Ol R ( BRBEE) |, 2023, 38(5): 894-906 http://xb.ynau.edu.cn

Journal of Yunnan Agricultural University (Natural Science) E-mail: ynauzkxb@foxmail.com

g3k IR, SANG L, 250, 45, BET CA-MC AR RS F 0t i 3k A A BB PR 28 S AR REE (D], o p Rl R4k (B
SRFF), 2023, 38(5): 894-906. DOI: 10.12101/j.issn.1004-390X(n).202206058

ET CA-MC =ZEIFEM IR
S EURR M R ES SRHFIE
BT, SR, BEE, R, KEW, AR, BERY, B X

(L. AR KE MR 2220, = F BB 6502015 2. dbaiqes#Be lIAk=#pe, dtaT 1022065
3. PHRIMOL RS FAARDE Z2ABe, zrg BT 650224)

WE: [ By ] WoEthm BT 30 42 E A S URERT 2 AR RRE . [ 5k ] BB ESETFWHEEXR,
FETF 1995 4F ., 2005 4. 2010 4FF1 2018 4118 B QMR EE , 12 CA-MC Bl | 0B R % B it
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Spatial and Temporal Evolution Characteristic of Ecological Sens-
itivity of Dianchi Lake Basin Based on CA-MC Model
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Landscape Architecture, Beijing University of Agriculture, Beijing 102206, China; 3. College of
Horticulture and Landscape, Southwest Forestry University, Kunming 650224, China)

Abstract: [ Purpose] To explore the spatial and temporal evolution characteristics of ecological
sensitivity in Dianchi Lake Basin during the past 30 years. [ Methods] Quantitative analysis was
used for the interrelationships among ecological factors, based on remote sensing images and basic
data in 1995, 2005, 2010 and 2018, and CA-MC model, migration of gravity center and kernel dens-
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ity estimation were applied. [ Results ] From 1995 to 2018, the land use and cover change, riparian
buffers and landscape indices sensitivities of Dianchi Lake Basin showed a fluctuating decreasing
trend, and the normalized difference vegetation index sensitivity increased overall, the comprehensive
ecological sensitivity of the basin showed a transformation from high to low level. The area of insens-
itive, low sensitive and moderate sensitive increased overall, by 2.10%, 0.47% and 11.20%, respect-
ively; the area of high sensitive fluctuated down, decreasing by 13.77%. The center of gravity shifted
and kernel density distribution of ecological sensitivity at all levels differed significantly, with the in-
sensitive and low sensitive areas migrated to the northwest, the moderate and extremely sensitive
areas migrated to the southwest, and the high sensitive areas migrated to the southeast. The spatial
evolution of sensitivity in the Dianchi Lake Basin from 2018 to 2026 is deduced by the CA-MC mod-
el, and the overall sensitivity level slowly increases. [ Conclusion ] The study of regional ecological
sensitivity evolution can provide timely understanding of regional ecological evolution patterns and
propose ecological protection strategies.

Keywords: ecological sensitivity; entropy method; CA-MC model; migration of gravity center; ker-
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R MRS RAE, MC 570 A sh#l (cellular
automata, CA) P HEJHEH, REE D) I
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BADITTHE B A EAE A B i) 2 6] 3 B A
BALGERE ST, BAAAERREEY . CA-MC F &1
RIPIR —F S, RefE el s R G0 =s ALY
R, ©izis T ESAORRE TR
TFRRY,

O T PR O, S o
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DR R E G, ML PR AR AR N24°28'~
25°28', E102°30'~103°00 (1 1), H 20 42 60 4F
R, A SRR AU L. T4 30 4EYR
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Fig. 1

1979 455 =R ARG IR A 5 22.7%"7, A
PR T AR B K AR S 2 T AR, K
FRE R . K TR, 2006 Dk, I
JEePOiR = TR, HEEaE R, 2017 4F
PR 5 R M TF 2 40.78%; M w5 MR &
PR LT, SR ZE L, (0 E
IR B 7 T AT I T A R,
1.2 Hdiskds

FET 1995 4. 2005 4. 2010 4FF1 2018 4Ry

Location diagram of research area

Landsat 4-5 TM, Landsat 8 OIL_TIRS 30 m & /&
G DA BB i B AR A (digital elevation model,
DEM) S5 % dls (& 1), 28 [ 5F IE . B
e B SRS AL b B, SRS ST X S8 1 b
7 55 /#) H (land use and cover change, LUCC),
IH— 1 8 45 %X (normalized difference vegetation
index, NDVI), Ji[FZZ#i[X (riparian buffers, RB)
F5 WL FE % (landscape indices, LI) %5 AH 8098,
ST H S S B
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Tab. 1 Primary data source database

EA N KR

name source
8 R o R R 5 B ERSER  H L
LUCC Resource and Environment Science Data Center of Chinese Academy of Sciences
JA—fUAE i HE 5 M BE A A 4 = Landsat 4-5 TM P2 077~ i+ Landsat 8 OIL_TIRS T2 %0777 i
NDVI geospatial data cloud Landsat 4-5 TM satellite digital product, Landsat 8 OIL_TIRS satellite digital product
TG X HBE 7 A4 < Landsat 4-5 TM L2 077 i Landsat 8 OIL_TIRS T2 %57 i
RB geospatial data cloud Landsat 4-5 TM satellite digital product, Landsat 8 OIL_TIRS satellite digital product
?ETAME&E SASTER GDEM 30 m DEM (2009)
SRR rh R 24 8 SR S A 2 s
LI Resource and Environment Science Data Center of Chinese Academy of Sciences

#£/Note: LUCC. land use and cover change, NDVI. normalized difference vegetation index, RB. riparian buffers, DEM. digital elevation model, LI.

landscape indices; [ [Fl/the same as below.

1.3 Wk
1.3.1 Vs fE bR A &R

BEF Ml P23 (BB B . 255 4 G SR Kb
M, #%HLUCC ¥, NDVI [AF. RB [HFHILI
PR 2R S U R AR R (% 2). Hb, RB

RS A KRB IR 5, LSRR
B BRI 5> RB A RSORS00 LI 7
HUREAE eI 2= (A1 A2 A AR B8 1Y) S R BE AR 2L (largest
patch index, LPI), -~F 5t [ ! (mean patch
area, AREA_MN). %K Z #4841 (Shannon’s
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diversity index, SHDI) Fll #4472 & $5 %4 (Shan-
non’s evenness index, SHEI) 1f 415 K45 >,
Jf5 LUCC H¥ . NDVIHF . RB HF AT
N2, AR U R & &k fig S BT ik
F, GG T WIRGEIR R LR
YTV D BURAE R B R 53, R XA 43 A i
FERUR . R U RIS R UECR AN
BRI 5 A5, S5 0CHk [24-25] 115 LPILL
AREA MN. SHDI Hl SHEI: LA} 6 kmx6 km

FEESHE M S A TR 43, 53 84 AN 2 A1 45
IR m PR, 70 A Fragstats 4.2 #4750
MR FR BT, SR B B L R SR i
3 1k 4 A FREU A S EUR PR, SR T LPILL
AREA MN. SHDI I SHEI HJJ%E, R AR
P AR S 027, 023, 0.27. 0.23, i
KE NP5 3] 1995—2018 4F IR Ji 38, LI £
JEMESM

®2 ETHBRMERSBIRE

Tab. 2 Classification standard of ecological sensitivity

AU 2> 27 ecological sensitivity classification

VEAA T I P RCRUE RS B
evaluation factors " NN moderate high extremely
insensitive low sensitive o s L
sensitive sensitive sensitive
3 N (e . = . ;H; | iz . ] i
LUCCH T %ﬁﬂ%f@ ek %)Tﬂﬁ Rl HAbA e iy e Kk
construction land, cultivated land, orchard,
LUCC factor . grassland forest water area
reserved land other agricultural land
NDVI ¥
NDVI factor <0.2 0.2~0.4 =0.4~0.6 =0.6~0.8 =0.8
RBH7/m =500 350~500 =200~300 100~200 <100
RB factor
IE PN 37\ iFE-)
LPI
S BEH TR
LI T AREA_MN HIFH B ORI 33003 A 1.2k
LI factor FRZ VIR S divided into five levels by using the natural breakpoint method
SHDI
BRI LR
SHEI

7/Note: LPI. largest patch index, AREA_MN. mean patch area, SHDI. Shannon’s diversity index, SHEL. Shannon’s evenness index; [ [f/ the same as

below.
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2.1 AR A SR E VA
2.1.1 LUCC F[R P Rust v

H% 3 FIE 2 AT . S I LUCC fguUsed:
B, 3T 30 AR B U XIS AR AE 10% DA
o LUCC Uk i 3t A M ) oo 0 X 2 L%
SO AIOF S 5 L0/ 6 o RS A o T
HERIAT R K R TR B IX T AN REUROR A R R
XIS B A #a . B 81 _E LUCC #k
PEER S B S ks, R AU X S8 8
R 0.37%, T ANBUSNE X Sk F52k T 11.43%, #
XA L, LUCC SUSIE PR

3 19952018 FiEIRIE LUCC BURMERRE &tE
Tab.3 Area and percentage of LUCC sensitivity in Dianchi Lake Basin from 1995 to 2018

X4k 1995 2005 2010 2018
regi;)n TR /hm’ /% MA/hm? /% [HiA/hm? /% MA/hm? /%
area percentage area percentage area percentage area percentage
Nt
. i 27506.79 8.96 30192.63 9.84 38806.49 12.65 62550.57 20.39
msensitive
; i

B ... 70713.07 23.04 72123.56 23.50 67178.88 21.89 53195.24 17.34
low sensitive

JERUR
R . 59806.14 19.48 60545.23 19.73 52615.82 17.15 47367.86 15.44
moderate sensitive
U
'_.JX%I .. 114878.94 37.42 109706.19 35.75 114135.36 37.20 110790.79 36.11
high sensitive

R R
PR 34059.30 11.10 34278.66 11.17 34107.55 11.12 32937.69 10.73

extremely sensitive
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2.1.2 NDVI $LJH FHUEPE

M2 4 FIE 3 . 1995—2018 4F I 3t i
W NDVI, AU X B 21.09%, 45 U
e B R X3k 43 1) BT 11.62% AT 9.48%,
o AURR A DI A T G by . ]
FEF F, 1995 4FH1 2005 4E () NDVI 5% 5 S0
L, 5 2005 4EA112010 4EAHEL, 2018 4FA9 NDVI
AU X BT R 2 37.82%

2010

2.1.3 RB JLQAFRUS RN

f2e 5 I 4 AT . 1995—2018 4F UL i
B RB MU S RGN SRR % B SRR
X3 7 e TR T 50%, HLBS /K Ror, XA
RO EEVE R . BRI, 2018 4 A9 RB U
PEAFRER 1995 4-A7 I T R, b il B ek X
35 R e R (6.30%),  HE YR A v B R IX 3
(5.79%).

C IR insensitive

2 HUEK low sensitive

I H R £UR% moderate sensitive
I =5 HURK high sensitive

I S AHURR extremely sensitive

B2 19952018 FiEMiIE LUCC Uit
Fig. 2 LUCC sensitivity of Dianchi Lake Basin from 1995 to 2018

R4 19952018 FEMARE NDVI BB ERRH SEE
Tab. 4 Area and percentage of NDVI sensitivity in Dianchi Lake Basin from 1995 to 2018

X35 1995 2005 2010 2018
region T AY/hm? AT /% [HAYhm’ ok % T AY/hm? AT /% THAYhm’ ok %
area percentage area percentage area percentage area percentage
Uk
TE& .. 180840.48 58.91 151054.28 49.21 171444.41 55.85 116084.27 37.82
insensitive
JERUR
2 . 112314.50 36.59 115605.79 37.66 93479.20 30.45 147976.78 48.21
low sensitive
&%
R .o 13773.65 4.49 38376.12 12.50 41720.65 13.59 42895.08 13.97
moderate sensitive
o R UK
rj}g@ .. 36.06 0.01 1921.04 0.63 318.26 0.10 6.87 0.00
high sensitive
RERURR
R 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

extremely sensitive

2010

2005

>z

0 12km
[S—

CINEUER insensitive

4 U low sensitive

I AU moderate sensitive
I =5 P ABURK high sensitive

I 2 ABURR extremely sensitive

2018

El3 19952018 fFERIE NDVI S
Fig. 3 NDVI sensitivity of Dianchi Lake Basin from 1995 to 2018
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Tab. 5 Area and percentage of RB sensitivity in Dianchi Lake Basin from 1995 to 2018
b5k A 1995 _ 2005 A 2010 _ 2018
region I /hm? i E% Tfi A /hm? i E/% 1fi A /hm? o % Ifi f/hm? 5 E%
area percentage area percentage area percentage area percentage
Nt
.T@ o 112072.94 36.51 124822.71 40.69 137148.49 44.68 189923.86 61.87
insensitive
% P UK
AL . 47525.78 15.48 43526.28 14.19 41269.59 13.44 30802.18 10.03
low sensitive
1 BE AR
PEEUR .o 54057.92 17.61 48291.34 15.74 45087.31 14.69 30048.93 9.79
moderate sensitive
e FERRUE
! .J}E@( . 33033.35 10.76 29845.61 9.73 27326.83 8.90 15255.66 4.97
high sensitive
2 5 MUK
R .. 60279.49 19.64 60315.86 19.66 56143.03 18.29 40958.18 13.34
extremely sensitive
)\I\
) 0 12km
C_ AU insensitive

2.1.4 LI PO VP
i€ 6 FII&l 5 W] .
PRA T, e BRI AR R e DX A L
KF 70%. BfEFH) L,
R B SR DX o T R L vl R v R
XI55 2 732.96 F1 23 364.50 hm?; H )& G
IR E I AL, (AR TR, AR

= U low sensitive
I AU moderate sensitive
I =5 P ABUER high sensitive
I AURR extremely sensitive

2010

2005

2018

4 19952018 FFEith A1 RB UM%
Fig. 4 RB sensitivity of Dianchi Lake Basin from 1995 to 2018

X3 R B 0.89%, A RS Jae DX 3 T o i 2 B K

(7.63%), B LIBUSMEA T TR, 25 A
b, LI AU AR A X 8, 3 A T A

H LI

2.2 ZEA A SBURIEE
H=% 7~8 A 6 AJH1: 1995—2018 4FJEL i

Sl R X3 ARG, TS AT AN

DAL A LT AR

1995—2018 HE AR AN

R 6 19952018 SEEMIARE L1 SURMEERRE SEE
Tab. 6 Area and percentage of LI sensitivity in Dianchi Lake Basin from 1995 to 2018

Xk 1995 2005 2010 2018
regi;m #Y/hm’ i /% MA/hm? /% M#Y/hm’ /% MA/hm? /%
area percentage area percentage area percentage area percentage
AU
. i 14708.97 4.79 18977.04 6.18 10367.33 3.38 11976.01 3.90
msensitive
: i

B ... 19392.36 6.32 3312743 10.80 25219.16 8.22 35858.31 11.68
low sensitive

JERUR
R . 37293.61 12.15 31739.05 10.34 46764.52 15.23 38903.88 12.67
moderate sensitive
e B UK
'_.J = .. 92152.61 30.03 96121.44 31.33 131878.51 42.96 100300.53 32.67
high sensitive

EERAY }&\
PR 143299.25 46.70 126881.79 41.35 92744.37 30.21 119934.75 39.07

extremely sensitive
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A

0 12km

C IR insensitive

R U low sensitive

B ) AHUEK moderate sensitive
I =5 HURK high sensitive
AR extremely sensitive

2010

5 1995—2018 £FIEMIARIE LI U
Fig. 5 LI sensitivity of Dianchi Lake Basin from 1995 to 2018

2018

*7 SATNE
Tab. 7 Weight of each factor

— YR bR BUE YRR BE Z IR bR BE
grade 1 weight grade 2 weight grade 3 weight
LUCCH T
LUCC factor 0.18 o 0.18
NDVIH -+
NDVI factor 0.21 o 0.21
RBIAT
2o A e Al R M- _
%‘ AUk fi- o 1.00 RB factor 0.18 0.18
integrated ecological sensitivity ’
LPI 0.11
LI ¥ AREA MN 0.10
LI factor 043 SHDI 0.12
SHEI 0.10

8 19952018 FE MR E SR M ERRLE ALt
Tab. 8 Ecologically sensitive area of Dianchi Lake Basin from 1995 to 2018

X4 1995 2005 2010 2018
region T AYhm’ i H/% T F/hm’ % THAY/hm? i E% T AY/hm’ o E%
area percentage area percentage area percentage area percentage
AU
. .. 4625.47 1.51 6073.05 1.98 11664.42 3.80 11085.24 3.61
insensitive
JRE Uk
I . 64901.16 21.16 73596.05 24.01 101791.05 33.16 66395.15 21.63
low sensitive
RS
B o 181756.10 59.27 175937.36 57.40 182591.14 59.48 216311.61 70.47
moderate sensitive
T FEE UK
! }P}f@( o, 55388.96 18.06 50872.85 16.60 10767.98 3.51 13180.49 4.29
high sensitive
&
B 0.94 0.00 7.68 0.00 157.70 0.05 0.33 0.00

extremely sensitive

JEE DX I 2.10%; B0 B MORCHE KSR A TIREUK R R Gty . BT S L, TESH
0.47%; R RUEME DI i 11.20%; = BERUR DR SRR N s ARk, (HRIAR R T,
PRI 13.77%, 2500040, ABUEXIRZ )y 1995—2018 4E AR X ek i AL RIS 3 0 URk
AT B A Gy s R SURMEX IR PRI 1 493.99 hm?;  H RE AU XS
NI AR 5 HP R R X AL R, 34 555.51 hm?®, U IA 734w B HUSPE X
KF) 50% LA L, SRS EiUR X T IR RS 42 208.47 hm?,
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2.3 EASHUBPERE LR

HF, HAE 19952005 4F-, 20052010 EI5$H2010—

>z

(‘)_1‘2 km

C IR HUEK insensitive

52 AU low sensitive

I HUEE moderate sensitive
I =5 HURK high sensitive
AR extremely sensitive

2018

ilh\ﬁi!@'l‘é

Integrated ecological sensitivity of Dianchi Lake Basin from 1995 to 2018

R 9 19952018 FHEAXELEBES

Tab.9 Center of gravity shift distance in sensitive

areas from 1995 to 2018

R PE 2 /km

2018 45‘3 3 /\E}Fﬁ ETEX W %’ﬁi;u [:%[57575 lﬁlﬁfﬁ Eﬁ transfer distance
region
MRS (2 9 IR 7). Hovh, A B AUa v IX S 7E 19952005 20052010 2010—2018
Nt iti
19952005 4EFE RS IBEIS fieat, y 48.99 km; A ;2%%“@. Lo 1653 863
. =S BEUES low sensitive 5.08 2.94 3.10
R RS B X B AR P R, oy o S
JEE LRI, e Xl o B A [ P g [ B FERSURK high sensitive 5.10 136 2.99
B, RS X B R 1 R R T R SIS exvomely senstive__ 48991019 3379
S| Rk g 2018 | whus q2018 TR 1995
§ insensitive & [low sensitive 2010 moderate sensitive/ 2005
5 2010 §
:71; s 2005 S
T s =)
:
12005 51995 - 1995 20108 2018
E102°36'0" E102°45'0" E102°54'0" E102°'42"E E102°45'0" E102°48'0" E102°45'0"
R L
high sensitive 1995 o |extremely sensitive 1995
wv
Og L
4
5 2010 o o109
3 2|
[ 2005 &
(o] N
Z . . 2018 Z . d 2018‘ .
E102°42'0" E102°45'0" E102°21'0"  E102°57'0"  E103°27'0"
El7 19952018 FiEitRIE & FRKE LEH
Fig. 7 Center of gravity shift in the sensitive areas of Dianchi Lake Basin from 1995 to 2018
2.4 EASHURYER S BT WA TN A A s BRI A

1995—2018 AF=JE th JAg ds A4 A BUR M A2 2% i 4y

fighA (5 8) M. Mz
JEREZ oA TN 2% 5

[l b, AEUREE
R g B A

A Ty b LA S AR s AR R A A
Or A T AL o AR S L
A, AU

1995—2018
P DX 5 20 A TR DX PG G K



RN, . JET CA-MC B B0 B AR 2 O

903

N
}\ — 7 high

0 12km 1% low

AN

insensitive

L

1995 2005 2010 2018

§
£3

e BE UK

low sensitive

2010

R

moderate sensitive

1995

1+ LUK

high sensitive

1995 2005 2010 2018
& ‘?
-
A B
extremely sensitive
1995 2005 2010 2018

El8 19952018 FiEMRIE A SHRMERERE
Fig. 8 Kernel density estimate of Dianchi Lake Basin from 1995 to 2018



904 Py I )y N = 22

9538 %

W, BES AL R s DO e o T
WAL S sk, BIE RS B
TR X 38 1 e A TR AL i %, BlIE
FEPIIEH ;v AR X e e A T AL
TR, BE G 5 A 2 IR AR T R R 4k
s BB R XS S A AL, S
R Z IR R S Y
2.5 CA-MC BRI ZRA A AR RBUBCE T00 43 B
3L F IDRISI - &5 H* CROSSSTAB 4 #3154
2015 A VE Tt 30 358 A 25 SR 00 ] R L b 37 s
B S AU A5 SR BUNNERR SR (3R 10), ARHEA
ATTEAHE 2015 A SRR Kappa

Rk 0.833 0, WMACR RAF, E—HIF RS
X 2026 A4 S HUBMEEAR TN . CA-MC BRI
MZESR G5 11 M 9) iow . Ehif 2018—2026
AE AR X 3 A8 FLEE 5 2010—2018 4E AR, {H A
UK EAFT LT, & 2026 4F, FREERUERM
TR ORI DI AR D, 4 i REAIG 0.81%
F13.55%, o) ANEEUR AN oy B Rk IX Il AR, R
AU X 2018 4F T 0.41%, {H = L
JEE X SR BT, B9 12 109.75 hm?, B
2018—2026 ARt Ak UM & B, E
PR T 2018—2026 4F 5y B A0 M X Sy
A 5 AR S A AT Ay X T B T BT

R 10 2015 FHAMRBAE SR F R SIFRMAR SRR X EL

Tab. 10 Comparison between actual and simulated raster of ecological sensitivity level in Dianchi Lake Basin in 2015

%21 2015452 prAl % 201 SEETHI % TSk HERA/%
region 2015 actual raster 2015 forecast raster predictive consistency accuracy
Vi EE‘
Tﬂﬁ(“f . 69226 83109 59891 86.52
msensitive
R UK
o o 941976 884209 787643 83.62
low sensitive
PR
ke o 1711023 1910461 1450886 84.80
moderate sensitive
T AR
'_.JE%I .. 665854 526134 513284 77.09
high sensitive
5 U
B . 5 98 4 80.00
extremely sensitive
=11 SETRIE 20102026 4 AR X T UAFE
Tab. 11 Variation characteristics of Dianchi Lake Basin from 1995 to 2018
<58 20264 T b’ . o oleEme
region predicted area in 2026 i“ﬁﬁ}/\/ hm' i‘@ﬁ.é_/ﬁz ’Q@Cﬁ}/\/hm '&’f‘t#—/ﬁ)
changed area change rate changed area change rate
Nod e
.Tt&“. . 12352.80 —579.18 -0.19 1267.56 0.41
insensitive
(¢
B o 63905.80 —35395.90 -11.53 —2489.35 —-0.81
low sensitive
5
L L 205411.46 33720.47 10.98 —10900.15 -3.55
moderate sensitive
e 5 UK
'_.Jiﬁy . 25290.23 2412.50 0.79 12109.75 3.95
high sensitive
% PO AUk
i 12.25 -157.37 —-0.05 11.93 0.00

extremely sensitive

3 e

3.0 AU

AMFFEEH LUCC, NDVI, RB fl LI H-F
PR IER A R S HUBHE IR R, Xt 37 35k
A AU B 28 AR R T 400, SRR
A A FAE, 75— E ek T AHP

JED T AR IR 2L G I LR 1
AEST o Sy S UER (EVE B TAT P, WFFEISE A )
T M PR AR O SR R, e S AR AT
FEARIEARYI G, VWIS IR
3.2 AESHURHE X OIS SR

T 7 o A A AR DX S o T R A T
BSHOREEROR, B L AT A BRAF AR A [R) S 2 B



5 1

BRI, 2. FET CA-MC REAY F TR it A A AR I 2 AR A 905

>z

0 12 km

—

CIAHUR insensitive
AR low sensitive

I A £ moderate sensitive
I 5 AEUER high sensitive
7% FEURK extremely sensitive

9 EMIRIN 2026 FLEEESHURMETUN
Fig. 9 Predicted integrated ecological sensitivity of
Dianchi Lake Basin in 2026

TR DX 553 A B HURE R R S, 5 R
TR A A OGBS R Ik
Tifb & AT AE AR T S ek, A SRR S5 2%
PR TR R,
3.3 CA-MC B A= A BB HE

K H CA-MC B GRS AR ok A8 25 sk
S, AT AR AR X e Y A3 () AR 0 R
SR 2026 4F, VISR B OB P B A
JEE XS AR AL B G, TR
TRORFIAN, 3 SURR M X S A R R IR, DR R
SHEBMEA B UEEBY 5 2018 4EAHLL, 2026
AEYS NDVI A SRR XS A 2 T AR
BRURR L e RO R B DX e A2 B T I K
F UL SO RN FE o3 A, T B SRR AN SR
DX 3ok F2 B rf A A7 1 s B b RN & BB, 25 [
AR, A SR R KRR R A2 3
Do M AE R A 2 R S U g A R
FERL, S et e B SRR S R A AR o
3.4 XS HEW

T AE BB sk R, BRI A
BRGEREREME MRS DIBer 2 miE . DALY He
FURFLIE, DIFRBEORI ARG, B B0 s ) 7
R A ANHERSTIX, AR AN [ R i TR 2
HE X IO P 4 o) B A A A LB R AN R DX 3
R ME HAR B X, SR T A T G s
0 B B DX IR o AR AR R I, ] b A
Tk AR AN s R R S X )
FENEBG X, RPN E, b e Eir

KB, BRI E BUR AN
PR DX I S AR SR X, U2k ook
FEAS PP BTG 3, SRR DT AR B

4 ZEig

1995—2018 4%, At It 3 0P PR - A A Uk
AL FE, LUCC, RB I LI AU BAR T
K%, NDVI USRS TS . es & A AUk
PEP S RS, TN U & R UK
P DX 35 1 R SRR B R X Sl e ik s RS
PURE R DB 25 B, AN HUBORIR B U
DX IR PE A T i RS, SURRRT R Rk X
B P R R EAS e R SR X ) AR e [
B, SHURXE.OEB R, (FR R HUk
PEXIBGER AR, HOR AU X, &
AR I S % B o A RN, (HAR R
MBI B B8 B, CA-
MC FERIHE 2018—2026 AFTE b 7 S S A U
EY RGN ) F I

[ S50 ]
[1] f&

90351.

21 1T, 48 REL, £ 458, 5T AHPFHIMSERAGE K
B LA A HURMEE ], R A S 4R, 2021, 40(9):
2927. DOI: 10.13292/j.1000-4890.202109.022.

[3] Xfgde, EHMr, BT, 55, iR e S MU 4R o
VA B 2 AR RRAE [T]. L4244, 2021, 41(10): 3952.
DOI: 10.5846/stxb202101190204.

[4] =35, FEIR], BE, 25, IETND VI K LRFAE 1)
I 23 A AE ST 0], A A IR BT 2% 4R, 2019, 28(3): 555.
DOI: 10.16258/j.cnki.1674-5906.2019.03.016.

[51 BufE, JbE, BRa, 25 TR BIR BN 2 P BET R
B A S TR I R Y AR AR DA ST B
oA [T]. A& e AR, 2020, 39(9): 3068. DOI: 10.
13292/}.1000-4890.202009.022.

6] WA, 3 S XEH. 3T DRBHRBA W Rh B+
A F /78 4 S A AR A ST[T]. K AR FRAF ST, 2013,
20(5): 64.

[71 Mg, B0, H k. 2T CA-MarkovA B4 1) ZR VL3 45
bR S BRLT]. M= ()45 B, 2020, 18(9): 102.
DOI: 10.3969/j.issn.1672-4623.2020.09.026.

[8] FE=id, kK, 7k H. 3T CA-MarkoviE 7 [ 3L LL I8
Hiu AR ORA DX R R P /78 AR Ak S T[], 8 A
24, 2016, 27(11): 3649. DOI: 10.13287/j.1001-9332.
201611.027.

[91 ZEAPAA, B0, 3K KA, &5, SR In 2044t & 42 5F
RN KRB 1) 5 ma (1], WA AR, 2012, 24(6): 875.
DOI: 10.18307/2012.0610.

[10] E/ME, XUE, k&, 5. 5T CA-Markovi 2 (1) 75 R
VG 30 = 3 ) P AR AR 5 R T[], R R 5 T


https://doi.org/10.5846/stxb201802090351
https://doi.org/10.5846/stxb201802090351
https://doi.org/10.13292/j.1000-4890.202109.022
https://doi.org/10.5846/stxb202101190204
https://doi.org/10.16258/j.cnki.1674-5906.2019.03.016
https://doi.org/10.13292/j.1000-4890.202009.022
https://doi.org/10.13292/j.1000-4890.202009.022
https://doi.org/10.3969/j.issn.1672-4623.2020.09.026
https://doi.org/10.13287/j.1001-9332.201611.027
https://doi.org/10.13287/j.1001-9332.201611.027
https://doi.org/10.18307/2012.0610

906

P EEE A N e

9538 %

(1]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

[22]

(23]

[24]

[25]

[26]

[27]

T2, 2021, 21(19): 7942. DOI: 10.3969/j.issn.1671-1815.
2021.19.012.

SR, B NOL, RE. T GISH A = W17 18 A4 S8
FEPEVEN[I]. K L AREFIFST, 2017, 24(5): 266. DOT: 10.
13869/j.cnki.rswc.2017.05.042.

Fdm, FECAE, I, 3T MCE-CA-Markov# 71 (¥
FRAR S = AR TR LA % T B[], o
ML RN K2 24), 2021, 41(9): 127. DOIL: 10.14067/
j.cnki.1673-923x.2021.09.014.

A, T, IR AR, 2. 2008 R R IR IR AR 2,
FIEAL [J]. FREERL2E AT T, 2012, 25(4): 372. DOL: 10.
13198/j.res.2012.04.19.dengwm.006.

X E 4, WIE R, JHIR204E V5 Jeia B STk SRR ], 3R
RSP, 2017, 36(6): 31. DOI: 10.13623/j.cnki.hk-
dk.2017.06.007.

A, T, XEWELR, &6, Bt K RS FRRA B 378
TERFAE[T]. A BRKIT, 2022, 53(6): 61. DOI: 10.16232/j.
cnki.1001-4179.2022.06.009.

FEPRE, 3K 58, MR, 45 B IR SRS 8h AR
LWEFL[I]. BB R 240 5T, 2002, 15(2): 16. DOL: 10.
13198/j.res.2002.02.18.zhengbh.005.

1, B, AR, 2. B A S R GRS T AT T].
FMERLY, 2010, 31(2): 282. DOL: 10.13227/j.hjkx.2010.
02.002.

MR, BB, 2R, S T YO0 E BPCREAR ST
T TURVI = B e B2 ) A3 A R AE (D). 2 ARk K 2%
M (ASREL), 2021, 36(1): 132. DOL: 10.12101/j.issn.
1004-390X(1n).202002015.

QISR TR 0 A8 R N R o 1 M 7 N[44
%, 2019(3): 66.

B, Sk XA, BRR, 2. b I END VIZ) S A R iE
D FE AR (0], Ak T/, 2021, 11(9): 34. DOL:
10.3969/j.issn.2095-1795.2021.09.008.

TR, BKE, TR, X 3 4 i A A ar ikl
T A ST T DL BRI R X SR R B [T]. Hb
iR} 3E 2, 2016, 35(7): 851. DOI: 10.18306/dlkxjz.
2016.07.006.

R, XM, 2, &5 KT HONREOoR A 1 [ A
SRR & MROR 22 T SO JR B A EIE[T]. AR R 2E4R,
2015, 30(11): 1860. DOI: 10.11849/zrzyxb.2015.11.007.
Tt it ) 7, A5 S SR — XU BH T A
by 5 WA R IR 2 L IR B ML [I]. A2 A 2R, 2020,
40(13): 4279. DOIL: 10.5846/stxb201911042316.

Nk, AR, 2540 G, 2. B SRR OPR IR A ek
SR SR A SRR A i R ], K AR FE AR,
2022, 36(3): 64. DOIL: 10.13870/j.cnki.stbcxb.2022.03.
010.

TEREDS, BRI, st 28, I ANUSTI 8w i 1
iR SFOM RS SR RS N[, 2R 24 4R, 2018, 38(14):
5158. DOI: 10.5846/stxb201705190927.

FI, ZitE, BRIRTS, 2. AR T Kb 5
A JEABERLT]. 7K L ERREIT ST, 2022, 29(3): 269. DOIL:
10.13869/j.cnki.rswe.2022.03.034.

WAL, B, W&, 2 I TRERZ IR ik

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

(36]

[37]

[38]

[39]

[40]

FRT 2R A8 K B R 22 A PRAN DL i R 3R 20 A 0], 7K st
B TR, 2019, 30(5): 140. DOIL: 10.11705/j.issn.
1672-643X.2019.05.21.

VUG, Byt o [ 3 77 BUR 57 55 KUK U 1 2 AT
G BT R R Bk S EE A ] AR 4,
2019(6): 34. DOI: 10.13676/j.cnki.cn36-1030/£.2019.06.
004.

S BHL BT A S BURPE PN 158 1L AR DRI X AR
PRI BT ST [D]. B I K22, 2020.

XIE Z X, YAN J. Kernel density estimation of traffic ac-
cidents in a network space[J]. Computers Environment &
Urban Systems, 2008, 32(5): 396. DOI: 10.1016/j.com-
penvurbsys.2008.05.001.

ELGAMMAL A, DURAISWAMI R, HARWOOD D, et
al. Background and foreground modeling using nonpara-
metric kernel density estimation for visual surveillance[J].
Proceedings of the IEEE, 2002, 90(7): 1151. DOI: 10.
1109/JPROC.2002.801448.

SRE, RAE W, P, BE TR AL ST B A% R
SOW AL 2 BT D). 2R S A kG, 2012, 31(1): 158.
DOI: 10.13292/.1000-4890.2012.0035.

SRIGEAE, JR W, FJEMkK, &%, H T MCE-CA-Markovff]
e DX R P AR AL, S T[], Ak TR AR,
2017, 33(19): 268. DOI: 10.11975/j.issn.1002-6819.2017.
19.035.

DA CUNHA E R, SANTOS C A G, DA SILVA R M, et
al. Future scenarios based on a CA-Markov land use and
land cover simulation model for a tropical humid basin in
the Cerrado/Atlantic forest ecotone of Brazil[J]. Land
Use Policy, 2020, 101(1): 5896. DOI: 10.1016/j.landusep
01.2020.105141.

WhZ 5, SRHA DT . T2 [B) B B R G VT i ek A A
SRR I AR AR REAE[T]. E AR BEUIE K, 2021, 33(3): 229.
DOI: 10.6046/zrzyyg.2020281.

55 %, A 946 I 2047 T I ek 1 R /2 A s
FE R IE S AR S E AR ST (0], 2R F, 2022,
38(6): 183.

PR, R, BT, 4. BUb I AR R AR K
ML LA VFI AT FUT]. VO ARl R 27 27 4R (B AR B
%), 2021, 41(3): 122. DOI: 10.11929/j.swfu.202004008.
V2 N, sknte, s, 55, BT GEE R MR 5 1
i AR KV I 5K B S) 0 4 A D] P4 R ARk K
SR (A RELE), 2022, 42(1): 142. DOL: 10.11929/.5w-
£u.202101026.

W52, ko, T, 45 (b T Sk S B VRN
B A JRARACHE 5T LB B Bl [7]. 3458 B2 55 4 B
2022, 47(3): 35. DOI: 10.3969/j.issn.1673-1212.2022.03.
0009.

BARNE, B, FE5E, A, o [ b A AR I AR
FRAE[D]. B 223, 2022, 77(1): 150. DOI: 10.11821/
dIxb202201011.

FAESR 4 TR


https://doi.org/10.3969/j.issn.1671-1815.2021.19.012
https://doi.org/10.3969/j.issn.1671-1815.2021.19.012
https://doi.org/10.13869/j.cnki.rswc.2017.05.042
https://doi.org/10.13869/j.cnki.rswc.2017.05.042
https://doi.org/10.14067/j.cnki.1673-923x.2021.09.014
https://doi.org/10.14067/j.cnki.1673-923x.2021.09.014
https://doi.org/10.13198/j.res.2012.04.19.dengwm.006
https://doi.org/10.13198/j.res.2012.04.19.dengwm.006
https://doi.org/10.13623/j.cnki.hkdk.2017.06.007
https://doi.org/10.13623/j.cnki.hkdk.2017.06.007
https://doi.org/10.13623/j.cnki.hkdk.2017.06.007
https://doi.org/10.16232/j.cnki.1001-4179.2022.06.009
https://doi.org/10.16232/j.cnki.1001-4179.2022.06.009
https://doi.org/10.13198/j.res.2002.02.18.zhengbh.005
https://doi.org/10.13198/j.res.2002.02.18.zhengbh.005
https://doi.org/10.13227/j.hjkx.2010.02.002
https://doi.org/10.13227/j.hjkx.2010.02.002
https://doi.org/10.12101/j.issn.1004-390X(n).202002015
https://doi.org/10.12101/j.issn.1004-390X(n).202002015
https://doi.org/10.3969/j.issn.2095-1795.2021.09.008
https://doi.org/10.18306/dlkxjz.2016.07.006
https://doi.org/10.18306/dlkxjz.2016.07.006
https://doi.org/10.11849/zrzyxb.2015.11.007
https://doi.org/10.5846/stxb201911042316
https://doi.org/10.13870/j.cnki.stbcxb.2022.03.010
https://doi.org/10.13870/j.cnki.stbcxb.2022.03.010
https://doi.org/10.5846/stxb201705190927
https://doi.org/10.13869/j.cnki.rswc.2022.03.034
https://doi.org/10.11705/j.issn.1672-643X.2019.05.21
https://doi.org/10.11705/j.issn.1672-643X.2019.05.21
https://doi.org/10.13676/j.cnki.cn36-1030/f.2019.06.004
https://doi.org/10.13676/j.cnki.cn36-1030/f.2019.06.004
https://doi.org/10.1016/j.compenvurbsys.2008.05.001
https://doi.org/10.1016/j.compenvurbsys.2008.05.001
https://doi.org/10.1016/j.compenvurbsys.2008.05.001
https://doi.org/10.1109/JPROC.2002.801448
https://doi.org/10.1109/JPROC.2002.801448
https://doi.org/10.13292/j.1000-4890.2012.0035
https://doi.org/10.11975/j.issn.1002-6819.2017.19.035
https://doi.org/10.11975/j.issn.1002-6819.2017.19.035
https://doi.org/10.1016/j.landusepol.2020.105141
https://doi.org/10.1016/j.landusepol.2020.105141
https://doi.org/10.6046/zrzyyg.2020281
https://doi.org/10.11929/j.swfu.202004008
https://doi.org/10.11929/j.swfu.202101026
https://doi.org/10.11929/j.swfu.202101026
https://doi.org/10.11929/j.swfu.202101026
https://doi.org/10.3969/j.issn.1673-1212.2022.03.009
https://doi.org/10.3969/j.issn.1673-1212.2022.03.009
https://doi.org/10.11821/dlxb202201011
https://doi.org/10.11821/dlxb202201011

	1 材料与方法
	1.1 研究区概况
	1.2 数据来源
	1.3 研究方法
	1.3.1 流域评价指标体系
	1.3.2 影响因子权重分析
	1.3.3 生态敏感性空间重心转移分析
	1.3.4 核密度分析
	1.3.5 CA-MC模型预测分析


	2 结果与分析
	2.1 单因子生态敏感性评价
	2.1.1 LUCC单因子敏感性评价
	2.1.2 NDVI单因子敏感性评价
	2.1.3 RB单因子敏感性评价
	2.1.4 LI单因子敏感性评价

	2.2 综合因子生态敏感性评价
	2.3 生态敏感性重心的转移
	2.4 生态敏感性核密度分析
	2.5 CA-MC模型综合生态敏感性预测分析

	3 讨论
	3.1 生态敏感性
	3.2 生态敏感性区域重心迁移与核密度
	3.3 CA-MC模型生态敏感性推演
	3.4 对策与建议

	4 结论
	参考文献

