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Background 

The vast forests of British Columbia are highly valued for their economic wealth through 

the sale and manufacturing of timber products, as well as the tourism and recreation 

opportunities they provide. With increased air temperatures due to climate change, especially in 

winter months, the prevalence of forests pests and diseases, such as bark beetle outbreaks, has 

increased (Nasi et al. 2015). Hence, there are increased pressures within the forestry industry to 

monitor timber stocks and conduct forest health surveys.  

In the Prince George region, timber supplies and local recreation areas have been 

severely impacted by bark beetles. At the Caledonia Nordic Ski Club, located at Otway, North 

East of Prince George, local biking, hiking, and cross-country ski trails have been negatively 

impacted by a local Douglas Fir Beetle outbreak. While the original aim of this study was to 

conduct repeat Unmanned Air Vehicle (UAV) surveys with a multispectral camera during the 

summer of 2018, the UAV equipment was not delivered on time from the manufacturer. In the 

absence of high-resolution UAV data, this study uses multispectral imagery captured from Planet 

CubeSats to examine the seasonal progression of forest health at Otway, and determine if beetle 

disturbance can be detected from such satellite platforms.  

 One tool frequently used to monitor forest health is the Normalized Different Vegetation 

Index (NDVI). NDVI maps are produced from multispectral cameras that capture reflected 

electromagnetic energy at a variety of wavelengths. By leveraging the information from selected 

wavelengths, NDVI captures the spectral properties of leaves, indicating leaf chlorophyll 

concentrations and thus tree health. To calculate NDVI the ratio of near infrared (NIR) to visible 

red light is examined:  

𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 = 𝑁𝑁𝑁𝑁𝑁𝑁−𝑁𝑁𝑅𝑅𝑅𝑅
𝑁𝑁𝑁𝑁𝑁𝑁+𝑁𝑁𝑅𝑅𝑅𝑅

      [Eq.1] 

The result is a value between -1 and 1, with higher values indicating healthier vegetation 

and low values indicating less healthy or no vegetation.  



Multispectral cameras can be equipped to a variety of platforms, including remote 

sensing platforms, such as Landsat 8. However, such platforms are often criticized due to their 

low frequency of image collection and poor spatial resolution (Nasi et al. 2015).  

One technology making remote sensing platforms a more feasible technology for assessing forest 

health is the development of the CubeSat satellite program. CubeSats are light weight satellite 

systems, that can be made with commercial off the shelf products and attached to reusable 

rockets (Houborg & McCabe 2018). With CubeSat technology, near-daily earth observation has 

become more economically feasible. Planet is one organization utilizing CubeSats, and they have 

created a network of low-Earth orbit satellites providing daily imagery with a pixel resolution of 

3.125m (Houborg & McCabe 2018).  

   

Methods 

Multispectral Cubesat imagery in GeoTIFF formate was obtained from Planet for the following 

dates: 

• 30 April 

• 14 May, 23 May 

• 16 June, 23 June 

• 9 July, 16 July 

• 6 August 

While daily imagery is available, cloud cover or smoke limited the number of scenes analysed 

for this study.  

To calculate NDVI, the imagery was imported with Python GDAL tools, and the NIR and red 

values for each pixel were used to calculate NDVI for each scene.  

A small area with known beetle bark damage/outbreak was extracted from the calculated 

NDVI values, and statistics (mean and standard deviation) for this extracted area were calculated 

for each scene. We plot these statistics to look at the seasonal evolution of NDVI in the affected 

area.  

Results 

The resulting NDVI maps (Figure 1) illustrate the seasonal change at Otway as the area greens 

into the summer and begins to decline by August. The highest NDVI values in the region are 

observed in the previously logged area north of the beetle-affected area. The high NDVI values 



here correspond to the vigourous growth of dense shrubs. NDVI values in the affected area are 

rarely positive, and mirror the patterns seen in other mature forest areas at Otway.  

NDVI values in these mature stands increase to mid-summer and are in decline by August 

(Figure 2). Although there is the expected seasonal progression of NDVI values in the area, it is 

clear from the sequence of images shown in Figure 1 that it is difficult to detect substantial bark 

beetle effects. Part of this may be due to the resolution limits of the imagery – at a nominal 

resolution of 3.125 m, changes in individual tree health will be difficult to detect.  

 The small scale of the affected area at Otway made changes in vegetation health in the 

beetle affected area hard to detect. It is clear, however, from the series of NDVI maps that this 

method may be useful for detecting pest breakouts on a larger scale (Figure 1). It is also 

important to note that a previous study found Planet generated NDVI maps tended to 

underrepresent NDVI values (Houborg & McCabe 2018). Although Landsat imagery was 

available for the Otway area at similar sample intervals, the imagery was largely obscured with 

clouds. However, for the days a comparison was available the data agreed with the findings of 

Houborg &McCabe (2018) where Planet imagery based NDVI values were lower than those 

generated with Landsat imagery. Therefore it is important to note the values shown in Figures 1 

and 2 may underrepresent actual NDVI values.  

Future work 

Comparisons of NDVI values calculated from Planet should be compared with Landsat imagery 

to evaluate biases in the Planet imagery caused by different sensors. Detailed NDVI surveys 

should be conducted with the UAV in 2018 to determine if resolution plays a role in detecting 

beetle damage with multispectral imagery.  
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Figure 1. NDVI maps of the Otway area, from April 30th, 2018 (a) to August 6th, 2018 
(h). The delineated red area marks a section of known Douglas Fir bark beetle damage. 
Maps were created from Planet satellite imagery.  
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Figure Two. Mean NDVI in the beetle affected area in Otway, from April 30th, 2018 to August 6th, 
2018. Error bars display ± 1 standard deviation. NDVI values were created from Planet satellite 
imagery.  


