
Assessing Species Diversity and Distribution Using 

Remote Sensing

Land Managers are experiencing an ever growing need to create predictive models of species diversity and distributions (Saatchi et al. 

2008). This need comes from our ever changing climate. Species are moving polewards as the climate warms, causing loss of diversity 

in some areas and increases in others. In order to prioritize conservation efforts, there needs to be habitat requirements known at finer 

spatial scales. Ever since the industrial age humans have been having a great impact on the environment. Humans have been the cause 

of many extinctions and huge reductions in species habitats (Kerr and Ostrovsky, 2003). Getting this data in the field on the ground 

level can be costly and incredibly time consuming (Turner et al. 2003). Adding remote sensing into the picture will allow for near 

global scale mapping of environmental variables that can be effectively used to improve ecological models. This site will teach you 

about three remote sensing techniques that can improve the accuracy of ecological models of species distribution and diversity.

LAI

Leaf area index is essentially a measure of the amount of leaf 

area throughout the canopy over a given ground unit. In remote

sensing it would give one measurement per pixel, meaning that 

the finer spatial resolutions will have higher accuracy LAI 

measurements than coarse resolutions. LAI is an important 

variable that can be obtained from satellite measurements. It 

relates to the canopy structure of forests and the changes in 

seasons (Saatchi et al., 2008). In Figure 2, one can see how LAI 

relates well to seasonality. It can be seen that in the January 

acquired image there is very minimal values for LAI due to it 

being in the winter months. Then it can be noted that there is a 

large increase in LAI over the summer month of June and then 

a slight decrease in values as the season transitions to late fall 

in the October acquired image. This variable can be very useful 

in detecting species diversity and distribution. Species ranges 

depend on a variety of factors. Soil type, nutrients, climate 

conditions, and topography are just a few examples (Saatchi et 

al., 2008). Knowing the LAI of areas will give insights as to 

which areas contain the most optimal factors for species growth 

and survival. It can be indicated that areas  that are most dense 

would be on the most productive ground. When using LAI it is 

often best to combine it with other climatological variables, 

such as precipitation or temperature, and run it in a model. It 

can be a very useful variable in ecological models of 

distribution. In the study on Amazonian tree diversity in the 

Amazon Basin by Saatchi et al. (2008) they concluded after 

running their predictive models that LAI combined with 

QSCAT measurements, canopy roughness, canopy moisture, 

and percent tree cover provided accurate predictions of species 

diversity and distribution. The LAI over the Amazon basin can 

be seen in Figure 5. Overall, this is an important variable to 

consider for use in ecological models.

Land Classification

One technique for mapping ecological variables is to map land 

cover. It can be very useful when looking to discern between forest 

types or even just separating vegetated areas from urban areas. It is 

essentially separating the physiographic characteristics of the 

earth’s surface environment into classes (Kerr and Ostrovsky, 

2003). As technology has gotten better, so has the ability of land 

cover classification methods to identify very specific land cover 

types and habitats. In Figure 1 it can be seen how 14 different land 

cover classes, some being very specific agricultural fields, can be 

accurately classified. The method used to classify the images in 

figure 1 was the random forest method. There are many other 

classification methods out there, each with their own merits and 

shortfalls. With these classification methods there is still a need for 

proper training datasets that will indicate ‘ground truth’ (Nagendra 

et al. 2012) in order to have accurate classifications. As the spatial 

resolution of satellite imagery gets better, so does the ability of land 

classifications to identify down to very specific habitat types 

(Turner et al. 2003).

LiDAR 

LiDAR systems are a form of light detection and ranging sensors. The ecological ones that we would be interested in are the laser 

vegetation imaging sensor. This sensor is essentially a form a radar that has the ability to penetrate tree canopies, offering potential for 

measuring biomass and vegetative cover (Turner et al., 2003 and Nagendra et al., 2012). By penetrating the canopies it can give 3-

dimensional assessments of the woody structure (Nagendra et al., 2012), which isn’t possible with most remote sensing data. By 

assessing the 3-D structure it can relate habitat types by age, successional type, and sometimes species composition. With this 

information, habitats that are spectrally similar but structurally different can be distinguished from one another (Nagendra et al., 2012). 

Knowing that some habitat types only differ structurally raises the question of how accurate classifications were before structural 

measurements of forest canopies could be conducted. More use of LiDAR in areas where this may be a concern can put those questions 

to rest. In Figure 3, the upper image is essentially what could be measured by regular satellite sensors. The side view however, shows 

the ability of LiDAR to get the structure of the canopy. It can be easily seen how LiDAR has the ability to penetrate the canopy to get 3-

D structures and heights of all the components within. Then in Figure 4 one can see how the small snapshot of height in Figure 3 can be 

transposed over a large area. Having the canopy heights of an entire forest can allow for many ecological insights to be made. Specific 

species-habitat relationships can be modeled using this sort of data (Nagendra et al., 2012). Canopy height and structure values can be 

easily related to species so long as the specific species characteristics are known. Each species will have its own structure and canopy 

height, allowing for useful information to be extracted from LiDAR images to determine species diversity and distribution. Currently 

LiDAR is mostly restricted to airborne platforms but new technology for spaceborne LiDAR systems with good spatial resolution are 

being researched (Turner et al., 2003).
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Figure 1: Four landcover maps of a location within Germany showing 

different levels of land cover classification. The classification was based off 

of Landsat 8 imagery and classified using the Random Forest method.
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Figure 2: Images showing LAI collected in 2008 in 3 different months in 

Kazakhstan. The top image is for January, the middle image was taken in June, 

and the bottom image was taken in October.
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Figure 3: LiDAR image of a forest canopy showing the 

top view and a side depiction of the LiDAR points.
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Figure 4: LiDAR depicted canopy heights over the Hubbard Brooks Experimental Forest in 

New Hampshire. High canopy heights are represented by red and low heights in blue.
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Figure 5: Different environmental variables shown over the Amazon Basin 

that are used to assess the distribution and diversity of Amazonian tree 

species (Saatchi et al., 2008).

Conclusions:

There are many different environmental variables that 

can be measured through the use of remote sensing. 

Each variable can be useful in different ways and 

different environmental systems, some working better 

that others for certain situations. With the ever-changing 

climate, being able to acquire these variables through the 

relatively cheaper and more time efficient methods of 

remote sensing will allow for more predictive models 

with higher accuracy to be made (Saatchi et al., 2008). 

In Figure 5 one can see an example of just a few of the 

remotely sensed variables that were used to monitor 

Amazonian tree species diversity and distributions. The 

ability of remote sensing to collect these measurements 

over such large areas allows for ecosystem mapping that 

isn’t available on the ground level. However, with these

large spatial extents there is still a need for proper 

ground truthing of the variables. That means that 

multiple sites throughout the study area need to be 

visited on the ground in order to properly classify and 

check the accuracy of  the satellite derived 

classifications. With the improving technology in 

satellite sensors that can detect different variables and at 

better spatial resolutions, the need for ground truthing 

should slowly diminish over time. In the making of 

future ecological models that assess species diversity 

and distribution, land managers should heavily consider 

the use of remotely sensed data to improve their

predictions and expand their predictions to more

regional scales.


