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1. Identifying Ecological Sites in MLRAs 127 and 
140, and developing Ecological Site 
Descriptions; 

2. Quantifying soil change on select Ecological 
Sites; and 

3. Developing preliminary S&T Models for 
select Ecological Sites.



Pennsylvania MLRA regions 
of interest.

MLRA 140



Complex Land Use History
Does a Native Site Still Exist?
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Example Conditions Affecting a 
Sugar Maple Eco-Site 



 

 Species Pre-Settlement Post Settlement 

Beech 44 6 

Hemlock 20 6 

Sugar Maple 5 13 

Red Maple 5 27 

White Pine 5 <1 

Black Cherry <1 23 

Percent changes in forest composition 
with historic logging (Whitney, 1990).
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Change is subtle: 
10 year period

Presenter
Presentation Notes
Topographic Position and Acidification
Dieback occurred predominantly on ridgetops and on upper slopes, where soil base availability was much lower than at mid and low slopes of the landscape (Bailey et al. 1999). 

These studies suggest that depletion of nutrient base cations in soil by acidic deposition may have reduced the area favorable for growing sugar maple trees in the Northeast. Factors such as soil mineralogy and landscape position affect soil base status, as well as acidic deposition, thereby complicating assessments of the extent of sugar maple dieback that can be attributed to acidic deposition.






Frpm, Reductions in Acidic Wet Deposition Following Implementation of the Clean Air Act Amendments of 1990: 1995-2006
Authors: James A. Lynch, Hunter C. Carrick, Kevin S. Horner, Jeffrey W. Grimm 

Sulfate Wet Deposition

Presenter
Presentation Notes
Wet Sulfate Deposition - As would be expected given the large reductions in sulfate concentrations since 1995, wet sulfate deposition has also decreased across the state (Table 2, Figure 7). On an annual basis, reductions in sulfate deposition at each of the long-term monitoring sites ranged from 13.04 kg/ha at the Kane NADP/NTN site in Elk County to 5.79 kg/ha at the Penn State NADP/NTN site in Centre County. The average statewide reduction in sulfate deposition since 1995 was 8.82 kg/ha. The smallest regional reduction in wet deposition occurred in central Pennsylvania (7.74 kg/ha) despite the fact that reductions in sulfate concentrations (Table 2) were actually greater in central Pennsylvania than in any other region of the state. Reductions in central Pennsylvania were approximately 2.0 kg/ha less than those in western Pennsylvania (9.78 kg/ha) and 1.4 kg/ha less than those in the eastern portion of the state (9.12 kg/ha).



Bailey et al. (2005)

Soil chemistry 
change over 30 
years

Original samples 
taken in 1967

If no change, 
1:1 relation

Presenter
Presentation Notes
Bailey change study
A more recent study examined used detailed soil sampling and analyses conducted in 1967. 

Conclusions
There were long-term decreases in pH, exchangeable Ca, and exchangeable Mg concentrations and increases in exchangeable Al concentration at all depths between two sampling periods separated by 30 yr. Significant short-term changes were not observed by resampling surficial horizons over three sequential years. 

Comparisons of soil change on a soil pool basis with net biomass accumulation suggested substantial leaching of Ca and Mg off-site in most cases. 

Results suggests that sometime over the past 30 yr these sites crossed a threshold where sugar maple may be sensitive to decline disease. This is consistent with widespread occurrence of decline in this region during the 1980s and 1990s. 

Little variability in soil base cation concentrations within sites. This may have been due to careful sampling by genetic horizons, collection of large samples, and careful application of laboratory subsampling procedures. Changes in soil base cations were pronounced at all depths sampled, up to 1.5 m, suggesting that whole pedon analysis is needed to fully understand dynamics in forest soils.



AMD Surface Crusts
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Presentation Notes
Site effects alter local hydrology.  Clues prior to construction of wet soils.



Finding Pennsylvania’s 
Ecological Sites



Key Landscape/Soil Variables

• Topography
– Slope, aspect, elevation

– Concavity or convexity

– Potential wetness or droughtiness

• Profile depth to a restricting layer
– Drainage class

• Inherent versus dynamic properties
– Mineralogy, texture, structure or lack of



1. EPA Level 4 Ecoregions

Woods et al. (1999)



EPA Lvl 4 Ecoregions
62e.  Low Catskills 

The Low Catskills (62e) is a forested and highly dissected ecoregion less than 5 miles (8 km) 
wide in northeastern Pennsylvania.  Here, the Delaware River has deeply entrenched into the 
glaciated Appalachian Plateau, creating cliffs and steep-walled valleys.  Many high-gradient 
tributaries occur and stream organisms associated with riffles are common.  Topography is rugged 
for this part of the commonwealth and local relief ranges from about 450 to 800 feet (137-244 m).  
Crestal elevations are from approximately 1,300 to 1,800 feet (396-549 m) and are high enough to 
insure a short growing season of about 130 days, varying according to local topography and slope 
aspect.

The soils of  Ecoregion 62e are mostly Inceptisols.  Most formed on Olean Till and some 
developed on Quaternary alluvium.  They overlie nearly horizontal, Devonian age sandstone, 
siltstone, and shale of the Catskill Formation.  The soils are characterized by stoniness, shallowness, 
low fertility, and acidity, which, together with the rugged terrain and brief growing season, make 
the area best suited to woodland (Higbee, 1967).  The natural vegetation was mostly Northern 
Hardwoods (dominants: sugar maple, yellow birch, beech, and hemlock) (Cuff and others, 1989, p. 
52).  Some wetland vegetation occurs on poorly drained sites, and northern rock plants grow on the 
Delaware River cliffs in northeastern Wayne County (Erdman and Wiegman, 1974, p. 50).

The boundary between Ecoregion 62e and the less dissected Northeastern Uplands (60b) 
occurs at the forest density and topography break shown on the Scranton 1:250,000-scale 
topographic map; Ecoregion 62e is much more rugged and wooded than Ecoregion 60b.  Ecoregion
62e extends across the Delaware River into New York, where it becomes much more extensive.
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2. Vegetation, state specific data



 

 

 

USFS, FIA Data



Mixed deciduous, coniferous 
forests, alpine meadow

Deciduous mixed forest -
coniferous forest - meadow

Broadleaf forests, oceanic

221b

Broadleaf forests, oceanic

Lake broadleaf forests, continental

USEPA Ecoregions and FIA data

McNab et al. (2005)



USEPA Level 4 Ecoregions and FIA Data

 

 

 



3. PA Land Use Data ~2005
  
  

 
 

  
 

 
 

 
 

 

Strong trends because of topography, climate and soils

Presenter
Presentation Notes
The 2005 land cover for Pennsylvania was created through a mix of
interpretation of remotely sensed data and use of ancillary data sources.
The date actually is a mid-point as the remotely sensed and ancillary data
are representative of the time period 2003-2007.

The coding is based on the Anderson Land Use/Land Cover system, where the 
more descriptive detail in the category is reflected by a higher code value.
Further the coding is hierarchial so that each group can be related to other
codes within a general category.  For example, in the Anderson system the general 
classification of forest is a 4, a deciduous forest is 41, and so on.  For a 
description of the Anderson system see;



Degree of forest connectivity
USFS FIA, ~2000 Land Use Data

Not fragmented

Fragmented

Presenter
Presentation Notes
 Pff (roughly) estimates the probability that, given a pixel of forest,
        its neighbor is also forest.  Forest connectivity is higher for larger 
        values of Pff.  Pfa and Pfn partition into components the non-
        connectivity of forest, based on human and natural land-cover types.

        The indices (Pff, Pfa, and Pfn) are continuous variables and range from 
        zero to one.  The calculated values were discretized to the range 
        [1,255] and stored at 30-meter spatial resolution.  The transformation 
        used to discretize the values was:
          >D = (C * 254) + 1
          >where
          >D = discretized value in range [1,255]
          >C = calculated value of Pff, Pfa, or Pfn in range [0,1]

        The sixteen rectangles of a given index were exported in an in-house 
        format and reassembled into State-level images via an in-house software 
        tool named LUMPER.C, which removed the overlapping parts of the 
        rectangles.  The in-house software tool TVA2BSQ.C was then used to 
        convert the format to bsq and the resulting files were imported into 
        Arc/INFO by using the command IMAGEGRID.

        Two additional steps were completed to reduce the sizes of the maps.  
        The RESAMPLE command (nearest neighbor option) in the Arc/INFO Grid 
        module was used to convert each State-level grid to a grid with 270-
        meter resolution.  The MERGE command in the Arc/INFO grid module was 
        used to combine all State-level maps at 270-meter resolution into one 
        map.  The final product consisted of three national maps at 270-meter 
        resolution, one for Pff (forest connectivity), one for Pfa (human-caused 
        fragmentation), and one for Pfn (natural fragmentation).

        The georeferencing did not change as a result of reformatting, 
        exporting, importing, or spatial filtering. 
      Source_Used_Citation_Abbreviation: NLCD
      Process_Date: 2001



Hot Spot Analysis: Getis-Ord Gi-* statistic
Fragmentation clusters

Not fragmented

Fragmented
High 
fragmentation

Moderate 
fragmentation

Little 
fragmentation

“No” fragmentation

What was the pattern of 
landscape fragmentation 
prior to the Marcellus boom?

Presenter
Presentation Notes
Hot spot analysis, calculates the Getis-Ord Gi-*  statistic for hot spot analysis

The Hot Spot Analysis tool calculates the Getis-Ord Gi* statistic for each feature in a dataset. The resultant Z score tells you where features with either high or low values cluster spatially. This tool works by looking at each feature within the context of neighboring features. A feature with a high value is interesting, but may not be a statistically significant hot spot. To be a statistically significant hot spot, a feature will have a high value and be surrounded by other features with high values as well. The local sum for a feature and its neighbors is compared proportionally to the sum of all features; when the local sum is much different than the expected local sum, and that difference is too large to be the result of random chance, a statistically significant Z score results.

The Gi* statistic returned for each feature in the dataset is a Z score. For statistically significant positive Z scores, the larger the Z score is, the more intense the clustering of high values (hot spot). For statistically significant negative Z scores, the smaller the Z score is, the more intense the clustering of low values (cold spot). 

Given a set of weighted data points, the Getis-Ord Gi* statistic identifies those clusters of points with values higher in magnitude than you might expect to find by random chance. (For line and polygon features, centroids are calculated prior to analysis.) 
The output of the Gi function is a z score for each feature. The z score represents the statistical significance of clustering for a specified distance. In this tool, the Z Score is based on Randomization Null Hypothesis computation. For more information on Z Scores, see What is a Z Score?.

The Gi function creates a new feature class that duplicates the input feature class, then adds a new Results column for the Gi z score. The name of the output field is Gi<distance_method>. If a field of this name already exists in the input feature class, it will be overwritten in the output feature class. 

A high z score for a feature indicates its neighbors have high attribute values, and vice versa. The higher (or lower) the z score, the stronger the association. A z score near zero indicates no apparent concentration (neighbors have a range of values). 
To determine if the z score is statistically significant, you compare it to the range of values for a particular confidence level. For example, at a significance level of 0.05, a z score would have to be less than –1.96 or greater than 1.96 to be statistically significant. 

The units of the "Distance Band or Threshold Distance" parameter are the units of the input feature class' coordinate system. There is one exception to this rule. When the Output Coordinate System environment variable is set, then the units of the distance band will be the units of the coordinate system set in that environment.

For line and polygon features, geometric centroids are calculated before the central feature is identified. The geometric centroid of a feature may be located outside a feature's boundary. If centroids must be within feature boundaries, use the Features to Points (Inside option) to create centroids before performing the Getis-Ord Gi* operation. 

This function creates as derived output the name of the Gi z score field created. This output is useful when using the tool in conjunction with a rendering tool in both the model building and scripting environments. 

Calculations are based on either Euclidean or Manhattan distance and require projected data to accurately measure distances. 
When the spatial conceptualization is an Inverse Distance method (for example, Inverse Distance, Inverse Distance Squared, or Zone of Indifference) any two points that are coincident will be given a weight of one to avoid a divide by zero errors. This assures that no local features are excluded from the analysis. 

This tool computes the Gi* statistic; however, if you specify a Self Potential field in which all values are zero, the simple Gi statistic will be computed. 

Current map layers may be used to define the input feature class. When using layers, only the currently selected features are used in the Getis-Ord Gi* operation. 

In ArcGIS version 9.2, the "Global" standardization option has been removed. Global standardization returns the same results as no standardization. Models built with previous versions of ArcGIS that use the Hot Spot Analysis tool with the Global standardization option will need to be rebuilt.




4. STATSGO and SSURGO 

1. STASGO drives LVL 5 selection
2. SSURGO refines ESs (LVL 6)



4. Topography

Ciolkosz et al. 1986



6. Agro-Climatic Regimes

Moisture-surplus in mm; 
heat unitsSoil Climate Regimes of PA

Waltman et al. (1997)



Pennsylvania Ecological Sites 

• Wildland(MLRA 127 and 140): ~26 so far

• Wetland (state-wide): 15 -17 based on Brooks 
et al. (2011)

• Subaqueous (state-wide): 8-11 based on Erich 
(2010), and non-published work.

• Agricultural and Urban areas are “states” of 
Ecological Sites.



Key Observations  of States
• Change from native in %cover, basal area or 

stand index

• O horizon presence relative to native

• A horizon thickness (or A over Ap)

• Truncated profiles; no silt loam A….right to a 
silty clay.

• Buried surfaces (Euro-alluvium)

• Whole profile %OC

• Phosphorus

• pH and conductivity (too flashy?)



Ecological States

• Urban/Suburban
– New (>30% veg)

– Old (>25 years per Scharenbroch et al. (2005); 
>30% veg)

– Park/Native

– Transition/Abandoned lot

– Built/Industrial; ~100% surface sealed



Ecological States

• Agricultural
– Prime: row cropping

– Secondary: pasture  or CRP (tertiary?)

– Degraded: abandoned/transitional or eroded 
lands



Ecological States

• Wildlands
– Old growth

– Secondary timber – old growth model

– Secondary timber – managed for “x”

– Secondary timber – degraded

– Rights-of-way

– Shrub-land natural recovery

– Shrub-land due to disturbance



An Example…..
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Poorly drained soil
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Well drained soil



Well drained soil



Drohan et al. (2011)
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Example 1: Pre-pad installation in Susquehanna county



Drohan et al. (2011)

Presenter
Presentation Notes
Example 1: Post-pad installation in Susquehanna county model results. Bluer colors indicate potentially wetter soil.  Our verification of the model to date suggest this can identify storm runnoff and sediment accumulation.  Note in this example how the human induced landscape modification even off the pad affects water movement (e.g. left tree line along pasture).




Drohan et al. (2011)
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Presentation Notes
Example 2: Post-pad installation in Lycoming county; Allegheny Plateau top position.  Very different landscape dynamic in how water collects on the landscape and moves.




Drohan et al. (2011)



• Continued development and validation
– Refinement using LiDAR modeling

– Field visits with DCNR and USFS

• State and Transition Model Assessment
• Mike Marsicano thesis

• Cody Fink thesis



Conclusions
• ESD development East of the Mississippi is 

possible; and not as hard as thought.

• Easy to be a splitter; fall back on “true” native 
condition, and not the ideal $$$ managed 
condition.

• ESDs greatly advance soil science communication.

• ESDs nicely link the historical landscape to the 
present
– Coming of age for USA soil science

• The speed of change is incredible and our 
biggest problem.



Questions?

Rope?
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