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+ “clear-cut attack”
Heidi Abdullah, 2019, PhD thesis

Bark beetle and its attack stages

pre-visual visual very visual
(but not common in managed forests)
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Data collection

No. Date Day of

year (DOY)

Satellite

platform

1 11 April 101 S2B

2 21 April 111 S2B

3 6 May 126 S2A

4 31 May 151 S2B

5 30 June 181 S2B

6 9 August 221 S2B

7 19 August 231 S2B

8 29 August 241 S2B

9 13 September 256 S2A

10 18 September 261 S2B

11 28 September 271 S2B

12 13 October 286 S2A

13 18 October 291 S2B

14 17 November 321 S2B

2018 dataset - spectral trajectories 
2019 dataset - evolution of forest plots



Třebíč region, 2015

Healthy forest stands



Třebíč region, 2016

Healthy forest stands



Třebíč region, 2017

First forest decay observed



Třebíč region, 2018

Majority of trees in green attack phase



Třebíč region, 2019

Massive salvage logging – removal of red/grey attack trees visible as clearcut



Třebíč region, 2020

Massive salvage logging – removal of red/grey attack trees visible as clearcut



Index Formula Reference Examples of bark beetle detection

Normalized difference

vegetation index –

green

NDVI 550/650 = (B3 – B4)/(B3 + B4) Metternicht, 2003 Abdullah et al., 2019a; Klouček et al., 2019

Normalized difference

vegetation index – NIR

NDVI 800/650 = (B8a – B4)/(B8a + B4) Tucker, 1979 Klouček et al., 2019; Meddens et al., 2013;

Tane et al., 2018

Normalized difference

vegetation index –

SWIR

NDVI 819/1649 = (B8a – B11)/(B8a + B11) Wilson and Sader, 2002 Abdullah et al., 2019a; Meddens et al., 2013;

Meigs et al., 2011; Tane et al., 2018

Red-edge inflection

point REIP = 700 + 40

𝐵4 + 𝐵7
𝐵2

− 𝐵5

𝐵6 − 𝐵5

Herrmann et al., 2011

Tasselled cap –

greenness

TCG = 0.2848B2 – 0.2453B3 – 0.5436B4 +

0.7243B8a + 0.0840B11 – 0.1800B12

Crist and Cicone, 1984 Meddens et al., 2013; Tane et al., 2018

Tasselled cap – wetness TCW=0.1509B2+0.1973B3+0.3279B4+0.34

06B8-0.7112B11-0.4572B12

Hais et al., 2016; Meddens et al., 2013;

Skakun et al., 2003; Tane et al., 2018

Vegetation indices



Average spectral trajectories of different infestation classes

N = 44

N = 44



Time series of Vis for different infestation classess

 ☺☺

☺







Seasonal change =
1

𝑛
෍

𝑖=1

𝑛

𝐴𝑐𝑡𝑢𝑎𝑙𝐷𝑂𝑌𝑖 −
1

𝑚
෍

𝑗=1

𝑚

𝐵𝑎𝑠𝑒𝑙𝑖𝑛𝑒𝐷𝑂𝑌𝑗

Time series of TCW – best early detection potencial



Importance of individual bands and VIs



Classification model of early infestation detection

N = 95



Field observations

Healthy Green-attack Commission rate User’s accuracy

Classification

Healthy 32 8 20% 80%

Green-attack 10 30 25% 75%

Omission rate 24% 21% Overall accuracy = 78%

Producer’s

accuracy

76% 79%

Accuracy of classification

N = 95



• Best separation for SWIR-based VIs, TCW in particular

• Timing is crucial – separation between healthy and green attack stages 
visible from DOY 231 for spring swarm (red-attack already in autumn) 
and after DOY 286 for summer swarm

• Change-based model better than absolute value

• Potential for detection of green-attack (dormant) trees in October-
November and their removal before spring swarm


