
RMP Component:    Resource Assessment 
Technical Report:    Ecosystem Management – Ecological Resources 
Council Committee:    Natural Resource Committee  
Memorandum Title:    Forest Integrity Analysis Methods and  

Preliminary Results 
Status:       Preliminary Draft 
Date:       July 14, 2006 
 
 
Technical memorandum prepared by the New Jersey Highlands Council, based on 
work done in cooperation with the Rutgers University Grant F. Walton Center for 
Remote Sensing and Spatial Analysis (CRSSA)  
 

EXECUTIVE SUMMARY  

This technical memorandum provides an overview of the importance and implications of 

forest integrity on both water quality and wildlife habitat throughout the New Jersey 

Highlands Region.  In addition, it describes various metrics, findings and spatial analyses that 

have been applied in order to quantify existing forest conditions on extent and pattern.  It 

will serve as the basis for a comprehensive forest valuation system for use in meeting goals 

and requirements of the Highlands Water Protection and Planning Act (Highlands Act) and 

development of the Regional Master Plan.  Literature results and findings indicate forest 

integrity is a keystone component for ecological viability of myriad natural systems in the 

New Jersey Highlands. Serious degradation of New Jersey Highlands Region forest resources 

will continue to occur due to increasing fragmentation and lack of mitigation of 

anthropogenic impacts on forest. 

INTRODUCTION 

Forests provide essential ecosystem functions, including surface water and air filtration, 

carbon sequestration, groundwater recharge, and provide habitat to a wide range of animal 

and plant species.  While forested areas typically provide these or other ecosystem functions, 

relatively undisturbed core forest areas are particularly valuable.  

Highlands forests function as surface water filtration systems, protecting the integrity of vital 

water supplies for the Highlands Region.  The positive correlation between forest cover and 

surface water quality is well documented in scientific literature.  Larger forest tracts forming 
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the core of the Highlands protect natural communities by reducing anthropogenic effects 

and protecting area-sensitive wildlife species.  

Forest is the original and existing primary land cover of the Highlands. New Jersey 

Highlands forests are the dominant land cover of the region (approximately 464,200 acres of 

forest or 54% of the total of land area – see figure entitled Forest Type illustrating the 

distribution of wetland and upland forest).   The USDA Forest Service (USFS) 2002 New 

Jersey Highlands Study Update reported that land use change is transforming Highlands 

forest directly through land conversion and indirectly through habitat fragmentation.   

Despite increasing forest fragmentation resulting from current land development patterns, 

the New Jersey Highlands still contains extensive areas of relatively intact forest tracts.  More 

than 50% of total Highlands forest area is comprised of contiguous tracts of forest greater 

than 500 acres in size.  The largest tracts of contiguous forest (25 tracts of forest >2,500 

acres in size) are primarily located in the northern portions of the Highlands.  Large, 

contiguous forest tracts also serve as high value core (i.e. interior) forest habitat.   Core 

forest habitat is defined as greater than 300 feet from altered land or a road (see figure 

entitled Forest Density illustrating the extent of core vs. edge forest). Approximately 44% of 

total New Jersey Highlands forest area (24% of the total land area) was mapped as core 

forest habitat.  

However, even with the extensive forest areas contained within the New Jersey Highlands, 

increasing fragmentation of forest tracts, due to land-use alterations, result in quantifiable 

landscape level changes. Landscape level changes include increased edge, reduced forest 

interior, increased number of patches, forest patch isolation, and reduced habitat area.  

These impacts and their ecosystem level effects are well documented and are the focus of 

resource management research and mitigation efforts.   

The use of a local and regional forest metric analysis will help define the integrity of 

Highlands forest and will serve as a predictive tool to identify likelihood of future changes.  

Enhanced understanding of geographic extent, quantity, and patterns of forest 

fragmentation will assist the New Jersey Highlands Council in making informed planning 

and conservation decisions.   
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Because a single metric cannot accurately capture the complexity and interconnectedness of 

forest patch spatial arrangement, several approaches have been employed to measure levels 

of fragmentation in the forests of the New Jersey Highlands.  This memorandum describes 

the technical approaches used in the evaluation of the integrity of Highlands forests.  

LEGAL REQUIREMENT FROM THE HIGHLANDS ACT 

A forest integrity analysis is being performed to evaluate and understand the value and 

importance of Highlands forests to respond to the goals and requirements of the Highlands 

Act.  Specifically, Sections 10 and 11 of the Highlands Act includes goals for the 

development of the Regional Master Plan (RMP) with respect to forest protection as 

follows: 

Section 10.  
a. The goal of the regional master plan with respect to the entire Highlands Region shall be to 
protect and enhance the significant values of the resources thereof in a manner 
which is consistent with the purposes and provisions of this act.
 b. The goals of the regional master plan with respect to the preservation area shall be to:

(1 protect, restore, and enhance the quality and quantity of surface and ground waters therein;
(2) preserve extensive and, to the maximum extent possible, contiguous 
areas of land in its natural state, thereby ensuring the continuation of a Highlands 
environment which contains the unique and significant natural, scenic, and other resources 
representative of the Highlands Region;
(3) protect the natural, scenic, and other resources of the Highlands 
Region, including but not limited to contiguous forests, wetlands, vegetated 
stream corridors, steep slopes, and critical habitat for fauna and flora;

c. The goals of the regional master plan with respect to the planning area shall be to:
  (1) protect, restore, and enhance the quality and quantity of surface and ground waters therein;

(2) preserve to the maximum extent possible any environmentally sensitive 
lands and other lands needed for recreation and conservation purposes;… (Emphasis added)

 
Section 11. 
a. The regional master plan shall include, but need not necessarily be limited to: 

 (1) A resource assessment which: 
(a) determines the amount and type of human development and activity which the 
ecosystem of the Highlands Region can sustain while still maintaining the overall 
ecological values thereof, with special reference to surface and ground water quality and 
supply;  contiguous forests and woodlands;  endangered and threatened 
animals, plants, and biotic communities;  ecological factors relating to the protection and 
enhancement of agricultural or horticultural production or activity;  air quality;  and 
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other appropriate considerations affecting the ecological integrity of the Highlands 
Region;  (Emphasis added).1

 

APPROACH 

Dominant Forest Types 

The ridges and uplands of the Highlands Region are noted for rich and diverse forests with 

the exception of major farming areas in lower river valleys of the Delaware, 

Musconetcong/Pohatcong, and Wallkill Rivers.  These forests function in watershed 

protection as well as serve as a timber resource.  

The USFS New York-New Jersey (NY-New Jersey) Highlands Regional Study assessed 

forest and timber resources of the NY-New Jersey Highlands study region based on USFS 

Inventory and Analysis (FIA) data (Table 1).  FIA data were analyzed for counties included 

in the New Jersey Highlands study region (Bergen, Hunterdon, Morris, Passaic, Somerset, 

Sussex, and Warren). Reports for New Jersey were available for 1987 and 1999 (DiGiovanni 

and Scott 1990; Griffith and Widmann 2001).  

Mixed oak hardwood forests are the dominant forest variety in the Highlands.  Three oak 

species: black, white and red oak, are occur most frequently. Other species, including sugar 

maple, red maple, hickories, tulip tree, American beech, white ash, elm and birch, are 

interspersed throughout the forests.  The Eastern hemlock is intermixed with other species 

in cool, moist areas.   

                                                 
1 Section 12 also requires the Council to address the New Jersey Department of Environmental Protection 
(NJDEP) standards in the Preservation Area.  The Highlands Act includes the following for forest areas in 
Section 34.k: “a prohibition on development that disturbs upland forested areas, in order to prevent soil 
erosion and sedimentation, protect water quality, prevent stormwater runoff, and protect threatened and 
endangered animal and plant species sites and designated habitats;  and standards to protect upland forested 
areas that require all appropriate measures be taken to avoid impacts or disturbance to upland forested areas, 
and where avoidance is not possible that all appropriate measures have been taken to minimize and mitigate 
impacts to upland forested areas and to prevent soil erosion and sedimentation, protect water quality, prevent 
stormwater runoff, and protect threatened and endangered animal and plant species sites and designated 
habitats.” 
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FOREST TYPE IN THOUSANDS OF ACRES 
 

COUNTY OAK/PINE OAK/HICKORY
ELM/ASH/RED 

MAPLE 
NORTHERN 

HARDWOODS 
TOTALS

Hunterdon  56.4 17.2 24.5 120.8 

Morris  68.9 6.1 46.5 121.5 

Sussex 5.8 109.4 29.0 44.8 193.5 

Warren 4.1 50.4 13.3 29.1 97.0 

Passaic/ Bergen  74.6 4.5 12.7 91.9 

Somerset (including 
Middlesex/Mercer)  78.4 32.8 20.4 155.6 

Totals 9.9 438.1 102.9 178.0 780.3 
% of New Jersey 1.3% 56.1% 13.2% 22.8%   

Table 1. Forest Inventory and Analysis (FIA) data for New Jersey Highlands counties: 
dominant forest types.  Note that these FIA values are for the entire county area and not 
specific to the county area within the New Jersey Highlands boundary. 

 

The Role of  Forests in Protecting Biological Diversity 

Conservation of large tracts of contiguous forest habitat and minimization of fragmentation 

were identified as major issues of concern in the New Jersey Highlands study region by the 

USDA Forest Service study (USDA, 2002). Large contiguous tracts of forest that are not 

fragmented by human development are valuable wildlife habitat, recreational open space, 

and watershed protection. Human development removes existing natural habitat and 

fragments remaining forest habitat into smaller parcels.  When considered from a landscape 

perspective the spatial pattern of these forest remnants parcels play an important role in 

maintaining connectivity across a watershed, thereby facilitating ecological processes such as 

species dispersal (Gardner et al. 1987; With and Crist 1995).  In highly fragmented 

landscapes, habitat quality of the intervening matrix (i.e., developed or agricultural lands) can 

also be important in determining how well species disperse across a landscape (as they try to 

traverse between forest remnants or other habitat patches) (Franklin 1993; Malanson 2003).   

Paved roads and residential and commercial development often serve as a barrier, or hazard, 

to wildlife movement and native plant dispersal, as well as altering natural disturbance 
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landscape features were considered as an integral component of the larger forest landscape 

and thereby not considered as a fragmenting influence.  

Two types of EDGE FOREST were defined and classified:  

• Near edge forest: ≤ 100 feet to ALTERED edge   

• Far edge forest: 100-300 feet to ALTERED edge 

Core forest was defined as forest patches greater than 300 feet in distance to an altered edge.   

Near Edge was defined as a forest patch less than or equal to a 100 foot distance to an 

ALTERED edge in order to reflect an approximation of edge distance equivalent to the 

dominant tree height, representing a “microclimatic” edge of increased solar insolation and 

wind exposure.  The Far Edge was defined as being a distance between 100 and 300 feet to 

an ALTERED edge in order to take into account a variety of habitat disturbances.  The 300 

foot distance (combining Near and Far Edge) was used to differentiate edge from core 

forest.  

Using the ERDAS IMAGINE software, adjacent forest grid cells were clumped into unique 

patches.   A patch represents a contiguous tract of forest bordered by either altered land or a 

road.  A four neighbor rule (horizontal or vertical neighbors but not diagonal neighbors) was 

used to create the patches.  Excluding diagonal neighbors prevents the patches from 

“jumping” narrow features such as roads.   Core forest patches (i.e., only those forest areas 

greater than 300 feet from an altered or road edge) were also defined.   

Forest Integrity Metrics 

A number of metrics were employed to evaluate the effects of forest fragmentation across 

the Highlands landscape.  Edge and Core forest area as well as patch area statistics (number 

and size frequency distribution) for Total and Core forest patches were determined across 

the entire study area as well as at the individual HUC14 basin-level (see figure entitled 

Proportion Total Forest by HUC14 sub-basin).  Distance to an altered/road Edge was calculated 

for all forest grid cells and the maximum, mean, and median distances were summarized at 

both the Highlands region and HUC14 basin levels.  
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The HUC14 basin was used as the landscape reporting unit because it provided a convenient 

and logical geographic unit that recognizes the importance of forest cover to watershed 

characteristics and downstream water quality and quantity.   

Several different spatial analysis software packages were employed.  ERDAS IMAGINE 

combined with ArcGIS software was used for the majority of the analysis.  The Analytical 

Tools Interface for Landscape Assessment (ATtILA) software, an ArcView extension 

produced by the U.S. Environmental Protection Agency (USEPA) (USEPA, 2005) was also 

employed for certain components of the analysis.  The utility of FRAGSTATS (McGarigal et 

al. 2002) was assessed but was deemed impractical due to the large size of the forest GIS 

GRID data (a function of the small 10 foot grid cell size) and the slow processing times.   

The following metrics were calculated using the 10x10 foot grid cell forest GIS coverage and 

the individual HUC14 basins as the landscape reporting unit:  

• Area and Percent of Edge and Core Forest (acres)  

• Number of Forest Patches 

• Largest Patch Index (LPI).  The LPI is the ratio of size of largest forest 

patch. It measures percent of a particular area composed by the largest 

patch.  Wickham et al. (1999) in a study of forest fragmentation in the mid-

Atlantic region examined the relationship between the LPI and 

anthropogenic land cover.  They found that there was a transition in forest 

fragmentation as the amount of anthropogenic land cover increased above 

15 % to 20% with the LPI departing from the maximum possible case.  

• Landscape Shape Index (LSI).  The LSI is the ratio of altered edge length 

compared with total forest area, providing a unit less measure of forest 

patch shape or edge complexity.  Shape has bearing on the integrity of a 

forest.  A linear forest patch does not contain the same amount of core or 

interior forest characteristics as that of circular/square forest patch of 

comparable size.  Many forest interior species are dependent upon a large, 

unbroken forest that exhibits a higher percentage of core area in 

relationship to total forest cover. 

 12



• Mean Distance to Closest Patch (MDCP) within a 1000 foot search radius.  

MDCP calculates the shortest edge-to-edge distance between distinct 

patches.  The MDCP provides a measure of forest patch isolation within 

the landscape area of interest.   

• Road density (linear feet/acre) 

• Mean, Median, Maximum Distance (feet) to an Altered/Road edge.  

A coarser scale view of the Highlands forest landscape was also used to simulate habitat 

requirements of Highlands wide-ranging wildlife species. Using a 3x3 km roving window as 

an analysis region, the forest cover proportion was calculated at each grid cell. A 3km scale 

window was utilized to be representative of home range size of wide-ranging, area-sensitive 

species, such as bobcat.  To undertake this analysis, the 10x10 foot grid cell FOREST GIS 

coverage was resampled to 100x100 foot grid cells to reduce computational processing times 

without sacrificing analytical resolution.  

The following metrics were calculated using the 3x3km roving window FOREST GIS 

coverage and the entire Highlands region as the landscape reporting unit:  

• Proportion of Total FOREST and Core FOREST within the 3km diameter 

window centered on each grid cell were calculated and output as a grid cell 

map.  

• The Number of FOREST Patches within the 3km diameter window centered 

on each grid cell was calculated. 

• Landscape Shape Index (LSI): ratio of ALTERED edge length to SQRT of 

3x3km window area; provides a unitless measure of shape complexity or 

fragmentation. 

RESULTS 

The New Jersey Highlands study area is comprised of approximately 464,200 acres of forest 

(or 54% of the total land area) (Table 2).  Approximately 205,785 acres of forest (or 

approximately 44% of the total forest area or 24% of the total land area) represents core 

(interior) forest habitat (Table 2, defined as greater than 300 feet from altered land or a 
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road).   While there are large tracts of unbroken forest extending greater than one mile 

(1,609 meters) from the nearest road or altered land, the median distance to a forest edge is 

226 feet (i.e., 50% of the forest area was within 226 feet of an edge) (Table 3).   

Examination of patch size distribution (Table 4) indicates a large number of forest patch 

parcels less than 2.5 acres in size (>15,000 small tracts).  As patch size decreases, 

fragmentation increases.  However, greater than 50% (or nearly 254,293 acres of 464,206 

acres) of total Highlands forest area is comprised of unbroken tracts of forest greater than 

500 acres in size.  The largest tracts of unfragmented forest (25 tracts of forest > 2500 acres 

in size) are largely located in the northern portions of the Highlands (i.e., north of Interstate 

Route 80 and to a lesser extent along the ridges in the southern Highlands) (Figure 2).  These 

largest tracts comprise approximately 24 % (112,801 acres) of total forest area and 43% 

percent (88,050 acres out of 205,785) of core forest area (Table 4).   

The 3km roving window analysis produced a coarse scale picture of forest cover across the 

Highlands (see figure entitled Proportion Total Forest showing result of 3 km roving window 

analysis).  North of Route 80 has been identified as a large contiguous area of relatively intact 

forest (i.e. greater than 60% forest within the 3x3km window) with a few isolated pockets of 

zero or minimal forest cover.  In the southern Highlands, intact forest splits into a two-

forked prong following the ridgelines of Scotts-Jenny Jump-Pohatcong-Allamuchy 

Mountains (northern prong) and Musconetcong-Schooleys Mountains (southern prong) with 

a few isolated tracts of relatively intact forest (e.g., Jockey Hollow).   

A majority (approximately 56%) of the Highlands study area was comprised of grid cells 

with more than 50% total forest cover within a 3x3km neighborhood (centered on the grid 

cell) (Table 5).  However, only 15% of the Highlands study area was comprised of grid cells 

with more than 50% core forest cover within a 3x3km neighborhood (centered on the grid 

cell) (Table 5).   

The Landscape Shape Index (LSI) provides a measure of shape or edge complexity and 

increases as the amount of edge increases within the 3km window (ratio of edge vs. window 

area).  Slightly less than 50% (48.5%) of the Highlands has a Landscape Shape Index of 15 
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or less (Table 6).  A lower LSI index number indicates a lesser amount of shape complexity 

across the landscape and a higher level of forest integrity. 

The number of forest patches within the 3km window provides a slightly different measure 

of forest fragmentation with increasing patch numbers indicative of a fragmented forest 

landscape.  Nearly 60% of the Highlands study area was composed of grid cells with greater 

than 30 patches of forest within a 3x3km neighborhood (centered on the grid cell) (Table 7).   

 

  NEAR 

EDGE 

<100 FT 

(ACRES) 

FAR EDGE  

100-300 FT 

(ACRES) 

CORE         

 > 300 FT 

(ACRES) 

TOTAL 

FOREST 

(ACRES)  

 With Roads 138,284 120,137 205,785 464,206 
No Roads 131,621 119,140 215,064 465,825 

Table 2. Area (in acres) of core vs. edge forest for the New Jersey Highlands study area.  
Near Edge is defined as <100 feet from a human altered land use; Far Edge is defined as 100 
to 300 feet, and Core forest is defined as greater than 300 feet. “With Roads” implies that 
the Altered Edge that created the patch was a road feature.  “No Roads” implies that the 
patch’s Altered Edge was not a road feature (i.e., URBAN (including Utility Rights-of-Way), 
AGRICULTURE and BARREN (excluding beaches and bare rock, herbaceous wetlands, 
water). 
 
 
 

 
 

MEAN 

DISTANCE 

(FT & MI) 

MEDIAN 

DISTANCE 

(FT & MI) 

MAXIMUM 

DISTANCE 

(FT & MI) 
With Roads 543  ft - 0.10 mi 226 ft   -   0.043 mi 6,530 ft   -   1.24 mi 
No Roads 594  ft – 0.11 mi 241 ft   -   0.045 mi 7,790 ft   -   1.48 mi 

 
Table 3. Area statistics for distance to edge for all forest areas in the New Jersey Highlands 
study area.  “With Roads” implies that the Altered Edge that created the patch was a road 
feature.  “No Roads” implies that the patch’s Altered Edge was not a road feature (i.e., 
URBAN (including Utility Rights-of-Way), AGRICULTURE and BARREN (excluding 
beaches and bare rock, herbaceous wetlands, water). 
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PATCH SIZE 

(ACRES) 
TOTAL FOREST 

WITH ROADS 
TOTAL FOREST 

NO ROADS 
CORE ONLY 

WITH ROADS 
CORE ONLY 

NO ROADS 
0-2.5      15,461         4,025 3,442         3,444 
2.5-5        1,701         1,186           340            330 
5-10        1,198            736           283            260 
10-25        1,029            546           338            307 
25-50           525            240           216            181 
50-100           383            161           127            112 
100-250           383            116           151            104 
250-500           188              32             69              54 
500-1,000           121              31             43              28 
1,000-2,500             41              27             26              15 
2,500-5,000             17              11               8                3 
5,000-10,000               8                5               5                4 
10,0000-25,000             --                4              --                3 
>25,000             --                4             --                1 
     
Total #          21,055          7,124             5,048          4,846 
Mean Size      22.0 ac    65.4 ac     40.8 ac          44.4 ac 
 
Table 4. Patch Size Distribution for All Forest:  With Roads and No Roads and Core 
Forest: With Roads and No Roads.   
 
 
 

% FOREST 

COVER 

TOTAL 

FOREST 

ACRES 

% 

WITHIN 

3KM 

WINDOW

CORE 

FOREST 

ACRES 

% 

WITHIN 

3KM 

WINDOW 
0-9 5,787ac 0.7% 255,230 ac 33.5% 
10-19 29,901 ac 3.5% 205,846 ac 24.0% 
20-29 75,512 ac 8.8% 116,837 ac 13.6% 
30-39 117,525 ac 13.7% 67,132 ac 7.8% 
40-49 148,129 ac 17.2% 55,066 ac 6.4% 
50-59 158,545 ac 18.4% 50,784 ac 5.9% 
60-69 125,711 ac 14.6% 33,208 ac 3.9% 
70-79 97,604 ac 11.4% 22,530 ac 2.6% 
80-89 69,624 ac 8.1% 14,267 ac 1.7% 
90-99 30,687 ac 3.6% 5,750 ac 0.7% 
Total 859,025 ac  859,025 ac  

 
Table 5.   Area (in acres) and percent of total and core forest cover within 3km moving 
window for New Jersey Highlands study area.  
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LSI ACRES % 
1-5 46,610 ac 5.4% 
6-10 122,891 ac 14.3% 
11-15 247,328 ac 28.8% 
16-20 296,759 ac 34.5% 
21-25 127,508 ac 14.8% 
26-30 17,280 ac 2.0% 
31-35 614 ac 0.1% 
Total 858,991 ac  

 
Table 6.   Area (in acres) and percent of Landscape Shape Index (LSI) within 3km moving 
window for New Jersey Highlands study area.  Lower values indicate less shape complexity 
and a higher level of forest integrity. 
 
 
 

# OF FOREST 

PATCHES 
ACRES % 

1-10 58,504 ac 6.8% 
11-20 114,264 ac 13.3% 
21-30 180,443 ac 21.0% 
31-40 196,508 ac 22.9% 
41-50 134,445 ac 15.6% 
51-60 88,022 ac 10.2% 
61-70 49,936 ac 5.8% 
71-80 24,699 ac 2.9% 
81-90 7,385 ac 0.8% 
91-100 2,652 ac 0.3% 
> 100 2,166 ac 0.2% 
Total 859,024 ac  

 
Table 7.   Area (in acres) and percent of number of forest patches within 3km moving 
window for New Jersey Highlands study area.  
 
 
The forest cover and various forest metrics were examined using the HUC14 basins as the 

landscape unit of interest.  Ranges in values of forest metrics indicate a high level of 

variability across the forest landscape (Table 8).  Amount or percent of Core Forest in a 

HUC14 basin provides a useful index of forest integrity.  Percent Total Forest cover is 

strongly related to amount of Altered land (e.g., urban, barren/transitional, agriculture land 

uses) in a HUC14 basin (Figure 1).  Those basins that diverge from the best- fit line and have 

lower than expected percent Total Forest Cover are primarily basins with large water bodies 
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(i.e., lakes or reservoirs).  The relationship between percent Altered Land and percent Core 

Forest is not a simple linear relationship (Figure 1).   Percent Core Forest appears to 

decrease in a rapid near-linear fashion at lower levels of percent Altered land and then more 

slowly after an inflection point between 30% and 40% Altered land.  Minimal Core Forest 

remains when the basin is 70% to 80% altered.  In comparing the two lines, percent Core 

Forest decreases more rapidly than Total Forest cover; the percent Core Forest line is offset 

below and the slope of relationship is steeper (Figure 1).   

As percent of Total Forest in a HUC14 increases, percent of Core Forest increases, but in a 

non-linear fashion (Figure 2) with an inflection point near approximately 60% Total Forest.  

As amount of Altered land increases in a watershed, amount of Forest Edge (% Near Edge) 

forest increases,  starts to level off between 30% and 40% Altered Land, reaches a peak near 

50% Altered Land and then decreases (Figure 3) as Altered Land dominates the basin.  As 

percent Core Forest in a HUC14 increases, distance to forest edge increases (Figure 4).  This 

type of relationship is similar to forest timber clear-cutting patterns (Franklin and Forman 

1987).   

In addition to amount of Altered Land, roads can be a major fragmenting influence on forest 

landscapes. The negative relationship in Figure 5 between road density and core forest as 

number of roads increases, illustrates amount of core forest decrease.  Watersheds that have 

a significant amount of agriculture also have lower road densities. HUC14s with a significant 

amount of agriculture (>10%AG) account for a large number of HUC14s that may have a 

low road density but also have a comparatively lower percent core forest (i.e., the cluster of 

red points on the lower left of the graphic).  

Segmenting the forest cover map into contiguous (i.e., not subdivided by altered land or a 

road) patches or tracts of forest provides an alternative means of evaluating forest integrity.  

The Landscape Patch Index (LPI) is a measure of the percent of HUC14 composed by the 

largest patch. Wickham et al. (1999) in a study of forest fragmentation in the mid-Atlantic 

region examined the relationship between the LPI and anthropogenic land cover. Results 

indicated a transition in forest fragmentation as amount of anthropogenic land cover 

increased above 15% to 20% with the LPI departing from the maximum possible case.  The 

Landscape Shape Index (LSI) is the ratio of edge distance to the square root (SQRT) of the 
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HUC14 area and provides a measure of edge shape complexity (i.e., the more edge, the 

higher the LSI). The LPI shows positive relationship with percent Core Forest (Figure 6).  

The LSI shows a negative relationship with percent Core Forest (Figure 6). As forests 

become fragmented into numerous patches, the amount of edge and the LSI increases 

(Figure 7).  Conversely, as the forest is more contiguous with greater distances to the edge, 

the Landscape Shape Index (LSI) generally decreases (Figure 8).  Note that LSI and Near 

Edge are positively related indicating increased edge decreases forest integrity (Figure 9).  

The MDCP provides a measure of how isolated forest patches are within the landscape area 

of interest (see figure Mean Distance to Closest Forest Patch by HUC14 sub-basin). Negative 

relationship between percent Core Forest and MDCP were noted (Figure 10).  Forest 

patches in HUC14s with high percent core forest are typically close to neighboring forest 

patches.  In most New Jersey Highlands HUC14 basins, forest represents dominant land 

cover (i.e., the matrix) and the MDCP is relatively low.   In portions of the southern or 

eastern Highlands HUC14 basins where forest cover is not dominant, forest patches may be 

more isolated and MDCP higher. 
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METRIC 
MINIMUM 

DISTANCE 

(FEET) 

MAXIMUM 

DISTANCE 

(FEET) 
Maximum 
Distance to 
Forest Edge 

60 6530 

Mean Distance 
to Forest Edge 31 1976 

Median 
Distance to 
Forest Edge 

30 1630 

Largest Patch 
Index 1.70 64.0 

Landscape 
Shape Index 

 
3.0 77.9 

Mean Distance 
to Closest Patch 

 
11 158 

Road Density 
 0.0 113 

Table 8.  Summary of forest metrics by HUC14 basin.  Provides an indicator of variability 
across the study area.  An indication of a high level of variability across the landscape. 
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Figure 1.  Plot of  %Altered land vs. % Total Forest and %Core Forest on a HUC14 basis.  
Best fit linear regression line included for the %Altered vs. %Total Forest land and 
polynomial model line for %Altered vs. %Core Forest land.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Figure 2. Plot of total forest vs. core (>300’ from edge) forest.  
Note that as the % of total forest in a HUC increases the % of core forest increases, but not 
in a perfectly linear fashion. 
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Figure 3. Plot of % Altered Land vs. % Near Edge.   
Note that %Near Edge forest increases as Altered land increases, reaches a peak near 50% 
altered land and then decreases.  
 

 
 
Figure 4.  Plot of % Core Forest vs. Distance to Edge.  
Note that as the %Core Forest in a HUC increases, the distance to the forest edge increases.  
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Figure 5.  Plot of road density vs. % core forest.  
Note the negative relationship between road density and core forest – as number of roads 
increases, the amount of core forest decreases.  Watersheds that have a significant amount of 
agriculture also have lower road densities. Note that those HUCs with a significant amount 
of agriculture (>10%AG) account for a large number of HUCs that may have a low road 
density but also have a comparatively lower % core forest (i.e., the cluster of red points on 
the lower left of the graphic).  
 

 
 
Figure 6.  Plot of % Core Forest (per HUC14) vs. Landscape Indices.  
LPI: landscape patch index = % of HUC composed by the largest patch. Shows positive 
relationship with %Core. 
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LSI: landscape shape index = ratio of edge distance to SQRT HUC area. Shows negative 
relationship with %Core 
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Figure 7.  Plot # of Forest Patches vs. LSI.  
Note that as the forest is fragmented into numerous patches, the amount of edge and the 
Landscape Shape Index (LSI) increases. 
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Figure 8.  Plot of Mean Distance to Edge vs. LSI.  
Note that as the forest is more contiguous with greater distances to the edge, the Landscape 
Shape Index (LSI) generally decreases. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 9.  Plot of % Near Edge vs. LSI. 
Note that the LSI and Near Edge are positively related. 
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Figure 10.   Plot of % Core Forest vs.Mean Distance to Closest Patch. 
Note negative relationship between %Core Forest and MDCP.  Forest patches in HUCS 
with a high % core forest are generally close to neighboring patches of forest. 
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