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Abstract: Taking the mountainous section of the Hutuo River Basin as the research area,based on the Land-
sat ETM images in 2000,2005,2010 and Landsat OLI image in 2015, spatial data of land use type were ac-
quired. Then, CA-Markov model improved by Logistic method was used to forecast and simulate the land
use pattern of the research area in 2020 and 2025. The results showed that 1) from 2000 to 2015, the re-
search area was dominated by grassland,and the area proportion showed a trend of continuous decline, from
41.31% to 41. 07%. The construction land increased mostly, whose growth rate first rose and then de-
clined. The dynamic degree increased from 1. 33% to 1. 84% and then decreasedto 1. 64%. The area of
farmland and forest land decreased. The area of unused land and water body remained stable. 2) It was pre-
dicted that the farmland during 2020— 2025 would increase continuously,and the dynamic degree would in-

crease from 0.01% to 0. 05%; the demand of construction land would continuously increase with falling
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rate. The area of forest land and grassland would continuously decrease. The forest would degrade with cer-

tain degree. There would be a slight upward trend in the area of water body and unused land. The local for-

estry authorities should strengthen the management and protection of forest resources. The government

should strengthen the remediation andreclamation of abandoned industrial and mining land and relocate villages for

supplement the farmland forest and grassland. The government should promote the comprehensive management of

regional landscape,fields.forests,lakes and grasses to realize regional sustainable development.

Key words:improved CA-Markov model; land use change; mountain section of Hutuo River Basin
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3.3 1A A/ BHEBNEERR

HHr CA-Markov #5 2 11 I 45 3 %A 48— kG
JEE A 50 o AR S0 T 235 SR A% B HE 5 2010 4F
- 1 R /78 o IR A R AT LA (3R 6, T A B
i 32k IDRISIT 8/ H  CROSSTAB #5288 HE 47 3F 47
MG Cohen 2 i i 455 400 75 00 KG BB 3F 4 b -,
Kappa &£ TF 0. 6~0. 8, W45 R — B R EE
T 3% M AR 5E Kappa 20K 0. 825 1, Ui B ek it
1) CA-Markov #5215 0] 3% 1% 307 3t 3k 110 DX B £ Hb 1)
FHAR b Ha 35 B A 5 ks
3.4 A A/ BHEBN

FIH @ 34 8 E Y LogisticcCA-Markov &
BIXF 2020,2025 A B 5% X A9 + Hi R A% R i 47 Tl
D, F500 25 2R R < A B AR PR B IR RO K A AR 4t
2R RARFE LA BB A 55 1F R L 31 2020 AEBFSE IX 4%

ol P b 170 AR 0 R B M 36. 43 J7 hm® LAk HL 26, 71
T hm® Hi#h 48.0 3 J7 hm® /KK 1. 62 77 hm” . g
WRHE 3.99 J7 hm® ARFFHL 0.1 5 J7 hm® (& 7).,
i 3T 52000 — 20154F /Y 4% 28 FH |l i) A2 £kt 355 L
%6 2010 £7F35 X+ it F 2B S BRHHR 2L
5T R 44 % R

Table 6 The grid number comparison of actual land use types and
predicted land use types in research area in 2010

+ 4 2010 4F 2010 4F “

MAER  schRmRes s el 8E
W 4 056 388 4 057 278 0.880 7
s ) 2 977 763 2 980 465 0.915 5
i 5 348 901 5 358 655 0.887 9
K I 180 264 180 925 0.716 2
HE T i 413 250 399 480 0.815 6
A 3 15 670 15 651 0.766 3
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IR DX A bl ) I Ry oA 5 i — BB DR — 2
2015—2020 AF- A Hb 1h] FHLZZ 12 38 i, + Hb R FH 2 28
i 2010—2015 4E /) —0. 06 % FF i A 0. 01 % , 78 %%
A B BT A S L B RS AR R K R 2. 48 T
hm?® , %3 (8] 4 v 43 A = AU 356 R PG g 350900 4% 5 10 b i
i BE A (& 5) 5 18 P b 1 ARk 2D, = b R T Bl 2
FEH 2010 —2015 4E A 1. 64 % FEAK 2] —0.15% , Ak
b T R 7K T R A SR AR AR S R ) P T AR

ANBR R B . 2025 AR BIF ST X 4 R b T AR 43 3R B
M 36.52 77 hm® kil 26. 18 J7 hm® \BiHlL 47. 78 J7
hm? 7K 1. 95 J7 hm® @B HL 4. 32 J7 hm® K
I i v AR 0k 0. 18 T3 hm” , WK L A1 o i R 4

a.2000—20054

2 5 ek /0 R A I b R A 15 B T AR 4k 5 4 L K 35
TR A B s
KT 20202025 ARX A AT TN

Table 7 Statistical table of land use forecast in research

area from 2020 to 2025

b 2020 4 2025 4F

FIMER wom /g hm® WO/ % @R hm® GBI/ %
B 36. 43 31.15 36.52 31.23
b 26. 71 22. 84 26.18 22.39
i 48.03 41.08 47.78 40. 86
JK 5 1.62 1.39 1. 95 1.67
HEE ] 3.99 3.42 4.32 3.69
A 3 0.15 0.13 0.18 0.16
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DATE—EFREE o DX E b ) 4 B AIE 2 2% B
AR B PR BOR B 51 5 A9 B AR 2
Mo FHCHR TR e E - M I 7R ORIERR £ 22 4
AT B T o 3 AL DA O 1R 7 8 5 MR A 0 AT B 755
VARENTV /NI 250 L7 S A 6 O 1 N 4 T D
Xof MR A X AT IR AR ST 0L 38 A= AR MO B B 7
DK = BE U BRI RO R 7 T4 M A K St
T J 5 B R R B A B ) T b ST M
G 4t DXL K TR R Y 255 TR
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2000—2015 4FHIF 5% IX B b 5 2 0K b 037, T AR 3%
ARl /D, Kb RN B b A 2 e R B B R AR
FOH, 7E — o R U0 X B A R A TR AR
RO W R XA E SR 4 . AR R
Vi) 2 g A 5 T L PR b, 2 6 b 7 5 TR UK T B ML 7%
SRR ML T AR 5 T DX A AR R AR ME 55 4 S N o
X RRHE P-4, B i AR R b . 1 b AR A
b T RRL S AN T 3 ) o A K ST RRA D i 3 Y
B,

2000— 2015 4F 0 5% X 28 & + b A FH 3 &5
0. 69 %0 » B A4 4 Hb ) FH A8 Ak o A A1, (HL 25+ b R
FH S AU AR A 30 22 S5 35 R, G v a8 P b A b 3 R
AR, R A A R L 33% BTt R
1. 64 Y6 , AR b 05Tl - b A ] 20 25 3 52 BN e B O
A U AR R b T FR a0 %) RS AE 3G, AE R B
T BRI 1 ] S R 0 i Xk bR R b f 45 B, TR B R
JAR BRI T B A X AR B b Y 5 . AR R
Hu R FH 2 25 B 8 A R AR 1 WD B b v D 1 B AE
FEAIC .

2020,2025 4 1% 4 b F] /83 #As Jm 900 45
TR 52025 AEMFSY DX A b 7 K 25 Ak 2 AR R i
b 5 T ) A (L 15 D b 2 o s 3 AT [ B bR
T AR BT /D, 23 3 A R B b, B T 2 3 AR SR
NI Bl 1 5% ) S BOPK AT 4 L RS (W) 72 B AR 1k
R, BT B BT R G A B B n A A
K S5l HE B i e, R BT VA A B 9 b R
EWINEPS TRl

S XK

(1] whaxfh M BUR G AR 457 bty bt ) 2 6] 4% J5 3 AR A 401 K%
BT, sty FERL 25, 2015, 34(8) :976-986.

HAN H R, YANG C F,SONG ] P. Simulation and prediction
of land-use change in Beijing under different scenarios [ J]. Pro-
gress in Geography,2015,34(8):976-986. (in Chinese)

(2] JAw Il 2220, Juhf [ 8L CCAD BT 7E 1 Hb o) FH 45035 fr) WF 5%
ZERLT]. M A B, 2012,10(5) :6-10, 13,

ZHOU S S, LI H B. The research summary of land use with
the model of cellular automatal J]. Geomatics World,2012,10
(5):6-10,13. (in Chinese)

[3] W, b, #5238, BT, 45, BHRID U 1 b A HI i 28 8028

ez 1] B AH & 43 B —— LA 4% S S ) 0. 74 b bk 27 B 2 4
2020,35(4) :148-157.
LIU F,YANG G, HAN X Y,et al. Spatial-temporal evolution of
land use and spatial Autocorrelation analysis in Horgin sandy
land a case study of Naiman Banner [J]. Journal of Northwest
Forestry University,2020,35(4) :148-157. (in Chinese)

(4] S AR 22 P 9. 5 F B0 CLUE-S #8194 3 A1) A%

(5]

(6]

(7]

(8]

9]

[10]

[11]

[12]

[13]

[14]

A Bl A 5 35T PLT™ N T 48 300 X R 9] L. e e D 9K
22N AR, 2015,47(6) :98-104.

WU H,MEI Z X, LI S Y. Dynamic simulation and analysis of
land use change based on the improved CLUE-S model: case
study of Zengcheng district, Guangzhou [ ] ]. Journal of South
China Normal University: Natural Science Edition, 2015, 47
(6):98-104. (in Chinese)

Sk, g S, 8, 25, CLUE-S 8584 5 A ok i 15 o ot iF 58
[J0. b FARF 2 HEJ . 2012, 31(1) : 3-10.

WU J S,FENG Z,GAO Y.et al. Recent progresses on the ap-
plication and improvement of the CLUE-S model [ J]. Progress
in Geography,2012,31(1):3-10. (in Chinese)

TG, By, F 8% % 3L T Multi-Agent System ¢+ o F F /
AR BRI 5 3 J () ). VLR AR B2, 2018,46 (13) 1 1-7.
ZAGARIA C,SCHULP C J E,KIZOS T,et al. Cultural land-
scapes and behavioral transformations:an agent— based model
for the simulation and discussion of alternative landscape fu-
tures in East Lesvos Greece[ ] ]. Land Use Policy, 2017 (65)
26-44.

KM BT HEORTL « RETA. 5F CA-Markov #5171 0 | BE 2
M) FH 57 0L Jm B A 5 L) ). AR AR A4 2020, 39 (1) 1 136-
145.

ZHU 7Z Y, ALIMUJIANG + Kasmu. Prediction of land use
landscape pattern in Hutubi county based on CA-Markov mod-
el [J]. Ecological Science,2020,39(1):136-145. (in Chinese)
Wit B R, HESE % T CA-Markov H R ) £ 1 ] 5 1
R A AR ], TR X . 2019, 42(6) 1 1415-1426.
JIN H,YANG A M, XIA X X,et al. Simulation of land use
change at different time spans based on CA-Markov model

[J7]. AridLand Geography, 2019, 42 (6);1415-1426. (in Chi-

nese)
BE L XN 2 B e GIS Sas ik M. dbat . B

AL, 2010:111-112.

BATTY M. Urban systems as cellular automatal J]. Environ-
ment and Planning,1997,24.:159-164.

LT KRR 2, AL ALl RN R R R A A A Al B
SIS AT, Aolk T 224, 2006, 22(11) :85-92.
JIANG G H,ZHANG F R, QIN ], et al. Relationship be-
tween distribution changes of rural residential land and envi-
ronment in mountainous areas of Beijing [J]. Transactions of
the Chinese Society of Agricultural Engineering, 2006, 22
(11) :85-92. (in Chinese)

WE XA = I R, 45, 36+ CA-Markov 4584 [y K A Tl
A BT LT ], h E AR S 4. 2012, (5) :84-89.
HUANG X L,LIU D Y,FENG Z K.,et al. Prediction study
on Tianjin land-use based on CA-M-arkov model [J]. Journal
of Agricultural Science and Technology, 2012, (5):84-89. (in
Chinese)

WA SR B, 5T CA-Markov H1 f4 5 BH 180 IX. £ Hi A1) JH
AR BRI 5 [T ], 1 T 0 30 B¢ 5 5 3R 958, 2018, 27 (6) : 1207~
1219.

HU B S,ZHANG H Y. Simulation of land-use change in Poy-
ang lake region based on CA-Markov model []J]. Resources
and Environment in the Yangtze Basin, 2018, 27 (6):1207-
1219. (in Chinese)



158

Pa bR e 2 4t

36 &

[15]

[16]

[17]

[18]

[19]

WHL,FRI, EFHUL, 5. 2 F CA-Markov #8I f) + 1 F) F
SRS S T WAL ], £4E.2018,50(2) :391-397.

PAN Y.YU D S, WANG X H,et al. Prediction of land use
landscape pattern based on CA-Markov model []J]. Soils,
2018,50(2):391-397. (in Chinese)

FESR, T, 35 K, 45, 2T CA-Markov 117 (1) 8 b e
it 3t ) R S A R TS0 43 B LD, P AL AR AR B 2 4T . 2020, 35
(2):169-177.

MA Z C,YU H B,ZHANG Q F,et al. Land use change and
forecast analysis in the Xilin river basin based on CA-Markov
model[]]. Journal of Northwest Forestry university, 2020, 35
(2):169-177. (in Chinese)

O, 2L R I AR LT b b ) P 3R B 7 59 B 2R B R bR
KR LT +4,2011,43(5) - 822-827.

XIAO X,LI'Y F,ZHU X D. Markov model based on driving
forces of land use change and its application [J]. Soils,2011,
43(5) :822-827. (in Chinese)

50 E A I T S o= R 5 S v o L L I E B U - Y A
b B L HR S Ty 5 A L) ). P4 6 bR 27 B 2 4l 20-18. 33 (6) - 197-
203.

WANG P,WANG Y J,LIU X P,et al. Changes of landscape
pattern in land use and driving forces analysis in Shapotou
district, Ningxia[ J]. Journal of Northwest Forestry Universi-
ty»2018,33(6):197-203. (in Chinese)

AP, R #E. BT Logistic-Markov J5 ¥ iy -+ i A1 JH 45 #9728
b2 (R 22 9K 2l 50 A B AIE 52 55 T LT ). /K AR A 4l . 2017,
37(1):149-154,160.

[20]

[21]

[22]

[23]

YU D G,WU Q. Application of multiple driving-factors pre-
diction model for land use structure change based on Logistic-
Markov model[ ]J]. Bulletin of Soil and Water Conservation,
2017,37(1):149-154,160. (in Chinese)

BRI G, 35 1 Je, AR, 45, 2 F Logistic CA-Markov # 5
¥4 Ji 1 T L R /B RS A S A ). A R PR R A A
FIUARFE R . 2017, 46 (6) : 685-691.

CHEN X Z,FAN S L,LIN X D,et al. Spatial simulation and
analysis of land use and land cover change of Longhai city
based on Logistic-CA-Markov model [ J]. Journal of Fujian
Agriculture and Forestry University: Natural Science Edition,
2017,46(6) :685-691. (in Chinese)

T ook, 2578 RER IR L . U T S b R s R A
REAE S AT L], H AR MR 442, 2019, 34(5) : 975-988.

YUY H,LIZ]J LIN J K,et al. TUPU characteristics of spati-
otemporal variation for land use in the Yihe river basin [ ]].
Journal of Natural Resources,2019,34(5):975-988. (in Chi-
nese)

S ARV R, S LR W b IX A R R AR R
ARAGLT ], AL TR 24, 2013,29(5) : 207-216.

WU L,HOU X Y, XU X L,et al. Land use and landscape
pattern changes in coastal areas of Shandong Province, China
[J]. Transactions of the Chinese Society of Agricultural Engi-
neering,2013,29(5) :207-216. (in Chinese)

CICCHETTI D V, FEINSTEIN A R. High agreement but
low kappa:Il. resolving the paradoxes[ ]J]. Journal of Clinical

Epidemiology»1990,43(6) :551-558.

(BB 144 7O

[20]

[21]

[22]

(23]

[24]

[25]

HARRISON RJ,CHARLESWORTH B. Biased gene conver-
sion affects patterns of codon usage and amino acid usage in
the Saccharomyces sensu stricto group of yeasts[ J]. Mol. Bi-
ol. Evol. ,2011,28(1) :117-29.

SERRES-GIARDI L.BELKHIR K,DAVID J,et al. Patterns
and evolution of nucleotide landscapes in seed plants[ J]. Plant
Cell,2012,24(4) :1379-1397.

OLEJNICZAK M, UHLENBECK O C. tRNA residues that have
coevolved with their anticodon to ensure uniform and accurate co-
don recognition[ J]. Biochimie,2006,88(8) :943-950.

TAMURA K, PETERSON D, PETERSON N, et al. MEGA5:
molecular evolutionary genetics analysis using maximum likeli-
hood, evolutionary distance, and maximum parsimony methods
[J]. Mol. Biol. Evol. ,2011,28(10):2731-2739.

QIY Y.XU W J,XING T.et al. Synonymous codon usage bi-
as in the plastid genome is unrelated to gene structure and
shows evolutionary heterogeneity[ ] ]. Evol. Bioinform, 2015,
11(1):65-77.

S W R e v =, 55 SR 2 A s [ 21 9 15 5 37 2 1 - 1Y
AL LT, AR AR MRS 2 2 4l . B SR BL 24 L, 2018, 47(6)
705-710.

JIN G.QIN X,LONG L Y.et al. Characteristics of codon us-
age in the chloroplast protein coding genes of Agave hybrid

No. 11648[J]. Journal of Fujian Agriculture and Forestry U-

[26]

[27]

(28]

[29]

niversity: Natural Science Edition, 2018, 47 (6):705-710. (in
Chinese)

LRI BRI EEIE T I 22 0 2t A R DR 2 % T A B AR
KAL) S F AP E R, 2010,8(5) :945-950.

XU C,BEN A L,CAI X N. Analysis of synonymous codon
usage in chloroplast genome of Phalaenopsis aphrodite sub-
sp. formosana [ ]]. Molecular Plant Breeding, 2011, 8 (5):
945-950. (in Chinese)

Bl e, O3 B e, AR SR L S5 . B T I R T i e 1
BrlT]. Bk 4% ,2015,24(12) : 171-179.

YANG G F,SUK L.ZHAO Y R.,et al. Analysis of codon us-
age in the chloroplast genome of Medicago truncatula[]].
Acta Pratac. Sin. ,2015,24(12) :171-179. (in Chinese)
MR SRR B R, G R g R R TR 2H 2 1 R
ML )T A . 2019,39(12) 1 1583-1592.

WANG P L,WU SC,YANG L P,et al. Analysis of codon Bi-
as of chloroplast genome in Eucalyptus grandis[]]. Guihaia,
2019,39(12):1583-1592. (in Chinese)

B 23 3 9% SCAE B AR T R AR - 2t A R K] 2 % A T
itk 43 BT LT, 7 PEAEA - 2020,40(2)  173-183.

LU Q F,.LUO W H,HUANG Z H. Codon usage bias of chlo-
roplast genome from two species of Firmiana marsili [ J].

Guihaia,2020,40(2) :173-183. (in Chinese)



