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MOTIVATION 

● Vegetation plays a significant role in climate regulation processes
● Changes of vegetation occurs on different spatial scales
● Temporal-scale changes are abrupt and gradual, there are also seasonal changes
● Many algorithms have been developed 
● Satellite imagery provides opportunities to monitor such changes e.g. Landsat 

imagery (acquired within 16 days interval from one satellite)

Disturbance agents: A – windthrow (https://portaltatrzanski.pl); B – bark beetle (own picture); C – landslide (http://www.poznajtatry.pl); D – construction (https://www.slovakia.com).  



Aim of the study

● Develop a simple and flexible algorithm for the monitoring of abrupt and 
gradual changes in the vegetation using annual Landsat time series based 
on thresholding and regression

● Threshold- and Trend-based Vegetation Change Monitoring Algorithm
(TVCMA)

● Validate the effectiveness of the selected vegetation indices for the 
monitoring of vegetation disturbances based on satellite data



Study area

Landsat 8 courtesy of the USGS,
(A) bark beetle outbreak (own photo) 
(B) bora wind (photo by Falťan et al., 2020)

(TPN - Tatrzański Park Narodowy, 
TANAP - Tatranský Národný Park)

https://www.usgs.gov/
https://doi.org/10.3390/f11121259


methods





INitial Satellite data preparation

Example of cloud free image, Google Earth Engine
topographic shadows



Tested variables

Tasseled Cap transformation products: Brightness, 
Greenness and Wetness (Kauth, Thomas, 1976).



Tvcma conditions
Conditions:
1. If the difference between the variable value on the 

date currently being analyzed (xt-3) and the 
preceding date (xt-2) exceeds the threshold value is 
indicated as a potential vegetation disturbance (xt-3–

xt-2).

2. If the difference between the variable value on the 
date following the date of analysis (xt-4) and the 
preceding date (xt-2) exceeds the threshold value is 
indicated as a potential vegetation disturbance (xt-4–

xt-2).
3. If the difference between the variable value on the 

date of analysis (xt-3) and the date preceding the said 
date by two dates (xt-1) exceeds the threshold value 
is indicated as a potential change (xt-3–xt-1).



Multi-temporal analysis of satellite data – regression

Example trends for two data series. The trends show long-term changes in the vegetation index values.



products of tvcma (images)

● direction and magnitude of change expressed by the sign and value of the angle between 
the modeled trend line and the x-axis.

● Spearman's correlation coefficients for each pixel – the goodness of fit of the modeled 
trend line that represents the rate of change.

● p-values for Spearman's correlation tests – statistical significance of the given correlation 
coefficients.

● information on the number of disturbances that occurred in a given pixel during the analysis 
period.

● spatial location and time of the disturbance.



Reference data preparation



Accuracy assessment
● 100 randomly selected pixels
● 38 years in time series
● 3800 validation observations
● 69 observed disturbance events

TP - true positives
FP - false positives

TN - true negatives

FN - false negatives

Results for NDMI values

Reference Algorithm Accuracy

1 1 😊

0 1 😞

0 0 😊

1 0 😞



Year of latest detected disturbance events
Overall Accuracy = 98.3%



Detected disturbance areas in the Polish and Slovak National Parks 



Disturbance mapping

RGB composition created by using the resulting 
TVCMA images: 
N – number of the disturbances for a given pixel, 
MD – magnitude and direction of changes, 
C – Spearman's correlation coefficient.



Summary & conclusions

● Using TVCMA we obtained 38 images that mapped the spatial distribution of disturbed 
areas in Tatra Mountains from 1985 to 2022 (spatial resolution 30 meters).

● The detected disturbances were primarily related to windthrow and bark beetle 
outbreaks.

● By using the thresholding approach, the algorithm easily recognizes abrupt changes
such as windthrows because of their sudden nature, and these typically appear as 
a rapid drop in the spectral indices values.



● For more gradual changes, such as the spread of bark beetle infestations, the 
measured differences are less pronounced, thus resulting in a slightly lower 
detection accuracy.

● A regression approach allows to map not only the disturbed areas, but also the 
recovery process.

● The analysis can be reproduced for other terrains by fitting the threshold 
value to the characteristics of the site-specific.

conclusions
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