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Abstract:  Use of spatially explicit Red-cockaded Woodpecker (RCW) 
population models to determine the habitat potential and conservation 
value of land parcels requires coupling of such models with actual 
landscape features on the ground. Development of spatially explicit maps 
that characterize forest metrics across a regional or landscape scale with 
Light Detection and Ranging (LIDAR) data is cost prohibitive, both in 
terms of data acquisition and analysis. Small scale, regional assessment of 
RCW habitat potential must be completed using regional, statewide, or 
national scale remotely sensed data sources. Therefore, assessment of 
forest structure at regional scales requires the use of larger footprint, lower 
sampling density LIDAR data and coarser resolution multispectral 
imagery. This research demonstrates the use of multispectral imagery and 
LIDAR data on a statewide and national scale to estimate mean predomin-
ant stand height for pine forest stands in the regions surrounding Fort 
Bragg, NC and Camp Lejeune, NC. 

DISCLAIMER: The contents of this report are not to be used for advertising, publication, or promotional purposes. 
Citation of trade names does not constitute an official endorsement or approval of the use of such commercial products. 
All product names and trademarks cited are the property of their respective owners. The findings of this report are not to 
be construed as an official Department of the Army position unless so designated by other authorized documents. 
 
DESTROY THIS REPORT WHEN NO LONGER NEEDED. DO NOT RETURN IT TO THE ORIGINATOR. 
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1 Introduction 

Background 

Large scale assessment of Red-cockaded Woodpecker (RCW) habitat po-
tential requires spatial characterization of pine species, pine basal area by 
size class and the spatial distribution of mid-story hardwoods. Analysis of 
high posting density Light Detection and Ranging (LIDAR) data and high 
spatial and spectral resolution multispectral imagery does provide some 
capability for assessing the spatial variability of these critical forest me-
trics. However, development of spatially explicit maps that characterize 
these same forest metrics across a regional or landscape scale with LIDAR 
data is cost prohibitive, both in terms of data acquisition and analysis. 
Small scale, regional assessment of RCW habitat potential must be com-
pleted using remotely sensed data sources on a regional, statewide, or na-
tional scale. Therefore, assessment of forest structure at regional scales 
requires the use of larger footprint, lower sampling density LIDAR data, 
and coarser resolution multispectral imagery. 

Associated with decreased LIDAR posting density is a reduced capability 
to assess detailed forest structure parameters. Lower posting densities do 
not allow for assessment of individual forest stems and result in signifi-
cantly fewer LIDAR returns that penetrate the canopy and intercept un-
derstory vegetation. Therefore, it is not possible to assess basal area by size 
class and understory conditions with such data. Similarly, lower spatial 
and spectral resolution multispectral imagery does not allow for separa-
tion of pine species. However, analysis of larger footprint, lower sampling 
density LIDAR data in combination with multispectral imagery does pro-
vide some capability to delineate pine forest and estimate mean stand 
heights from which stand age can also be estimated. Regional, landscape 
scale assessment of forest stand height and age are useful for initializing 
and establishing parameters for landscape scale habitat models. 

Objective 

The general objective of this research was to investigate methods to exploit 
traditional multispectral imagery and small scale, coarsely sampled LIDAR 
data for characterizing forest metrics that are critical for determining RCW 
habitat suitability. The primary focus of this research was to develop a me-
thod to use statewide, larger footprint, lower sampling density LIDAR data 
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and statewide landcover classifications for the state of North Carolina to 
estimate mean predominant canopy height of forest stands in the regions 
surrounding Fort Bragg, NC and Camp Lejeune, NC. 

Approach 

A generalized, landscape-scale RCW habitat classification scheme was de-
veloped and applied to regions surrounding Fort Bragg and Camp Lejeune, 
NC. The habitat classification identified pine forest, and secondly, for 
areas identified as pine forest, mean predominant canopy height for indi-
vidual pine stands was estimated from LIDAR data. 

Mode of technology transfer 

It is anticipated that the results of this analysis will be used by a Decision 
Support System (DSS) to help identify and prioritize habitat parcels on 
and in the vicinity of installations in the southeastern United States.  

Also, this report will be made accessible through the World Wide Web 
(WWW) at URL:  http://www.cecer.army.mil 

http://www.cecer.army.mil/�
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2 Background on LIDAR Sampling Density 

Assessment of species composition with national scale satellite imagery 
and derived landcover products provides a reasonable method for assess-
ing of pine vs. hardwood canopy composition. However, small scale, re-
gional or statewide LIDAR data acquisitions are typically collected at a 
posting density of one return per 5 m2 or less. Therefore, at these coarser 
posting densities, it is not possible to identify individual stem locations 
from which one can infer diameter at breast height (DBH) and basal area 
for different pine size classes.  

Figures 1–4 show examples of top of canopy terrain developed from high 
density LIDAR data (4.0 returns/m2) used in a previous study (Tweddale 
et al. 2008) and coarser, statewide LIDAR data (1.0 return/5 m2 ) used in 
this research. These examples are not for the same area, as statewide, all 
return LIDAR data that correspond to the case study area were not availa-
ble. However, the figures do provide a comparison of similar forest condi-
tions. The figures include both 2-D and 3-D perspectives. In the high den-
sity data (Figures 2 and 4), individual tree canopies can be identified. In 
the lower density LIDAR data (Figures 1 and 3), individual tree canopies 
are difficult to discern. These examples are taken from relatively open ca-
nopy forest.  

Delineation of individual tree canopies becomes more difficult as canopy 
closure increases. Therefore, mean predominant canopy height for large 
geographic regions such as the study areas in this research must be esti-
mated from the LIDAR derived canopy terrain models derived from large 
footprint, lower sampling density LIDAR data, and must be used as a sur-
rogate measure of the mean height of individual stems. Using mean pre-
dominant canopy height estimates, it is possible to estimate relative age of 
stands using height-age relationships for a given site index. However, it is 
not possible to assess midstory structure with large footprint, lower sam-
pling density LIDAR data, as the proportion of returns that penetrate the 
canopy will be greatly decreased. 



ERDC/CERL TR-11-8 4 

 

 
Figure 1.  Top of canopy digital terrain model (DTM) from statewide, large footprint, lower 
sampling density LIDAR data provided by the North Carolina Floodplain Mapping Program. 

 
Figure 2.  Top of canopy DTM from small footprint, higher sampling density LIDAR data. 
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Figure 3.  Top of canopy DTM from statewide, large footprint, lower sampling density LIDAR 

data provided by the North Carolina Floodplain Mapping Program (3-D perspective). 

 
Figure 4.  Top of canopy DTM from small footprint, higher sampling density LIDAR data 

provided by ERDC-CERL and used in the case study (3-D perspective). 
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3 Methods 

Study area 

Regional study areas were delineated around Fort Bragg, NC and Camp 
Lejeune, NC by establishing a 5 km buffer around each installation to in-
clude all known locations of active RCW cavity trees. The resulting study 
area for Fort Bragg was approximately 5484 km2, and the study area for 
Camp Lejeune was approximately 8404 km2 (Figure 5). 

Pine forest delineation 

National Landcover Data (NLCD 2001) (www.epa.gov/mrlc/nlcd-2001.html) and 
Gap Analysis Program (GAP) analysis landcover data for North Carolina 
(McKerrow, Wentworth, and Cheshire, in prep), which is a derivative 
product of the NLCD, were extracted for both study regions and the extent 
of pine forest was delineated. The GAP landcover data are similar to the 
NLCD data, but have been altered to reflect local conditions and incorpo-
rates local knowledge with respect to landcover conditions. Comparison 
between NLCD and GAP landcover products indicated that GAP landcover 
provided a more detailed breakout of pine forest types. For this reason, 
GAP landcover data were selected for analysis. 

Specific GAP landcover categories that were identified as ”pine forest” for 
the Fort Bragg and Camp Lejeune study areas were reclassified into a sin-
gle pine forest category. Figures 6 and 7 show the original GAP landcover 
categories that were grouped into the “pine forest” category. Individual 
pine forest patches less than 0.5 ha were eliminated from the analysis. Af-
ter removal of forest patches less than 0.5 ha, 12,349 individual pine forest 
patches were identified in the Fort Bragg study area and 18,081 were iden-
tified in the Camp Lejeune study area. 

LIDAR data 

The North Carolina Floodplain Mapping Program (www.ncfloodmaps.com), 
which is a partnership and cooperative program with the State of North 
Carolina and the Federal Emergency Management Agency (FEMA), was 
developed to produce updated, accurate, statewide flood hazard data, 
floodplain mapping, and Digital Flood Insurance Rate Maps (DFIRMS).  

http://www.epa.gov/mrlc/nlcd-2001.html�
http://www.ncfloodmaps.com/�


ERDC/CERL TR-11-8 7 

 

 
Figure 5.  Fort Bragg, NC and Camp Lejeune, North Carolina study areas. 

 
Figure 6.  Individual pine forest patches extracted from GAP landcover for Fort Bragg 

study area. 
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Figure 7.  Individual pine forest patches extracted from GAP landcover for Fort Bragg 

study area. 

As part of this multi-year effort, statewide coverage of high resolution 
(20 ft/6.1 m resolution) and accurate Digital Elevation Models (DEMs) of 
bare earth terrain have been created from LIDAR data collected in 2001. 
LIDAR data collection was divided into three phases: Phase I was defined 
by six eastern river basins; Phase II was defined by five central river ba-
sins; and Phase III was defined by six western river basins. LIDAR data 
were collected with a nominal point spacing of 5 m. 

The primary objective of the LIDAR data collection was to use the data to 
derive high resolution and accurate DEMs of bare earth terrain. Several 
private LIDAR vendors were contracted to acquire LIDAR data and to 
post-process the data to identify and differentiate between individual 
LIDAR returns that intercepted the ground vs. those returns that inter-
cepted features above ground, including natural vegetation and manmade 
structures. Although this was an automated process, automated proce-
dures may still result in misclassification of some returns. Therefore, sig-
nificant manual editing was required by private LIDAR vendors to accu-
rately identify all LIDAR ground returns. Using all LIDAR ground returns 
as input, surfacing algorithms were used to create a bare earth surface 
from the LIDAR ground returns. Statewide coverage of bare earth DEMs 
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have been produced from LIDAR data and were acquired from the North 
Carolina Floodplain Mapping Program. 

Bare earth DEMS were stored and made available in tiles of 10,000 X 
10,000 ft. There are 649 full or partial bare earth tiles within the Fort 
Bragg study area and 976 full or partial bare earth tiles within the Camp 
Lejeune study area. Originally, bare earth DEM tiles were acquired in an 
American Standard Code for Information Interchange (ASCII) format and 
were imported to an Environmental Systems Research Institute, Inc. 
(ESRI) grid format. For many of the tiles, multiple versions of the same 
tile were available. Manual inspection of these tiles was necessary because 
only one of the versions was the complete and correct version, and it was 
not possible to determine which was the correct version from the tile nam-
ing scheme. 

In addition to these bare earth DEM products, all LIDAR returns, includ-
ing both ground and non-ground, were also acquired from the North Caro-
lina Floodplain Mapping Program. The all return LIDAR data have not 
been used to produce a Digital Terrain Model (DTM) of the top of canopy 
surface because this was not a primary objective of the North Carolina 
Floodplain Mapping Program. Therefore, a DTM of the top of canopy sur-
face was created in this research using the all return LIDAR data. 

All return LIDAR data were stored in a variety of spatial configurations, 
depending on which data collection phase and which LIDAR vendor was 
used to acquire and process the data. The Fort Bragg study area is located 
primarily in the Phase I collection area, but the western edge of the study 
area extends into the Phase II collection area. For the area of Fort Bragg 
that is located in Phase I, there were 240 tiles of all return LIDAR data. 
Each tile is 25 km2. Phase II all return LIDAR data were stored in individ-
ual flight lines rather than tiles (Figure 8). Each individual Phase II all re-
turn LIDAR flightline varied in size and orientation. 

The Camp Lejeune study area is located within the Phase I collection area. 
Some Phase I all return LIDAR data were stored and provided in individu-
al tiles, while some data were stored in flightlines of varying size and 
orientation. Within the Camp Lejeune study area, there were 167 all return 
LIDAR tiles and 74 individual all return LIDAR flightlines of varying size 
and orientation (Figure 9). 
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Figure 8.  Individual tiles and flightlines containing all return LIDAR data for the Fort Bragg 

study area. 

 
Figure 9.  Individual tiles and flightlines containing all return LIDAR data for the Camp Lejeune 

study area. 
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The primary projection for the statewide North Carolina Floodplain Map-
ping Program LIDAR data was North Carolina State Plane Feet. However, 
for both study areas, some tiles and flightlines used North Carolina State 
Plane Meters. Therefore, each tile was manually inspected to determine 
projection and units and all data were ultimately projected to a Universal 
Transverse Mercator (UTM) [coordinate system] projection, NAD83 da-
tum. 

Forest height estimation 

In this research, canopy height estimates for individual pine forest patches 
that provide potentially suitable RCW habitat were estimated from state-
wide LIDAR data collected by the North Carolina Floodplain Mapping 
Program. Two methods for estimating predominant canopy height from 
available LIDAR data were evaluated and tested using a test area within 
Fort Bragg where Fort Bragg forest inventory data were available. The first 
method used a DTM of top of canopy surface that was created from the all 
return LIDAR data and a matching DEM of bare earth surface that was 
provided by the North Carolina Floodplain Mapping Program. The differ-
ence in elevation between these two surfaces was used to estimate predo-
minant canopy height. Specifically, bare earth elevations from DEMs were 
subtracted from elevations of the top of canopy surface DTM. Top of cano-
py DTMs were created from the all return LIDAR data using surfacing al-
gorithms. The top of canopy DTMs were created at a spatial resolution of 
20 ft or 6.1 m to match the spatial resolution of bare earth Deems provided 
by the North Carolina Floodplain Mapping Program. 

The all return LIDAR tiles and flightlines used to create the top of canopy 
DTMs were large datasets that contained a record for each individual rec-
orded LIDAR pulse. Standard geographic information system (GIS) soft-
ware such as ESRI geospatial products is not optimized to analyze ex-
tremely large LIDAR datasets. Therefore, specialized software developed 
to process and analyze LIDAR data efficiently was used to create top of ca-
nopy DTMs. Both QTModeler, from Applied Imagery LLC and Merrick 
Advanced Remote Sensing (MARS) LIDAR Software System, developed by 
Merrick & Co. were evaluated for this purpose. Each has similar surfacing 
algorithms and provides a method to export surfaces to ESRI GRID for-
mat. MARS software was selected for final analysis. 

Once each tile was surfaced, they were mosaicked to create a single top of 
canopy DTM for the test study area. Using raster map calculator utilities, 
the bare earth DEM was subtracted from the top of canopy DTM for the 
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study area to produce a canopy height above ground surface. All canopy 
heights < 2.0 m above ground were masked from this surface to eliminate 
low shrub and small saplings. Similar to previous studies, a local maxi-
mum filtering algorithm was applied to identify local maximums in the ca-
nopy height surface, which were presumed to be individual stem locations 
(McCombs et al. 2003, Popescu and Wynne 2004). In previous studies, 
small footprint LIDAR data were used to create canopy surfaces, and 
therefore there was a higher probability that local maximums were repre-
sentative of individual stem locations. With large footprint LIDAR data 
such as the data analyzed in this research, it was known that it would be 
difficult to discern individual stems from local maximums in the canopy 
height above ground surface. However, a local maximum filter was still 
applied to eliminate pixels in the canopy height surface that were most 
likely on the canopy shoulders rather than on crown peaks. For each pine 
forest patch identified in the NLCD/GAP landcover classification that was 
>0.5 ha in size, mean predominant canopy height was determined by cal-
culating the mean canopy height above ground surface for all canopy 
height pixels identified as local maximums within the forest patch. 

A second method used only the original, all return LIDAR data collected 
by the North Carolina Floodplain Mapping Program. This data included 
individual returns that were identified as ground returns and used to 
create the bare earth DEMs and also individual returns that intercepted 
above ground vegetation. Instead of creating a separate canopy and bare 
earth surface as described for Method 1, a program in Geographical Re-
sources Analysis Support System (GRASS) was used to overlay an arbi-
trary 15 m grid over the all return data. For each grid cell, the minimum 
and maximum individual return heights were subtracted to estimate pre-
dominant canopy height for each grid cell. This method eliminated the 
need to create separate surfaces of bare earth and canopy. Similar methods 
have been used to estimate forest height at plot and stand scales using 
higher sampling density LIDAR data for smaller study areas, but such an 
approach has not been applied to coarser LIDAR data across a study re-
gion comparable in size to the study area in this research (Nelson et al. 
1988, Naesset 1997a., Naesset 1997b., Magnussen and Boudewyn 1998, 
Naesset and Bjerknes 2001). A predominant canopy height surface was 
created for each individual tile or flightline of LIDAR data within the test 
area at Fort Bragg. Similar to Method 1, all canopy heights < 2.0 m above 
ground were masked from this surface to eliminate low shrub and small 
saplings. 
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4 Forest Height Validation Results 

Forest inventory and stand data collected at Fort Bragg, NC in 2001 and 
2002 was used to validate estimates of predominant canopy height derived 
from LIDAR analysis. Mean height for each forest stand within Fort Bragg 
was calculated using data from the individual stem inventory. However, 
for many of the stands, individual stem heights were only measured for 
one or two stems. Therefore, these data were not an ideal dataset for vali-
dating estimates of predominant canopy height as it was not an accurate 
measurement of mean predominant canopy height due to the extremely 
small sample size. It would have been desirable to use accepted field mea-
surement protocols for measuring predominant stand height (Naesset 
1997a, Naesset and Bjerknes 2001, Naesset 2002). However, the forest in-
ventory data were the only archival field data collected at approximately 
the same time as the LIDAR data. These data were therefore used as a va-
lidation dataset. 

A preliminary assessment of both methods with a limited number of forest 
stands indicated that both methods provided reasonable estimates of pre-
dominant stem height. Method 1, which requires significantly more data 
processing because of the need to create two separate surfaces (bare earth 
DEM and top of canopy DTM), tended to underestimate heights, while 
Method 2 appeared to produce more accurate results. 

A more rigorous assessment of LIDAR-derived estimates of mean predo-
minant canopy height using Method 2 was completed for 383 forest stands 
on Fort Bragg, NC. Forest stands that occurred within areas where LIDAR 
data were not processed or where LIDAR data contained errors were re-
moved from the validation set. Standard linear regression of field meas-
ured mean stand height with LIDAR-derived estimates of predominant 
stand height resulted in a coefficient of determination (R2) = 0.70 (Figure 
10). There was a slight bias that resulted in an underestimation of mean 
predominant canopy height derived from LIDAR data. 
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Figure 10.  Best fit regression line between LIDAR-derived estimates of mean predominant 

stand height (G_MN_HT) and field measures of mean stand height (MEAN_HGH). 

Based on the validation results and given the fact that it produced compa-
rable preliminary results and that it was a more efficient method for esti-
mating predominant height that required less data processing, Method 2 
was adopted as the method for estimating predominant canopy height for 
stands across both study areas. Therefore, all remaining individual tiles 
and flightlines were then mosaicked to create a single canopy height sur-
face for each study area using Method 2 (Figures 11 and 12).  

Each tile and flightline was visually inspected to assess the quality of the 
LIDAR data and those tiles or flightlines containing erroneous data were 
removed from analysis. Larger gaps visible in the canopy height surface 
represent areas of erroneous LIDAR data or large water bodies that do not 
produce a LIDAR return. Several tiles internal to Fort Bragg were inten-
tionally omitted to reduce data-processing time, as RCW habitat potential 
in these areas has already been characterized with field data. However, 
some tiles within Fort Bragg were processed for validation purposes. 

For each forest patch identified in the NLCD/GAP landcover classification 
that was > 0.5 ha in size, mean predominant canopy height was deter-
mined by calculating the mean canopy height above ground surface for all 
canopy height pixels within the forest patch using Method 2. 
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Figure 11.  Canopy height DTM for all canopy height pixels > 2.0 m in height for the Fort Bragg 

study area. 

 
Figure 12.  Canopy height DTM for all canopy height pixels > 2.0 m in height for the Camp 

Lejeune study area. 
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5 Conclusions 

This work concludes that LIDAR-derived estimates of predominant stand 
height were acceptable given the unique limitations associated with the 
scale of the data analyzed and the extent of the area studied. The LIDAR 
data acquired from the North Carolina Floodplain Mapping Program were 
collected with a larger footprint and lower sampling density, which prec-
ludes the ability to identify individual stems. Therefore, mean predomi-
nant height for individual pine forest patches was estimated from the 
LIDAR derived predominant canopy height surface rather than deriving 
estimates from the mean height of individual stems identified with LIDAR 
data. A canopy height surface characterizes the entire canopy profile, in-
cluding the shoulders of canopies and canopy overlap areas and not just 
the crown apexes (Nelson et al. 1988, Zimble et al. 2003, Lee and Lucas 
2007, Vega and St. Onge 2008). 

Although local maximum filters were used to eliminate canopy height sur-
face pixels that did not represent stem peaks in Method 1, it was still rec-
ognized that the larger footprint and lower sampling density LIDAR data 
were not sufficient to delineate individual crown peaks. Method 2 located 
the maximum return height within a 15 m cell, and therefore was also 
functioning as a pseudo local maximum filter, with the assumption that 
the highest return in each 15 m cell should represent a crown apex or indi-
vidual stem. Again, because of the LIDAR sampling density, many of these 
returns were most likely not intercepting the top of stems, but rather 
somewhere on the side or shoulder of the canopy. Therefore, the lower 
sampling density resulted in a bias towards underestimating canopy 
heights using both methods. 

Previous studies have demonstrated that even with smaller footprint, 
higher sampling density LIDAR data, LIDAR-derived estimates of canopy 
height typically underestimate heights due to the fact that some local max-
imums in canopy height DTMs or maximum individual LIDAR return 
heights within an arbitrary sampling grid are assumed to be crown apexes 
when in fact they are often the sides of canopies (Nilsson 1996, Magnussen 
et al. 1999, Naesset 2002, Gaveau and Hill 2003). This known bias was 
likely magnified by the larger footprint, lower sampling density LIDAR da-
ta analyzed in this study. Errors associated with bare earth DEMs derived 
from LIDAR data also can result in an underestimation of canopy height 
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(Reutebuch et al. 2003). A second limitation was the lack of suitable 
ground validation data. The limited sample size of field measured individ-
ual stem heights was not suitable for calculating an arithmetic mean stem 
height, or mean dominant or predominant height for each stand. 

Despite these concerns, the method used to estimate predominant height 
across large geographic areas with coarse resolution LIDAR data produced 
useful results for assessing general RCW habitat conditions across the re-
gion. The total size of the study area necessitated the use of large footprint, 
statewide-scale LIDAR data. An assessment of such a large area with small 
footprint, higher sampling density LIDAR data has never been accom-
plished because it would be too cost prohibitive in terms of data acquisi-
tion and data-processing requirements. However, the method used in this 
research to assess forest stand height at a regional scale was more efficient 
because estimates could be derived directly from the all return data and 
did not require the development of a top of canopy DTM surface over such 
a large area, which greatly reduced data-processing requirements. Al-
though the method used would require some modification if it were ap-
plied in areas of significant topographic relief, it does present a feasible 
method that produces reasonable estimates of forest stand height from 
small scale LIDAR data over large geographic areas. 
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ASCII American Standard Code for Information Interchange 
CERL Construction Engineering Research Laboratory 
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ERDC Engineer Research and Development Center 
ERDC-CERL Engineer Research and Development Center, Construction Engineering 
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FEMA Federal Emergency Management Agency 
GIS geographic information system 
GRASS Geographic Resources Analysis Support System 
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LIDAR Light Detection and Ranging 
MARS Merrick Advanced Remote Sensing 
NLCD National Land Cover Data 
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NSN National Supply Number 
OMB Office of Management and Budget 
RCW Red-cockaded Woodpecker 
SERDP Strategic Environmental Research and Development Program 
TR Technical Report 
UTM Universal Transverse Mercator 
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