Appendix 2:  Details on Ecosystem Modeling
Beach-Dune Model

Datasets used

National Wetlands Inventory (US Fish and Wildlife Service):  One of the cover types mapped in the NWI dataset is “unconsolidated shore” which is regularly or intermittently flooded.  These polygons often make up part of a larger beach-dune complex.  An additional subclass modifier specifying substrate type (gravel, sand, mud, …) is useful, but appears inconsistently on NWI maps.
National Land Cover Data:  a consortium of federal agencies produced the NLCD in the 1990s.  The “bare rock/sand/clay” category was a key into rocky shoreline or beach-dune occurrences, though additional information was sometimes needed to resolve the confusion sown by NLCD’s inability to separate the substrate types.

Environmental Sensitivity Index (ESI) (National Oceanic and Atmospheric Administration): NOAA’s ESI characterizes sections of the North American coastline in such a way as to help planners identify coastal locations especially vulnerable to oil spills.  Analysts on TNC’s Global Marine Initiative enhanced the dataset by incorporating a model of wave energy, and tuned the substrate categories to make them better reflect the goals of biodiversity conservation.  The ESI data was a useful tool in the effort to model rocky intertidal areas, marshy coasts, open tidal flats, and areas of extensive sandy beach-dune complexes.
Element occurrences (known occurrences of rare or threatened species and rare or exemplary natural communities) from the Natural Heritage Programs of the various states in the ecoregion were used throughout the process to help identify real beach-dune occurrences and cull out imposters.

Model Construction

We started with a dataset of over 141,000 non-upland NWI polygons in NAC.  We added and edited some marine and estuarine polygons (mostly in Maine), and made some other topological edits.  These edits helped us to get realistic areal summaries for the larger wetland complexes that individual NWI polygons were a part of, and more accurate summaries of land cover, substrate, and NWI composition and structure for those complexes.
For the beach-dune model, we reselected (in ArcInfo) the National Wetlands Inventory “M2US” and “E2US” (marine and estuarine unconsolidated shore) and “E2SS” (estuarine scrub-shrub habitat) and adjacent upland polygons.  While some adjacent upland polygons were in fact part of a large dune complex and needed to be included, many were not, and extensive editing was performed to remove some larger ones that made for unrealistically extensive dune model occurrences (on Martha’s Vineyard, for example, and some islands off the coast of Maine) and to correct for some poor data in the large estuaries off the south shore of Long Island and the Atlantic shore of New Jersey.
We gridded the model-to-date to 30 meter cells, setting a mask beforehand to exclude areas farther away from the coast than 800m, and non-natural land cover or water.  A weight table was used to ensure that the arcs defining the boundaries of the model occurrences were included in the gridded representation.  The coastline and water were defined by the National Hydrography Dataset (NHD, nominal scale 1:100,000).  NLCD cells with value of 31 (bare rock/sand/clay) were merged with the model-to-date, the resulting grid was regongrouped in Arc/Info, and occurrences less than 1 acre were eliminated.  The result was re-converted to a shapefile and again edited, eliminating many occurrences on the basis of land cover and restoring a few that had been eliminated in the exclusion of the coarser-scaled (NHD) water from the model.

Recognizing the NLCDs tendency to confuse bare rock and sand and mud flats (on Cape Ann, many Maine islands, and the Elizabeth Islands, for example), we intersected the shapefile with arcs in the ESI dataset and rejected most polygons that overlapped with non-sandy coastal segments (though retaining some that had small pieces of rocky shore or mud flat in a large model occurrence).  Element Occurrences from state Natural Heritage Programs helped make some distinctions.  We re-gridded the dataset (co-registering to the first grid) and again established the 1 acre minimum size.  

Finally, we expanded all model occurrences by one 30m cell-- the theory being that this 1-cell expansion would tend to fill interior holes in the model, and include interdunal swales, rolling upland, and other components of the system not within the model-to-date.  We allowed this 1-cell expansion to include non-ocean water cells if they fell within the expansion.

 Results
There are a total of 5160 separate model occurrences in the final grid; most of them (and the largest) are on Long Island and the Massachusetts islands and Cape Cod.  This pattern holds true for the subset of 761 beach-dune model occurrences selected for the ecoregional portfolio, though there are portfolio occurrences along the coast from Delaware to Maine.

Rocky Intertidal Model

Datasets used

Environmental Sensitivity Index (ESI) (National Oceanic and Atmospheric Administration): NOAA’s ESI characterizes sections of the North American coastline in such a way as to help planners identify coastal locations especially vulnerable to oil spills.  Analysts on TNC’s Global Marine Initiative enhanced the dataset by incorporating a model of wave energy, and tuned the substrate categories to make them better reflect the goals of biodiversity conservation.  The ESI data was a useful tool in the effort to model rocky intertidal areas, marshy coasts, open tidal flats, and areas of extensive sandy beach-dune complexes.
National Wetlands Inventory (US Fish and Wildlife Service):  One of the cover types mapped in the NWI dataset is “rocky shore” which is regularly or intermittently flooded.  The NWI classification manual says that in polygons so mapped “the substrate is stable enough to permit the attachment and growth of sessile or sedentary invertebrates and attached algae or lichens.  Rocky shores usually display a vertical zonation that is a function of tidal range, wave action, and degree of exposure to the sun” (Cowardin et al., 1979, Classification of Wetlands and Deepwater Habitats of the United States, USFWS, Washington, D.C.).

National Land Cover Data:  a consortium of federal agencies produced the NLCD in the 1990s.  The “bare rock/sand/clay” category was used as a check on the process, though NLCD’s inability to distinguish between rock and sand made it an unreliable indicator for sure presence of rocky shore.

Element occurrences (known occurrences of rare or threatened species and rare or exemplary natural communities) from the Natural Heritage Programs of the various states in the ecoregion were used throughout to inform the model-building process.

Model Construction

Environmental Sensitivity Index component:  The following ESI types were considered candidates for the model:  

For NAC south of Maine:  Exposed Rocky Shores, Exposed Wave-cut Platforms in Bedrock, Sheltered Rocky Shores, Sheltered Rocky Shores and Sheltered Scarps in Bedrock.  A few small occurrences of these types up the Delaware River and the Maurice River (west of Cape May, New Jersey) were considered suspect and were eliminated.

For the portion of the NAC coastline in Maine:  Rock with Gravel Beach, Rock with Sand and  Gravel Beach, Rock with Sand Beach, Rocky Shore/Cliff we eliminated a few “Rock with Sand Beach” occurrences that the NWI and/or Element Occurrences indicated were mostly not rocky shore.

We included a few ESI arcs of questionable type (like “Riprap/gravel beaches/exposed, wave-cut platforms”) if they were short line segments in the middle of other real “exposed rocky shore” or other rocky shore types.
We gridded the selected ESI arcs to a 30 meter grid.

National Wetlands Inventory component:
All E2RS & M2RS polygons were Arc/Info reselected and gridded to a 30m grid co-registered to the ESI-derived grid.  A weight table was used to ensure that polygon outlines were included in the gridded model representation.  We merged the 2 grids, Arc/Info region grouped it, and eliminated all occurrences less than 1 acre.  All occurrences that intersect an NWI “aquatic bed” polygon are flagged with the value 1 in the “AB_intrsct” field.


Results

Maine and Massachusetts are home to two-thirds of the 1477 rocky shore model occurrences in NAC, and nearly three-quarters of the total acreage.  There are no occurrences from the sandy morainal Long Island landscapes south.  Concentrations of the 252 portfolio occurrences are on the Maine coast and islands, around Cape Ann and the Elizabeth Islands in Massachusetts, and on the shores of Narragansett Bay in Rhode Island.

Upland Ecosystem Models: Summits, Steep Slopes, and Hollows/Ravines

Datasets used

These three model datasets represent the more dramatic landforms in the ecoregion—prominent summits and ridgetops, steep slopes and cliffs, and sheltered hollows, coves, and footslopes—and for that reason they are very sparse.  The North Atlantic Coast Ecoregion is characterized by a flat-to-rolling landscape.  The source for these three models is the same:  the landforms in the Ecological Land Unit grid that has been compiled for the entire Northeast.  A detailed account of the process of landform construction can be found in the “Landforms” section of ELU30_overview.doc, which is included in this ecoregional assessment.  It describes and illustrates how discrete landforms are defined by combining classes of slope and “landscape position” (how high or low a given point is in relation to its surroundings).  The flat summit/ridgetop & slopecrest landforms were combined to make the summits model, the steep slope and cliff landforms comprise the steep model, and the hollows and coves model is made up of the cove slopes and the (usually narrow and wet) flats at the bottom of those slopes.

Results

These ecosystem settings have not escaped the high levels of development that characterize NAC, despite their more rugged topography.  Little groupings of occurrences selected for the portfolio are on the steep outer banks of Cape Cod and the drumlin landscapes of Massachusetts, and some steepish hills and rock outcroppings in the very northern part of the ecoregion in Maine.
Tidal Marsh Model

Data used

Ecosystem models are spatial datasets constructed from various sources that attempt to model the sorts of environments and habitats where certain certain conservation targets (biologically valuable species, natural communities, and ecosystems) are likely to found.  The North Atlantic Coast tidal complex dataset is built directly from National Wetlands Inventory data of the US Fish and Wildlife Service, and so is not strictly a model.  NWI polygons include regularly and intermittently inundated marshes, mud flats, and shores in marine and estuarine habitats, and provided the framework for the mapping and evaluation of the best examples of coastal complexes from Maine to Delaware.

Element occurrences (known occurrences of rare or threatened species and rare or exemplary natural communities) from the Natural Heritage Programs of the various states in the ecoregion were used as a check on the NWI data, and later as a key to the best examples of coastal ecosystems.

Dataset Construction

The NWI maps over 27,000 polygons in tidal environments in NAC, and there are nearly 400 unique values for the attribute the USFWS uses to code the vegetation patterns and flooding regime for those polygons.  We began by parsing that attribute field to extract basic information about the polygons (water/non-water wetland, marine, estuarine subtidal/intertidal, fresh/salt or brackish), and grouping those attribute values into a set of simplified classes that enabled us to label them as, for example, salt marsh or intertidal flat or shrub wetland or adjacent freshwater forested wetland.  “Dissolving” the NWI coverage polygons on the grouped item values gave us a picture of the nature and distribution of coastal marsh complexes in the ecoregion.  We prepared a set of large format maps of all coastal wetlands for a state review meeting in the autumn of 2005, where the most important sites up and down the coast were identified and given names and rough outlines.  We used these rough maps to generate a digital dataset of all the coastal complexes identified, extracting all the polygons associated with each named complex from the master NWI coverage and grouping them.  The final set of NAC portfolio coastal ecosystem sites was drawn from this dataset, after a sequence of evaluations based on occurrence size, condition, landscape context, and proximity to other targets. 


Results

The table on the next page gives each state’s total acreage of coastal marsh complexes selected for the NAC portfolio (and breaks down that total by site).  The two states with broad and flat coastal plains, New Jersey and Delaware, have the majority of tidal marsh in the ecoregion.  The morainal landscapes of Cape Cod and Long Island make them rather distant seconds.
State by state acre summaries for NAC portfolio coastal ecosystem occurrences.
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ME 15,302Deer Meadow north 564 CT 7609 Barn Island WMA 400

Deer Meadow south 511 Bluff Point Coastal Reserve 298

Chewonki Neck 812 Pattagansett River marsh 230

Back River-Hockomock Bay 1428 Lower CT River 3159

Scarborough Marsh 4072 Hammock River Marsh 325

Biddeford Pool 715 Hammonasett Marsh 837

Wells Reserve 1 496 East River Marsh 915

Wells Reserve 2 1702 West River Marsh 327

Brave Boat Harbor 463 Milford Point/Housatonic River 726

Batson River 503 Stratford/Great Meadow 692

Popham Beach area 1075 NY 22,649 Great South Bay marshes 1 959

Reid State Park/Little River 510 Great South Bay marshes 2 2407

Merrymeeting Bay 1996 Great South Bay marshes 3 1400

Fisher Eddy: Lower Kennebec 127 Carmen River marshes 872

#1 along lower Kennebec 166 Flanders Marshes 1024

#2 along lower Kennebec 162 Shinnecock/Tiana marshes 2785

NH 3149 Great Bay 2189 Sebonac Marshes 473

Odiorne 603 Orient 653

Rye Harbor 328 Accabonac Marsh 358

Rye North Beach 29 Napeague Marshes 1480

MA 55,241Great Marsh/Parker River 1 24,093 Gardiners Island 145

Great Marsh/Parker River 2 578 Northwest Creek, Northwest Harbor 417

North and South Rivers 1 2557 Bass Creek: Mashomack 50

North and South Rivers 2 800 Mashomack Creek 70

Plymouth Marshes 7540 Stony Brook Hrbr/West Meadow Creek 1074

Sandy Neck-Great Marsh 8948 Crab Meadow 281

Quivett Creek Marshes 1 377 Lloyd Point/The Sand Hole 121

Quivett Creek Marshes 2 177 Fire Island flats & marshes 8080

Boat & Herring River Marsh 1 518 NJ 212,223NJ Northern Marshes 27,113

Boat & Herring River Marsh 2 387 South Cape May Meadows 1 779

Wellfleet Harbor Marshes 1 1462 South Cape May Meadows 2 54

Wellfleet Harbor Marshes 2 366 NJ Delaware Bayshores 1 87,419

Parnet River 566 NJ Delaware Bayshores 2 10,942

Nauset Marsh 1258 Great Egg Harbor Marshes 17,310

Pleasant Bay 3527 Atlantic Cape May marshes 20,308

Allens Pond 300 Atlantic County Marshes 23,278

Westport River 559 Mullica River-Great Bay marshes 25,020

Herring River Marshes: Wellfleet 1228 DE 76,913 DE Delaware Bayshores 1 70,842

RI 1570 Sapowet Marsh 251 DE Delaware Bayshores 2 6071

Patience & Prudence Islands 275

Galilee/Succotash Marsh 825 Grand Total: all states 394,956

Block Island Marshes 219


Forested and Open Freshwater Wetland Models

Data used

The source polygons for these two raster models are the palustrine class of wetlands from the National Wetlands Inventory of the US Fish and Wildlife Service.  This brief document tracks the various manipulations performed on those original data to get to the final models, starting with the open (non-forested) type.

Dataset Construction

There are over 100,000 NWI polygons in the North Atlantic Coast ecoregion, and many hundreds of unique values for the attribute the USFWS uses to code the vegetation patterns and flooding regime for those polygons.  We began by parsing that attribute field to extract basic information about the polygons (water/non-water wetland, marine, estuarine subtidal/intertidal, fresh), and grouping those attribute values into a set of simplified classes that enabled us to label them as, for example, salt marsh, freshwater emergent wetland, open water, or coniferous forested wetland.  

Step 1:  Performed ArcInfo “reselect” of the parent NWI dataset to get 27,784 non-forested palustrine wetland polygons of type emergent, scrub-shrub, standing dead forest, or unconsolidated lakeshore (there were relatively few of the latter two types) inside NAC or within 1 km of its boundary.

Step 2:  ArcInfo “dissolved” the boundaries between adjacent polygons.

The following two steps have the effect of joining wetlands that are split by streams or linear human artifacts like roads.  These steps also deleted small “donut hole” inclusions of non-relevant polygons within target wetland polygons:

Step 3:  Expanded target polygons 30 meters with the Arc “buffer” command.

Step 4:  Shrank target polygons 30 meters with the buffer command (using -30 as the buffer distance).

Moved into the ArcInfo Grid module to produce a 30m grid model representation— the Grid “setcell” and “setwindow” commands were used to ensure that all grids produced were co-registered:

Step 5:  “Polygridded” the polygons from step 4; no weight table (the entire polygon, including its border, is gridded if a weight table is used, and the result is an over-representation of the size and distribution of open fresh wetlands).  Used Grid “setnull” command to eliminate cells of non-target “donut-hole” inclusions.
The buffer and un-buffer steps above co-opted some land area that was actually forested wetland, pulling a bit of it into the open wetland dataset.   The following two steps removed those areas from the open wetland grid:

Step 6:  A dissolved forested wetland coverage equivalent to the one produced in step 2 above was also generated.  Polygridded this, again using no weight table.  Used setnull to eliminate non-target inclusions.  

Step 7:  Grid “merged” the grids from steps 6 & 5 (in that order— and they must have different values), and used setnull to eliminate the cells from the forested wetland grid.

Next step eliminated model occurrences less than 5 cells:

Step 8:  Region grouped output from step 7, using argument “eight”;  setnull any region grouped occurrence with a count of less than 5 cells.

The steps through the process for the forested class of palustrine wetlands were the same— the starting point was the 44,886 deciduous or coniferous or mixed forested wetland polygons in or within a kilometer of NAC.

Floodplain and Other Riparian Ecosystems Model

Datasets Used

Stream/river arcs and polygon waterbodies of the National Hydrography Data (NHD) of the USGS and EPA form the core of the floodplain-riparian analysis.

National Elevation Data (NED) 30 meter digital elevation model of the USGS— used to build the slope cost surface described below, and to model the wet flats in the Ecological Land Units dataset (see below).

Polygon and point element occurrences (known occurrences of rare or threatened species and rare or exemplary natural communities) from the Natural Heritage Programs of the various states in the ecoregion were used throughout to inform the model-building process, and to evaluate the quality of model occurrences being considered for portfolio inclusion.

Polygons in the following two digital datasets were also used to assess accuracy in successive elaborations of the riparian model:  National Wetlands Inventory (NWI: US Fish and Wildlife Service) and Flood Insurance Rate Maps (FIRM: Federal Emergency Management Agency).

Model Construction

We started with the “West Virginia” model, so called because it first came to our attention in relation to a riparian habitat restoration project in that state.  Inputs to the process are 1) NHD stream and river arcs and waterbodies (nominal scale of 1:100,000), and 2) the NED 30 meter DEM (nominal scale of 1:24,000).  It uses a grid of slope values derived from the DEM as a “cost surface”— high cost attaches to a gridcell of high slope— and calculates the accumulating cost of moving away from a stream or lake.  We calibrated the accumulated cost values with reference to polygon representations of known floodplain forest occurrences and to National Wetlands Inventory (NWI) data, and set an upper threshold.  Grid cell values below this threshold can be assumed to be low, flat places adjacent to streamways and ponds/lakes.
Another output of the cost surface process is a “cost allocation” grid.  This allowed us to tag each model occurrence with the identity and attributes— including size of draining area— of the streamway into which it drains.  This important piece of information can be used to stratify ecoregional portfolio selections.
The “river-centricity” of the model results is appealing and intuitive, but because the model-builder is very slope-sensitive, representations of known riparian wetlands tended to be too scant.  Slight elevation changes adjacent to a streamway often push the accumulated costs above the threshold in a single cell-step.  For this reason, we incorporated the “wet flats” landform from TNC’s ecological land units (ELUs) into the model.  ELUs split the “flats” landform (areas of less than 2% slope) into wet and dry sub-units with a simple moisture index based on flow accumulation and slope, both derived from the 30m DEM.  While the WV algorithm analyses each cell, one by one, as it moves away from a river, the landform construction methodology and the moisture index both aggregate elevation information over a broader area and are less sensitive to minute changes in slope.  Adding wet flats that came into contact with the WV model often filled modeled occurrences out nicely and made them roughly equivalent to the size and shape of known occurrences.
Human alterations and land cover conversions are everywhere evident in the North Atlantic Coast Ecoregion.  The slope cost surface component of the model is land cover/land use blind; that is, it can, and often does, include developed land cover classes.  Screening of these riparian model occurrences with condition and landscape context information was a crucial part of the portfolio assembly process, as it was for all the sets of ecosystem models in NAC. 


Results

Portfolio floodplain-riparian ecosystem occurrences are clearly focused in the sandy outwash plain of southeastern Massachusetts and the low, wet, undeveloped Pine Barrens of New Jersey.  More work needs to be done to identify sites that are worthy of conservation action or are candidates for restoration throughout this coastal ecoregion, particularly along larger rivers.
Total acreage of portfolio riparian/floodplain model occurrences in each state.
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		State		Total acres		Site name		Site acres				State		Total acres		Site name		Site acres

		ME		15,302		Deer Meadow north		564				CT		7609		Barn Island WMA		400

						Deer Meadow south		511								Bluff Point Coastal Reserve		298

						Chewonki Neck		812								Pattagansett River marsh		230

						Back River-Hockomock Bay		1428								Lower CT River		3159

						Scarborough Marsh		4072								Hammock River Marsh		325

						Biddeford Pool		715								Hammonasett Marsh		837

						Wells Reserve 1		496								East River Marsh		915

						Wells Reserve 2		1702								West River Marsh		327

						Brave Boat Harbor		463								Milford Point/Housatonic River		726

						Batson River		503								Stratford/Great Meadow		692

						Popham Beach area		1075				NY		22,649		Great South Bay marshes 1		959

						Reid State Park/Little River		510								Great South Bay marshes 2		2407

						Merrymeeting Bay		1996								Great South Bay marshes 3		1400

						Fisher Eddy: Lower Kennebec		127								Carmen River marshes		872

						#1 along lower Kennebec		166								Flanders Marshes		1024

						#2 along lower Kennebec		162								Shinnecock/Tiana marshes		2785

		NH		3149		Great Bay		2189								Sebonac Marshes		473

						Odiorne		603								Orient		653

						Rye Harbor		328								Accabonac Marsh		358

						Rye North Beach		29								Napeague Marshes		1480

		MA		55,241		Great Marsh/Parker River 1		24,093								Gardiners Island		145

						Great Marsh/Parker River 2		578								Northwest Creek, Northwest Harbor		417

						North and South Rivers 1		2557								Bass Creek: Mashomack		50

						North and South Rivers 2		800								Mashomack Creek		70

						Plymouth Marshes		7540								Stony Brook Hrbr/West Meadow Creek		1074

						Sandy Neck-Great Marsh		8948								Crab Meadow		281

						Quivett Creek Marshes 1		377								Lloyd Point/The Sand Hole		121

						Quivett Creek Marshes 2		177								Fire Island flats & marshes		8080

						Boat & Herring River Marsh 1		518				NJ		212,223		NJ Northern Marshes		27,113

						Boat & Herring River Marsh 2		387								South Cape May Meadows 1		779

						Wellfleet Harbor Marshes 1		1462								South Cape May Meadows 2		54

						Wellfleet Harbor Marshes 2		366								NJ Delaware Bayshores 1		87,419

						Parnet River		566								NJ Delaware Bayshores 2		10,942

						Nauset Marsh		1258								Great Egg Harbor Marshes		17,310

						Pleasant Bay		3527								Atlantic Cape May marshes		20,308

						Allens Pond		300								Atlantic County Marshes		23,278

						Westport River		559								Mullica River-Great Bay marshes		25,020

						Herring River Marshes: Wellfleet		1228				DE		76,913		DE Delaware Bayshores 1		70,842

		RI		1570		Sapowet Marsh		251								DE Delaware Bayshores 2		6071

						Patience & Prudence Islands		275

						Galilee/Succotash Marsh		825				Grand Total: all states						394,956

						Block Island Marshes		219






