
 

Traditionally, wetlands have been described by characteristics such as vegetative associations, substrate characterizations, tidal regimes, and degree of salinity.  The U.S. Fish and Wildlife Service’s 
National Wetlands Inventory (NWI), for example, uses a hierarchical classification scheme based on categories published by Lewis Cowardin in 1979.  In recent years it has become increasingly 
important to look at wetlands in functional terms, based on their hydro-geomorphic characteristics.  Such a perspective can assist watershed managers in rapid watershed assessment (RWA) ef-
forts, and become a basis for monetary valuation of wetland resources, which some sources have estimated at $5,000 to $7,800 per acre. 
Under contract with the Delaware Department of Natural Resources and Environmental Control (DNREC) we developed a GIS dataset of hydro-geomorphic modifiers (HGM) for wetlands and wa-
ter bodies in the watersheds of the Delaware estuary below the Chesapeake and Delaware Canal.  Our approach followed a similar assessment undertaken by Ralph Tiner, of the U.S. Fish and 
Wildlife Service, in the Nanticoke watershed.  Using these procedures we applied HGM attributes to the wetlands defined by the State’s Statewide Wetland Mapping Project (SWMP).  Since rela-
tionships between wetlands and flowing water bodies are critical to determination of HGM category, the National Hydrography Dataset (NHD) of streams and ditches was first augmented using 
the latest aerial photography.  This layer, along with the SWMP layer were used as the basis for HGM determination.  Additional data sets were used to inform the attribution process, including the 
location of hydric soils, tidal v. non-tidal regions, and flood-prone soils.  
Several data management techniques and GIS tools were developed to automate much of the delineation process, in order to produce a robust, consistent, and topologically correct data set.  
Flow charts and data models based on the HGM key were produced, as were interactive menu interfaces which helped enforce data integrity.  These tools also facilitated the quality control phase 
of the project. 
The result of this project will be to assist managers by enabling classification of SWMP data based on wetland function, which according to Tiner may include: surface water detention, coastal 
storm surge detention, streamflow maintenance, nutrient transformation, sediment retention, shoreline stabilization, provision of aquatic habitat, provision of avian and other wildlife habitat, and 
conservation of biodiversity. 
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The study area includes the Delaware portions of the 
lower Delaware Estuary.  Both tidal and non-tidal por-
tions were considered. 

Study Area 

The importance of ditching 
In coastal Delaware ditches are fact of life.  Many were built in the tidal wetlands to help control mos-
quitoes, and, much earlier, were dug to dry land and enable the cultivation of salt hay for animal feed. 
Today, most farmland, particularly in Sussex County is heavily ditched, which helps farmers maximize 
their cropland.  At the same time, however, these ditches (many of which have been in place for gen-
erations) significantly alter the hydrology of the region.  They are also a potential conduit into the wa-
tershed of pollutants such as nutrients and sediment.  Since they are such a dominant feature of the 
hydrology of the state, it was necessary to augment the existing hydrology layer with ditching that did 
not appear.  Using aerial photographs from 2002, supplemented by historical aerial photographs, we 
were able to fill in a great deal of the ditches in the lower estuary.  These in turn had a significant im-
pact on the HGM classification as it related to water flow path. 
The figures below show, for a portion of the study area, the original ditches delineated in the hydrology 
layer (the red lines on the map at the left), and the ditches that were added through this project 
(green lines on the map at the right). 

 

The application of hydrogeomorphic descriptors as suggested by Brinson involves consideration of the abiotic aspects of wetlands to 
determine wetland function.  In distinction to some other methods of assessment, HGM does not consider vegetation type, but rather 
examines the way water flows into, through, and out of a wetland, and how that wetland is situated in the landscape relative to other 
physical features.  Such a perspective allows for a level of comparison among wetlands within a region or province, independent of 
differences in vegetative cover.  By categorizing wetlands functionally, it is possible to identify what roles in the landscape a wetland 
can perform.  These roles can then be assessed to determine the overall effect of given wetlands within an entire watershed.  Start-
ing with the classification of wetlands it is possible to determine their functions, and ultimately assess the value of these wetlands to 
humans and the ecosystems on which they depend.  The current study focused on the classification of wetlands, with possible future 
directions including functional assessment, and ultimately the value of wetlands to the health of a watershed. 

HGM Rationale 

CLASSIFICATION FUNCTION VALUE 
With the Rapanos decision (2006) limiting some pro-
visions of the Clean Water Act (CWA), it became in-
creasingly important to be able to quickly assess 
wetlands in terms of their relationships to water 
quality and quantity in downstream navigable water-
ways (i.e. whether there was a “significant nexus” 
with the waterway).  
 
 Following on this decision, the USEPA and USACE 
issued a memorandum outlining how the decision 
was to affect their policies:  

Ralph Tiner has designed a classification system based on landscape position, 
landform, water flow path, and waterbody type (the “LLWW” classification 
system) which may be applied to wetland polygons in a GIS, and ultimately 
define the functions that wetland can perform in the landscape.  Tiner has 
identified ten major functions of wetlands: 

• surface water detention 
• coastal storm surge detention 
• streamflow maintenance 
 
• nutrient transformation 
• sediment and other particulate retention 
 
• shoreline stabilization 
 
• provision of fish and shellfish 
• provision of waterfowl and waterbird habitat 
• provision of other wildlife habitat 
• conservation of biodiversity  

Biological  
functions 

Hydrologic 
functions 

Water 
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2002 Color Infra-red 
Orthophotography for 
the state of Delaware 

This imagery constituted the primary visual back-
ground layer for applying the HGM tags.  Since infra-
red information is important for assessing wetlands 
and vegetation, this layer was preferable to other, 
later, imagery.  In addition other aerial photography 
was consulted periodically including (but not limited 
to) orthophotography from 2006 and 1992, and mo-
saicked aerial photos from 1954 and 1937. 

Floodprone Soils Used to indicate where floodplains occur in the study 
area.  This layer was derived from the latest available 
STATSGO soils data from the NRCS.  Polygons defin-
ing areas of flood-prone soils were extracted based on 
tabular information of these soils types.  A separate 
layer is included for each county in the study area. 

Hydric Soils Used to define areas where there is likely to be sub-
surface water flow connections.  This layer was de-
rived from the latest available STATSGO soils data 
from the NRCS.  Polygons defining areas of hydric 
soils were extracted based on tabular information of 
these soils types. 

Tidal Zone Used to help identify those areas under tidal influence.  
This layer was created by parsing the SWMP layer 
based on the classification of tidal water regimes 
(both fresh and salt water). 

Elevation Contours These were used to determine the presence of topog-
raphic features that might affect the hydrography or 
landform type of a wetland polygon.  For instance, to-
pographic information could be used to determine the 
presence of steep slopes or embankments that would 
indicate a basin landform or an impoundment.  The 
source for topographic data was USGS digital line 
graphs, compiled at 1:24,000. 

Delaware Tax Ditches This layer consists of tax ditches in the state, and was 
provided by DNREC.  Tax ditch information was ap-
pended to the layer of streams and ditches. 

Study Area Defines the extent of delineation and attribution for 
this project, and shows the outlines of each of the 10 
watersheds.  Derived from the Delaware Geological 
Survey’s watershed layer. 

Photo Quadrangle In-
dex 

Indicates the extent of photo tiles for the 2002 ortho-
photography.  Used to track progress in the delinea-
tion and editing process, and also provides a refer-
ence for use of the tile-based (TIF) imagery, which 
provided a higher level of detail than the county-wide 
orthophotography. 

A typical tile showing Cowardin classification 

Air photo tiling scheme 

In order to facilitate accurate attribution of wetlands 
polygons, and to track progress in both the editing of 
ditches and streams as well as HGM classes, a user-
friendly graphical user interface (GUI) was created.  The 
interface helps ensure accuracy in the application of at-
tributes by eliminating the possibility of typographical er-
rors, or the application of combinations of classes not al-
lowed by the schema.  Once a classification is accurately 
entered on the form, the user clicks once to apply all 
relevant codes.  Internal relationship classes control 
which values may validly be entered from the dropdown 
menus on the form.  One or more polygons may be se-
lected simultaneously and attributed (or cleared of attri-
bution) at once, and existing classifications may be 
loaded singly into the menu tool for updating. 

Software tool development 

Ancillary datasets were very important in the HGM tag-
ging process.  In addition to aerial photography and 
SWMP class tags, data such as flood-prone soils, hydric 
soils, and tidal wetlands were used to inform the deci-
sion-making process. 

Ancillary data 

Final overview maps 

Summary statistics 

Flood-prone soils shown 
in red cross-hatching.  
Cowardin (light blue 
highlighting) and HGM 
(yellow highlighting)  are 
also shown. 
Smyrna River, New Cas-
tle County. 

Hydric soils 
shown in light 
green. 
Upper Leipsic 
River, Kent 
County. 

Tidal zone shown 
in blue. 
Broadkill River, 
Sussex County. 

Methodologies Flow charts 

Using the 1994 Statewide Wetlands Mapping Project (SWMP) layer developed 
by DNREC as a basis HGM codes were applied to each polygon using ESRI’s 
ArcGIS 9.2 software.  A minimal amount of preprocessing was performed to 
close off open water embayments at the mouths of larger rivers.  The data 
were converted to geodatabase format, and a series of relationships, do-
mains, and subtypes were developed to enforce data integrity and to facilitate 
automated mapping using software tools developed in-house.  An additional 
preprocessing step involved complete delineation of ditching by augmenting 
the National Hydrologic Dataset (NHD) streams for the region (see below). 
 
Using the key developed by Tiner, we created a series of flowcharts to help in 
the decision-making process.  These charts proved valuable learning tools 
and aided in the development of the GIS databases. 

These charts were developed to 
help conceptualize the HGM tag-
ging process.  They were also 
used to help develop the data-
base models implemented 
through the GIS geodatabase. 
 


