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Abstract: Species-level biomass and its change are important indicators in the measurement of the reliability of forest

ecosystem structure and function. To understand the changes in species-level biomass and its linkage to climate and forest
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disturbances, maps of changes in species-level biomass in the Great Xing’ an Mountains between 2000 and 2015 were
generated by integrating Moderate Resolution Imaging Spectroradiometer ( MODIS) images with forest inventory data using
k-nearest neighbor distance (kNN) methods. The distribution information regarding fires, logging, and afforestation in the
Great Xing'an Mountains between 2000 and 2015 were also extracted from MODIS production. The relationships between
species-level biomass changes, climatic factors, and forest disturbances were explored using canonical correspondence
analysis (CCA) and the random forests method. The results showed that the total aboveground biomass in the study area
increased by 8.9% (0.41x10%t) from 2000 to 2015. For the species-level biomass, white birch ( Betula platyphylla Suk.)
increased most significantly (0.40%10% t), followed by pine ( Pinus sylvestris var. mongolica Litv.) , aspen ( Populus
davidiana Dode ), and Mongolian oak ( Quercus mongolica Fisch. ex Ledeb.). The biomass of larch ( Larix gmelinii
(Rupr.) Kuzen) declined the most, decreasing by 0.08x10° t from 2000 to 2015. There were no obvious changes for the
species-level biomass of willow ( Chosenia arbutifolia (Pall.) A. Skv.) and spruce ( Picea koraiensis Nakai) during these
period. The areas of fire disturbance derived from MODIS products were consistent with the records in the yearbook for the
Great Xing'an Mountains (R*=0.97). Fire disturbance, logging, and afforestation all significantly influenced the changes
in the species-level biomass ( P<0.01). Among the three disturbance factors, fire disturbance exhibited the greatest
explanatory ability for the variation in species-level biomass change based on the random forests method. However, climatic
factors exhibited a relatively greater importance value than did forest disturbances. Annual temperature and precipitation
explained the greatest variation in species-level biomass change among all the climatic factors and forest disturbances, and
exhibited a strong positive correlation with broad-leaf species biomass and fire disturbance, but a negative correlation with
total aboveground biomass ( AGB) , logging, and afforestation. A weak negative correlation between annual temperature and
the biomass of white birch and larch was observed. Annual precipitation was positively correlated with the biomass of white
birch and total AGB but negatively correlated with the biomass of larch and annual temperature. Our results indicated that
climatic warming would increase the proportion of deciduous broad-leaved tree species and reduce forest ecosystem

productivity in the Great Xing'an Mountains in northeast China.
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Fig.1 Elevation and location of the study area
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F1 T 2000—2010 EFK T FEYETUHTFRMSIERTF
Table 1 Environment variables for explaining the AGB change for 2000—2010
A5 5t 44 Variable name A5 5 5E X Definition
burt MODIS $i HEHU it K AR TG, BITAE l 2000—2010 4F [AJEINE) % A K 9¢ I Ut
log MODIS ¥ R IR AAL TT , R TTAH 9 2000—2010 4F [EJR I 2 & A R A i 8t
elevation WK (m)
slope Wz (°)
pre 30 4 V- AR i £ (mm)
pre7 2000—2010 4 10 4[] 7 F 4537 X [ W 2 ( mm )
pre8 2000—2010 45 10 4 [1] 8 F 4737 5 FT & ( mm )
pre9 2000—2010 45 10 4R 9 J1 {53 - IR R #: (mm)
rad7 2000—2010 4 10 4[] 7 A 473 B B AR H (w/m?)
rad8 2000—2010 4F 10 4Ffii] 8 A ¥4 H 45T (w/m?)
rad9 2000—2010 4F 10 4F-fa] 9 H 4373 H 54k (w/m?)
rthm7 2000—2010 4F 10 4F (8] 7 A 45 H FAHXRE (%)
rthm8 2000—2010 4 10 4[] 8 H 3 H VXA IRSE (%)
rthm9 2000—2010 4F 10 4E[A] 9 H 73 A F-AHREE (%)
tem 30 4F H A (C)
tmp7 2000—2010 4F- 10 4E[a] 7 A 433 (C)
tmp8 2000—2010 4F 10 4F[a] 8 H 3 F¥< ik (C)
tmp9 2000—2010 4F- 10 4E[A] 9 A3 F- ¥k (C)
wnd7 2000—2010 4 10 47[E] 7 H - PR (m/s)
wnd8 2000—2010 4F 10 4[] 8 {3 IR (m/s)
wnd9 2000—2010 4F 10 4E[a] 9 A3 F-FHNHH (m/s)
sdpre7 2000—2010 4F 10 4E[8] 7 A 43 X FE R & (mm) (94712
sdpre8 2000—2010 4 10 4R [A] 8 J {3 F HIFERE (mm ) AIPRIER
sdpre9 2000—2010 4F 10 4E (8] 9 F 15V R r it (mm ) (9 hrifE 22
sdrad7 2000—2010 4F 10 4E[8] 7 A 433 H SR & (w/m®) BIbRIEZE
sdrad8 2000—2010 4= 10 4[] 8 A 43 F3 H BRI 2 (w/m?) BIbRifEZ
sdrad9 2000—2010 45 10 4E[8] 9 A 433 H BRI & (w/m®) BIbRIERE
sdrhm?7 2000—2010 4 10 4E (8] 7 A 43 A P EAHXREE (% ) ibRifE2E
sdrhm8 2000—2010 4 10 4E[8] 8 A {5 A P AR (% ) BIbRifER
sdrhm9 2000—2010 4 10 4E[8] 9 15 A F-EAHXRREE (% ) ibRifE2E
sdimp7 2000—2010 4 10 4R (8] 7 A 3P B (C) iobRifk 2
sdtmp8 2000—2010 4F 10 4E[H] 8 A 3-F-3S ikt (°C) hRifE2E
sdimp9 2000—2010 4 10 4E (8] 9 APkt (°C) ihRIfE2E
sdwnd7 2000—2010 4F 10 £E[H] 7 A3 F-H R (m/s) hRIE2E
sdwnd8 2000—2010 4F 10 4[] 8 A 44X (m/s) BIbrRiEZE
sdwnd9 2000—2010 4 10 £E[H] 9 A3 PR (m/s) (hRiE2E
1.5 Hrrik
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Fig.3 The changed species—level biomasses of the Great Xing’an Mountains between 2000 and 2015 in Heilongjiang province
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Table 2 Mean wind speed, temperature, solar radiation, relative humidity monthly precipitation

i S48 03 R P2 H ARG ST R XY S4B K
Ye Mean wind Mean Mean solar radiation/ Mean relative Mean monthly
ear speed/ (m/s) temperature/ “C (w/m?) humidity/ % precipitation/mm
2000 2.47 13.76 1362.83 65.20 58.92
2001 2.69 14.94 1424.66 64.53 55.31
2002 2.55 16.23 1476.67 57.14 36.59
2003 2.46 12.78 1296.62 77.66 95.40
2004 2.61 15.07 1359.11 67.10 72.73
2005 2.57 16.06 1479.38 63.80 50.30
2006 2.50 14.87 1463.59 65.58 61.22
2007 2.51 16.03 1468.74 64.82 64.03
2008 2.67 15.09 1361.00 66.87 76.92
2009 2.43 14.04 1323.69 76.74 94.26
2010 2.41 13.94 1367.21 72.76 82.83
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Fig.5 Disturbed areas by fire, afforestation and logging during the years of 2000—2015

birch 73 HICER R AL | FHE B TAR R WIS | =42 S AR AN SR AME S Rt 1 2 e i A2 1k, BRI RG k
REREE L CCA 73T Ja A B AR B | i S B A USRI B ) BR324 S0 e/ MR A S
e, R R A LA UK 1

ST 457 L JEE R AR i B K P b AR e A 22 S B B o BRI R R L K 7.8 A Y H R
SHERZ (189) . FMEM A=Yy i i S5 M Bk S B R 28 A IEAR G, 5 7—9 A 0y YT R AR 2R
JESE B 35 1 DA OG s SR AR AR W AR AL 5 e S v R i 3t b 2R P AR A R B IR AR G
5 AR b 14 R bR L 2 i A T DA R AT B 4 2 B i ) SR OGP (T 6 A7) o X RIS IX AR bRt
YR A TR R P AR R ME DR E Y, T L BE R E IS DXL AR ol e i R A MR B LEAIRRAER,
FORRARI b A= R

http ; //www.ecologica.cn



12 4 TP S AFACE I RS0 b A ) s B AR S S R A TR &
[¢]
1 Larch
tmp7
tmp8
pre9 tmp9
sdpre9
AGB tem
o afor Z Htnd
5 0 (o R burnt
5 tmp9 Spruce ©  Mongolianoak
© o, Blackbirch
sdtmp7 Pine
spen wnd9

elevation

sdwnd9

e8

pre
sdtmp8
Whitebirch
o

1 1 1
-2 -1 0 1

CCAl

6 THXERFKEM FEYETHERERFZENXER

Fig.6 The relationship between species-level biomass change and environment factors in disturbed area

o tmp7
Larch
tmp8
L tmp9
sdtmp7 rad7 rads
o sdpre8
AGB hmd sdtmp9,
. sdwndS S5\ rad9 Mongolian oak
) sdpre9  pre7 = 9 On Blackbirc
S "¢ Willow ©, tem
@] rhm8 //; o Spruce
sdrad9 <pre§ / / Aspen
sdrad8 sdrad drhim
rhm7
sdrhm8 ddynd?
slopg,
-1 L sdtmp8 wnd9
dwndo wnd8
sawn wnd7
elevation
pre
White birch
o
-2 | | |
-2 -1 0 1
CCAl

B7 FFREEMHKES FEMETHERERFZENXER

Fig.7 The relationship between species—level biomass change and environment factors in undisturbed area

EAR R i) N e ¥ o

http ; //www.ecologica.cn



10 S % 39 &
log [ - 1 tmp8 HT e 4
ave [ sdwnd8 [ v T
bumnt [— D:l ______ l ° sdrad8 F-:l:l o o
dtmn9 sdrad7 |-o b= _}-------- 1
sdtmp> 1~ co - sdwnd7 | beeeeeeee [ —
sdwnd8 |- L sdwnd9 [ Y +
sdrthm9 - HC ) ° elevation [ O P 4
sdpre8 |- b i ° tmp9 - O e
sdwnd9 | peeees - tmp7 [ T F-—emmee- 4
sdtmp8 |- I I wnd7 - e B N S
sdpre9 (o I thm7 - e M
rad8 | o [ o o sdrad9 |- s I I
thm7 L " R sdrhm7 | i | I =
ds L - » sdtmp8 |- - T H
wn | radd N B
pre§ - e B wnd8 - e NN N e
rhm8 | [ I I sdpre8 |- ° b--_ -+
rhm9 o H[[H rhm8 ° bt
tmp7 | T sdrhm9 |- [ — S I N
wnd7 | L 4 sdrhm8 e N N S
sdtmp7 |- T o o sdtmp7 O |
mp9 | b L} thm® - R I S
preo | i b [ AT e R
elevation |- o] o o wnd9 | P, o T
tmp8 |- e M | S 4 sdpre9 - [ IR BN St 1
rad7 | o [T o rad8 |- [ R
wnd9 [ ° [ ] rad7 |- ]
pre |- o LI} o slope |- ° L q
tem - e I S pre8 |- g R
1 1 1 1 1 1 1 tg:g r L 1}:':'“; """ 1
-3 -2 -1 0 1 2 3 1 ! 1 :I:" ]
A5 B X R B 2 ! 0 1 2 3

Scaled variable importance

E 8 Random forests 775 1T & KT X i3 fF 75 % & 33 F #Fk
Fit EEMETUNENEES

Fig.8 Scaled important values of explanatory variables related to
species-level biomass from the random forests model in the

disturbed area

Scaled Importance

9 Random forests 7775 1T E R IE T X 13 #7158 I & Xt F B
K EEMETUNENERYE

Fig.9 Scaled important values of explanatory variables related to
species-level biomass from the random forests model in the

undisturbed area

3 iTFig

3.1 S AERT A M A B R R

PSR (R RUBE I, S e 2l VR F 45 Fh 30 8 20k L3 i s A b K7 2B i s P s T RUBE I
ST RN AR 0 A AR K A AR, 5 MR AR o ) SR A A 5 3 i 7 DX Sl A S R a2
Rk AR 22 SR AR E R AR R R B 5 AR S RS B R Zs R > R 5T LU
Tt K APt A 4y ek A A Sy i) 0 A% et R S e ) i ) P A R 2R G AR KO L A R R, Zhang
ZEP0fE MODIS BUE A1 GLAS BEAHLE A58 T A Z X 2000—2010 4F3 1] (1) AR b 1 2B W i, 3F50
TZRACH X ARk i b e AR A i) F2 B IR Sl R -, 48 A B P 0 P AR s A LA AR K
Bk, S HEAR T SR AR R FORIE e A PO AL T A M AR Aot R I X S AR A4 R i, & TR
Bl 2 fift AR AU B ARSI () A 7 T RRAR, ol o PR 38 R B I AR A LA R ARG B A LU 8 T, e TR AT A A
e BEE R R T, RE AR (S AR SR RAA AN A5 ) AR et 1 0 o WD B8 o T D0 3RS Aol i A R P A
B A A B I T A, R FRMR M 2 i B I ) SR B TR R R A, FRATT A AT 45 S Sk e 2 LAY
W A — 3k, X TR & AR AR ST X A SR AR BR , BIF 5T DX 8 P 34 ool 2 30 0 A= A8 Ak Tk — 2 72
HEA B BERRMAE S R G A 7= T e S B T R

5T R IIM AR B ALy RMREhASAE A B IR 3h ), e SRR 8 5= N, 33 Mo T3 T e s it
D5 MR 5 L A o ) A e D T A A A g e S I 5 AR R A s T FRATT
PRI ST 2% B BE S5 AR R AR AR A B 558 vt AR | SR A6 W] it At o b A= 4y o 1) 728 A ek 2 LA AR SR I I A DG 1
(F6) X — i SR A BIIE 45 R R —800 L RO CRAREE T I8 28 2 il S Bt 30 P ) ol 7K ST

http ; //www.ecologica.cn



12 14 TRIRTIE A5 AP K220 b b A i 8 AR AE B S A T4 G R 11

Yy h ) 2R RS P (B R IR AT T 45 R & PEL, 2000—2010 444 8] JE I VTR M I SR B E I 22 5
CAMLEE K RS XGHUFIRE X B 45 ) % TR Al 7k SF il A= 40 78 b i B4 AR DG B 2 PR 2 ) 30 e TRk R
K 8) o FRATIALLT 3 A5 M 2 AT AR AR — G, 158, RO R AR DL R i A K
PR G SAEE ZEYIME, RIS FEERR A A X R B, S 2508 3 9 nT R SRR e, ot
AR K s 2% 27 AT R T I T8 AT B 5 5 | ke KR 5 SR T 1o e 25 S B5OW) 8 28 B 9 28 Ak, 687 ] P A e L
BRI, ST A L R A0 MR R S mT LA A R 2 R T MK kA R A B R R B Y 43 A 2%
203510 HIK 1998 AR R RS T RS LA | SRR VTR DL 208 A SRAR R BE AT R SRk 20t
P BT 0 58 AR ) B AN T AR A5 s A | SRARK A A K S b L A= 95 4 52 1) KA 55, 2000 4F LUK % X 7k
MBI AL TF— R B AR AR ER AR T AR A X RO ALY 0.2% , 5 =, KHIALOCR IR E 5847 7™
& BRI K IR B | FRRANRE 56 A S MK R R AR AE 28 R e B 2%, KRR T MR KOG R A S &
Gery gm0 AR PR I T AN IS, 2000—2010 4F 8] BB g VTR 022 A b b AR 14 5 kT AR
4.87x10* hm*, 2 (5 AF 5% X AR AR T ALY 0.72% , PR K9 3 B A v AR A ¥ e i 2k 1 h 53.6x10° «, AHEL T
1980—1999 4FMHEAE 35 K I (8.53 % 10* hm?* ) FlAR 1 2K 1 (152%10*—239% 10" t) ¥4 B W ARG, X 5
2000 41 LA A 4 1 ZRAMR BT R K BUR B UIAR G .

20 t42 90 AFEARH I Z 1T, TR AR VR4S BB — B DL G e] B 4 i O 2 RN R AR ARSI E 2 H AR,
F TR RARAT T 5 X BRI 5 1t 11 B 1 ™ A R B B H AR PRSP XA, rh 4l bR B T S ARAR SO A
PREFET 1998 A RARMRARY TRE” St LUK , B Jp VTR 242008 i ZRMCRAR B BE AT T 38 4F F B, R4 R AR
B R AR TRE S0 22 BT Y 330x10* m® FFEF 2010 4E19 146x10* m® | SRAR N AR AR | A= 4 5 52 00 32 1
BEAIG, KA TR X ARG VR S 1 K Tl A ) 3 AR 54 530 A 2000—2015 4 [ ZRpk b 1= A 4y
AL J AR BE R AR R AR A R — B0 . 2015 4F 4 H BEE FE 58 K SRR 4 T AR AR 3R 10 52 it , A ok xef
R A AR A A ARG B M i — 20 . R B DR SEA T I AR K BUR | BORTE R I N % 1T
PRI FRARAE B RGO AN 52, (R KR E |, AT e s SRR ATA 9 K i B, T2 5 5| R TME
PERY BRI
3.2 KRR R R

MR SRARAN i A 1 AR Aot 7K ST s A 4y v 7 6 R P 20 AR fb 1 S 2 PR 2R, HAth PR 2 9 s e 3 XL
G TR VKBS A b 2K M- A= 9 e 4728 A s B M), L2 Rl B i A X 5 /N7 AR 9 IR
AHUGX LR R ETEN . ARMTEAR P B G T 75— @ B bR 1 3 S PR XA K 1
AR ARG AR — o R T XU X AR e K O b AR AR A s ) B KRR A —
FEFRE LR T T X B KCE M B A s s, AR R AR R K ORI 5% A B R
R 2 A S UIAR ) 5 S I Xk 26 P = Xo A b A 4 B R S R A7 i — 2B T

HH 52 38 SRR A 2 [B] 40 8 I A B [m] 40 S i ] S P R 5 ) 5 i), SR P o R T B0 T 0 2 A7 B AR AR
JE PR S SEAS LB G 420205 T MODIS B2 ] 43 9 3R 4 Ay LR | 2R R 75 405 4 T 10 4 [ 43 T 3R (1) 3 S
SZAZ (1N Landsat) Xf & 2B FEBEORG AHRUBE B9 T3 - TR0, JF 08 etk — 20 o A O BRMAE R R G52

4 Hie

ARAFGEAR IR T BBIETT R4S 2000—2010 A TR K- H b A= 448 (4 A8 Ak, I A T30 R S5 R
KOV B A A A, BT T M0 BT R0 R 7 X A e K P b A 4 AR A 1 S e DG B, R
S . 2000—2015 A7 ], BIFFE DX A AR MM L AE W N T 8.9% (0.41x10%t) , Hir 2010—2015 41
(i) b1 A= 0y 1 34 m s 2 B k1 T 2000—2010 4F 5 M| A= W 2 16 0w 22 RO BB R T HE L 552000 4R A EEAE
PrEE s 7 0.40x10° ¢, HUCHREFHA 1L FISE T BR 1 AR i B i 2 1R Rl 5 R, 15 2000 4F AR L
TFET 0.08x10° t; WA F = A2 10 A= 9y AR A AR Ak s PRk SRASORI 36 AR S R AR A0 20 AR o 7K SF- s

http ; //www.ecologica.cn



12 JAE = 39 %

PR RN S RO AR K M A S R T R R AR A R R TR K F A
R TR T R A1 A SRR N 2 S SR R Y FL RN, A GEOL S R A EE R
SRR AR R, AU N BR B A A R A A R AR A i Tl i R R bR K SN R A R
AR R T AR I B A

22 3R ( References)

[ 1] Bonan G B. Forests and climate change: forcings, feedbacks, and the climate benefits of forests. Science, 2008, 320(5882) . 1444-1449.

[ 2] Houghton R A, Hall F, Goetz S J. Importance of biomass in the global carbon cycle. Journal of Geophysical Research, 2009, 114(G2) : GOOEO3.

[ 3] Fiihrer E. Forest functions, ecosystem stability and management. Forest Ecology and Management, 2000, 132(1) : 29-38.

[ 4] DaleV H, Joyce L A, McNulty S, Neilson R P, Ayres M P, Flannigan M D, Hanson P J, Irland L. C, Lugo A E, Peterson C J, Simberloff D,
Swanson F J, Stocks B J, Wotton B M. Climate Change and Forest Disturbances: climate change can affect forests by altering the frequency,
intensity,, duration, and timing of fire, drought, introduced species, insect and pathogen outbreaks, hurricanes, windstorms, ice storms, or
landslides. BioScience, 2001, 51(9) : 723-734.

[ 5] Gustafson E J, Shvidenko A Z, Sturtevant B R, Scheller R M. Predicting global change effects on forest hiomass and composition in south-central
Siberia. Ecological Applications, 2010, 20(3) : 700-715.

[6] DuHB, LiuJ, Li M H, Buntgen U, Yang Y, Wang L, Wu Z F, He H S. Warming-induced upward migration of the alpine treeline in the
Changbai Mountains, northeast China. Global Change Biology, 2018, 24(3) . 1256-1266.

[ 7] Liang Y, Duveneck M J, Gustafson E J, Serra-Diaz ] M, Thompson J R. How disturbance, competition, and dispersal interact to prevent tree range
boundaries from keeping pace with climate change. Global Change Biology, 2018, 24(1) : €335-e351.

[8] LiXN,HeHS, WuaZ W, Liang Y, Schneiderman J E. Comparing effects of climate warming, fire, and timber harvesting on a boreal forest
landscape in northeastern China. PLoS One, 2013, 8(4): €59747.

[ 9] Zhang Y Z, Liang S L. Changes in forest biomass and linkage to climate and forest disturbances over Northeastern China. Global Change Biology,
2014, 20(8) : 2596-2606.

[10] Savage S L, Lawrence R L, Squires J R. Predicting relative species composition within mixed conifer forest pixels using zero-inflated models and
Landsat imagery. Remote Sensing of Environment, 2015, 171 326-336.

[11] Beaudoin A, Bernier P Y, Guindon L, Villemaire P, Guo X J, Stinson G, Bergeron T, Magnussen S, Hall R J. Mapping attributes of Canada’s
forests at moderate resolution through NN and MODIS imagery. Canadian Journal of Forest Research, 2014, 44(5) . 521-532.

[12] Wilson B T, Lister A J, Riemann R I. A nearest-neighbor imputation approach to mapping tree species over large areas using forest inventory plots
and moderate resolution raster data. Forest Ecology and Management, 2012, 271, 182-198.

[13] Zhang Q L, He H'S, Liang Y, Hawbaker T J, Henne P D, Liu J X, Huang S L., Wu Z W, Huang C. Integrating forest inventory data and MODIS
data to map species-level biomass in Chinese boreal forests. Canadian Journal of Forest Research, 2018, 48(5) : 461-479.

[14] 20, E4m, skE4s. BRI TP KWK H A=Y iy S ARl W AR 24R, 2018, 29(3) : 713-724.

[15] Fang L, Yang J, ZuJ X, Li G C, Zhang J S. Quantifying influences and relative importance of fire weather, topography, and vegetation on fire size
and fire severity in a Chinese boreal forest landscape. Forest Ecology and Management, 2015, 356 2-12.

[16] TRALAL. AP ERGZIC R, dbnt. Bl iliiit,1998.

[17] Zald HS J, Ohmann J L, Roberts H M, Gregory M J, Henderson E B, McGaughey R J, Braaten J. Influence of lidar, Landsat imagery,
disturbance history, plot location accuracy, and plot size on accuracy of imputation maps of forest composition and structure. Remote Sensing of
Environment, 2014, 143, 26-38.

[18] Mao D H, Wang Z M, Luo L, Ren C Y. Integrating AVHRR and MODIS data to monitor NDVI changes and their relationships with climatic
parameters in Northeast China. International Journal of Applied Earth Observation and Geoinformation, 2012, 18 528-536.

[19] Pouliot D, Latifovic R, Fernandes R, Olthof I. Evaluation of annual forest disturbance monitoring using a static decision tree approach and 250 m
MODIS data. Remote Sensing of Environment, 2009, 113(8) : 1749-1759.

[20] Sulla-Menashe D, Kennedy R E, Yang Z Q, Braaten J, Krankina O N, Friedl M A. Detecting forest disturbance in the Pacific Northwest from

MODIS time series using temporal segmentation. Remote Sensing of Environment, 2014, 151 114-123.

55 BE. ARMCRARER AT B, Jbat: Mol E, 1987

FLZE, B SRR BRI (. B A, 2004, 15(10) : 1722-1730.

XA, EAA. 2R RMAES RGN, HRTHEZR, 2001, 16(1) : 71-78.

FOERR. BRMCRIR 5 R RUAE I, 4235274k, 1994, 14(4) : 430-436.

[21
[22
[23
[24

[

http ; //www.ecologica.cn



12 P A AFRKE R R 0e H T A= W AR AE B S AR A TR e R 13

[25]
[26]
[27]

[28]
[29]
[30]
[31]

[32]
[33]

[34]
[35]

[36]
[37]
[38]
[39]
[40]
[41]
[42]
[43]
[44]
[45]

[46]

[47]
[48]

[49]
[50]

[51]
[52]
[53]
[54]

[55]

Itz XELE, . R FRMAR B 1) 2 W i R A 7 k. AR SRR, 1996, 16(5) @ 497-508.

TEH Pk, FEmEA. ﬂﬁ%&ﬁ*lﬂﬂhaﬁ%ﬁ%*ﬂ RZIR. AR, 2008, 28(2) ; 534-543.

Tautenhahn S, Lichstein J W, Jung M, Kattge J, Bohlman S A, Heilmeier H, Prokushkin A, Kahl A, Wirth C. Dispersal limitation drives
successional pathways in Central Siberian forests under current and intensified fire regimes. Global Change Biology, 2016, 22(6) : 2178-2197.
R, BT, %uﬁ‘ Bt ROLL WAL AR ARAR G R A A2 1 P i 1 SR, 2012, 23(12) ; 3227-3235.

B, &7 A, BT SR N RIS X 21 ﬁéﬂw%kﬁﬁf%ﬁ'”%ﬁﬁﬁ“ BEFHAZS 23R, 2012, 23(12) ; 3236-3242.

FEH P, SEBEAC. TARABAXS h FE R BT SIS i me . A28 272¢3K, 2007, 26(8) : 1277-1284.

B0, BLLd, B, R, W, SRR, MR R 62 R B 2R b b A i T A S AR AT AR A 2R, 2016, 36
(4): 1104-1114.

WY, WL+, Ay, S, ARSI T AR AR T BB A ZS 0120 A1 A 243, 2006, 26(12) : 4257-4266.

2H fc”% AT, R &, AN, FEFRR, M6, WAt R2CZIEIT bl J5 ZRmcs WA 5 28 1k K LR 3 7). A 2544, 2006, 26
(10) ; 3347-3357.

B0 BRICHER AR TS0 FRARH 1A e B 52w [ D] dbat. hEREB R, 2014,

WOCE, Bent, WU, FOol, RESR, XL, MR, TR, S8, ARG R 45 R R AR RIS FRAR S A i AR R
Wi, AR, 2017, 38(4) @ 1203-1215.

Wl SUBAE AT TR ] 4L P A R AR IR 53 A3 BB 7= T g [ D). dbst . dhEREEBE R, 2014,

AR, SRR K% KT AR B NPP AGSEMA[ D], dbat. FPERERE R, 2014,

KL W X AT BB R, RIS GRS 2012, KOG . K42 X AT B S8R, 2012.

BADKS, WS, P, MR, SRR S IR E AR K LRI S RO SR BRARB 2, 2011, (2): 1-4

IR, BLTAS, Ah k. KGNS 2001-2010 AE AR BRI TH AL AEZS2A4, 2012, 32(17) : 5373-5386.

B, PNIE, ERE, BB K2%4EE 1980- 1999 4R TR ARRRBE BRI LTS, Mol BleE, 2007, 43(11) . 82-88.

BePRZ, sk/ANA, B SCR. P E BRI ST R ). Mol B2 2012, 48(8) ¢ 11-15.

SRARE . B RO TR, Aol BHE, 1999, 35(2) : 124-131.

JRELAE, AR, SRR, P, TEE SRR TR — I SR A A . AR BHTT % , 2012, 26(6) : 5-8.

BOVAR, FEIEW, FXHM, AR, FmR, 84, ad, faad, R RERIRAMROEY TR X R0 i a. B8R,
2014, 34(20) ; 5696-5705.

XIde, HE, B, W, T OCUE. BUDUR [E) AR AT R B Ak BT R % 2 0 TR AE AR JCIR BLBY R . AR SR 28 AR, 2009, 28(8) :
1462-1469.

WEAG. P EARIBRMRTIRBEIIFRLD]. K& RILMHRY, 2015.

BRze s, Wi, W&, e, Bat, Xk, XIEME, WO, F T FATE RO R ZZ IS BT bk X AR AR 1 SR . R AR S
24, 2010, 21(5) : 1090-1096.

FR. KOLZEUWEARIK A R A RS2 B T3 MT [ DT, 2k H . SRBRIBE K=, 2016.

Hawbaker T J, Vanderhoof M K, Beal Y J, Takacs J D, Schmidt G L, Falgout J T, Williams B, Fairaux N M, Caldwell M K, Picotte J J, Howard
S M, Stitt S, Dwyer J L. Mapping burned areas using dense time-series of Landsat data. Remote Sensing of Environment, 2017, 198 504-522.
White J] C, Wulder M A, Hermosilla T, Coops N C, Hobart G W. A nationwide annual characterization of 25 years of forest disturbance and
recovery for Canada using Landsat time series. Remote Sensing of Environment, 2017, 194; 303-321.

Guindon L, Bernier P Y, Beaudoin A, Pouliot D, Villemaire P, Hall R J, Latifovic R, St-Amant R. Annual mapping of large forest disturbances
across Canada's forests using 250 m MODIS imagery from 2000 to 2011. Canadian Journal of Forest Research, 2014, 44(12) ; 1545-1554.

Zhu Z, Woodcock C E. Continuous change detection and classification of land cover using all available Landsat data. Remote Sensing of
Environment, 2014, 144; 152-171.

Zhao F, Huang C Q, Zhu Z L. Use of vegetation change tracker and support vector machine to map disturbance types in greater yellowstone
ecosystems in a 1984-2010 landsat time series. IEEE Geoscience and Remote Sensing Letters, 2015, 12(8) ; 1650-1654.

Beaudoin A, Bernier P Y, Villemaire P, Guindon L, Guo X J. Tracking forest attributes across Canada between 2001 and 2011 using a k nearest

neighbors mapping approach applied to MODIS imagery. Canadian Journal of Forest Research, 2018, 48(1) : 85-93.

http ; //www.ecologica.cn



