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Landscape Pattern Change and Prediction of Northeast Forest
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Abstract; As a part of the “two screens and three belts”, the northeast forest belt is a typical forest
ecosystem in China. Studying its landscape pattern and changes is of great significance for assessing the
ecological security of Northeast China. Based on the MODIS remote sensing images of 2000, 2005, 2010
and 2015, the landscape types of the northeast forest belt were divided into six categories; forest,
grassland, wetland, farmland, artificial surface and other land use. The changes of landscape pattern in
the northeast forest belt from 2000 to 2015 were analyzed in terms of ecosystem structure, direction of
ecosystem transformation and landscape index. MCE — CA — Markov model was used to simulate the
changing trend of landscape pattern in the northeast forest belt in 2020. The results showed that during
the past 15 years, the ecosystem as a whole was in a stable state. The trend of ecosystem improvement in
the first ten years was better, but the trend of change in the next five years was slower. The artificial
surface was increased year by year, and the urbanization process was accelerated. The fragmentation of
grassland was intensified in 15 years, while the degree of fragmentation of forests iwa low, and the
changes in 15 years were small. It was feasible to use MCE — CA — Markov to simulate the evolution of
landscape pattern. The results of the landscape pattern of the northeast forest belt in 2015 were consistent
with the MODIS classification results. The Kappa coefficient was 0. 918 1 and the relative accuracy was
80. 88% . The forecast results of the northeast forest belt in 2020 showed that the proportion of forests and
farmland would further decline, and the proportion of grassland and artificial surface would further
increase. The forecast results indicated that the ecological environment restoration and reconstruction in
the northeast forest belt would face great pressure.

Key words: northeast forest belt; ecological safety; landscape pattern; evolution; simulated prediction;

MCE — CA — Markov model

e ha H . 2019-07 -08 &l H . 2019 -07 —31

BEEWAB: ERHELSUATRIH (2018YFC0507303 —2)

PEE R s Sl (1992—) T 1 ko, AT 3S AR TE A S FR B 10 BT BF 5, E-mail ; sukai_mail@ 126. com
SEREAEE  IF AN (1963—) , 55 SR, 114 S0, 4 B A0 502 4525 - 0374 BF 52, E-mail ;. yuedepeng@ 126. com



196 B 1 Y = SR

201094

0 5|7
ARACARMAE g W B = g — ), 2 K
BRI ARMAE S R G, H ) e K 1 AR S DR

PR, A X 2R 25 22 4, 0o 3k o 28 i 5 A 25 3 B
s e L LA A TR AR A R AR
B R A ST B A 6 1 1 ML B3 A ST f 4
R A AR AR A 25 ER BE AR 37 7 BE A I K, A S ER
FE BRI AR T RAF S # (ER R IR AR K, I
FRAGRR bR A 25 FRBE 2 4 A8 1L 8 RO A 5 A
Gy HT A% R A B G AL R B R B A AR R AE, TT
DAE 0 48 M A LB A G S R AE B RS
S 0T B B X B P S Rk R R B
R,

X 5 L2 (60 A% J B 0 S 4 S L A 25 1 R A 3
AR o T 5OULHE B T8 RENS 5 e 4 5 LAR )R
L I 2 2L R 2 () R O T R AE #
HUERAERR o SO BOLE AR [ 0 =2 A f X
- b ) P25 A R T M R G A R A T T
S o T 5 L Bl 2 A 0L AE B AR kA 4 o S 0 TR
KEF L0 T AL, B, R 5 50
B 2578 Al I 7 SR T3 B AU, 23 7 S 3 25 i
T IR TN R ofe 17 0 78 Ak, S S 0L A B R B R 4
HEAR AR . CA — Markov 451 7 12 5% W 30 25 5 145 95 )
o B A P AR TR R A 2k R 0L 4% 26 S 0L Y 2 il
AR Ak, SCAT LA Sk A A () 5 B MO T AR [ 155
2 1] s e

AR YT (PR R ) 0 T~ 2 [ A SR+
S 4K (2000—2010 4F ) 18 R 2 514G miH
VEAT 50 A6 25 B WA AR 5 R B 10 4E PR A, {H 76 5T
10 4F v, it s 2R 75 52 4 BRI Al 0 N 260 3l 10 5
W, © 2 WAL RS Ak, A BT 92 45 SR B S e R 52
PEZSRIE o A SC L ZR AL 2R AT S BF 521X, AT GIS
5 RS # A&, % Bt 2000—2015 4 %) MODIS & J&X 52
1%, 4RI 6 50 00K 0 R HG 2 ] 40 A5 Bl . %) AR
AR 2000—2015 45 5 WM R 28 (L HEAT AL 5 R 46
g R ZS R G O7 1) S LS RO e L 38
MCE — CA — Markov #2781  F1 2015 4 & b FF R 52
I 3R 0 L 6 T R 261 £ S A A 5 308 3o X A L 0 28
S EL BT BB L AR MR 2020 4R 5 WLAR J7 A8
feiad,

1 HEEH®

1.1 #HREHER
AR BRAS (7 T 118. 48° ~ 134, 22°E 40. 52° ~
53.34°N Z[a], 2t [ 25 21 AR AR BT IR AN A ) 2

PEAR I Skt . B 55 AL R, 290 67.09 1 km’,
ol T AR R )R R AR AR, 29 40 U5 km® (R
Ik 60% LA, F B0 A A5 R/ E I R LA
SRITAWe LR E B S 2 A 1730 RALBRAK
W EEARERIEILA NS AR X AR R 72
AE AR B R 1, AR AR R DL
o R PR AR R, R R R
DX CEACE O DX X o AR AL AR AR 7™ BT U
FE L, FEEG e PR A Bk R A&
TRy (g Rk ¢ SIS 1B = e

120°0°0"E 130°0°0"E

N

A

55°0'0"N
55°0'0°N

50°0"0"N

50°0"0"N

45°0"0"N
45°0"0"N

AR
T0 250 500 km

40°0"0"N

40°0"0"N

120°0"0"E 130°0"0"E

K1 BrE XA E

Fig.1 Location of research area
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Tab.2 Classification standard of various ecosystems
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Tab.3 Landscape pattern indices

4 5 2k AT Y
BB /A Np=n, U E e — 5 2K TR0 TS ] P S U4 B 5 T T e T B4 1 9
BEML B/ (A hm ) m:%f 2 I 5 U2 ) 45 Mg 1) L 2
N,
- 3 B B [ AL/ hm Mm;% TSI S5t R P 5 BRE B 2K TR i 6 4 R AL TR
S
M M
BB/ (m-hm ™) m=ﬁ—2 T, S WP 9 2870 43 S B A 11 T B4 b
i=1j=1
BRI % C=Cppt XY PuP e 08, e AN [ BUE B8 750 £ A AL R A R
i=1




198 g ol Bl ¥

201094

1.3.3 MCE — CA — Markov ## 5
(1)MCE #& 7
MCE ( Multi criteria evaluation ) i % RJ £ v U]
IR TR AL A B R REAS T A 50 RAE,
FEE S K . HLLL GIS Jy 3L fitk 19 22 W W PF-Ali J7 %
THERB) I T 00 VAL b s B TEA ke
SRVPAR S 2 TR AT b S M PR AN b 3 R A
HE R R AREEMN T &M
A LAE Z HEWPEAL TR 255, 855 07 12203 O 3 B A K
75 #: ( Boolean intersection ) . fill AL £ M & 3 ¥
( Weighted linear combination, WLC ) Il /5 il 42 3¢
7% (Order weighted average, OWA) ™' Xf F £y 3
FAFAWE TR A IR, % T R 2 R 2 A ¢
R A
T 3 2 LAY S R AP U DR RO I M A
YIRS TR 2 IR F) N 3R A A ) M 7
B NS 23 T e by HE At 1T 3l 26 A, R O B N T 3R T
VER 73— LRI AT o BAR T 1 S e 29 3R XU AE
R0, BIVAN 38 FH DX, o 29 SR X LA IRAE R 1,
R 3 B P b X8
SEGWTTE X BP0 M K SR 3 o 0° ~ 50,
5° ~10°.10° ~ 15° 15° ~20°,20° ~25°,25° ~30°,
>30° 7 DAL . e T AR o A B B 5 e
[0 B O il B, LU AR P o BEEAR I RS
JEE 5 YR AR o AR ALY O B R 2 R
PUN Sl TNE
(2)CA FiRY
CA ( Celluar automata) #5780 B[l 57 jfg [ gh AL B
JUH A S LAY ST S 4 858 o S RS T
ZE 1) G HLAR R N, i 2 B R
CA FERYELA I [A] 2 (8] RS B HO A 2 oo il
it HAPTEA B L2 BOR S, I WA AR (7] % 5 A2
E WEAT R DA AR AR B B9 HE U 72 i [8] | 25 (8] B2y
N FRRHE , % E CA W]
S(e+1) =f(S(t) ,N) (7)

A%

N

s GGk

HLI/ A e R

JolfizsE

K2 JohAshbla st

Fig.2 Cellular automata composition structure

S—IuHi A R VB BCIRZS H5

N——7T M 1 4B J

SRy T R T ) A i AL )
(3) Markov % %l
Markov 15 %, K & Markov #% , 2 1 77 7 B¢ %%
5% MARKOV 42 th fry — F BUM AL AL 5 3 43 i
ARG RIS B ML, AT LTI X 42 09 oK ok
R TR IO )5 L, Markov 58 )72 T
AL, A B 25 A8 4k o e R B o R Ak
WEFE R, A Markov B8 T + 3 33 55 72 4 19 31 55
X

X

S(T) =P +S(T,) (8)
Hp . Pn P.0O
p:%”‘ P, o PO )
= : U
B, p. o oruH

Kp S(T) S(T))——T.T, i Z) L1 R FHZE RS
P——YL RS M S50 [, F 9% 400 300 1) A 30 ol 2%
BRI, H OsP, <1

2 ZREGM]

2.1 FRIBFENRTEEWIES

HRAE ZR AL ZR AR HF 2000—2015 4 (1) 4 3t 3 Bl 24
RVEUE , 2800 25 R 48 11 43 B 49 31 5000268 784 25 [A] 43 A
B M R R E (£ 4) , AR IL AR AR P
MR LA LR AR 3, H s A O 38 7 km?, Y
FeEnik 61% LU L

R4 FRIEHTWEFRUEBM K

Tab.4 Statistics information of northeast forest belt
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R 367 867. 50 59. 80 370914 60. 30 380 742. 50 61.89 379 212 61.65
Bl 127 555.75 20. 74 127 767. 50 20.77 117 499. 25 19.10 119 534.75 19. 43
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Fig.3 Distribution maps of ecological sources in study area
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Tab.5 Transfer matrix of northeast forest belt in 2000—2015 km®
Ay Je Rk Y 103 A H N T2 HoAth FH
ECYIN 356 634. 75 7171.5 62.75 3251.25 129.5 617.75
LX) 10 725.75 113 665 33.25 2802.5 126. 25 203
10 4.75 3.75 581 0.75 0.25 11
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4 H 2837.75 6 200. 75 80.75 99 821 950. 5 75.25
AT F 358.5 680. 75 6.25 682 6422.5 2
oAl 4 352.75 45.75 7.75 74.75 1 525
TR 365 566 4241.5 63.74 131 685.75 226.25
=% 13217.5 109 429 87.75 4114.75 744.25 174.25
10 3 13.75 20 737 0 0 1
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i 6935 105 572 36.5 4220.25 632.25 103.25
5 s 6.25 16.5 952.25 0 0 1
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4 713.25 4354.5 2.5 96 603. 75 2549.5 3.25
AT 460 523.5 0 414 8876.5 1.25
oAt I H 317.5 96 1.5 1 1.5 1012.5
TR 351195.75 12 000 138 3147.5 795 591.25
X 21761.75 96 573 130.5 7927.75 846.75 316
5 s 13.5 24.25 550.75 0.75 0.25 12
2000—2015
4 H 5164.5 10 097. 25 180 89 447 5001 76.25
N LI 582.5 746 6.25 896 5917.75 3.5
oAt FH 494 94.25 13.25 70.5 2.75 332.25
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Tab.6 Land cover change index of northeast forest belt
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Tab.7 Numbers of patches and patch density in northeast forest belt
2000 4 2005 4F 2010 4F 2015 4
SR BEH R/ brir ) 4 BEP R/ BEHL A/ BEHH BEH L/ P/ BB 5/
A (A4~+hm %) 0 (A4~+hm ) A (A4~+hm ) 4> (A4~+hm %)
AR 4271 0.006 9 3748 0. 006 1 3639 0.0059 4095 0. 006 7
Tt 10 087 0.016 4 10 056 0.0163 9 785 0.0159 10 897 0.0177
P 277 0.000 5 296 0.000 5 315 0.000 5 334 0.000 5
A H 3910 0. 006 4 3374 0.0055 3681 0. 006 0 4323 0.007 0
N 4501 0.007 3 4283 0.007 0 5 666 0.009 2 6533 0.0106
Al b 746 0.001 2 965 0.001 6 942 0.0015 926 0.0015
#8 FEAHFHERUAFHEARER B W32 IRF 8] B PN S5 O A 18 A i 12 n JR 7% 00 5 Jo 1
Tab.8 Mean patch size in northeast forest belt WA R 1 L i e @T‘ﬁ*ﬁfi%? =N A
2 Nt ~ > Ny N
km JE AT LA 8 15 AF ) 1 574 B 7E 3 g v, RAK
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Fig.7 Comparison of classification results of landscape pattern

with simulation results in northeast forest belt in 2015
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Tab.10 Accuracy test of landscape pattern simulation

results in northeast forest belt in 2015
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Fig. 8 Prediction of landscape pattern in northeast

forest belt in 2020
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Tab. 11 Statistics information of northeast forest
belt between 2015 and 2020
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