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The possibility of identifying spruce stands damaged by bark beetles based on Sentinel-2 satellite 
imagery (on the example of the Lisinsky experimental forestry enterprise of the Leningrad region)

D.M. Chernikhovskii, A.S. Alekseev, L.S. Vetrov, M.O. Gurjanov (Saint Petersburg State Forest 
Technical University named after S.M. Kirov)

The study is devoted to the search for methodological approaches to the identification and 
mapping of spruce stands damaged by bark beetle using Sentinel-2 multi-zone satellite imagery. 
The objects of the study were spruce stands of different groups of sanitary conditions in 
the Tosnensky and Gatchinsky districts of the Leningrad region. The objects of the study included 
30 permanent sample plots based on the ICP-Forests methodology (healthy and weakened forest 
stands); 3 sites of mass reproduction of stem pests (shrinking and dead forest stands); 41 mature 
and overripe spruce stands damaged by bark beetle (severely weakened forest stands). Fragments 
of cloudless multi-zone satellite images from Sentinel-2 were selected as remote sensing data. 
Based on them, the brightness of a spectral channels and vegetation indices were determined. 
A number of statistical analysis operations were performed to identify and evaluate differences 
between the characteristics of forest stands at different stages of damage. It has been established 
that differences between groups of categories of spruce stands can be determined based on the 
NDVI and SWVI indices. Healthy and dead stands differ in average index values. To identify 
severely weakened stands, it is possible to use the results of the analysis of pixel-by-pixel index 
values. Information about the pixel-by-pixel distribution of vegetation index values allows you to 
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obtain additional information about the state of forest stands. If the pixel-by-pixel distribution of 
vegetation index values deviates from the normal one, their average value will be shifted towards 
positive (positive asymmetry) or negative (negative asymmetry) index values, respectively, towards 
the best or worst vegetation condition categories. It was found that for the NDVI and SWVI 
indices, the proximity of the pixel-by-pixel distribution to the normal is typical for healthy and 
weakened stands. For severely weakened plantings, there is a deviation of the pixel-by-pixel 
distribution of vegetation index values from normal, mainly with negative asymmetry. The sites of 
mass reproduction of stem pests are characterized by average index values and high variation 
coefficients.

Keywords: Norway spruce, bark beetle-typographer, damage to forest stands, satellite images, 
Sentinel-2, vegetation indexes, analysis of variance, pixel-by-pixel analysis, normal distribution
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гссийчолд,-й .ослв0й,о .о-сь2 3йхоч-5йсь-6 .оч6очол ь л7влий,-8 - ьд9х-9олд,-8 
йиол76 ,дсдзчй,-я, .ол9йзчй,,76 ьо9ойчо3-х-.оЖ9д1о3 с .9-3й,й,-й3 3дхй9-диол 
3,оЖоюо,диц,оя ьос3-5йсьоя смй3ь- Sentinel-2. ыжмйьхд3- -ссийчолд,-в вливи-сц йиц-
,-ь- 9дю,76 Ж92.. сд,-хд9,оЖо сосхов,-в ,д хй99-хо9-- пос,й,сьоЖо - 4дх5-,сьоЖо 
9дяо,ол (й,-,Ж9дчсьоя ожидсх-. )джох7 .о сжо92 -,1о93дC-- .9олоч-и-сц ,д 30 .осхо-
в,,76 .2,ьхд6 25йхд, юдиозй,,76 .о 3йхоч-ьй ICP-Forests (ючо9ол7й - осиджий,,7й ,д-
сдзчй,-в); 3 25дсхьд6 л о5дЖд6 3дссолоЖо 9дю3,озй,-в схлоиол76 л9йч-хйийя (2с76д80-й 
- .оЖ-жф-й); 41 ийсохдьсдC-о,,о3 л7чйий с.йи76 - .й9йсхоя,76 йиц,-ьол, .ол9йзчй,-
,76 ьо9ойчо3 (с-иц,о осиджий,,7й). Iдхй9-дид3- ч-схд,C-о,,оЖо юо,ч-9олд,-в си2-
з-и- 19дЖ3й,х7 жйюожид5,76 3,оЖоюо,диц,76 ьос3-5йсь-6 с,-3ьол Sentinel-2. Мд -6 
ос,олй л7.ои,виосц о.9йчйий,-й в9ьосхйя 9вчд с.йьх9диц,76 ьд,диол - 9дс5йх лйЖйхд-
C-о,,76 -,чйьсол. бив л7влий,-в - оCй,ь- 9дюи-5-я 3йзч2 6д9дьхй9-сх-ьд3- ,дсдзчй-
,-я 9дю,76 схдч-я .ол9йзчй,-в .9олоч-исв схдх-сх-5йсь-я д,ди-ю. рсхд,олий,о, 5хо 
9дюи-5-в 3йзч2 Ж92..д3- ьдхйЖо9-я сосхов,-в йиц,-ьол 3оЖ2х о.9йчйивхцсв ,д ос,олй 
-,чйьсол NDVI - SWVI. /чо9ол7й - .оЖ-жф-й ч9йлосхо- охи-5д8хсв с9йч,-3- ю,д5й,-в-
3- -,чйьсол. бив л7влий,-в с-иц,о осиджий,,76 лою3оз,о -с.оицюолд,-й 9йю2ицхдхол 
.о.-ьсйиц,оЖо д,ди-юд. Ц си25дй охьио,й,-в 9дс.9йчйий,-в ю,д5й,-я лйЖйхдC-о,,76 
-,чйьсол ох ,о93диц,оЖо, -6 с9йч,йй ж2чйх с3й0й,о л схо9о,2 .оиоз-хйиц,76 (.оиоз--
хйиц,дв дс-33йх9-в) -и- ох9-Cдхйиц,76 (ох9-Cдхйиц,дв дс-33йх9-в) лйи-5-,, соохлйх-
схлй,,о л схо9о,2 и25ф-6 -и- 62чф-6 ьдхйЖо9-я сосхов,-в 9дсх-хйиц,осх-. рсхд,олий,о, 
5хо чив -,чйьсол NDVI - SWVI жи-юосхц 9дс.9йчйий,-в ь ,о93диц,о32 6д9дьхй9,д чив 
ючо9ол76 - осиджий,,76 ,дсдзчй,-я. бив с-иц,о осиджий,,76 ч9йлосхойл ох3й5дйхсв 
охьио,й,-й 9дс.9йчйий,-в ох ,о93диц,оЖо, .9й-320йсхлй,,о с ох9-Cдхйиц,оя дс-33й-
х9-йя. ы5дЖ- .ол9йзчй,-в охи-5д8хсв с9йч,-3- ю,д5й,-в3- -,чйьсол - л7соь-3- ю,д-
5й,-в3- ьош11-C-й,хол лд9-дC--.
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