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Introduction
Human-directed disturbances to the
landscape have increased spatially and
temporally in response to rapid
industrialization, for example, development
of utility transmission lines, mining
activities. Such disturbances could cause
habitat fragmentation for some species and
contribute to a loss in biodiversity. Thus, it is
necessary to develop effective tools to
detect and monitor these disturbances.

Here we provide a case study to
demonstrate how disturbances by human
activities could be captured leveraging an
advanced change-detection algorithm–
Bayesian Estimator of Abrupt change,
Seasonality, and Trend (BEAST)–and high-
density Landsat time series data from
Google Earth Engine.

Objectives
This study aims to detect and confirm 
disturbances introduced by human to land 
cover. In the process, we assess the 
effectiveness of BEAST in capturing under-
studied disturbances that may rapidly 
change the landscape. 

Data and Methods
Our study focused on a watershed of Yellow 
Creek that spans across Jefferson and 
Carroll counties in Eastern Ohio, USA (Fig. 
1) with a drainage area of 380 km2. Satellite 
time-series data of Normalized Difference 
Vegetation Index (NDVI) were obtained 
from Landsat 5, 7, and 8. 

Figure 1. (a) Landsat time-series images over the Yellow 
Creek watershed, Ohio. (b) NDVI time series of a pixel. 

 
 
 
 

                                        

                                                                                

                                                                      

                                                               

                                                                 

                          

                                                                                

                                                  

                                                                                

  
  

  

Figure 2. Time-series decomposition using BEAST and a 
conventional change detection algorithm. 

Results & Conclusions
Spatiotemporal patterns of disturbances

We mapped the maximum probability of 

disturbances in the probability curves (Fig. 3) 

and their associated dates (Fig. 4) for each 

pixel. The resulting maps uncovered 

spatiotemporal patterns of disturbances to 

land cover in the watershed.

            

                 

                                                                                                                

      
  

 

      
  

 

    

    

    

    

    

    

    

      
  

      
  

   
   

   

   

Our BEAST model was applied to each pixel to 
decompose the NDVI time-series data into 
trend (T) and seasonal variability (S) with 
abrupt changes implicitly encoded. The 
difference between BEAST and conventional 
change-detection algorithms is that conventional 
algorithms rely on a single best mode to make 
inference, while BEAST embrace an ensemble of 
candidate models and quantify uncertainty of 
abrupt changes with probability (Fig.2).

    
    

    
    

    
    

    
    

    

    

       

            

   

                                        

 
 
 
 

                        

   

Figure 3.  Spatial patterns of disturbances detected by BEAST 
from 2000 to 2017. Some of the patterns (highlighted with red 
squares) correspond to human activities that were confirmed 
with Google Earth images. 

Figure 4. Estimated dates of disturbances with the maximum 
probability that occurred between 2012 and 2017 in the 
watershed. Examples of (a) line- and (b) patch-shaped 
disturbances were highlighted using black squares and 
corresponding areas were enlarged in the lower panels. The 
left and right insets in the lower panels are from Landsat 7 
imagery (RGB = 3-2-1) for (a) and Landsat 8 imagery (RGB = 4-
3-2) for (b).

BEAST is a useful tool to capture human disturbances to the landscape. The derived spatial 
patterns of the detected changes provide insight into what human activities have caused them.  
In addition, it also estimates the dates that these disturbance occurred. The disturbances that 
were captured by BEAST provide considerable scope for future research regarding their impacts 
on the environment, such as destruction of wildlife habitat at a local level. 
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