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Abstract: [Objective] Bark beetle outbreaks in spruce forests in the eastern Tianshan Mountains of
Xinjiang pose a serious threat to the stability and ecological functions of the regional forest ecosystems. This
study aimed to identify bark beetle-infested spruce stands using time series of Sentinel-2 satellite imagery,
analyze their spatiotemporal distribution characteristics and relationships with topographic factors, and
provide technical support for bark beetle monitoring and scientific management. [Method] The Picea
schrenkiana forests in the Banfanggou Branch of the Eastern Tianshan State-owned Forest Bureau were
selected as the study area. Time series of Sentinel-2 images acquired from 2016 to 2025, together with field
survey data and GF-2/7 sub-meter-resolution satellite imagery, were used to develop a random forest
classification model for identifying bark beetle-infested spruce stands. The importance of spectral
reflectance, vegetation indices (VIs), and temporal anomaly variables of vegetation indices (AVIs) was
evaluated. Based on the biological characteristics of bark beetle infestation, spatiotemporal distribution maps
of bark beetle damage were generated. Statistical analyses were further conducted to investigate the
relationships between bark beetle distribution and topographic factors. [Result] The random forest
classification model achieved an overall accuracy (OA) of 92.04% with a Kappa coefficient of 0.84,
demonstrating high accuracy in identifying bark beetle-infested stands. Variable importance analysis showed
that AVIs contributed more to the classification than single-date spectral reflectance and VlIs, with the
temporal anomaly of the normalized difference vegetation index (ANDVI) identified as the most important
feature. The spatiotemporal distribution maps derived from the classification results were highly consistent
with visual interpretation of GF-2/7 satellite imagery. Bark beetle damage in the study area was primarily
concentrated in low-elevation areas (1 600—2 000 m), with some interannual variation in its distribution
across different elevation ranges. [Conclusion] The random forest model based on Sentinel-2 time-series
data effectively identified bark beetle-infested spruce stands and enabled spatiotemporal mapping of bark
beetle damage. The spatial distribution of bark beetle damage in the study area exhibited distinct differences
across elevation gradients and considerable interannual variation. These findings provide technical support
for regional remote sensing monitoring and precision control of bark beetle-infested spruce forests in the
Tianshan Mountains.

Key words: Picea schrenkiana; bark beetle infestation; time series of Sentinel-2 imagery; topographic

factors

548 4

9 R L L R P A 45 B AT A U S TR R
X, 2 O Ll R I P P R AR 2 WG R )
o i) B A B, B AT AR A 2 R AR
Wl . A, FIE =2 (Picea schrenkiana) A K1
AR RGO BRI, LEAURIRTR S B R
DR DX A Y A T RS AR, R 4R
RS2 e E bR, KRB X4
BiE SRk R,

IR, ERIRAEARRE =T, siis 5%
R ity S FE A AR, R 1L AR BB 50 T3 0 25 A2 bk H IR
R ZIRFFEI R« HAEC IR, R E AN
(Ips hauseri) FR 1B Y/ Nk (Pityogenes spessivtsevi)
WX F I R AR B F L, 7 U AR AR
BRGMIFEIE o HIR /)N g 9 T PR Y HUR) 2 0R T 55,
AR T ARG TR R SRS R T B, T R IX IR ok
W5 VR4S, S AR K E A R 5 A A,
Bh2E B 45 5 RS eV B S OC BRI S .

H 20 2l 60 FFARLLK, A1 S8 ik /N
aORF R T ORE KR AT, OO R EEA
¥ Wiba K/Nak (Dendroctonus ponderosae)~ =42 )\ i
/IN &k Ups typographus)~ 41 i K 7N & (Dendroctonus
valens) FIYITE /N Tomicus spp. )25, TERHRIR 77
[, Landsat % %1 T2 5248 FE A5 78 o VG [ N [A] e
FIHK FRIB A HLE U7 A AR e S ) 2
F TN &2 F R 00 935 2 [a) i) 8] e Bh A A8 4k
S HTEEE AP, 2015 S LLSK, Sentinel-2 TR AL A
BRI AR A A R A E FDOGIRE R, NN E R F
N SR AL T A HAE ST AR R U7 kT I
RIS AH R UK I L T B SR R AR DO IS RFE,
SE G IRy I8 MLAR 5 o 55 D7 v U 32 bR 41Ol
Iy R J 00 30 ) S ' i Bk BRI A8 i 25 )
FE B, 53 BT AR o) 52 5501 Ja I 1 i B2 AR AL R, $
9 H R A RE B GBI SRR, A AR T AR
GERZE S MU T 50 R v AR A S DR 3R ) 45 2R



59

AR S RSB T A2 /IS R 9T B N 7 R e M 2 FL v 2 3 A i 29

OB, B85 T 9 A0 M R P UK 720,
PRI 25 /N9 R R W R ELIUA 5 e, 1)
(AAEAE TR — 2 4 B /N i 96 2 A 0 e 2

A BT AN T8I T s ) 0 R S
SOAGAE A IS e B8 00 45 SR 6 0 AT 2 [ 40 4 1 5y
T 49 82 FHATS 75 5 o

CUA B FE IR B, H . TR - 2 B 3 S AR oy
XN EEAPEEY 5K I BIUR A S T TE AR B RE JT . RS2
Hhy TR PR A, A AR ] 38 A A A A B ) /)
oA TR ARG BB K 43 A K SR Y B R R
Powers S5EP7E LG TERA MR ( Pseudotsuga menziesii) 5%
T 12 K /N & (Dendroctonus pseudotsugae) = [7] % J7)
FIBIEFE 2 W, /)N & SE AT n) T 0 5 FH 3 B AR AR R
4y o Simard 5T R I, 7R BOA B KA A
A, ks KN &4 K /N 8 (Dendroctonus
rufipennis )] 16 55 72 B2 5 ¥ k% U) AH 5% . Sproull
SERVRHT T 1999—2012 42 )\ Ui /N EE B RSB
IR ACIE T 2 504 3 RE . 3 m) B o R 2 ) 1)
KER, 45 R R e S I RE 2 T AR FE T 2
ORI HE AR B R, BETE X R ILFIR =
KRN B T 3 2 8] oy A e e 5 MR IR 7 58 R 9T
TR = .

AR LAR I F W AT R, ) K
J¥ W 4y 52 Sentinel-2 TR 214, 45 A i i A A1
GF-2/7 WK e PR, BAE: (DMEET
DGR ISR EE R A AR H R B A BN S A
R FWHBR, e G/ N EaEREL GF-2/7 1
BB, 2 R FW S AN K E R &
I3 By (DR FT 2 FH AR 78 F E U 1 Canifg 4k
W mD b B B AR RE . WSS R vEiE R LS
W 2 A2 PR /N i 9 T (10 X 38 Sk M ) K A [ 428 A
FORSHE .

1 A58 KO & 40 RO

1.1 FARXER

W FL XA T s 4 7K B A XK W 2R 350 A AR
LRI 5 R, siAb R L AEEE R B B AT
B3 1 (43°09" ~ 43°28'N. 87°12 ~ 87°50'E) ., #&{Aith
R = AR A, WERE 1600 ~ 3200 m 2 ] . AR[X
FEEF AT TR 1600 ~2 600 m [ A 1l [X 7,
AR IR T A IR, FREXATFR S
TR/ TG R, SRy X 3R A3 v AE, 9T 2
SIEY BB . AR FE R S IE 5 RAE R FIX,
BT 1) S A AR A
1.2 HEEE

2025 4 5—10 H, SR HIBAE L X ATFRE T

R Bl b THT B Y o JE I H AW 5 52 3 AR AT AH 45
HTTIE, ST/ A EROR LTI, A
WA BN B T R AE , SR TR RS
YUIE P FLEE 52 F IR, DL T 900 4l L
UF R R SN [F) R B B S L 1D Hb T A 5 B
i TR X FIR AL 2 FIE O, NG ST e NEE K
F R I B T LA
1.3 DEEBRIGIERSHE

A 7 LAY £ -2(Sentinel-2). & 4 — 5 (GF-2)
765 (GF-D WKL 73 HE5 TR (GF-2/D 44
N B R IR . P, Sentinel-2 218 T2 E
WAy o F @M, GF-2/7 2B NAE NREA R LS 45 1
w M E IS 55 . Sentinel-2 Level-2A $i#E 35k
HYE BRI At K =) 204 ~F & (hittps://browser.dataspace.
copernicus.ew) o AHFFLIEIL 2016—2025 HFEAFFAK
Z N (7—8 H) = 8i/b = Sentinel-2 5215 (K 1);
Z I BRI 5T DX A A 5, R A D M RS A X R
EN BRI R ARG AEN D & M T, K
JH ) 4 B AH AR B A 52 A8 AT S AN o 7E TRAL 2RI By
R UE 20 m 2 HER P B S — ERFEE 10 m, &
P2 [A) Z3 HE5 0N 10 m I 2 6 RE Hm 42, T a5 %
B (B2). 4P B (B3). £09% B (B4). 4130 % Bt (B5.
B6. B7). T 41 4% BL (BS. BSA) DL K 46 i1 41 Al B
(B11. B12)3t 10 M B

GF-2/7 12 fAAGRYR T [ B Y5t T A2 R A0
(https://data.cresda.cn). P12 S #E . 4%, 4
T LA 2061 . Horr, GF-2 261 & 45 1A
SIHEERN 3.2 m, BB PN 0.8 m; GF-7
JE M2 A FAAR A 0] 73 HE 5N 2.6 m, JE LA A B
ZE1E] 73 HEEE N 0.65 me ABFFLTHIE T 2020—2025
FEMAA SR A GF-2 F1 GF-7 38 ¥, fe &k 12
FAGH T (R Do FIFH ENVI 5.6 845 4%
BT e bR RAREIE R U R IE S AL B, %
Fl Gram-Schmidt Spectral Sharpening 77 ¥ il & 4= 0
525 B, AR O K 24 8] 4 MR A% . fE5
P N 7 TH, 2025 AF3REXT) £ 5t GF-2 fl GF-7 #1%
FEHFREAERS, 1 2020—2024 FEFRELH GF-2/7
A% A T3R5 3L T Sentinel-2 SAA% /N 2 ¢ 2 I8
MEE ST E S
14 MREREHOXL=EHROREL

W9 X 55 08 25 A2 WK 7 AT 5% 2 5080 vl R L 2R
AWE TR, 1 ARREYE . NIRE G SN E
9 BB IR P, 5 R B T8 =A% N Sk
AR Folr, HORos b & 2= RS AR B O 1 A5 BT,
AHFFEE 2019 45 10 H 6 HF Sentinel-2 Level-2A
A%, LUH— LR B (NDVD = 0.45 NIBRAE N =


https://browser.dataspace.copernicus.eu
https://browser.dataspace.copernicus.eu
https://data.cresda.cn

30 [T 7 N N S ZO 74 548 %
AR ML bRAGL: cHUil; d50; e £4fs g
1 RILE L /NESEHFIE AR I F K E RS
Fig. 1 Symptoms of Picea schrenkiana forest infestation by Ips hauseri and its life stages
£ HRREMESEIESE MR BTN TN, 485G GF-2/7 BITRAN
Tab. 1 Multi-source satellite imagery of the study area THM R BB IE SR T, AT RER] Bk
W P 10 WO S PR LA ST E B R S ) . T
2016 7H28H B 9% X 55 0% 2= A2 Ak 25 (8] 43 A 72 BF 50 I8 B (2016—
2017 8H4H 2025 ) SRR FERSE , AWFFCR AL S 1) i
2018 8A17H BRI AT R EAE S R F RS —Ta .
2019 AN 15 HRETFHIERER
Tone ;)’32‘2‘2 Sentinel-2 HTH [ T B AR R I . Y P o R
o SHSH A (DEMD#EH, 3 [A)if id ArcGIS H' Spatial Analyst
2023 8H 16 FEHT DEM TH53R4 . A5 AT H DEM 4 kI8
2024 8H221 T3 22 2% (8] 098 == Chttps://www.gscloud.cn/sources/)
2025 8H10H R AT H) GDEMV3 £ 7 & B Hudl , 7 4y M N
2020 6H8H GF-2 30 m.
2021 SHI19H GF-7 .
2022 9H9F] GF-2 2 BRF &
- :Ejj; o 21 RERNBERITEE
RSP 2025 6H2H GFa AW FEHI 2025 4 6—10 A B # GF-2/7 5%
TREY . . o %A1 2025 4E 8 A 10 H i) Sentinel-2 £ 5t ik 45 3¢
2025 7H5H GF-2 ITREARER: . B THF T X T U&= A bR A3 A ok B2
2025 7H10H GF-2 5 Sentinel-2 §A8 B A BT I 75 (8] — 2, AHE 5T A
2025 9H28H GF-7 [ B KRB AG— 0S5, X GF-2/7 %

2025 10738 GF-7 AR HEAT LTS T A0 v, 8 S (7 B VB ] 5% )



https://www.gscloud.cn/sources/

%9

AR S RSB T A2 /IS R 9T B N 7 R e M 2 FL v 2 3 A i 31

P E—8. GF-2/7 B EZEM TN T H g%
FFEARFRE . FWE 22 /NERER, &gz
B R 2R B N A B B A TR TE GF-2/7 2R B
FAHA (R: 456; G IL L0410 B: 4056 £ HLHA &
2, 5 R 10 B A2 T R A T L, &) iR
e BT FIRHFAE, £F 2025 4 GF-2/7 445 FiEid A
T H A B A R BEAR 53 A1 2 30T (1] 22, FF& N
£ 10 m a7 F 1) Sentinel-2 214 F(E 2b) . &
Tt 9 B R ™ B A T X3, DA Sentinel-2 {570 A2k

87°20'00"E

A5y TG, ARG FEA AR 5 5 G AR R T
50% B, FzAR T6E L2 FEBR . BT B HE
FrifE, 7E 2025 4= 8 H 10 H ) Sentinel-2 § 1% L %
B 1005 M FEZ AT 1004 D32 EG K 200,
T IE SR G 5084 .

2.2 SEAFERIE

AT LA 2025 4 8 H 10 H ¥ Sentinel-2 5

VE BRI AR 23 2R ) 32 BRI . SREUE G 5%
FEAZ IO TE 28 (B 3D, HR ML EEAR TR

’T) ol o

87°40'00"E

43°20'00"N |- & 143°20'00"N
~
/\ i
€ : \
): 1/
( TPHTIKIR
\ | ERLZUSUE L
L. // o fiHEfIT
e o ZHBIT
43000/00/!N - - 43000700”N
1 1
87°20'00"E 87°40'00"E
036 12

s Kilometers

aJETGF-2/ TGRS 24230 5 (LLEZE) |

ZHEBIT (LU SHEEEIT (i)

VAR mAEMGLSE (B8 ) 5 b B 4230 8 I % Sentinel- 2R /R B K s ¢ ZEIGTT SRR

TCRREA A

B2 HiERAL H AR R A S A

Fig. 2 Visual interpretation results of dead spruce and distribution of sample points



ok R R

548 4

32 b =
025
0.20
015+
=
X 0.10 f
005 ~ ZFLT0
~ fEH%IT

0
B2 B3 B4 B5 B6 B7 B8 BSABII BI2
Sentinel-2 B¢
R ORZFEE (p<0.001) , FIRXEIR “HE + 115

B3 T SRR TS %2 ERITH Sentinel-2 Yt
P BRI A 2
Fig. 3 Spectral reflectance curves of healthy and infested pixels in

Picea schrenkiana forests based on Sentinel-2 bands

& BOEAT G M. SRR, ZE BT
D69 B (B2 B3« B4). £034 1 3 B (BS) K J % 41
A BE (B B12) K34 Jse i 25 2 16 2 v - { R A%:
JGs MTELLIA 2(B6) 2114 3(B7) K 41 4h ik BL (B8
B8A), S i I & K T AE . T Rk
BUHTEE R, DRk 12 AN ERRAOR RE AT
W2 N R AR B (R 2D

T 45 B PP 57 B (AVIS) 52 SUNFAG o 2
SR F AL FE BUE (VIS 51245 Je i BEIR S F A
AR B 2 22 o AW 50K 2R T TIOR3 75 )
(AR I V5 T SR BRAS T AR B FE B HEE D
5, MG u T A A R s e BT, 15 2

WIGHFEAE(E AR 22 o B S, MR AS [5)FE B 48 27
NG 5 ARG R AT BRIk X T2
FE BT BB MR (G NDVD, 5] BRAKT 2480
FEVEAR I8 2 — M hr i 2= OMIINE s X T2 FHE 2 E
TS T bR Cn MSD, 51 & 124w 2 ek
— MR UEZEIAE . LA, AR IRIR R = 55
IFY 5 55 Jre UL U0 £ 520, ) o e 5 5 v AR i 4
Tt 22 (R A o S 05 A o BRRC U 5 EHT U S AR MR
FibriE 2, HFEE LRI, BRI EA
FEAERIE 1 ANPR e 22 IS o F 20 2 12 A% e i
FERES T B B T8 B RS, 8 o 5 A A
RS 2B A 2 1E, SRAS X N AR I AVIs.

e I MU 34 ANRHIE S B N 5 S Y R R AiE
N, ALHE 10 R GG 6k B B 12 M E B FE S0
12 MEYE TR 7 7w -

23 SFEEBIE

AT 78 K F B8 AL #% Ak (random forest, RF)H. 2
P A FR A% 0 5 52 FAR TC I 4y R . B AL AR AR
ik B R 2 BR RS AT 428, B R I E 2 1k
BERE ). RAF R Bia 400G P RE DL SRt e 4 e AiE £ s
f3E B . AL T Python A8 T fY scikit-learn 2
SEEL, oA SR 2 (n_estimators) A 500, FEAL
¥ (random_state) 1 A 42, FF A F 5 3% 70%
30% WL BENLER] 20 AN 2R RN IR IR . R TR VE

R2 WESHEHIEAR

Tab. 2 Feature parameters and their calculation formulas

LS K ST AR B
PR K A7 I HE 4 DSWI % [28]
L LS LS B A NDRS %(DRS - JBa2+B12Y) (2]
A R SLAVI o [29]
VI d IS EE =) MSI B12/B8 [30]
Ak 22K 5T NDWI ﬁzi :r : i [31]
AR 2L EVI % [32]
TR S NDVI oo [(33]
SRR B8R SIPI gz — E; [34]
R A RGI = [35]
TEH R R ARI1 B% - Bis [36]
MERISHiHl 45 % 6% MTCI Eg — Ei [37]
2 AL NDRE ] [38]

VE: B2.E I B B3GR B BA.ZLYE B BS. B6. B7. 201095 By B8 BSAILZL /M B B11. BI2.JH I 4L A B o



59

AR S RSB T A2 /IS R 9T B N 7 R e M 2 FL v 2 3 A i 33

E B DF O AR 2 SR BE L UF B SR ORS FE Coverall
accuracy, OA). Kappa R % 4= 7= K & (producer’s
accuracy, PA) J& H ' ¥ % Cuser’s accuracy, UA) . #)
HH 3 5 B $8 30T I8 {H (mean decrease Gini, MDG)
P S AR AR B B M, MDG K, £ 1% 48
TR 73 M R I DT kR =
24 INERENZTHESMELT

BE T 2025 4F F R F4 2 1 BE AL AR AR o A,
X 2016—2025 £EHF 7T X Sentinel-2 3 K54 #4718
BT HN, REE T 2 FAR TC T A5 R .
ST /NEAERAWHERNSRIREME, ZEMKRSE
i R IELLPEHOIR AT . A PEAK o R R A g 7S
BT B, AR TV E B 2 F B E A
3G TG, Ko e AT A (R PR AL EE . HE AR, N
P i 52 F R IR B e (Rl AR e M, £FXF 2016—2024
S R I B P A B A AR O 2R P AR R A 2
T T, WA E H N2 FAA IR XT 2025 1)
S REER, R Z S5 S0y S AR AT I P30, s
& 2025 4 GF-2 fll GF-7 Wk iR BN T
il P4l AT IE 51
2.5 HEETFEERERS S HmoHn

PL 100 m MR B BE, S8t &R X A S s =
TR 52 F B e R, T AR G2 (2 FAZ I
FUE N LR X 0] 2508 ZAZ BRI AR LA, 23 B/
R EFBOAAGEIR KR RGN 8
ANT5 AT A b, R ar B R b ] (ND R 337.50 ~
360.0° 5% 0° ~22.5° ZILIAI(NE) A 22.5° ~ 67.5% %<
] (E)N 67.5° ~ 112.5°5 %% B [ (SE)N 112.5° ~
157.5°; B4 [7] (S)A 157.5° ~ 202.5°; 74 FF [5] (SW) N
202.5° ~ 247.5°; PRI (W)oK 247.5° ~ 292.5°; Pk
(NW)N 292.5° ~ 337.5°, Giit 52 A5 0AE 8 M)
BB, BRICR E A SR K R

3 HBREH

3.0 BATEEEMST
BT BEALARAR 2 FSBRL IR IR R B (GR 3D 2R,
Y R AK 53 2K B COADN 92.04%, Kappa 2 5N

0.84. ZFHAR TG A= E K BN 93.35%, R ARAY
REA ROR 4K 2 302 FA5 00, IRHIZRBAR: Pk
FEH 90.94%, 1t BT R %2 F AR e i 45 SR B A B
RS B, (BT AR AE A B R A o (| AR T 1 A 77 3 R
A 90.73%, FH F RS BE N 93.20%, J2 Tk H A% 7 %) fi
FRAG IR & RN GE /5 7 K] Stk

B B AR AR (RS B (1) 45 iF 2 2 HE 5 25 S
Bl 4 Fin. 45 R, M wE e 207 E (AVIs) ik
HEWR S, AR 5 ESHA . HAp,
ANDVI 1 # B £ 5 (MDG 258 0.14), H kK
I3 W3 T B A CAMSD A1 25 #y AR Bl (1 R 36 3L
55 H (ASIPD(MDG £ 28 0.10), Bb4h, 1H—14b %
A3 IKARFE BT 5 A CANDWID | 3 5 A o 45 K5 57 5 18
(AEVD)., ZL4¢ R W E (ARGD S B 5Tk i 35,
By T R R AR AR . A2 R, TR
6 B ) R R B B ALK, L B4, B2 F B12
() MDG 1B AH X %5 55, 11 BS. B6. B7 253 B 1 51 ik
B,
32 INEREWREFHETHNE

T 20202025 A/ B K E I S BERA
BB S TIHT, 2020 4EF1 2021 SEHFFLIX 32 E AR 0K
s 2022 SRR IX N2 FR T EA TN, 2%
B BE YR o0 A LT AR N s 2023 4R 2 E AR T
EU RN, 2O ERSIR A AR BB,
2024—2025 4, ZF Gt —BER YR, T HE
RRHAE B S, ¢ T HE N R R B R B 4 AR AR
MRS GF-2/7 G MR ES R LI, WEIEZFEER
TGS (A B A 7 m) b B B i — Bt
FLAE 5 2R M B, 4 SR R s il 1Rl 52 55
BICIE R RKIERHIE. 7R RYE GF-2/7 ’e 4/
(R BEA 25 (8] 73 A Ak — 2, R IAEE T Sentinel-2 14
11 53 FSAE TR B 405 T AT S AT X /)N e < 55 D )
AN BRHE .
33 INEREZREZMEBEMZTESHEHE

BT 2024 AT 2025 FFAS [FREIR X ) I8 =42
M2 ERN G285 R (B 6), /NG R E 2 18] 0 A
L HARAEAE — 8 Rk . TR 1600 ~ 2 000 m [X 3,

®3 MNHRHSLREBER

Tab.3 Confusion matrix of the random forest model

I E et
miH — — — A7 E KGR (PAD/%
i HE (% T FHIG T o
(33 I 274 28 90.73
e - .

ZEHBI 20 281 93.35
PR (UAD/% 93.20 90.94

RAEKEE(OAD/% 92.04

Kappa & £ 0.84




34 b mw # kK % R

548 4

ANDVI

AMSI
ASIPI

ANDWI
AEVI

ARGI
ADSWI
SLAVI
NDVI
ASLAVI
DSWI

]
]
SIPI
MSI
ANDRE
RGI
NDWI
i B4
Bl EVI
ANDRS
AARI1
B2
AMTCI
BI12
NDRE
MTCI
Bll
B3
B8
BSA
NDRSI
ARII
B7
B6
BS . .
0 0.02 0.0

4 0.06

0.08 0.10 0.12 0.14 0.16

EERLCFRECTRRE (MDG)

AFTRSHH .

B4 T RINIARM KA B E T

Fig. 4 Variable importance ranking of the random forest model

TS ZASMREA (5 LERUIG, (B 52 TR AN B s Bl
HARFHEE 2000 m LA L, Fig s A2 ARE R G HE
BRI, 052 R SR RN R, JETE E R X
EE T 0. X EG X B AR HOHE K B, 2025 4R ik
1 600 ~2 000 m XIH 1) 52 FH 255 2024 Fdt—H T+,
[FIE 2000 m LA b X 48k (52 56 - A G Frs n . ik
M5, PR X/ANERFENEESAGT 1600 ~2 000 m
(AR DX 3, AELAS [ 41X 1] (1 5 35 0 A 2 B0 L
—EMMERR AL

2025 452 AR TUAEAS [F] 3 1) b 1 2% 8] 43 A7 4
7 HUR. S FABICEE AT VI ONW). Jbdk
(NDFIZR LI (NE), 1X 3 AN 1152 FAZ G o 2
9 18% ~ 34%, W2 5 T HAm I 17 o 456 A A 3 )
IR 5 LE A BT R B, % A AiE 5 2 £ 23 (A
O3 A BAT R — S . A2 EE A T Ak
e R AR AL B, 3X 3 AN = A2 AR TE AR S
N 19% ~ 25%. HE— B E &R S RZFHEK
P, ANEIE R 52 F R INLN 1% ~ 2%, S8 2 5+

B/
4 7 #
41 SEEEER SRR MR A R

EEMLN
SR E, MRS R R E R EE S T

BRI ARG I BRI AR B FE A BT R @ Ak
FAXS T IR 8 AR K PO w SRR, RESE — e 2
JEE b ek 55 AR 200 B 2 L S A ) B T 2 S A T
S T DR R RS, R I R o 1 e R AR T .
TEGTE B B, 200 i B (B4) 1) 51 22 A0 6 45
X5 i N I B 25 FEEAO I — B, i R A T8 52 ) B
faFHE, HagREE M EKEAILRESRE
B . R A R AL AR B, AR
B R AR 23 ek 1] Y DX 1S Wi, 2 B
FAXS T, X — B SRAE L0e B Bot o B EE L
bb T, 20303 Be(B5. B6. B7) A B A 6 1K .
JAE A B FUHE W 20300 B AE M I AR A g bR 450 7
T B ATV 3, HnT F /N EE O R (H A
T 503 BH 21300 30k B AE VR0 /N B ¢ 35 B 1) 82 A7 £ AN
SEMEN, RS RS 5 H BN — . W SR
ZL A (SWIRD I BEAH I I R 1 i 2500 77 57 (i R 30
HE R v EE L, Hih AMIST A ANDWI 25 7 - 5 3
PEHERE R 51 . SWIR I BOG - Fr 25 7K 5 RN 41 it 45 74
BN BUR . TR, 52/ & SE T R Bt
Ky B, T8 SWIR I B 5 % % A4 ol i
AT R A BRI R T /0 S A
AHI T, Kl E /N AR B s B Ik TR
T b B BEYUE AT HUE, A TS 2, BT
Iy MK Sy i %, w4 FERAIET . SWIR 3 Bt



%9

AR : Rl AR B W ZAZ MO EE 9C T IR 7 R R % JE g 2 3 A RFAE

35

70
® 60
3}:50

40
o,
2220
™ 10

(=

(=

20204F6 7 8H

20224F9H9H

202047 H 24 H 20214E8 H22 H 202248 H8H
-
T S D
/\\\/\ N o~ \\,\ N ’,\\5_ N
AN LN «\\ LN / a [
~N NN RN g 1N
NN N SO N
AN \ / Vo N [N
!‘-(_\ N \ \ \r(_\ \\ h \ (-'-\ N A A\
W N \ \ 2 \ W\ N\ \
J/ N\ A \\ ‘\ \ A N\ \\ \ \ ___/) \\ \‘ N \\
/' \\ \\\\ \\\ \ \ [r -\\\ \\\\ A \\ ‘\\ l/f \\\ \\\\\ \\
I ‘\ ~ s \ N | N \ | T N ~ “\\ \ N,
| '\\\ N ) \ AN NN \ ) \h \ - \
— Y ™ A\
\v»m\\\\ \;\ \\ ﬂ\\\‘ \\\\ AN = \\\,, I A
AN D -
2023461 17H

HTF GF-2MGF-T G i R AR SE = A2 1X 35,

- Sentinel-2i8 (1) 32 FE 14 TT

520202025 4 A X IR R F AR TN 2 B 2 oA 1]
Fig. 5 Spatiotemporal dynamics of bark beetle-infected pixels in representative areas during 2020—2025

= 20244F RAZIRIZ YR w0 20254 BAZIRIZ Y%
E P ALY e

| i
QO o O OO A DD DO
RSN R N A A

O 7 A0 20 a0 0 QA A L D e T N7
A IO B O T W 2 T W 50
TR X 6] /m
6 2024—2025 M FLIX A [F R X B 1) S A2 RS2 3 28 06 L ]

Fig. 6 Comparison of infestation rates in spruce forests across different

elevation ranges in the study area (2024-2025)

OB ONO — — =
ON B~ ONo
=R EH %

/INBE 6 TE 51 RS IR K 43 Wy de 2L A e S g, )R B
9 58 M WU it EE A RO,

TE A O /N B 9 F 38 MR DU rp, AT AR o 0k
ANDVI., AMSI %55 [37 5 AAE/E R gk i I Fe b, LA
P oy BRI TR ANz AR J1, IR 2R
E Sy A Y- O S DN SR E i S N

4.2 1K<ATIE F 5 Sentinel-2 Z1E MMN/NERERT]

it

BE AL R PR 7 AR 1) S AR 73 K 2 COAD L 3|

92.04%, = WA BE 457G R 9 6 B 1% oo Al 32 45



36 b M ok Ko ¥ R 48 5
b N c N
NW NE NW 2.0\ _NE
5
W E w E
SW SE SW SE
S S

B 7 B XA [l ) 52 F 500 5 () B2 (b) L 283 L (o) /A1

Fig. 7 Distribution of the percentage of infested pixels (a), spruce forest percentage (b), and infestation rate (c) across

different slope aspects in the study area

JG. 7 RRFIF] AE 5 HEFLIX Sentinel-2 10 m % [H] 73
PR TN IMRGIRE BITRA K. MG A5
BN, &5 558 L RIS B0 INZIEHER
W 76 X RF 2 55 S0 7 B R A il o, GOl
L5 52 55 BASAFAE — s AL, AATAT 30 1 % )
oo BERX — IR, AT E O T K A A
Sentinel-2 ZHE A4 8 43 FAE AL, BRI B AL MR/ G
KENHE. ML, S5/ NERELEME
BEFERRE, ZBAGLAE I “BonTRiES:m
TR T RIS TA)RE SR I RN, AT PG T Bl AL 75
IR RFT 4 R85 R A2 M, $2 T 1B 70 X /N
FHI B AR E S TR . ZFBRITA
MRS Em PR LERGMEEREARE
P, BEIE 5L T[] 270 Hds o e DX R RS /N B R
WM AT

AHIEFEAR T T 5 X /0N 8 ¢ T RN B R R R Y
B BRI B, ) e E R AR R R I B L B AR
BT R KR, RN HRR T o2 E B THER
SRR Y R AR S AR
43 WMERFEZEMNEREZTEASHHIEXR

BT 20242025 /N B 52 FAR 6 A 8] 43 AT 1
AT R I, W FC X N B 0 S R A AE — i R Bk
M3 1600 ~ 2 000 m X Z5 U8 = AR S22y,
1M B R T, 2R AR R R REE, X5HTA
BF T2 45 10 PO AR — B0 g 3R b XA A X AR
SIELR/INRE KA, TGP RE G AR IR P B
IF1) 368 5 AN 9 R R MR /0N B ¢ T % () 0 AT ) B b
¥, CAWIERMA, /a5 5 e IR o R A G
F 0, BRI I B A T e 114 O O B S e R R
A REA R T /NG AT IR B RV BEAT . SR, 1B
AHFFEH, BT X S0 A2 bk 32 B AR B 3
AR, 17 H 35 22 ol i A A, AT BR ] 1
AT DORANY === b= A1 s T S X N = 5574
508 A2 /N EE 52 FAR U I A B 43 A B DA R,

JE SR GG /N AR RO A S B AR IR
A, T — PRI IRAE R L F R ZAS RN B E
TR EA
44 AREREMRAME

S AT TG G /)N o R A G R B G 1 A
VIEEREYE, Ry R AT T A RV RIES (R 20, $i e
T FEG ORI R v, EA A R PR .
%% Sentinel-2 %5 8] #¥A (10 m) PR 1], PRk X I AAAE
RGBT G, T80 5 AR o R H R 2 FAR
TGo ARKN45E 2R T NHLIE B AR, #4)  5ERE 41
(AL AT EE, PEBUE 278 55 FE L bR % FE A 4
FIRHIE, JE500EE BEAA @R, DLt — Pt m 2
MR TRS B . e Ah, AT KA GE-2/7 56144543
K2k RAT VAL, B2 = 278 55 X DR RIUR AR IR
i, A EM R AEFKELS Sentinel-2 W I Hs AH— 1)
IS IE 5245 (2021 4E A1 2023 4D, W RERL I R X
B PPl 45 R o AR R W]k — 25 R BN AH 52 n VT G ()
o 2 ) 0 20 0 TR, e 4 6 K T e T A 0
TR E SR, LAk — D4 i e e 45 5 00 v 5
Mo Ba, AL EESNT T HE T 50 R ESE
()54 (1) 5K 2R, M ASTR AN R U A AR A 06} 5 5 R A=
RIBEIIFM . RRAT 456 K. FRIEHESR
B H R R IR &, o i S A AR A N BE PR B A
AT ¥ A2 A BRI sg ), Ik — B0t 7 <5
T H R T 19 28 LA Y R H 0o o 5 I 2 R (1 IR
BB, AR AR E 0 25 A2 MRS B 3 XU T
SRR YR R
5 % g

A FEET Sentinel-2 KB H] 75138 B AT, 45
BV EIE R T HIE s AN B FEAR R
AR, RN AR 7 RS B (OAD L F] 92.04%, 3 H
TR A X R S R S /NG 2 ) .
A i E B oy AT 2 SRR W, MR B T (B



59

TR A TRALAR B T U A2 W/ 9T BRI e e S

JERUE I B L 22 3 A AL 37

AR 73 2H F B T R R A v T LI A DI e BT REL A

b\/

o F FRIEE AL

» Y W IR 7] P 1 8 Ja S 4 e 098 A 80l 1)

5 (8] 3 A o3 B R B AT X

ZEGICEBELEF AT 1600 ~2 000 m XI5, A
AR X 0] N K FE AR S WE RS RIRE T
KM 8] 7 41 Sentinel-2 H4# 7 X 38R E 5 1 = A2 4K
/IN G 9 S M WU R ) R FH R 5 BT R e M R T
Bzttt AR 2% .

(1]

(2]

[31]

(4]

(5]

(6]

(71

(8]

& % x o
KRR, X, T 5, & RS2 ELR G BB ks R
BEFC (0] ALl R 444, 2010, 32(3): 75-79.
Zhang Z, Liu P, Ding Y, et al. Distribution patterns of Picea
tianshanica different

schrenkiana  var. populations  at

developmental stages in the western Tianshan Mountain,
northwestern China [J]. Journal of Beijing Forestry University,
2010, 32(3): 75-79.

XS, T 5, G, 55 Rl =2 M A& R 1], RAAE
B, 2011, 22(1): 9-13.

Liu G F, Ding Y, Zang R G, et al. Distribution patterns of Picea
schrenkiana var. tianshanica populations in Tianshan [J]. Chinese
Joumal of Applied Ecology, 2011, 22(1): 9—-13.

ke, BT, PR NAL KPR IR, 45, B iR L 4390
T A2 /N BN e F IR A [J/OL). b mt Mol K2z 224k,
2026 [2026—08—21]. DOI: 10.12171/j.1000-1522.20250409.
Zhang X H, Li X Y, Abuduaizezi Maitiqiasimu, et al.
Investigation on the species and harm of bark beetle on Picea
schrenkiana in the Forestry Administration Bureau of the Eastern
Tianshan Mountains in Xinjiang, China[J/OL]. Journal of Beijing
Forestry University, 2026 [2026—08—21]. DOI: 10.12171/j.1000-
1522.20250409.

FEARNE, 5Kk, FORNI, 55, BB ARSI KX RILE /N
W REPE [J/OL). db R ol K 2 53R, 2026 [2026-08-25].
DOI: 10.12171/.1000-1522.20260172.

Jiao J P, Zhang W, Guo T G, et al. Study on the biological
characteristics of Ips hauseri in the Banfanggou forest area of
Urumgqi[J/OL].
[2026—08—-25]. DOI: 10.12171/j.1000-1522.20260172.

Journal of Beijing Forestry University, 2026

Ye S, Rogan J, Zhu Z, et al. Detecting subtle change from dense
landsat time series: case studies of mountain pine beetle and
spruce beetle disturbance [J]. Remote Sensing of Environment,
2021, 263(5): 112560.

Meddens A J H, Hicke J A. Spatial and temporal patterns of
landsat-based detection of tree mortality caused by a mountain
pine beetle outbreak in Colorado, USA [J]. Forest Ecology &
Management, 2014, 322: 78—88.

Yu L F, Huang J X, Zong S X, et al. Detecting shoot beetle
damage on Yunnan pine using landsat time-series data [J].
Forests, 2018, 9(1): 39.

i . 3 T 2 R RO Y AR DR/ B o S L

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

7T [D]. Ak AbE Mol R, 2023.

Gao B T. Early monitoring of Dendroctomus valens damage
based on multi-source remote sensing data[D]. Beijing: Beijing
Forestry University, 2023.

Franklin S E, Wulder M A, Skakun R S, et al. Mountain pine
beetle red-attack forest damage classification using stratified
landsat tm data in British Columbia, Canada [J]. Photogrammetric
Engineering & Remote Sensing, 2003, 69(3): 283—288.

Waulder M A, White J C, Bentz B, et al. Estimating the probability
of mountain pine beetle red attack damage [J]. Remote Sensing of
Environment, 2006, 101(2): 150—166.

Mg, HE B, KR DT, 55, = B ARG OIS /) 8 ¢ T 18 R M
WP RIE (1], VEEEMOL L, 2007, 36(1): 87-90.

Ji M, Dong X Q, Liu H P, et al. Preliminary study on remote
sensing detection of Yunnan Pine forest damaged by Tomicus
piniperda [J]. Joumal of West China Forestry Science, 2007,
36(1): 87-90.

Huo L, Persson H J, Lindberg E. Early detection of forest stress
from European spruce bark beetle attack, and a new vegetation
index: normalized distance red & SWIR (NDRS) [J]. Remote
Sensing of Environment, 2021, 255: 112240.

Jamali S, Olsson P O, Ghorbanian A, et al. Examining the
potential for early detection of spruce bark beetle attacks using
multi-temporal sentinel-2 and harvester data [J]. ISPRS Journal of
Photogrammetry and Remote Sensing, 2023, 205(11): 352-366.
Alsleben J, Pflugmacher D, Rehwaldt R, et al. Mapping tree
dieback using Sentinel-2 time series and generalized regression-
based unmixing models reveals species-specific patterns across
Germany [J]. Remote Sensing of Environment, 2026, 342:
115464.

Schiller C, Koltzow J, Schwarz S, et al. Forest disturbance
detection in Central Europe using transformers and Sentinel-2
time series [J]. Remote Sensing of Environment, 2024, 315:
114475.

Zhan Z Z, Yu L F, Li Z, et al. Combining GF-2 and sentinel-2
images to detect tree mortality caused by red turpentine beetle
during the early outbreak stage in north China [J]. Forests, 2020,
11(2): 172.

Kennedy R E, Yang Z Q, Cohen W B. Detecting trends in forest
disturbance and recovery using yearly landsat time series: 1.
Landtrendr-temporal segmentation algorithms [J]. Remote
Sensing of Environment, 2010, 114(12): 2897-2910.

Havasova M, Bucha T, Ferencik J, et al. Applicability of a
vegetation indices-based method to map bark beetle outbreaks in
the High Tatra Mountains[J]. Annals of Forest Research, 2015:
1-16.

Hais M, Wild J, Berec L, et al. Landsat imagery spectral

trajectories, important variables for spatially predicting the risks

of bark beetle disturbance [J]. Remote Sensing, 2016, 8: 1-22.


https://doi.org/10.12171/j.1000-1522.20250409
https://doi.org/10.12171/j.1000-1522.20250409
https://doi.org/10.12171/j.1000-1522.20250409
https://doi.org/10.12171/j.1000-1522.20250409
https://doi.org/10.12171/j.1000-1522.20250409
https://doi.org/10.12171/j.1000-1522.20250409
https://doi.org/10.12171/j.1000-1522.20260172
https://doi.org/10.12171/j.1000-1522.20260172
https://doi.org/10.12171/j.1000-1522.20260172
https://doi.org/10.12171/j.1000-1522.20260172
https://doi.org/10.12171/j.1000-1522.20260172
https://doi.org/10.12171/j.1000-1522.20260172
https://doi.org/10.1016/j.foreco.2014.02.037
https://doi.org/10.1016/j.foreco.2014.02.037
https://doi.org/10.3390/f9010039

38

Sl Ay

oAk X

548 4

[20]

[21]

[22]

23]

[24]

[25]

[26]

[27]

28]

[29]

[30]

[31]

[32]

[33]

Meng R, Gao R J, Zhao F, et al. Landsat-based monitoring of
southern pine beetle infestation severity and severity change in a
temperate mixed forest [J]. Remote Sensing of Environment,
2022,269: 112847.

Shore T L, Safranyik L. Susceptibility and risk rating systems for
the mountain pine beetle in lodgepole pine stands[R]. Victoria,
BC: Forestry Canada, Pacific and Yukon Region, Pacific Forestry
Centre, 1992: 12.

Carroll A L, Regniere J, Logan J A, et al. Impacts of climate
change on range expansion by the mountain pine beetle [J].
Critical Care Medicine, 2006, 33(5): 1185—-1185.

Sproull G J, Bukowski M, Mcnutt N, et al. Landscape-level
spruce mortality patterns and topographic forecasters of bark
beetle outbreaks in managed and unmanaged forests of the Tatra
Mountains [J]. Polish Journal of Ecology, 2017, 65(1): 24-37.
Akkuzu E, Sariyildiz T, Kucuk M, et al. Ips typographus (L.) and
Thanasimus formicarius (L.) populations influenced by aspect and
slope position in Artvin-Hatila valley national park, Turkey [J].
African Journal of Biotechnology, 2009, 8: 877—882.

Walter J A, Platt R V. Multi-temporal analysis reveals that
predictors of mountain pine beetle infestation change during
outbreak cycles [J]. Forest Ecology and Management, 2013, 302:
308-318.

Powers J S, Sollins P, Harmon M E, et al. Plant-pest interactions
in time and space: a douglas-fir bark beetle outbreak as a case
study [J]. Landscape Ecology, 1999, 14(2): 105—120.

Simard M, Powell E N, Raffa K F, et al. What explains landscape
patterns of tree mortality caused by bark beetle outbreaks in
Greater Yellowstone? [J]. Global Ecology & Biogeography, 2012,
21(5): 556-567.

Galvdo L S, Formaggio A R, Tisot D A. Discrimination of
sugarcane varieties in southeastern Brazil with EO-1 Hyperion
data [J]. Remote Sensing of Environment, 2005, 94(4): 523-534.
Lymburner L, Beggs P J, Jacobson C R. Estimation of canopy-
Average surface-specific leaf area using Landsat TM data [J].
Photogrammetric Engineering and Remote Sensing, 2000, 66(2):
183-192.

Rock B N, Vogelmann J E, Williams D L. Field and airborne
spectral characterization of suspected damage in red spruce (Picea
rubens) from vermont [C]//Proceedings of the 11th International
Symposium on Machine Processing of Remotely Sensed Data.
Purdue University, West Lafayette, IN.

Gao B C. NDWI: a normalized difference water index for remote
sensing of vegetation liquid water from space [J]. Remote Sensing
of Environment, 1996, 58(3): 257-266.

Ahamed T, Tian L, Zhang Y, et al. A review of remote sensing
methods for biomass feedstock production [J]. Biomass and
Bioenergy, 2011, 35(7): 2455-2469.

Rouse J W, Haas R H, Schell J A, et al. Monitoring vegetation

[34]

[35]

[36]

(37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

systems in the great plains with ERTS proceeding [C]//
Proceedings of the 3rd Earth Resources Technology Satellite-1
Symposium. Washington: NASA Scientific and Technical
Information Office, 1974: 309-317.

Penuelas J, Baret F, Filella I, et al. Semi-empirical indices to
assess carotenoids/chlorophyll a ratio from leaf spectral
reflectance [J]. Photosynthetica, 1995, 31(2): 221-230.

Coops N C, Johnson M, Wulder M A, et al. Assessment of
QuickBird high spatial resolution imagery to detect red attack
damage due to mountain pine beetle infestation [J]. Remote
Sensing of Environment, 2006, 103(1): 67—80.

Gitelson A A, Merzlyak M N, Zur Y, et al. Non-destructive and
remote sensing techniques for estimation of vegetation
status[C]//Grenier B, eds. Proceedings of the 3rd European
Conference on Precision Agriculture. Montpelier: [s.n.], 2001.
Dash J, Curran P J. The MERIS terrestrial chlorophyll index [J].
International Journal of Remote Sensing, 2004, 25(23):
5403—-5413.

Barnes E M, Clarke T R, Richards S E, et al. Coincident detection
of crop water stress, nitrogen status, and canopy density using
ground-based multispectral data [C]// Proceedings of the Fifth
International Conference on Precision Agriculture. Bloomington,
MN, 2000.

Meddens A J H, Hicke J A, Vierling L A, et al. Evaluating
methods to detect bark beetle-caused tree mortality using single-
date and multi-date landsat imagery [J]. Remote Sensing of
Environment, 2013, 132: 49—-58.

Hicke J A, Logan J. Mapping whitebark pine mortality caused by
a mountain pine beetle outbreak with high spatial resolution
satellite imagery [J]. International Journal of Remote Sensing,
2009, 30(17): 4427—-4441.

Meddens A J H, Hicke J A, Vierling L A. Evaluating the potential
of multispectral imagery to map multiple stages of tree mortality
[J]. Remote Sensing of Environment, 2011, 115(7): 1632—1642.
Carter G A, Knapp A K. Leaf optical properties in higher plants:
linking spectral characteristics to stress and chlorophyll
concentration [J]. American Journal of Botany, 2001, 88(4):
677-684.

Adamczyk J, Osberger A. Red-edge vegetation indices for
detecting and assessing disturbances in Norway spruce dominated
mountain forests [J]. International Journal of Applied Earth
Observation and Geoinformation, 2015, 37: 90-99.

Eitel J U H, Vierling L A, Litvak M E, et al. Broadband, red-edge
information from satellites improves early stress detection in a
New Mexico conifer woodland [J].
Environment, 2011, 115: 3640—3646.

Abdullah H, Darvishzadeh R, Skidmore A K, et al. European

Remote Sensing of

spruce bark beetle (Ips typographus L. ) green attack affects foliar

reflectance and biochemical properties [J]. International Journal of



59

AR S RSB T A2 /IS R 9T B N 7 R e M 2 FL v 2 3 A i 39

[46]

471

[48]

[49]

[50]

[51]

Applied Earth Observation and Geoinformation, 2018, 64:
199-209.

Reid R W. Moisture changes in lodgepole pine before and after
attack by the mountain pine beetle [J]. The Forestry Chronicle,
1961, 37(4): 368—-375.

Fassnacht F E, Latifi H, Ghosh A, et al. Assessing the potential of
hyperspectral imagery to map bark beetle-induced tree mortality
[J]. Remote Sensing of Environment, 2014, 140: 533—548.

Latifi H, Schumann B, Kautz M, et al. Spatial characterization of
bark beetle infestations by a multidate synergy of SPOT and
Landsat imagery [J]. Environmental Monitoring and Assessment,
2014, 186: 441-456.

Lausch A, Heurich M, Gordalla D, et al. Forecasting potential
bark beetle outbreaks based on spruce forest vitality using
hyperspectral remote-sensing techniques at different scales [J].
Forest Ecology and Management, 2013, 308: 76—89.

Foster A C, Walter J A, Shugart H H, et al. Spectral evidence of
early-stage spruce beetle infestation in Engelmann spruce [J].
Forest Ecology and Management, 2017, 384: 347-357.

Mezei P, Grodzki W, BlaZenec M, et al. Host and site factors
affecting tree mortality caused by the spruce bark beetle (Ips

typographus) in mountainous conditions [J]. Forest Ecology and

[52]

[53]

[54]

[55]

Management, 2014, 331: 196—207.

BT, 287510, B, 5. AU/ EEE SRR R
7 (0], =E MR, 1997(2): 11-16.

LiL S, Chai X S, Wang H L, et al. Study on relationship between
damage of Tomicus piniperda and its environment [J]. Journal of
West China Forestry Science, 1997(2): 11-16.

VRIS, JE e, B, 55, = BAA AR IR O S AR BT IR /N B fa
MR A [0]. ZRAEMO R 22244, 2004, 32(5): 13-15.

Chen P, Zhou N, Zhao T, et al. Relationship between stand status
of Pinus yunnanensis and damage of Tomicus piniperda [J].
Jounal of Northeast Forestry University, 2004, 32(5): 13—15.
YuL F, Zhan Z Z, Ren L L, et al. Effects of stand and landscape
level variables on shoot damage ratios caused by shoot beetles in
Southwest China [J]. Forest Ecology and Management, 2022, 507:
120030.

Zhan Z Z, Yu L F, Ren L L, et al. The association between stand
and landscape level factors and red turpentine beetle damage in
different infestation stages [J]. Forest Ecology and Management,

2023, 531: 120790.

(FTHE%mEE & 48
THERE  F4EE)



	1 研究区概况与数据来源
	1.1 研究区概况
	1.2 地面调查
	1.3 卫星遥感影像选取与处理
	1.4 研究区域的天山云杉林边界优化
	1.5 地形因子数据获取

	2 研究方法
	2.1 健康和受害像元选择
	2.2 分类特征筛选
	2.3 分类模型的构建
	2.4 小蠹灾害时空动态分布图绘制
	2.5 地形因子数据获取与分布分析

	3 结果与分析
	3.1 特征变量重要性分析
	3.2 小蠹灾害的时空动态变化规律
	3.3 小蠹灾害暴发阶段的空间分布特征

	4 讨　　论
	4.1 光谱波段、植被指数及植被指数时序异常值的重要性分析
	4.2 长时间序列Sentinel-2数据监测小蠹灾害的可行性
	4.3 地形因子与云杉林小蠹灾害空间分布的关系
	4.4 不足与未来研究方向

	5 结　　论
	参考文献

