PD2), Excavated Pond (PD3)), and LK* Waterbody Type wetlands (Natural Lake (LK1), 
Dammed River Valley (LK2), Excavated Lake (LK3)) 

3. Query: of above selected wetlands, select those that intersect with SSURGO Flood 
Frequency of “Frequent” or “Occasional” 

 
# Create a new selection 
 
("NWI_System" = 'P' 

 AND 
( ("NWI_Class" = 'AB' 
 OR 

 "NWI_Class" = 'EM' 
 OR 

 "NWI_Class" = 'FO'  

 OR  
 "NWI_Class" = 'SS' ) 
 OR  

("NWI_Class2" = 'AB' 
 OR 
 "NWI_Class2" = 'EM' 

 OR 
 "NWI_Class2" = 'FO'  
 OR  

 "NWI_Class2" = 'SS'))) 

AND 
("NWI_WatReg" = 'C' 

 OR 
"NWI_WatReg" = 'E' 
 OR 

"NWI_WatReg" = 'F' 
 OR 
 "NWI_WatReg" = 'G' 

 OR 
 "NWI_WatReg" = 'H') 
 

# Remove from current selection 
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( "WaterbodyType" = 'PD1' 
 OR 

 "WaterbodyType" = 'PD2' 
 OR 
 "WaterbodyType" = 'PD3' 

 OR  

 "WaterbodyType" = 'LK1'  
 OR  

 "WaterbodyType" = 'LK2'  
 OR  
 "WaterbodyType" = 'LK3' ) 

 
# Select By Location tool with the select from the currently selected 
features in option 
 
# Select from current selection in NWI polygons that intersect the SSURGO 
Flooding Frequency – Dominant Condition – "Frequent" or "Occasional"; 3704 

selected before, 807 after in the modern-day NWI wetlands layer; 242 
finally selected in the pre-European settlement wetlands) 
 

# Use Field Calculator to set selected records to "High" 

 Moderate 

1. Query: All Vegetated wetlands, Palustrine, Cowardin Code “P*” (Aquatic Bed (AB), Emergent 
(EM), Scrub-Shrub (SS), Forested (FO), and mixed or split class wetlands) with Water 
Regime C (Seasonally Flooded), E (Seasonally Flooded/Saturated), F (Semipermanently 
Flooded), H (Permanently Flooded), and G (Intermittently Flooded). 

2. Remove all wetlands with open water LLWW hydrogeomorphic descriptors, such as all “PD*” 
and “LK*” Waterbody Type wetlands (Natural Pond (PD1), Diked and/or Impounded Pond 
(PD2), Excavated Pond (PD3)), and LK* Waterbody Type wetlands (Natural Lake (LK1), 
Dammed River Valley (LK2), Excavated Lake (LK3)) 

 
Above two steps are to code the wetlands dropped because they did not intersect with the SSURGO 
Flood Frequency of “Frequent” or “Occasional” layer 
 

3. Query: All vegetated wetlands, Palustrine, Cowardin Code “P*” (Aquatic Bed (AB), Emergent 
(EM), Scrub-Shrub (SS), Forested (FO), and mixed or split class wetlands) with Water 
Regime A (Temporarily Flooded) or B (Saturated) 

4. Query: All vegetated wetlands, Lacustrine, Cowardin Code “L*” that are not open water 
 
# Create a new selection 
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"Nutr_Trans" IS NULL 

AND 
("NWI_System" = 'P' 
 AND 

( ("NWI_Class" = 'AB' 

 OR 
 "NWI_Class" = 'EM' 

 OR 
 "NWI_Class" = 'FO'  
 OR  

 "NWI_Class" = 'SS' ) 
 OR  
("NWI_Class2" = 'AB' 

 OR 
 "NWI_Class2" = 'EM' 
 OR 

 "NWI_Class2" = 'FO'  
 OR  
 "NWI_Class2" = 'SS'))) 

AND 
("NWI_WatReg" = 'C' 
 OR 

 "NWI_WatReg" = 'E' 
 OR 
 "NWI_WatReg" = 'F' 

 OR 
 "NWI_WatReg" = 'G' 

 OR 

 "NWI_WatReg" = 'H') 
 
# Remove from current selection 

 
( "WaterbodyType" = 'PD1' 
 OR 

 "WaterbodyType" = 'PD2' 
 OR 
 "WaterbodyType" = 'PD3' 

 OR  
 "WaterbodyType" = 'LK1'  

 OR  
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 "WaterbodyType" = 'LK2'  
 OR  

 "WaterbodyType" = 'LK3' ) 
 
# Use Field Calculator to set records to "Moderate" 
 

# Create a new selection 
 

"Nutr_Trans" IS NULL 
AND 
("NWI_System" = 'P' 

 AND 
( ("NWI_Class" = 'AB' 
 OR 

 "NWI_Class" = 'EM' 
 OR 
 "NWI_Class" = 'FO'  

 OR  
 "NWI_Class" = 'SS' ) 
 OR  

("NWI_Class2" = 'AB' 
 OR 
 "NWI_Class2" = 'EM' 

 OR 
 "NWI_Class2" = 'FO'  
 OR  

 "NWI_Class2" = 'SS'))) 
AND 

("NWI_WatReg" = 'A' 

 OR 
 "NWI_WatReg" = 'B') 
 

# Remove from current selection 
 
( "WaterbodyType" = 'PD1' 

 OR 
 "WaterbodyType" = 'PD2' 
 OR 

 "WaterbodyType" = 'PD3' 
 OR  

 "WaterbodyType" = 'LK1'  
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 OR  
 "WaterbodyType" = 'LK2'  

 OR  
 "WaterbodyType" = 'LK3') 
 

# Select By Location tool 
 
# Select from current selection in NWI polygons that intersect the SSURGO 

Flooding Frequency – Dominant Condition – "Frequent" or "Occasional"; 2163 
selected before, 397 after; pre-European settlement wetlands, 34 selected. 
 

# Use Field Calculator to set selected records to "Moderate" 
 
# Create a new selection 

 
"Nutr_Trans" IS NULL 
AND 

("NWI_System" = 'L' 
 AND 
( ("NWI_Class" = 'AB' 

 OR 
 "NWI_Class" = 'EM') 
 OR  

("NWI_Class2" = 'AB' 
 OR 
 "NWI_Class2" = 'EM'))) 

 
# Note: only 3 records selected; all were open water 

 Low 

All remaining uncoded wetlands 
 
# Create a new selection 

 
"Nutr_Trans" IS NULL 
 

# Use Field Calculator to set records to "Low" 

Sediment and other 
Particulate Retention 

High 

1. Query: All Lentic (LE) Landscape Position Basin (BA) Landform wetlands. 
2. Query: All Lentic (LE) Landscape Position wetlands, then select the Fringe (FR) and Island 

(IL) landform wetlands that are vegetated. 
3. Query: Select all the Lotic Stream (LS) Landscape Position wetlands, and then select from 

those all the Basin (BA), Flat (FL) and Fringe (FR) Landform wetlands that are Throughflow 
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(TH) or Throughflow Intermittent (TI) Water Flow Path. 
4. Query: Select all the Lotic River (LR) Landscape Position, and then select from those all the 

Floodplain (FP) and Fringe (FR) Landform wetlands 
5. Query: Lotic River (LR) Landscape Position Island (IL) Landform vegetated wetlands only. 
6. Query: Select all “PD*” Waterbody Type wetlands (Natural Pond (PD1), Diked and/or 

Impounded Pond (PD2), Excavated Pond (PD3)), and then from those select the wetlands 
that are Throughflow (TH) or Throughflow Intermittent (TI) Water Flow Path. 

 
# Create a new selection 
 
"LandscapePosition" = 'LE' 

 AND 
 "Landform" = 'BA' 
 

# Note: 65 records selected 
 

# Select By Location and "remove from the currently selected features in" 
all that intersect NHD Waterbody FTYPE 436, reservoirs (none found) 
 
# Use Field Calculator to set selected records to "High" 
 
# Create a new selection 
 

"Sed_Ret" IS NULL 
AND 
("LandscapePosition" = 'LE' 

AND 

("Landform" = 'FR' 
OR 

"Landform" = 'IL')) 
AND 
( ("NWI_Class" = 'AB' 

 OR 
 "NWI_Class" = 'EM' 
 OR 

 "NWI_Class" = 'FO'  
 OR  
 "NWI_Class" = 'SS' ) 

 OR  
("NWI_Class2" = 'AB' 
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 OR 
 "NWI_Class2" = 'EM' 

 OR 
 "NWI_Class2" = 'FO'  
 OR  

 "NWI_Class2" = 'SS')) 

 
# Note: 23 records selected 

 
# Use Field Calculator to set selected records to "High" 
 

# Create a new selection 
 
"Sed_Ret" IS NULL 

AND 
("LandscapePosition" = 'LS' 
 AND 

( "Landform" = 'BA' 
 OR 
 "Landform" = 'FL' 

 OR 
 "Landform" = 'FR')) 
AND 

("WaterflowPath" = 'TH' 
 OR 
 "WaterflowPath" = 'TI') 

 
# Select By Location and "remove from the currently selected features in" 
all that intersect NHD Waterbody FTYPE 436, reservoirs (1 found) 

 
# Use Field Calculator to set selected records to "High" 
 

# Create a new selection 
 
"Sed_Ret" IS NULL 

AND 
"LandscapePosition" = 'LR' 
 AND 

( "Landform" = 'FP' 
 OR 

 "Landform" = 'FR') 
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# Select By Location and "remove from the currently selected features in" 
all that intersect NHD Waterbody FTYPE 436, reservoirs (none found) 
 
# Use Field Calculator to set selected records to "High" 
 

# Create a new selection 
 

"Sed_Ret" IS NULL 
AND 
"LandscapePosition" = 'LR' 

 AND 
"Landform" = 'IL' 
 

# Note: none found with above selection 
 
# Create a new selection 

 
"Sed_Ret" IS NULL 
AND 

(("WaterbodyType" = 'PD1' 
 OR 
 "WaterbodyType" = 'PD2' 

 OR 
 "WaterbodyType" = 'PD3') 
 AND 

("WaterflowPath" = 'TH' 
 OR 

 "WaterflowPath" = 'TI')) 

 
# Select By Location and "remove from the currently selected features in" 
all that intersect NHD Waterbody FTYPE 436, reservoirs (11 found) 

 
# Use Field Calculator to set selected records to "High" 

 Moderate 

1. Query: Select all Terrene (TE) Landscape Position, and then from those select the Basin 
(BA) Landform and Outflow (OU), Outflow Intermittent (OI), or Outflow Artificial (OA) Water 
Flow Path wetlands. 

2. Query: Select all Natural Pond (PD1) Waterbody Type wetlands, remove any that are already 
coded “High” for Sediment and other Particulate Retention. 

3. Query: Select all wetlands associated with a pond, but remove any that are already coded 



March 31, 2014 
Page 126 

Methods and Results for a Geographic Information System Landscape Model of Wetland Functions in the Sandusky Subbasin 

Function Significance Wetland Types/Query Steps 

“High” for Sediment and other Particulate Retention. 
4. Query: Terrene (TE) Landscape Position Basin (BA) Landform wetlands that are Isolated (IS) 

Water Flow Path. 
 
# Create a new selection 

 

"Sed_Ret" IS NULL 
AND 

("LandscapePosition" = 'TE' 
 AND 
( "Landform" = 'BA' 

 OR 
 "Landscape1" = 'hw')) 
 

# Select By Location and "remove from the currently selected features in" 
all that intersect NHD Waterbody FTYPE 436, reservoirs (1 found) 
 

# Use Field Calculator to set selected records to "Moderate" 
 
# Create a new selection 

 
"Sed_Ret" IS NULL 
AND 

("WaterbodyType" = 'PD1' 
 OR 
 "WaterbodyType" = 'PD2' 

 OR 
 "WaterbodyType" = 'PD3') 

 

# Select By Location and "remove from the currently selected features in" 
all that intersect NHD Waterbody FTYPE 436, reservoirs (17 found) 
 

# Use Field Calculator to set selected records to "Moderate" 
 
# Create a new selection 

 
"Sed_Ret" IS NULL 
AND 

"Landform1" = 'pd' 

 
# Select By Location and "remove from the currently selected features in" 
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all that intersect NHD Waterbody FTYPE 436, reservoirs (18 found) 
 

# Use Field Calculator to set selected records to "Moderate" 
 
# Create a new selection 

 

"Sed_Ret" IS NULL 
AND 

"LandscapePosition" = 'TE' 
 AND 
"Landform" = 'BA' 

 AND 
"WaterflowPath" = 'IS' 
 

# Note: none found with above selection 

 Low 

All remaining uncoded wetlands 
 
SQL Query language: 
 
# Create a new selection 
 
"Sed_Ret" IS NULL 

 
# Use Field Calculator to set records to "Low" 

Shoreline Stabilization High 

1. Query: Select all Lotic River (LR), vegetated, Palustrine (Cowardin Code “P*”), Aquatic Bed 
(AB), Emergent (EM), Scrub-Shrub (SS), Forested (FO), and mixed or split class wetlands); 
ensure that no Lotic River (LR) Landscape Position Island (IL) Landform wetlands are 
selected. 

2. Query: Select all Lotic Stream (LS) Landscape Position, vegetated, Palustrine, Cowardin 
Code System “P*”, with Cowardin Class Aquatic Bed (AB), Emergent (EM), Scrub-Shrub 
(SS), Forested (FO), and mixed or split class wetlands 

3. Query: Select all Lentic (LE) Landscape Position vegetated, Palustrine, Cowardin Code “P*” 
(Aquatic Bed (AB), Emergent (EM), Scrub-Shrub (SS), Forested (FO), and mixed or split 
class wetlands); ensure no Lentic (LE) Landscape Position Island (IL) Landform are selected. 

 
SQL Query language: 
 
# Create a new selection 
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("LandscapePosition" = 'LR' 
 AND 

 "Landform" <> 'IL') 
 AND 
"NWI_System" = 'P' 

 AND 

( ("NWI_Class" = 'AB' 
 OR 

 "NWI_Class" = 'EM' 
 OR 
 "NWI_Class" = 'FO'  

 OR  
 "NWI_Class" = 'SS' ) 
 OR  

("NWI_Class2" = 'AB' 
 OR 
 "NWI_Class2" = 'EM' 

 OR 
 "NWI_Class2" = 'FO'  
 OR  

 "NWI_Class2" = 'SS') ) 
 
# Use Field Calculator to set selected records to "High" 
 
# Create a new selection 
 

"Shore_Stable" IS NULL 
AND 

"LandscapePosition" = 'LS' 

 AND 
"NWI_System" = 'P' 
 AND 

( ("NWI_Class" = 'AB' 
 OR 
 "NWI_Class" = 'EM' 

 OR 
 "NWI_Class" = 'FO'  
 OR  

 "NWI_Class" = 'SS' ) 
 OR  

("NWI_Class2" = 'AB' 
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 OR 
 "NWI_Class2" = 'EM' 

 OR 
 "NWI_Class2" = 'FO'  
 OR  

 "NWI_Class2" = 'SS') ) 

 
# Use Field Calculator to set selected records to "High" 
 
# Create a new selection 
 

"Shore_Stable" IS NULL 
AND 
("LandscapePosition" = 'LE' 

 AND 
 "Landform" <> 'IL') 
 AND 

"NWI_System" = 'P' 
 AND 
( ("NWI_Class" = 'AB' 

 OR 
 "NWI_Class" = 'EM' 
 OR 

 "NWI_Class" = 'FO'  
 OR  
 "NWI_Class" = 'SS' ) 

 OR  
("NWI_Class2" = 'AB' 

 OR 

 "NWI_Class2" = 'EM' 
 OR 
 "NWI_Class2" = 'FO'  

 OR  
 "NWI_Class2" = 'SS') ) 
 

# Use Field Calculator to set selected records to "High" 

 Moderate 

1. Query: Select all Terrene (TE) Landscape Position wetlands, and from those, select all 
Associated with a Pond (pd) Landform Position. 

2. Query: Select all Terrene (TE) Landscape Position wetlands and from those select all the 
headwater (hw) Landscape Position modifier. 
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SQL Query language: 
 
# Create a new selection 
 
"Shore_Stable" IS NULL 

AND 

(("LandscapePosition" = 'TE' 
 AND 

"Landform1" = 'pd') 
 OR 
("LandscapePosition" = 'TE' 

 AND 
"Landscape1" = 'hw')) 
 

# Or, alternately, use: 
 
"Shore_Stable" IS NULL 

AND 
("LandscapePosition" = 'TE' 
 AND 

("Landform1" = 'pd' 
 OR 
"Landscape1" = 'hw')) 

 
# Use Field Calculator to set selected records to "Moderate" 

 Low 

All remaining uncoded wetlands 
 
SQL Query language: 
 
# Create a new selection 
 

"Shore_Stable" IS NULL 
 
# Use Field Calculator to set records to "Low" 

Fish Habitat High 

1. Query: Lentic (LE) Landscape Position wetlands 
2. Query: All Natural Lakes with Throughflow (TH), Throughflow Intermittent (TI), Throughflow 

Artificial (TA), Outflow (OU), Outflow Artificial (OA), Outflow Intermittent (OI) Water Flow 
Path. 

3. Query: Lotic River (LR) and Lotic Stream (LS) with Throughflow (TH) Water Flow Path. 
4. Query: Wetlands associated with a pond. 
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5. Query: Palustrine Aquatic Bed (AB) wetlands with Outflow (OU) Water Flow Path. 
6. Query: Natural Ponds (PD1) Waterbody Type and Isolated (IS) Water Flow Path 
7. Query: All headwater (hw) wetlands and remove all Outflow Artificial (OA). 

 
SQL Query language: 
 
("LandscapePosition" = 'LE' 
 OR 

("WaterbodyType" = 'LK1' 
AND  
("WaterflowPath" <> 'IS'  

 OR  
"WaterflowPath" <> 'BI'))) 
OR 

(("LandscapePosition" = 'LR' 
OR 

"LandscapePosition" = 'LS') 

AND 
"WaterflowPath" = 'TH') 
OR 

"Landform1" = 'pd' 
OR 
("NWI_Class" = 'AB' 

AND 
"WaterflowPath" = 'OU') 
OR 

("WaterbodyType" = 'PD1' 
AND 

"WaterflowPath" = 'IS') 

OR 
("Landscape1" = 'hw' 
AND 

"WaterflowPath" <> 'OA') 
 
# Use Field Calculator to set selected records to "High" 
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 Moderate 

1. Query: Palustrine Aquatic Bottom (AB) and Outflow Artificial (OA), Outflow Intermittent (OI), 
or Isolated (IS) Water Flow Path; remove any that were previously coded 

2. Query: PD2 and all waterflow paths; remove any that were previously coded 
3. Query: PD* that are TH only; remove any that were previously coded 
4. Query: PAB and waterflow path of TH; remove any that were previously coded 
5. Query: LS TI; remove any that were previously coded 
6. Query: TE and waterflow path of OI and OA; remove any that were previously coded 
7. Query: LK3 BI lakes 

 
SQL Query language: 
 
("Fish_Hab" IS NULL 

AND 
("NWI_Class" = 'AB' 
AND 

("WaterflowPath" = 'OA' 

OR 
"WaterflowPath" = 'OI' 

OR 
"WaterflowPath" = 'IS'))) 
OR 

("Fish_Hab" IS NULL 
AND 
("WaterbodyType" = 'PD2' 

AND 
"WaterflowPath" = 'TH')) 
OR 

("Fish_Hab" IS NULL 
AND 
( ("NWI_System" = 'P' 

AND 
"NWI_Class" = 'AB') 
AND 

"WaterflowPath" = 'TH')) 
OR 
("Fish_Hab" IS NULL 

AND 
("LandscapePosition" = 'LS' 

AND 

"WaterflowPath" = 'TI')) 
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OR 
("Fish_Hab" IS NULL 

AND 
("LandscapePosition" = 'TE' 
AND 

("WaterflowPath" = 'OI' 

OR 
"WaterflowPath" = 'OA'))) 

OR 
("Fish_Hab" IS NULL 
AND 

("WaterbodyType" = 'LK3' 
AND 
"WaterflowPath" = 'BI')) 

 
# Use Field Calculator to set selected records to "Moderate" 

 Low 

All remaining uncoded wetlands 
 
SQL Query language: 
 
# Create a new selection 
 

"Fish_Hab" IS NULL 
 
# Use Field Calculator to set records to "Low" 

Stream Shading High 

1. Query: Select all Terrene (TE) headwater (hw) wetlands. MDEQ used LS for their analysis, 
but by the analysis method presented here, all headwater wetlands are Terrene. 

2. From that selection, choose all Palustrine Forested (FO) and Scrub-Shrub (SS) wetlands. 
 
SQL Query language: 
 
# Create a new selection 
 
"LandscapePosition" = 'TE' 

AND 
"Landscape1" = 'hw' 
AND 

("NWI_System" = 'P' 

AND 
 ("NWI_Class" = 'FO' 
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OR 
"NWI_Class" = 'SS') ) 

 
# Use Field Calculator to set selected records to "High" 

 Moderate 

1. Query: Lotic Stream (LS) and Palustrine Forested (FO) and Scrub-Shrub (SS) wetlands that 
are not headwaters. 

 
SQL Query language: 
 
# Create a new selection 
 
"Stream_Shade" IS NULL 

 AND 
("LandscapePosition" = 'LS' 
AND 

"NWI_System" = 'P' 
AND 

("NWI_Class" = 'FO' 

OR 
"NWI_Class" = 'SS')) 
 

# Use Field Calculator to set selected records to "Moderate" 

 Low 

All remaining uncoded wetlands 
 
SQL Query language: 
 
# Create a new selection 

 
"Stream_Shade" IS NULL 

 
# Use Field Calculator to set records to "Low" 

Waterfowl and Waterbird 
Habitat 

High 

1. Query: Palustrine, Cowardin Code “P*” (Aquatic Bed (AB), Emergent (EM), Scrub-Shrub 
(SS)) wetlands) with NWI Water Regime of C,E,F,G, or H; MDEQ also used “no coniferous” 
as a selection criteria here (SS1, SS2, SS5, and SS6), which was used in this analysis as 
well. 

 
SQL Query language: 
 
# Create a new selection 
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("NWI_System" = 'P' 

 AND 
( ("NWI_Class" = 'AB' 
 OR 

 "NWI_Class" = 'EM' 

  OR  
 "NWI_Class" = 'SS' ) 

OR  
("NWI_Class2" = 'AB' 
 OR 

 "NWI_Class2" = 'EM' 
 OR  
 "NWI_Class2" = 'SS') )) 

AND 
("NWI_WatReg" = 'C' 
 OR 

"NWI_WatReg" = 'E' 
 OR 
"NWI_WatReg" = 'F' 

 OR 
 "NWI_WatReg" = 'G' 
 OR 

 "NWI_WatReg" = 'H') 
AND 
("NWI_SubCla" = '1' 

OR 
"NWI_SubCla" = '2' 

OR 

"NWI_SubCla" = '5' 
OR 
"NWI_SubCla" = '6') 

 
# Use Field Calculator to set the selected records to "High" 

 Moderate 

1. Query: Palustrine, Cowardin Code “P*” Forested (FO) wetlands with NWI Water Regime of 
C,E,F,G, or H and deciduous trees only (FO1, FO2, FO5, FO6) 

 
SQL Query language: 
 
# Create a new selection 
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("WaterBird_Habitat" IS NULL 
AND 

("NWI_System" = 'P' 
 AND 
"NWI_Class" = 'FO')) 

AND 

("WaterBird_Habitat" IS NULL 
AND 

("NWI_WatReg" = 'C' 
 OR 
"NWI_WatReg" = 'E' 

 OR 
"NWI_WatReg" = 'F' 
 OR 

 "NWI_WatReg" = 'G' 
 OR 
 "NWI_WatReg" = 'H')) 

AND 
("WaterBird_Habitat" IS NULL 
AND 

("NWI_SubCla" = '1' 
OR 
"NWI_SubCla" = '2' 

OR 
"NWI_SubCla" = '5' 
OR 

"NWI_SubCla" = '6')) 
 

# Use Field Calculator to set the selected records to "Moderate" 

 Low 

All remaining uncoded wetlands 
 
SQL Query language: 
 
# Create a new selection 

 
"WaterBird_Habitat" IS NULL 
 

# Use Field Calculator to set records to "Low" 

Shorebird Habitat High 
1. Query: Palustrine, Cowardin Code “P,” Aquatic Bed (AB) and remove NWI Water Regime G 

and H. 
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2. Query: Palustrine, Cowardin Code “P”, Emergent Non-Persistent (EM2); very rare. 
3. Query: Lacustrine, Cowardin Code “L,” Unconsolidated Shore (US) with NWI Water Regime 

H. 
 
SQL Query language: 
 
# Create a new selection 
 

"NWI_System" = 'P' 
AND 
"NWI_Class" = 'AB' 

 
# Remove from current selection 
 

"NWI_WatReg" = 'G' 
OR 

"NWI_WatReg" = 'H' 

 
# Add to current selection 
 

"NWI_System" = 'P' 
AND 
"NWI_Class" = 'EM' 

AND 
"NWI_SubCla" = '2' 
 

# Add to current selection 
 

"NWI_System" = 'L' 

AND 
"NWI_Class" = 'US' 
AND 

"NWI_WatReg" = 'H' 
 
# Use Field Calculator to set selected records to "High" 
 
# Note: only 12 wetlands in the current-day NWI wetlands selected for this 
level of significance using these criteria. None were found in the pre-

European settlement wetlands. 
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 Moderate 

1. Query: P_(EM,SS,FO, and split classes) and then remove (G,H) water regime 
 
SQL Query language: 
 
# Create a new selection 
 

"ShoreBird_Hab" IS NULL 
AND 
("NWI_System" = 'P' 

AND 
( ("NWI_Class" = 'EM' 
OR 

"NWI_Class" = 'SS' 
OR 
"NWI_Class" = 'FO') 

OR 
("NWI_Class2" = 'EM' 

OR 

"NWI_Class2" = 'SS' 
OR 
"NWI_Class2" = 'FO') )) 

 
# Remove from current selection 
 

"NWI_WatReg" = 'G' 
OR 
"NWI_WatReg" = 'H' 

 

# Use Field Calculator to set selected records to "Moderate" 

 Low 

All remaining uncoded wetlands 
 
SQL Query language: 
 
# Create a new selection 
 
"ShoreBird_Hab" IS NULL 

 
# Use Field Calculator to set records to "Low" 
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Interior Forest Bird 
Habitat 

High 

1. Query: PFO1 and LR Floodplain and Fringe 
2. Query: PSS and Mixes 

 
SQL Query language: 
 
# Create a new selection 

 
("NWI_System" = 'P' 
AND 

"NWI_Class" = 'FO' 
AND 
"NWI_SubCla" = '1') 

OR 
("LandscapePosition" = 'LR' 
AND 

("Landform" = 'FP' 
OR 

"Landform" = 'FR')) 

OR 
("NWI_System" = 'P' 
AND 

("NWI_Class" = 'SS' 
OR 
"NWI_Class2" = 'SS')) 

 
# Use Field Calculator to set selected records to "High" 

 Moderate 

1. Query: PFO* remove any already coded “High” 
 
SQL Query language: 
 
# Create a new selection 
 
"FoBird_Habitat" IS NULL 

AND 
("NWI_System" = 'P' 
AND 

"NWI_Class" = 'FO') 
 

# Use Field Calculator to set selected records to "Moderate" 
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# Note: no records selected from the pre-European settlement wetlands 

 Low 

All remaining uncoded wetlands 
 
SQL Query language: 
 
# Create a new selection 

 
"FoBird_Habitat" IS NULL 
 

# Use Field Calculator to set records to "Low" 

Amphibian Habitat High 

1. Query: P_(EM, SS, FO, and split classes) (vegetated) with NWI water regime (C, E, F) less 
than 5 Acres and Isolated. 

2. Query: TE OU 
3. Query: PAB* with Water Regime of (A, B, C, E, F) that are Isolated 
4. Query: LR and then from that selection FP and FR 
5. Query: All Lentic (LE) Landscape Position wetlands 
6. Query: PD1’s and the wetland that is associated with those Ponds 

 
SQL Query language: 
 
# Create a new selection 

 
("NWI_System" = 'P' 
 

AND 
 
("NWI_Class" = 'EM' 

OR 
"NWI_Class" = 'FO'  
OR 

"NWI_Class" = 'SS' ) 
OR 
("NWI_Class2" = 'EM' 

OR 
"NWI_Class2" = 'FO'  

OR 

"NWI_Class2" = 'SS')) 
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AND 

 
("NWI_WatReg" = 'C' 
OR 

"NWI_WatReg" = 'E' 

OR 
"NWI_WatReg" = 'F') 

AND 
"NEW_AreaAcres" < 5 
AND 

"WaterflowPath" = 'IS' 
 
# Add to current selection 

 
"LandscapePosition" = 'TE' 
AND 

"WaterflowPath" = 'OU' 
 
# Add to current selection 

 
"NWI_System" = 'P' 
AND 

"NWI_Class" = 'AB' 
AND 
"WaterflowPath" = 'IS' 

AND 
("NWI_WatReg" = 'A' 

OR 

"NWI_WatReg" = 'B' 
OR 
"NWI_WatReg" = 'C' 

OR 
"NWI_WatReg" = 'E' 
OR 

"NWI_WatReg" = 'F') 
 
# Add to current selection 

 
"LandscapePosition" = 'LR' 

AND 
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("Landform" = 'FP' 
OR 

"Landform" = 'FR') 
 
# Add to current selection 

 

"LandscapePosition" = 'LE' 
 

# Add to current selection 
 
"Landform1" = 'PD1' 

 
# Use Field Calculator to set all selected records to "High" 

 Moderate 

1. Query: P_(EM, SS, FO, and split classes) (Vegetated) with NWI water Regime (C, E, F) less 
than 5 acres that are LS TH *Remove any wetlands already coded as “High”* 

2. Query:  P_(EM, SS, FO, and split classes) (Vegetated) with NWI water Regime (C, E, F) less 
than 5 acres and be TEOA or TEOI *Remove any wetlands already coded as “High”* 

3. Query: P_(EM, SS, FO, and split classes) (Vegetated) with NWI water Regime (C, E, F) that 
are Isolated *Remove any wetlands already coded as “High”* 

4. Query: PABH and waterflow path IS *Remove any wetlands already coded as “High”* 
5. Query: PSS* and PFO1* Isolated and less than 5 acres *Remove any wetlands already 

coded as “High”* 
6. Query: Waterbody type RV 
7. Query: Association with pond, and the Pond that is associated with these wetlands. *Remove 

any wetlands already coded as “High”* 
 
SQL Query language: 
 
# Create a new selection 
 

"Amphib_Hab" IS NULL 
AND 
(("NWI_System" = 'P' 

AND 
("NWI_Class" = 'EM' 
OR 

"NWI_Class" = 'FO'  

OR 
"NWI_Class" = 'SS') 
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OR 
("NWI_Class2" = 'EM' 

OR 
"NWI_Class2" = 'FO'  
OR 

"NWI_Class2" = 'SS')) 

 AND 
( "NWI_WatReg" = 'C' 

 OR 
 "NWI_WatReg" = 'E' 
 OR 

 "NWI_WatReg" = 'F') 
 AND 
 "NEW_AreaAcres" < 5 

 AND 
(( "LandscapePosition" = 'LS' 
 AND 

 "WaterflowPath" = 'TH') 
 OR 
( "LandscapePosition" = 'TE' 

 AND 
( "WaterflowPath" = 'OA' 
 OR 

 "WaterflowPath" = 'OI')) 
 OR 
 "WaterflowPath" = 'IS')) 

 
# Add to current selection 

 

"Amphib_Hab" IS NULL 
AND 
("NWI_System" = 'P' 

AND 
"NWI_Class" = 'AB' 
AND 

"NWI_WatReg" = 'H' 
AND 
"WaterflowPath" = 'IS') 

 
# Add to current selection 
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"Amphib_Hab" IS NULL 
AND 

("NWI_System" = 'P' 
AND 
("NWI_Class" = 'SS' 

OR 

("NWI_Class" = 'FO' 
AND 

"NWI_SubCla" = '1')) 
AND 
"WaterflowPath" = 'IS' 

AND 
"NEW_AreaAcres" < 5) 
 

# Add to current selection 
 
"Amphib_Hab" IS NULL 

AND 
"WaterbodyType" = 'RV' 
 

# Add to current selection 
 
"Amphib_Hab" IS NULL 

AND 
"Landform1" = 'pd' 
 

# Use Field Calculator to set all selected records to "Moderate" 

 Low 

All remaining uncoded wetlands 
 
SQL Query language: 
 
# Create a new selection 
 
"Amphib_Hab" IS NULL 

 
# Use Field Calculator to set records to "Low" 

Functional significance criteria that were not implemented. These have been transcribed verbatim from the MDEQ notes, and are present 
here, unedited, for reference and examples of other potential criteria that could be used: 

Ground Water Influence 
High & 

Moderate 
1. Clip the Darcy Raster to the Watershed extent  
2. Convert the Raster to polygons  



March 31, 2014 
Page 145 

Methods and Results for a Geographic Information System Landscape Model of Wetland Functions in the Sandusky Subbasin 

Function Significance Wetland Types/Query Steps 

3. Increase the Symbolization to max inputs (1 Million) 
4. For Symbology: Neg values to 100 No color….. 100~ to 1100~ Moderate 1102~ up High 

values. 

Conservation of Rare 
and Imperiled Wetlands 

High & 
Moderate 

1. Add the MNFI Rarity Index layer. 
2. Select on field Prob. Low or Moderate and intersect those areas with the wetlands layer. 

Code those areas M. 
3. Select on field Prob. High and intersect those areas with the wetlands layer.  Code those 

areas H. 
4. Function is not run for Pre-Settlement 

Carbon Sequestration High 
1. Query: All Vegetated wetlands P_(AB, EM, SS, FO, and mixes) with modifiers, 
2.  (C, E, F).  From that Select all IS. 

 Moderate 
1. 1. Query: All Vegetated wetlands P_(AB, EM, SS, FO, and mixes) with modifiers, 
2.  (C, E, F).  From that Select TH, TI, OU, OI 

E-Coli/Pathogen 
Retention 

Rank 4 & 3 

1. Buffer Hydro data set by 500 ft. 
2. Intersect Wetlands with Buffer Area and for current select out only EM & SS & Mixes 
3.       CODE THE SELECTION 4 
4. Intersect Wetlands with NHD Hydro and for current select out only EM & SS & Mixes 
5.       CODE THE SELECTION 3 
6. Pre-Settlement code all vegetated wetlands no open water 

 Rank 2 & 1 

1. Buffer 303 D listed Waters data set by 500 ft. 
2. Intersect Wetlands with this Buffer Area and for current select out only EM & SS & Mixes  
3.      CODE THE SELECTION 2 
4. Intersect Wetlands with 303 D listed Waters hydro and for current select out only EM & SS 
5. & Mixes CODE THE SELECTION 1 
6. Pre-Settlement code all vegetated wetlands no open water 

  

1. To create the final Pre-Settlement Potential E-Coli Restoration Areas Layer: 
2. Erase the buffer area from Pre-Settlement wetlands 
3. Use the created layer to Erase wetlands not in the buffer 
4. Delete all areas that are not E-Coli ranked 
5. Calculate the acreage and delete areas less than .5 Acres 

 
For further analysis and methodology questions or to provide feedback,  
please contact James Ashby at 303-279-1778 x113, or james.ashby@pgenv.com, or jmashby@gmail.com  

mailto:james.ashby@pgenv.com
mailto:jmashby@gmail.com

	Executive Summary
	1.0 Introduction
	2.0 Background
	3.0 Methods Overview
	3.1. Wetland Codes
	3.2. Extent of Pre-European Settlement Wetlands
	3.3. Programmatic Sorting and Selecting Tool
	3.4. Functional Analysis and Comparison

	4.0 Methods Detail
	4.1. Pre-European Settlement Wetland Inventory
	4.1.1. Pre-European Settlement Wetland Identification
	4.1.2. Results and Discussion of the Pre-European Settlement Wetland Area Analysis

	4.2. LLWW Classification Process
	4.2.1. Landform
	4.2.2. Landscape Position
	4.2.3. Water Flow Path
	4.2.4. Waterbody Type

	4.3. W-PAWF Classification Process
	4.3.1. Flood Water Storage
	4.3.2. Streamflow Maintenance
	4.3.3. Nutrient Transformation
	4.3.4. Sediment and Other Particulate Retention
	4.3.5. Shoreline Stabilization
	4.3.6. Fish Habitat
	4.3.7. Stream Shading
	4.3.8. Waterfowl and Waterbird Habitat
	4.3.9. Shorebird Habitat
	4.3.10. Interior Forest Bird Habitat
	4.3.11. Amphibian Habitat


	5.0 Results and Discussion
	6.0 Conclusion
	7.0 References
	8.0 Dataset Identification
	9.0 Specific GIS Steps, Workflows, and Code
	9.1. Pre-Processing – Wetlands Data Verification Toolset
	9.2. Pre-Processing – Wetland Code Splitter
	9.3. Pre-Processing – Geodatabase with Domains
	9.4. Pre-European Settlement Wetland Inventory
	9.4.1. Soil Attribute Selection Criteria for NWI Water Regime
	9.4.2. Selected Types for Pre-European Settlement Wetlands

	9.5. LLWW – Landform
	9.6. LLWW – Landscape Position
	9.7. LLWW – Water Flow Path
	9.8. LLWW – Waterbody Type
	9.9. W-PAWF


