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LAND USE CHANGES AND SIMULATION PREDICTION IN DALING RIVER
BASIN BASED ON CA-MARKOV MODEL

JIANG Shan, SHI Xu-fei, GUO Chang-lai, FENG Yu-lin, SUN Xiu-bo, SUN Jia-quan, NI Jin
Shenyang Center of China Geological Survey, Shenyang 110034, China

Abstract: According to the land use data of Daling River Basin in 2000, 2010 and 2020, the land use dynamic
degree, land use degree and land use transfer matrix are adapted to analyze the change rule of land use in the area in
the past 20 years, and the land use patterns in 2030 are simulated and predicted based on the CA-Markov model. The
results show that the cultivated land and grassland are dominated during 2000-2020, accounting for over 80% of the
total land use in Daling River Basin. In the past 20 years, the area of forest land, grassland and construction land have
been continuously increasing, while the area of farm land has been decreasing, and the rate of decline is accelerating,
with the decrease of 132.85 and 1360.13 km’ respectively in the first and second decades. The dynamic degree of
comprehensive land use reduces from 43.53% to 10.36% , showing a decreasing trend. The dynamic degree of
construction land increases from 0.11% to 4.99% , and that of wetland changes from 86.32% to -7.22% . The
comprehensive index of land use degree changes from 262.53 to 259.91, indicating that the land in Daling River Basin
is in decline in recent 20 years. The land use patterns of the area in 2030 are predicted based on CA-Markov model,
with the simulation accuracy Kappa coefficient of 0.8835. The prediction results reveal that the farm land will further
decrease by 1699.92 km? in 2030, mainly changing into grassland, construction land and forest land.

Key words: Daling River Basin; land use; spatiotemporal pattern; simulation prediction; CA-Markov model; Northeast China
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Fig. 1 Geographical location map of Daling River Basin
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46.02%. 5 [RI, A o b A g 15 P b 1 RS T 3
hn, b, BN T 616.17 km?, # % Hb 3G A0
492.23 km?, ML NN 346.97 km? (% 3).

2) R FH A

M A A S 2SR A4 R (3% 4) 2k F ,2000—
2010 4E[A], AT IX 25 LA S AS Bl 43.53% , H
S TP BN B A R 2R, SRR 86.32%,
SR/ MR, PR 0.12%. 2010—
2020 4 (0], BT IX 25 A FH Bh S A 10.36% , 5
MBS B f R AR KA R AR RS I 5.00% , 3
DR/, PR 7.22%. BAEKRE,
VT 20 48], WF5E X 254 oA s A A 15.60% , Ak
FAWID PR, B2 h S e R 1R b,
XA N 8.38% , BhASFE e/ N AR b, TR R A
/0 0.68%.

3) - Mo FHFREE

M= (3) ()35 T HF5R X 2000.2010 F1 2020
AR MR ZR G180, MBI (3R 5k F  IF5E X P2
A R LA TR B 261.5, L HUR AR EE AL rp
2 i = UK SF . R 2000 4E 8 262.53 AF SR 2020 4
259.91, R AR b AEAF S AR, SR B R B il i i

F 3 KEimmE iR AERsitE
Table 3 Statistics of land use area in Daling River Basin

TR /km? i Lb/% T ARAZ fl/km?
Z)
2000 4 2010 4 2020 4 2000 4 2010 4 2020 4 2000—2010 4% 2010—2020 4 2000—2020 4%

B 11024.48 10891.63 9531.50 53.23 52.59 46.02 -132.85 -1360.13 -1492.97

PN 2309.12 2342.50 2656.09 11.15 11.31 12.82 33.39 313.59 346.97

FHD, 6236.09 6282.03 6852.26 30.11 30.33 33.09 45.94 570.23 616.17

T 6.57 63.33 17.59 0.03 0.31 0.08 56.75 -45.74 11.01

IS 152.46 156.90 235.37 0.74 0.76 1.14 4.44 78.47 82.91
A 954.21 964.80 1446.44 4.61 4.66 6.98 10.58 481.65 492.23
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Fig. 2 Land use spatial patterns of Daling River Basin
in 2000, 2010 and 2020
1—H#FHs(farm land ) ; 2—Hfth (forest land ) ; 3—EHii(grassland ) ; 4—
b (wetland ) ; S—7K{A (water body ) ; 6— A& (artificial surface)
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Table 4 Dynamic degree statistics of land use in Daling
River Basin

B P ki Rodh i KA HEE M RGBS
2000—2010 4F -0.12 0.14 0.07 86.32 0.29 0.11 43.53
2010—2020 4F -1.25 1.34 091 -7.22 5.00 4,99 10.36
2000—2020 4 -0.68 0.75 0.49 8.38 2.72 2.58 15.60
g7 2 %.

x5 KREimmE it AEEEES%ITE
Table 5 Comprehensive land use index of
Daling River Basin
i8] 2000 4F- 2010 4 2020 4
A LG EU% 262.53 261.93 259.91

s B 2000—2010 4F 2010—2020 4F 2000—2020 4
bR R B AR Ak % -0.6 -2.02 -2.62
4) A 1A AR LG

Wi R AR (B3, 3£6), mlAl
2000—2010 4 [i] , #F Ho g > T 132.85 km?, FZHH
TR ARHD TR P M. e A b R ) R
AR5 130.74 F1 54.96 km?, 435 T K
N SCEAR N A s I AT 33.34 km® B Ry EE
M, T2 A R PH T AR T AE . 2010—2020 4
[a] , #E e D HT AR A 1 360.13 km?, FHiP A 723.68 km?
B R, BBk AR AR R B N S
403.15 km?® kAL Ry piib , B T R B IX
T3 473.15 km? FFHbFE Ry EE M, 4R P A A 7E BT
Hi—7. S5, A5 2 0 5 s AR A AL R
AL 3R 143.18 11 77.74 km? (ANEI3, 3 7).

4.3 3T A5
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Fig. 3 Land use variation map of Daling River Basin
1—ARAE 2 (unchanged ) ; 2—#FH1AE M (farm land to forest) ; 3—HkHIAS FLH(farm land to grassland ) ; 4—#EH#IAS IR (farm land to wetland ); 5—
B AR KA (farm land to water); 6—4kth A8 #3% F#b (farm land to construction land ); 7—HKH#iZEHEH1 (forest to farm land ) ; 8—HKHBAE Fth (forest to
grassland ) ; 9—HKHBAE KA (forest to water) ; 10—k HIAE 75 FHHb (forest to construction land); 11—HEHBZEHF 1 (grassland to farm land); 12—HEHBAR
M (grassland to forest); 13—FRUHIAF M (grassland to wetland ) ; 14— HIAF K&K (grassland to water); 15—HEH1AF A2 15 FH i (grassland to construction
land); 16— HiH (wetland to farm land); 17—/Z IS E L (wetland to grassland); 18—{EHZEKIA (wetland to water); 19— 1728 235 FH
(wetland to construction land); 20— KAk (water to farm land); 21— KIRZEM b (water to forest); 22—7K AR AE F ;L (water to grassland); 23—7K
HRAEEH (water to wetland ) ; 24— K AAAE 22 5 It (water to construction land ) ; 25— % FHIAE Bk (construction land to farm land ); 26— 3% S
M (construction land to forest) ; 27— FHLAS BHl ( construction land to grassland ) ; 28— 5% 125 /K 4 (construction land to water)

R 6 KiEAFIE 2000—2010 £ 13 F B0 55 RE RT  KiEAFRE 2010—2020 £ 3 F BT R
Table 6 Land use change matrix of Daling River Basin Table 7 Land use change matrix of Daling River Basin
during 2000-2010 during 2010-2020

2000 4F " . - 2010 4F e . -
\2010 47 Wk Mt T TR KM EEE \2020 4F Wk Mt T TR KM B
B 10802.64 54.96  130.74 1.54 0.63 33.34 B 9255.38  403.15  723.68 1.56 3472 47315
Mt 730 1988.66 312.38  0.04 0.02 0.10 Mt 77.74  2057.00 20037  0.00 0.86 6.54
Bl 4548 29598 582493 4192 1.82 25.16 Bl 14318 194.08 589647  0.42 3.64 44.25
153 0.00 0.00 0.00 6.57 0.00 0.00 153 14.89 0.00 24.88 7.34 15.76 0.46
SN 3.66 0.38 0.96 0.00 14742 0.3 SN 0.05 0.05 0.05 0.05 0.05 0.05

AP 32.32 2.39 12.77 0.00 055  906.15 AU 0.05 0.06 0.06 0.00 0.06 0.06
TR < k. TR BAA < km?.
Kl % = 254E CROSSTAB IR X} 2020 4 i (£ F1 5K FEHRFRINZE 5, 737 2020—2030 4F 4 ) 555

PR AE PEAT 2 X G AIE , 1533 Kappa R %500 0.8835, i /& MR (I 4b, 3R 8). 2553 2030 4078 X B bk i
KR EOR. SRIGERSE 4, DL 2020 AFSLhr BRI %L — 20 1 699.92 km?, HHA 630.42 km? #f b5 Ky
P M LA, BT 5T X 2030 4F 4 oA FH A% Je 2 B, AT REW R A 571.65 km?
(N 4a fi7). I 2 kg A5 T, 32 e A A ) O T R S L -
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Fig. 4 Land use classification and variation prediction of Daling River Basin in 2030
1—HFHi(farm land ) ; 2—AHkHi (forest land) ; 3—H 1 (grassland ) ; 4—{EH(wetland ) ; S—7K{AK (water body) ; 6—15 FiH (construction land ) ; 7—HAE
3125 (unchanged ) ; 8—HFHIAS D (farm land to forest); 9—#FHIAE FE M (farm land to grassland); 10—#FBAE KA (farm land to water); 11—H#FH172E
1% i H(farm land to construction land ); 12—HFKHZEHE 1 (forest to grassland ) ; 13—H#E bk (grassland to forest); 14— HZEH 5 ] 1 ( grassland
to construction land); 15—1Z3 A5 Hk#b (wetland to farm land); 16—BH12E Zith (wetland to grassland); 17—JRH1ZE /K&K (wetland to water); 18—7K 4k
ASAEH (water to wetland ) ; 19—7KAASE 5 I H (water to construction land ) ; 20— 35 #1725 7K #4< ( construction land to water)

x8 KFEIAFIE 2020—2030 £ i ATk P4
Table 8 Land use change matrix of Daling River Basin
during 2020-2030

é%é%fﬁ B AL M B KK R
b 783132 45419 63042  0.00 4392 57165
Ml 0.00  2629.90 26.20 0.00 0.00 0.00
i 0.00 25522 649402  0.00 0.00  103.01
pLTs: 0.26 0.00 1.07 15.01 1.25 0.00
PIEN 0.00 0.00 0.00 414  231.19 0.05

A 0.00 0.00 0.00 0.00 011  1446.34

TR AR - k.

—15 3 73 A 45419 km?® F o Rpty, SRk AR R
Hh i X

5 #ig
T8 1340 Br AR R ] v dak - M AR SR, A5
TR

1) 2000—2020 4w ] it 3o 4= b A DA Hb A

BN T, b B 80%. i 20 4E A, BFSE XN
AMRCHE, | Bl A T FH b TR RS TR T, B b v AR R 8
A BCD B AR IR, S P 10 425 B> T
132.85 km?.1 360.13 km?, #HEHBIEIFL A7 e 2000 4711
53.23% , 18/ H 2020 4EHY 46.02%. FiH FI R b i 3
BN FRYI e AR, i A 32 A
BH AT AN T S . X AR (B Xk IR AR Ak
W TR RCR B 2., R b 4 Sk AR AR AT

2) LA S BTk L 3T 20 4E2K , R
T[S ZR G b A1) T 2l 28 B2 N 2000—2010 43 1] 1)
43.53%, T &3 2010—2020 4E411E 4 10.36% , b FAS
W D RIS BRI OR R (B B S &K,
ARSI 8.38%. FHA DX 3 A MR FH Sk TS e, T

3) 2000—2020 4F[1], R nl Y duk A H A R AR B
ZEATEBUH 2000 4E 1Y 262.53 725k 2020 4F 259.91, %
A X8k - A TR ], b AR R e B A R
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4)FT 2010—2020 4F 3 I FHAS R E R 5E 14, Al
FH CA-Markov BRI TN T % Wl B AE A SR 551
2030 4F A Mo A A% R, A RURS B Kappa R 50N
0.8835, Ui B ZE I W] 5. Geit 3R W, 2030 45, KE i
SR T RO E— 0 1 699.92 km?,  FREEAR A FE
Mo I AU, 255K, 1 MR A AR AR 2 — A
RETAR, B T AR L Ah iR Z BT &
U AN LR BOR SR 2 R Ase i, A e e
WA IR ZE S AL AR,
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