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Amazon forests cover about half of 
the world’s area of tropical forest and 
constitute one of the largest reservoirs 

of insect, animal and plant biodiversity. The  
forests also have a crucial role in regulat-
ing atmospheric carbon dioxide, and thus 
climate-change trajectories. Nevertheless, the 
biogeochemical responses of these ecosys-
tems to climate drivers remain poorly under-
stood. For example, it is not clear whether the  
primary driver of the Amazon forests’ seasonal 
patterns of greenness is the availability of light 
or that of water, nor how these ecosystems 
respond to drought. Remote-sensing studies  
conducted to address such questions have 
produced divergent results, leading to on going 
controversy. However, in a paper published on 
Nature’s website today, Morton et al.1 present 
findings on the causes of satellite-observed 
greenness changes that could be decisive in  
this context.

Let us take a step back to trace the origins 
of the controversy. It began with studies2–4 
reporting that Amazon forests ‘green up’ in 
the dry season. One of these studies4 reported 
an even more unexpected observation: that 

the forests became greener during the severe 
drought that occurred in the region in 2005. 
The authors of these studies suggested that the 
greenness of Amazon forests is limited by light 
availability and that the observed increase of 
greenness during the dry season is stimulated 
by increased sunlight. Stunningly, they also 
proposed that the soil water content is not a 
limiting factor for greenness. 

These findings were challenged by other 
studies5,6, which concluded that the 2005 
drought had no impact (positive or nega-
tive) on the greenness of Amazon forests. The 
authors of these papers proposed that the pre-
vious findings were attributable to artefacts 
resulting from contamination of satellite-based 
observations by clouds and aerosols. Morton 
and colleagues’ study goes further, showing that 
the apparent increase in greenness in Amazon 
forests can be simply explained by seasonal var-
iations in sun-sensor geometry. Their results 
support the hypothesis that it is seasonal soil-
moisture availability — rather than light — that 
governs the balance between photosynthesis 
and respiration in Amazon forests.

To reach these conclusions, Morton et al. 
tested two categories of assumption that 
might explain a greenness increase during 

the dry season. The first category relates to 
temporal changes in the optical properties 
of leaves and in canopy structure; the second 
involves changes in solar illumination and 
sensor viewing angles at different times of 
year. Using a three-dimensional reconstruc-
tion of a forest and a ray-tracing model that 
simulates the trajectories of photons within 
the canopy, the authors assessed the effects 
of both sets of assumptions and found that 
the apparent green-up of Amazon forests is 
driven by an increase in near-infrared reflec-
tance during the dry season. They show that 
this increase is due not to changes in the opti-
cal properties of leaves or the canopy, but to 
a reduction in the proportion of shadow cast 
by canopy elements when the Sun is behind  
the sensor (Fig. 1). 

After correcting for these angular effects, 
the observed increase in greenness during the 
dry season disappears, as do the differences 
in forest greenness between non-drought and 
drought years. Morton and colleagues con-
firmed these results using independent lidar 
satellite observations, which are not prone to 
sun-sensor-geometry artefacts because a laser, 
rather than the Sun, is used as the illuminat-
ing source. The lidar data showed no signifi-
cant change in canopy attributes during the 
dry season. These findings clarify the current 
controversy and reconcile, at least partially, the 
conclusions of remote-sensing studies on the 
impacts of drought in Amazon forests with 
field-based observations of an increase in tree 
mortality during the 2005 drought7. 

One of the great merits of Morton and col-
leagues’ study is that it highlights the difficul-
ties in interpreting remote-sensing data and 
the care that is required in doing so, especially 
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A green illusion 
An analysis reveals that satellite-observed increases in canopy greenness during 
dry seasons, which were previously interpreted as positive responses of Amazon 
forests to more sunlight, are in fact an optical artefact. 

Figure 1 | Viewing angle. Morton et al.1 show that the apparent increase 
of greenness in Amazon forests during the dry season is an optical illusion 
created by the relative position of the Sun during this season. The effect 
is exemplified by these images produced using ray-tracing software and a 
bi-directional reflectance distribution function model. a, When the Sun is in 
the south, behind an observer (or a remote-sensing device) also in the south, 

the observer sees minimal tree shadow, so the forest looks brighter and  
more ‘green’. b, The view if the Sun is still in the south but the observer is  
right above the forest (the nadir direction). c, If the observer is in the south  
but the Sun is in the north, the shadow seen by the observer is maximized 
and the forest looks darker. (Images provided by Sylvain Leblanc, Natural 
Resources Canada.)

a b c

   

 |  N A T U R E  |  1

NEWS & VIEWS
doi:10.1038/nature13052



christophe.francois@u-psud.fr

1. Morton, D. C. et al. Nature http://dx.doi.
org/10.1038/nature13006 (2014).

2. Huete, A. R. et al. Geophys. Res. Lett. 33, L06405 
(2006).

3.  Myneni, R. B. et al. Proc. Natl Acad. Sci. USA 104, 
4820–4823 (2007).

4.  Saleska, S. R., Didan, K., Huete, A. R. & da Rocha, H. R. 
Science 318, 612 (2007).

5.  Samanta, A. et al. Geophys. Res. Lett. 37, L05401 
(2010).

6.  Samanta, A., Ganguly, S., Vermote, E., Nemani, R. R.  
& Myneni, R. B. Environ. Res. Lett. 7, 024018 
(2012).

7.  Phillips, O. L. et al. Science 323, 1344–1347 (2009).
8.  Koren, I., Kaufman, Y. J., Remer, L. & Martins, J. V. 

Science 303, 1342–1345 (2004).
9.  Heiblum, R. H., Koren, I. & Feingold, G. Atmos. Chem. 

Phys. Disc. 13, 30013–30037 (2013).
10. Samanta, A., Ganguly, S., Vermote, E., Nemani, R. R. 

& Myneni, R. B. Earth Interact. 16, 1–14 (2012).
11. Huete, A. R. & Saleska, S. R. in The International 

Archives of the Photogrammetry, Remote Sensing 
and Spatial Information Sciences Vol. XXXVIII, Part 8, 
539–541 (Copernicus, 2010). 

when using such data to study phenologi-
cal patterns in tropical forests. Satellite-based 
sensing of temporal patterns of greenness in 
Amazon forests is a complex challenge for 
several reasons. Tropical forests are composed 
of thousands of species, mainly broad-leaved 
evergreen species, which exhibit small and  
subtle temporal phenological variations. The 
Amazon region is also very cloudy during 
the rainy season and is frequently covered 
by shallow cumulus clouds8 even during the 
dry season, a phenomenon that is strongly 
correlated with local evapotranspiration9. 
These atmospheric conditions consider-
ably reduce the number of cloud-free images 
that can be acquired, and even pixels classi-
fied as ‘cloud free’ in satellite-based data may  
be corrupted by clouds, fog or smoke from bio-
mass burning10. There are also known incon-
sistencies between optical-greenness indices 

acquired from different sensors, products and 
collections11. 

More importantly, there is a cruel lack of 
a long-term ground-based observational 
network for the validation and calibration of 
remote-sensing data. All these factors make 
it difficult to use satellite-based methods to 
accurately detect temporal changes in Ama-
zon forest greenness. Morton and colleagues’ 
study has rung alarm bells about the use of 
remote-sensing observations in this context, 
and highlights the need for ‘ground truths’ 
from Amazon forests. ■
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