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Monitoring vegetation structure both spatially and temporally is of high 

importance to the ecological community. 

 

Why? Vegetation plays an important role in the carbon cycle. Metrics such as tree 

height, derived from Light Detection and Ranging (LiDAR) can be used to estimate 

biomass and carbon content. Monitoring carbon levels is a vital part of studying 

climate change.  

 

Airborne LiDAR systems are used to efficiently survey large forested areas. From 

LiDAR data, three-dimensional models of forests called canopy height models 

(CHMs) may be generated and used to estimate tree height.  

 

  

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

The current implementation uses static values. To facilitate the generation of 

accurate pit-free CHMs across diverse NEON sites, the impact of dynamically 

adjusting the height threshold parameters was investigated in this study.  
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LiDAR data from three ecologically 

different NEON sites were used to 

test the adapted algorithm on a  

variety of vegetation types:  

 

San Joaquin Experimental Range 

(SJER), CA, Domain 17 
• Open woodland dominated by oak 

and pine 
• Herbaceous cover  

 

Soaproot Saddle  

(SOAP), CA, Domain 17  
• Sparse coverage 

• Conifer/deciduous mixed forest 

 

Harvard National Forest  

(HARV), MA, Domain 1 
• Dense coverage, closed canopy 

• Hardwoods, pine, hemlock 

Figure 3. Flow chart presented by Khosravipour et al. (2014) 

depicting the original algorithm implementation with static values for 

the height increment and ceiling (5 and 15 m, respectively). 

Figure 4. Depiction of adaptations made to algorithm in this study. Three height ceiling values were 

derived from each site’s standard CHM, and four height increment values were tested. 36 pit-free 

CHMs were generated for each combination of three NEON sites, three ceilings, and four increments 
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Figure 2. Aerial high-resolution digital images illustrate 

the vegetation density and type of each NEON site.  

Figure 1. (Top) Standard CHM with 

data pits, appearing as black 

speckles. (Bottom) Pit-free CHM 

generated by static algorithm 

implementation.  

A simple way to generate a “standard” CHM is 

by subtracting the Digital Terrain Model from the 

Digital Surface Model. A common problem 

associated with standard CHMs is the presence 

of data pits, where LiDAR pulses penetrate the 

top of the canopy before producing a first return, 

leading to an underestimation of vegetation 

height. 

 

 The National Ecological Observatory Network 

(NEON) implements a published algorithm 

which requires two height threshold parameters, 

1) increment size and 2) range ceiling. CHMs 

are produced at a series of height increments up 

to a height range ceiling and combined to 

produce a CHM with reduced pits (referred to as 

a “pit-free” CHM).  

 
Khosravipour, A., Skidmore, A. K., Isenburg, M. I., Wang, T., & 

Hussin, Y. A., 2014: Generating Pit-free Canopy Height 

Models from Airborne Lidar. PE&RS, 8, 863-872. 
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Figure 5. Approximate tree height distribution 

determined from each site’s standard CHM. Notice 

the variation in number and height of trees.  

Each experimental CHM was subtracted from the original 

CHM to quantify the extent to which modeled tree heights 

changed when height threshold parameters change. 

Means and standard deviations were computed for the 

pixel distributions that changed within difference images.  

Notable results include:  

• Modeled tree height generally increased for higher 

ceilings and finer increments 

• Over 95% of heights remained the same compared 

to the original canopy height model at SJER. This 

was not surprising, given the trees were short and 

sparse there (see tree height distributions, Fig. 5). 

• Over 36% of modelled tree heights at HARV 

increased by a mean of 1.23 m with a maximum 

ceiling and 1m increment.  

Based on relative comparisons 

between pit-free CHMs before and 

after adjusting the algorithm: 

• Height threshold impacts followed 

expected trends but at a greater 

extent than expected for taller, 

denser forests such as at HARV. 

The ceiling should be higher for pit 

reduction in taller forests.  

• Ceiling recommendation: 99th 

percentile. The maximum standard 

CHM-derived height is unlikely to 

be a tree. Research towers 

typically extend above the canopy. 

Potential exists for fusing LiDAR 

and spectrometer data to filter out 

tall, tree-like, man-made structures 

in the future.  

• Comparison to valid ground truth is 

necessary to understand how the 

algorithm changes impact metrics 

of interest such as tree height and 

biomass.  

 

Figure 6. Aerial image of SOAP (left, top), pit-free CHM generated with a 

ceiling of 78 m and increment of 1 m (left, center), difference map when the 

experimental and original pit-free CHMs are subtracted (left, bottom). When 

superimposed, it is evident that the greatest changes in modeled height 

occurred in regions of tall, dense trees (right).  
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