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Harvard Forest, Hardwood Site, September 2014

Background:
Forest structure plays a critical role in the exchange of energy, carbon and water between land and atmosphere and nutrient cycle. We can
provide detailed forest structure measurements of leaf and woody components with the Dual Wavelength Echidna® Lidar (DWEL), which acquires
full-waveform scans at both near-infrared (NIR, 1064 nm) and shortwave infrared (SWIR, 1548 nm) wavelengths from simultaneous laser pulses.
We collected DWEL scans at a broadleaf forest stand and a conifer forest stand at Harvard Forest in September 2014. Power returned from leaves
is much lower than from woody materials such as trunks and branches at the SWIR wavelength due to the liquid water absorption by leaves,
whereas returned power at the NIR wavelength is similar from both leaves and woody materials. We threshold a normalized difference index
(NDI), defined as the difference between returned power at the two wavelengths divided by their sum, to classify each return pulse as a leaf or
trunk/branch hit. We obtain leaf area index (LAI), woody area index (WAI) and vertical profiles of leaf and woody components directly from
classified lidar hits without empirical wood-to-total ratios as are commonly used in optical methods of LAI estimation. Tree heights, diameter at
breast height (DBH), and stem count density are the other forest structure parameters estimated from our DWEL scans. The separation of leaf and
woody components in tandem with fine-scale forest structure measurements will benefit studies on carbon allocation of forest ecosystems and
improve our understanding of the effects of forest structure on ecosystem functions.
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Conclusions:
 Normalized difference index (NDI) in 3D space from the DWEL readily separates leaves from other targets in forest scenes, such as trunks,
branches and ground with a simple threshold.
 Radiometric calibration to get accurate apparent reflectance is critical to accurate classification of leaves and woody materials and consistent
estimates of foliage area indexes and profiles.
 Calibration of returns from near-range targets is important for terrestrial lidar application to forest structure but not trivial.
 Consistent proportions of leaf area and woody area from both wavelengths suggest a good alignment of scans at the two wavelengths.
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