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a b s t r a c t

With the goal of advancing remote sensing in biodiversity science, Spectranomics repre-
sents an emerging approach, and a suite of quantitative methods, intended to link plant
canopy phylogeny and functional traits to their spectral-optical properties. The current
Spectranomics database contains about one half of known tropical forest canopy tree
species worldwide, and has become a forecasting asset for predicting aspects of plant
functional and biological diversity to be remotely mapped and monitored with current
and future spectral remote sensing technology. To mark ten years of Spectranomics, we
review recent scientific outcomes to further stimulate engagement in the use of spectral
remote sensing for biodiversity and functional ecology research. In doing so, we highlight
three major emerging opportunities for the science and conservation communities based
on Spectranomics.
© 2016 The Authors. Published by Elsevier B.V. This is an open access article under the CC

BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Spectranomics is an approach to conceptually and geographically link plant canopy species and their functional traits
to their spectral-optical properties (Asner and Martin, 2009). With the long-term goal of advancing remote sensing in
the biodiversity science arena, the Carnegie Spectranomics Project has generated tree-of-life, or phylogenetically-based,
connections between the spectral properties of plants and their canopy functional traits. Here canopy functional traits refer
to a constellation of at least 21 elemental and molecular properties, some of which support growth, such as nitrogen and
photosynthetic pigments, and others that provide defense, like polyphenols and lignin, which have evolved in plant canopy
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Fig. 1. The essential interactive elements of the Spectranomics Database include phylogenetic, chemical and spectral information on canopy species.
(a) Twenty-one foliar chemical traits are collected, organized and analyzed phylogenetically, producing a tree-of-life based on the relatedness of functional
trait signatures. This generic phylogeny shows the chemical relatedness of thousands of species in the Spectranomics Database. (b) Chemometric equations
are derived to quantitatively relate canopy functional traits (chemicals) to spectral data; Example relationships are shown for foliar lignin, nitrogen (N),
and polyphenols. The x-axis indicates spectral wavelength from 400–2500 nm; the y-axes indicate relative importance of the spectrum to each example
chemical constituent. (c) An example remotely sensed canopy reflectance spectrum of one species (see Fig. 2 for thousands of species) is shown along with
indicators of key chemical contributions to the spectrum (Curran, 1989; Kokaly et al., 2009; Ustin et al., 2009). (d) Oblique 3-D view of a one-hectare portion
of lowland Amazonian forest canopy; Different colors indicate different species detected based on chemical traits using airborne imaging spectroscopy. The
horizontal dashed line in the figure indicates our ability to scale the measurements from leaf (above) to canopy (below) levels (Asner and Martin, 2008;
Asner et al., 2015b, 2011). (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)

leaves. This chemical make-up of plant canopies, and its similarity and uniqueness among species, is called ‘‘chemical
phylogeny’’. These functional traits mediate leaf processes, whole plant function, and ecosystem dynamics, are often
differentially formulated at the species level, and are an essential component of Spectranomics (Fig. 1(a)).

Whenwe refer to spectral properties of plant canopies, another component of Spectranomics (Fig. 1(b)–(c)), wemean the
mostly invisible way that plant foliage interacts with solar radiation. From the ultraviolet to the visible to the near-infrared
and the shortwave-infrared regions of the electromagnetic spectrum (350–3500nm), plants havemany commonand yet also
unique patterns of interactionwith solar energy. In plant canopy foliage, this interaction is strongly determined by 21 ormore
chemicals (Asner et al., 2011) that underpin plant evolution, andwhichpower the biosphere. Chemometric studies determine
how these chemicals relate to reflectance spectra, and the methods today range from traditional spectroscopic assays and
newer machine learning approaches (Feilhauer et al., 2015; Serbin et al., 2014; Wold et al., 2001). Spectral properties also
provide a tantalizing pathway forward to scale up from leaves to landscapes (Ustin et al., 2004), and to the planetary level
(Jetz et al., 2016), but only if we can accurately and repeatedly measure and interpret the spectra of plants over increasingly
larger portions of Earth (Fig. 1(c)–(d)).

In the first ten years of the Spectranomics project, we have collected, cataloged and stored more than 13,000 canopy tree
and liana specimens, in over 3,000,000 tissue samples, representing about 10,000 species heavily biased to tropical sources
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