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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

B03M0KHOCTH BBISIBJIEHHS €JI0BbIX HACAXKIIEHHIi, TIOBPEKIEHHBIX KOPoeaoM-Tunorpagom, Ha mare-
puaiax KocMu4eckoii cbeMku Sentinel-2 (Ha npumepe JINCHHCKO# YacTH y4e0HO-ONBITHOTO JIECHH -
yecTBa JIeHMHTpaACKO# 00J1aCTH)

JI.M. YepuuxoBckuii, A.C. Anekcees, JI.C. Berpos, M.O. I'ypbsiHoB

HccnenoBaHue MOCBSIIEHO MOUCKY METOAMYECKUX MOIXOA0B K BBISIBJIEHUIO U KAPTUPOBAHUIO
€JIOBBIX HACAXKIEHW, MOBPEXACHHBIX KOPOEIOM-TUITOrpadoM ¢ MpUMMEHEHUEM MaTepuaIoB
MHOTO30HAJIBHOI KOCMUYECKOi cheMKM Sentinel-2. O0beKTaMU UCCIETOBAHUS SIBJISUITUCH €JTb-
HUKM pa3HbIX TPYII CAHUTAPHOTO COCTOSIHUS HAa TePPUTOPUM TOCHEHCKOTO U [aTYMHCKOTO
paitoHoB JleHuHrpaackoit ooiaactu. Pabotsl mo coopy nHdopmaunu npooauanch Ha 30 mocTo-
STHHBIX MMYHKTaX y4eTa, 3aJ10XeHHbIX 110 MeToarke ICP-Forests (310poBbie 1 0c/lablieHHbIC Ha-
caxeHus); 3 yuacTkax B oyarax MacCOBOTO Pa3MHOXEHUSI CTBOJIOBBIX BpeauTeseit (ychixarolme
u noru6buiue); 41 ecoTakcallMOHHOM BbIJIEJIE CIEJIbIX U TIEPECTOMHBIX €JIbHUKOB, MOBPEXIEH-
HBIX KOPOEIOM (CUJIbHO OcJla0ieHHbIe). MaTepruanaMu TUCTAaHLIMOHHOTO 30HAMPOBAHUS CITy-
KU pparMeHThl 0€300JJauHBIX MHOTO30HaJIbHBIX KOCMUYECKMX CHUMKOB Sentinel-2. Ha ux
OCHOBE BBITOJIHSJIOCH OIpeiesieHNe SIPKOCTE! psifia CrieKTpalbHbIX KAaHAJOB U pacyeT Berera-
LIMOHHBIX MHAEKCOB. {7151 BBISIBJICHUS Y OLIEHKH Pa3InInii MEXIy XapaKTepUCTUKaMU HacaxK/ie-
HUI pa3HbIX CTAAWI TTOBPEXAEHUS MTPOBOIMIICS CTATUCTUUECKUI aHATNU3. YCTAaHOBJIEHO, UTO
pa3aInyurs MeXay rpyrmnaMu KaTeropuii COCTOSIHUST €IbHMKOB MOTYT OMpPEeIe/IsIThCsl HA OCHOBE
nHaekcoB NDVI u SWVI. 3nopoBbie 1 ToruodIive [peBocToN OTIIMYAIOTCS CPEIHUMU 3HAUCHUST-
MU UHIEKCOB. JIJIs1 BBISIBICHUSI CUJIBHO OCIa0JIeHHBIX BO3MOXKHO HCIIOIb30BaHUE PE3YIbTaTOB
MOTMUKCEIBbHOTO aHaiu3a. B ciiyyae oTKIIOHEHUs pacnpenesieHnsl 3HaUeHU I BereTallMOHHBIX
WHIEKCOB OT HOPMAaJIBHOTO, X CpeaHee OyIeT CMEIIEHO B CTOPOHY MOJIOKUTETbHBIX (TTOJOXU-
TeJbHAsl aCUMMETPUST) UM OTPULIATENbHBIX (OTpULIATeIbHAS ACUMMETPHSI) BEJIMUMH, COOTBET-
CTBEHHO B CTOPOHY JIYUILIMX WM XYILLIUX KATETOPUIA COCTOSTHUSI PACTUTEIbHOCTU. YCTAaHOBJIEHO,
yrto mist uaekcoB NDVI u SWVI 6iusocts pacrnpeneneHust K HOpMaJbHOMY XapakKTepHa ISt
3/I0POBBIX U OCJA0JEHHBIX HACAXKAEeHU. JIJIsT CUJIbHO OCIabIeHHBIX APEBOCTOEB OTMEUYAeTCs
OTKJIOHEHUE paclpeeeHrsl OT HOPMaJbHOro, TPEMMYIIECTBEHHO C OTPULIATEIbHOM acUMMe-
Tpueil. Ouaru NoBpeXIeHUS OTIMYAIOTCS CPETHUMU 3HAYSHUSIMU MHICKCOB Y BBICOKMMU 3Ha-
YeHUSIMU KO3 GUILIMEHTOB Bapuallvu.
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