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Abstract

This article extracts spatio-temporal distribution information of rural settlements in the Lijiang
River Basin based on remote sensing images from 1980, 2000, and 2020. By utilizing landscape
pattern indices, kernel density analysis, and geographic detectors, this study analyzes the changes
in area for cultivated land, forest land, grassland, water bodies, other construction land, unused
land, and rural settlements in the Lijiang River Basin from 1980 to 2020. The study focuses on the
spatio-temporal patterns and differentiation characteristics of rural settlements and their driving
factors. The results show that the number of rural settlements in the Lijiang River Basin did not
change significantly from 1980 to 2000, but experienced significant changes after 2000. In terms
of scale, the size of settlement patches increased, the number of patches decreased, and patch
density decreased, indicating an overall expansion trend of rural settlements in the study area.
Rural settlements exhibited high-density small-scale distribution and low-density large-scale dis-
tribution. In terms of morphological characteristics, settlement patches became more fragmented
and complex, and exhibited high degrees of aggregation. In terms of spatial distribution patterns,
the kernel density of rural settlements showed a point distribution pattern characterized by
“low-density widespread distribution, overall dispersion, and local aggregation”, with significant
spatial differentiation. The spatial-temporal differentiation of rural residential areas in the study
area is mainly influenced by DEM, NDVI, and temperature, and multiple factors interact to affect
the development of rural residential areas in the study area. The research findings provide refer-
ence value for the adjustment of land use structure and the implementation of rural revitalization
strategies in the Lijiang River Basin.
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1. BRSERREAEARENSENX

W& 2 BHRDSEE AT, A B RS R 20 B, TEAAEL o5 R DL R R A Bl A v 3
AR BE BICIR AP 35 e i) R TR ™ 2 R [1]. — 5T, {553 AN B 2 AR e UM 8 W] R S A
e, SENERER. 507, NP RIRORY . B AR WS R RS R
T E A RENA[2]. B, R E R RS RS REAE AT, AR DO R 5 AR LR R
HERAR, MBFIES T AR 2 3 SCHRA AL B s 1 AT SR K H 3] -

R S O A i B AT T, T T7 KRB XA R 3R SR A SR A1
A1 JRTEAR Je 2 6] 7 5% & AT BEEIRAITIL, EAAE SO A M . LR, LR,
R BEALR . R R DL R v AR N AR [4]. 5IEANA IR, IRERZ P EATHSEREY
WA BTN, [ A 273 A0S IR B O NI T e R B, JF BT & 2 4 P e 2 (A SR
AL SRTESRHAER M 5B . R ER . 2 OREIG DU A R S8 J7 H[5] -

A Je B R AT N 155 R L 4% BT 3R A A 2 228 5 DR 3R A PR T TR RS A 7 A 35 1) 32 [ 6] »
SO A AT R “ =AW E N A TARE h 2 H, B et e e 2 MR [7].
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VLI A D b T i 5 R S A ) X3, LRI AR AN S RS R R B AR A SRR bR T ) 2205
RIEA A CE RN, i LR AR S s A A . 2000~2020 4, EVLIRIRAOHT L. AR
ANEH TR YD, K 1A FH MR AR FH b TR R 386 0 [8] 0 -2 B 11 b 1) ANAN 2 ol b R R FH p 5
R A IES, 22 L T RREERI R, AT B B AL 2 S G @ B R [9]. IR FTTRTLIURAT JE
RO JRAFAE, HIAT I A TEIRSIMLEE, BV R o IS S B BRI, HEAT I 125 (R 25 5 8 9A ,
HEE 2 RS R B A # 2 X [10].
2. L IS R R A
2.1. BRBRFLSEFRNR

BILRIET T AT M BT 2 8l gyl BIREKEX S 3 MERRY X, REiEE
FEAFERL. LE. 3%, HE. Ml mES 6 MXUUER)INE, Mees, HEE ., FREHS X
(A 1), FFRXBERNFEE, SEEM, CREHHK, RBRARER L, FRRESH B, Y5,
JE A R R . XS AR TR R, R 7 A, DA RS O S R P AR T ey A A Ve
LR SRR R A AR

WFFLIX S - o AR 1746180.58 AWI[11]. ARHE A EH LR DS A5, BYLREAS A s )
392.26 Ji N, WA 1IAH] 185.83 Ji A, dEL /K FIL F] 47.37%. 2022 4, itk N GDP L {EikF] 2004.44
2.7 [FIEE 2021 4F, 5 —7= i AE 3G N 446.31 1470, 55 =M AEIE N 464.02 {276, 55 =7\ {E 3% 1 1094.09
0760 B8 == Hp it i A T AR N e L ) SR P [12]
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Figure 1. Location map of the Lijing River Basin
E 1 EDREXAE

2.2. EEHIERIE
AW 785 B BE AR A TR R EE AN R F B0PE (1980 4F, 2000 4, 2020 ). HFEfEmsEs
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(DEM). &K, H—LREBAEE(NDVI). iR GDP. A 1% PR R IR T b B R 2 o 2 YR 55 5 40
rput (https://www.resde.cn/), VLR IEAT Xl o5 5 2 SR U b 2 2 TR B =
(https://www.gscloud.cn/phonehome) . TAIEZK &+ 18 B P i ok B E SRR E0 oo
(http://www.geodata.cn/index.html) .

2.3. HiEmaeE

AL ArcGIS 10.8 AbFREHE . 7525 (7] 20 M Th e b % J@ MR PR U Value {24 52 R, 15
1980 4. 2000 4F. 2020 “F AR, FHE] Excel, 15EIH10 FRM fE RGBT R & R A
PEEAT MRS i 25, A spatial Analyst TH R FEHT, HIEETLAECR A R i B . FIH
GIS H/r2KThRE, y-LHUOR| I BRI, Kb i, A, B, K. HABEE AL, &
FER S KPR 7 25, BT, aha. MRS, SR Excel, £ B EMLAL
HRI AT 2] MR A R . R . WA B @ DEM $iE/5 #. iEid ArcGIS10.7 KRR B T H Ak
HEVOTIR K R T8 I DO B A 1T B S S R 3 T AR

3. fIRF*E
3.1. :FIBEBIERE

TR AR R G HT e, IR — XN A E B B IR 55 5dE, 18T GIS B AR4#T,
RS F A F N BRI 2R 2 (A R He T AR Bl , FAIH Excel A& HIEHEZEM R DR A 45
SERE, B AEAS FIR A R A& AR AR A M2 A T AR DA S S R R [13] .
3.2. ZEBEMH

ArcGIS 10.8 L 6000 m Ayl 442, HIMEREMTEILIERN B R SZZEE M. 1HEARINT:
1

N[ X=X
G(X)_EZMK{T} 1)

Q@) H: G MMM A X AR BE BT Kk R  h AFsE, n s se S FE P9 S B H
3.3. BAUEEIEH

1 F Fragstats 4.2 9% 5 FEbRUEAT 0, BEH B 5006 S bR S FE BE JOBORE (NP) . BEH A I
(CA). BESREE(PD). HABEHARH(LPI), JA&HEH(ED)  RAEMEIRHU(AL) FHS BHEHL(DIVISION)
A EFEE (CONTAG).
3.4. MIBERZE

16 ) DAL PRI S5 015 R0 385 2% 45 B ] - % 5 B85 W0 R 2 I A X Y A o R 2
A8 3 PR P FE T MR R 26 o DR R 00 8 P R R A B Y 022 ) 43S D BB T X R AR e Y 2 )4
TR S0 I TARRE ) q SRR SRS 85, q (N[0, 1], HAEDMEEE T 1 MBI X XF Y if)
R TR
4. BRESH
41 RMBRSERTWL

iz Arcgis [IGETTIhAE, 4> B4t 1980 4E. 2000 4F. 2020 A K & B S AR, FAE ] Excel f#
Bama ik, g 1.
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Table 1. Changes in the rural residential area in the Lijing River Basin from 1980 to 2020 (Unit: Hectares)
F 1 BRI 1980~2020 ERMER S EART R (BAL: AR)

X E4 1980 4E 2000 4 2020 4 1980~2000 4 2000~2020 4
T X 60.66 60.66 61.47 0 0.81
BRIX 288.09 288.09 267.75 0 -20.34
FuLX 171.54 171.54 172.17 0 0.63
LEKX 903.24 903.24 688.5 0 —214.74
JEELLI X 678.96 740.34 699.75 61.38 ~40.59
i [X 3051.27 3050.82 3229.47 -0.45 178.65
PR 2215.89 2215.89 2462.85 0 246.96
R)NE 3624.12 3624.93 3675.78 0.81 50.85
Moz B 3510.27 3510.72 3446.1 0.45 —64.62
KA E 1175.76 1240.74 1238.94 64.98 -1.8
RS 3632.22 3631.77 3694.95 -0.45 63.18
IR E RS 2564.28 2565 2768.4 0.72 203.4
T 2939.85 2937.87 3215.16 -1.98 277.29
KHFR 24816.15 24941.61 25621.29 125.46 679.68

M 1 RTBUE H, TETLE 1980~2000 AT B AR SRR AN K, SHIARYS 1 125.46 A b,
JHE 1l DX R i A B 1) J B A TR A A3 N T 61.38 AW, 64.98 A BT, AEMR T 7SIk X 53 JE Ll DRI R X 1
MATARAR AL, oAl X TR T AL, FE RN SR SO 208 R R P AR PR iR 22, A FEASL
PEE AR, WA AR, VORI DI SE AT . FLIX S I XA MR X A% O, TR R DT i,
E 1980~2000 4F[A] & R %, T A5 H 5 & SGEmi N, milmkEX . BElX. kRS
BLAE g REARTT 128 1) S0 K e R B i X3, LR R AE 508 EAS 30 T 7 AR I . 55T 20 4FARLL, ST
L33 2000~2020 X 20 AR JE B A B T AR AR A B i, SRR MG 679.68 A BT, 2T 20 R IE IR 5.4
. ZMTH KR, HMKT 277.29 Abl. JEFERZHHETE 2018 FRE KT, Buathhi G215, M
MG BB Z N RA . BEE N L, 355 R oA R0, B e R A ERE IH I JE RS B3k,
o SR RS A B R ASRERE AR B I X R RS A B T 246.96 2
b, 203.4 abii, 178.65 Akl LA X AN & R AT A D | 214.74 20 Bi(1E 1980~2020 4F 40 (8], 1
BXAEZRATEX K%, BT HREXKATEX RIS 2, BRI e e R e
FG B XATEX R BT 5 80047 BUX AR BN, ARG L 1 AT IBUA FONEREAT L) o

HAETLIRIE 1980~2020 FH R R AT, MR EE, ABREHKR, AAMKERDT, F%
W RSN, A 40 SEIRIEC IR AR o (H2 MEEGR b, JLHAUR Bk T XA T )
HEEVRE, WE — AR N & BRI R
4.2. R¥FBR AT MFI A BIFE

A3 S ArcGIS B AEA Excel #6#%, 114 1980~2000 4E. 2000~2020 43X 2 /NN A] & #A i =+ ) FH
HRMEMERGEE 2. % 3), FATO

1980 4E~2000 4E[A], KA I KR, MRHFIEE S, BRoRF R R A A A, At
FIH R A /N e o, 1516.50 2 Wit 3% A8 Sy oAt e F s, 1370.69 A BB % A R A i IR A5
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AN B R R Z, H 6714.20 2T, [RINHHEAG 7011 A B AN HEHE, 2B ) 32 BRI
M 9523.05 AL AR Bl [F I R A 3612.90 A HEL Sy bRl . AR AR A i EE K B4
FbRHL . 7EIX 20 4E[0], AR B R s R0 A 72 0 FH MR N B IR 1279.19 AW, g B it B 26 2 1 T
FAH 2887.19 AW, WHERBAR 2 52 . FBRAFSKIEEZHH, JLOREKM. £ 7 Mhd, R
A B R B T AU 9D 1, HR iS4 AN R R TR AR 3

T 9% X 7 2000~2020 4[], #f % tH AR A % , 32 B4 HE B bk A 8000.59 23 bl . Ath 4 ¢ #h 7530.42
AW RN E R A 2632.10 A HG, S HIEAN 21810.62 AW, FrHEH BRI TR, BRI A E
RO, AER M T AU AR T A TR o PR R RIAST b (0 % e TR AR R AR B, R/ Rttt . /KA
oA % F M B THI AR 23731l 5404.54 A Hi. 1578.54 /3 Hi. 3183.61 AW, FEHLEE g AR Ml e THI AR B T AR
HhFE A TR o KIRATEARR D, RNECK . AR B MR AR B A . Bt o B S 1 T AR
1 EZRIE, R A R A R EORIE . EX— AR, BEH. ARHRT R A >, e
S, /D THAUAE] 9308.16 AL OW AR B L, 75N S, $nmAE 13879.14 A b,

Table 2. Land use transfer matrix for the Lijing River Basin from 1980 to 2000 (Unit: Hectares)
= 2. BRI 1980~2000 S it FI AL IERER(BEAL: AM)

2000 4E
1980 4E H ur
Bt Ho o s "‘ﬁ‘gﬁ:“‘ KHRRS A R
b 353520.34 6714.20 1602.24 764.72 1516.50 1370.69 0.15 365488.84
M 7011.00  1139522.27  9523.05 403.44 33.25 254.18 6.21 1156753.41
i 1529.30 3612.90 164487.79 138.30 14.18 81.19 0.02 169863.68
KR 640.91 383.26 94.38 16886.94 28.16 4112 0.00 18074.77
A
ﬁgﬁu 66.73 26.51 17.65 24.45 9796.86 2.01 0.00 9934.20
RFERS 1212.46 280.69 86.87 39.98 3.66 23192.40 0.00 24816.07
A F F He 0.39 5.17 0.82 0.00 0.00 0.00 206.30 212.67

poan 363981.13  1150545.00 175812.81  18257.84  11392.61  24941.59 212,67  1745143.65

Table 3. Land use transfer matrix for the Lijing River Basin from 2000 to 2020 (Unit: Hectares)
= 3. JBILARUE 2000~2020 S i FI A BIERER(EEAL: AU)

2020 4E
2000 4E . gy L
B Mot o s E‘;ﬁiﬁ KMERS KA i
i 342171.00 8000.59 1820.91 181048  7530.42 2632.10 16.11 363981.62
R 8257.61  1131490.33  5404.54 157854  3183.61 528.81 102.32  1150545.75
) 1960.82 5876.29 16464170  524.22 2686.96 12151 1.56 175813.05
KR, 653.95 472.12 149.74 1682551  108.14 48.09 0.35 18257.90
ﬁ%ﬁ& 96.92 23.71 11.99 29.40 11228.29 2.29 0.00 11392.61
RAER A 1533.04 340.76 134.05 110.80 534.31 22288.20 0.45 24941.61
AT FH 0.13 7.02 0.02 0.00 0.00 0.00 205.51 212.67

Bt 354673.46  1146210.82 172162.95 20878.95 25271.74  25621.00 326.29  1745145.21
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MEL EPIAN RS RE R LA H, TR ARy 32, Bk o 7 1980~2000 AEAR 40T, Hith
MR R b 2 (8] KB . Bt R E R M, 776 E ZIBBHE IR REK L BIBOGR . R AR T A
W T L B R b R B VL A S AR AL . £E 2000~2020 4F, B T EEASLAI ML . ARHAE A,
HoAth G MO T B IR B, JEAR RN, AU . R E BT RU R BARA R, (EEWB R BTt
s, 1980~2020 43N JE A5 THI A2 1980~2000 4F ] 4.4 1% . IXF B 7T X BARE LB R BUR, B
BB SET IR IE, NDRERIEK, 2B ISR R BrR A @9 il vt i w55 R R 1§
M, A g 15 P bR R R AAS T 3 S b K

4.3. REBERRZEIEFFHE

431 RABRAIRVUBEEILHFE

FIH ArcGIS [IE 3 2ThRE, W& 2R EFRE, PRI AN B R AS, FH Fragstats 4.2 if
ST AT B R A SO R E (R 4).

M 4 FTLAE R, IETLIRIR 1980~2000 4 8] 5oLk R R HUR LA 2, 7E 2000~2020 40 R A B3
A, BANE R A BB E (NP)7E 2000~2020 FEjk/b 1 191 /N, (H2RATE R AR ST A (CA) A
24941.61 1 WG 3 25621.29 AL, HiFF EiKES, XRIIETLRIBURE & K AU A7 H SR
e, MBLEDY K. AR TEARFN 2 B8 BE R RAE S MR FE I 3 AN Fabrrh, PR B2 (PD)TE
2000 4FJr /b, HZAEEED)ME M /> BIEF(DIVISION) £ Fikiash . E2 3 MEMRIEARR N, F£oR
Jo B AR LA, TEAREN . B2k LB o, AT SO AR 28 R G vh AN [F) Bk 2 TR) PR BB 2R BT B8
A, ERRGRSSRE I R . B RPEERFEE(LP) AU/t S i 7 N ZR35 3h 56 AR S IR~ . 3R
SEFEFRE(AN B /MBS, (HISHE 100, X RAPEHBRBM A rh, S0 E RS @R =i
JZ{E(CONTAG) R /R R A JE I s I FE e E R AT, SRS .

Table 4. Analysis of rural residential area landscape index in the Lijing River Basin from 1980 to 2020
= 4. TBIIRE 1980~2020 FRMER R R MRS %R

G CA NP PD LPI DIVISION ED Al CONTAG
1980 4F 24816.150 3532  0.202  0.048 0.028 2.634 99.580 93.179
2000 4F 24941.610 3532 0202  0.048 0.028 2.639 99.579 93.154
2020 4 25621.290 3344 0192  0.026 0.029 2.656 99.577 93.024

432 RABRREBZESHEWL

M 2 TR, ETLHISAE 1980~2000 4R, AR E FEARAANK, KRR ELMIE L DXEE 0 b X PR 3 T
{3 A0; £ 2000~2020 4F, A% EARAEOR, Zpil . BHIIE . ARRBE IR B i BAZ S R T R .
#2020 4F, HEMN-CEXPZEEEA TR, Wl AL AKR, B X EFRNEON . KA E
RALEREDOVES, 22 XWEIER, ek RaA B mn XER, NENXERE, KifERA
P AR B A ER G KN, LI AR IR B A BB A A ek, i 1 1) R A o FE AR S 1 I
K22 BOB 8 A For R B e e PR A DT R AE SRV BRI S B X ™ P AR AT R, 1T % 22 5L SR AT 11
KA B BN TR 7, — 8RR, 5 — B R B AR ILTT 109

WAL Lo AT AT R, VTS AN e R A BOR N, 2 RRTT, BR TBEKAN, HA
X TRAEAR LSS, FEAK EIRX Y R LR . 2000 475 f HEAS 8 A5 Bl B0t I AT 56 8, BEARTT ol
DA S R R A R AR s B H AR i R R T R R AR
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Figure 2. Distribution of rural residential area kernel density in the Lijing River Basin from 1980 to 2020
2. BRI 1980~2020 FRMER RZZEE D HE

4.4. REBRRBEHERSH

MR F- PRI 2% 285 SR (3% 5) T LA H, AN [R) 2 DR eh S VLIRS R ) 8 B s A 25 o A s R e e L
ZE5E . A ARR R 2 B AR, 5N 0.40 A1 0.37, HUURAIR, N 0.29, BT
o B R 10 0 A 52 F AR MW ER PR R B oK . e Ah, B REEFESS. A IR GDP Xt H g EER . . [E
IR R 55 5 M R R i i R R AR

Table 5. Results of impact factor detection
= 5. HEFRMLER

DEM W&  NDVI gg W AR B MR GDP AL
q statistic 0.40 0.13 0.37 0.05 0.06 0.29 0.00 0.25 0.22 0.25
p value 0.00 0.01 0.00 0.45 0.35 0.00 0.95 0.00 0.00 0.00
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R A 45 R (G 6) PR, VLA s R . MR . IR 3 NRE IR R 0 S BRI 45 R e i K,
HAFIRE W 1 2 (8 3 [ 20 7 A= R A A L SR R 7 AR R K, SRR YT IRUAR A S B s 2 A1 A A
B RDUVARLNENG 58, s 2 A 08, A S AR S I DL U WL AR A i R s A
AR TAERIEER, MRER. GFFENTLRa ML R .

TTALEE S PRI i) 5 At B 2 18] R S8 LA P 45 RIS N AR e a0, H S IR PR R 0 K T
ANHETREIREAM. A KO T GDP By 5 R 7 72 T2 TR 1 g ik, #Rik#] 0.64,
VLR B A R A N S8 04, 5203 GDP (A% . GDP SHEUII A IR 710y 0.62,
B GDP ST A BRI REAE

Table 6. Results of interaction impact factor detection
7 6. BMEFRERNLER

DEM LN NDVI  JjiisEes % <R MW JEMEEE GDP AN

DEM 0.40
Rk 0.52 0.13
NDVI 0.54 0.50 0.37
TR 0.49 0.41 0.51 0.05
e 0.60 0.28 0.47 0.26 0.06
IR 0.53 0.46 0.59 0.50 0.42 0.29
3 1 0.51 0.23 0.45 0.13 0.17 0.36  0.00
TH % B B 0.52 0.40 0.53 0.44 0.37 0.48 0.30 0.25
GDP 0.54 0.58 0.62 0.51 0.40 064 031 0.57 0.22
A 0.57 0.57 0.58 0.51 0.42 064  0.36 0.52 0.47 0.25
5. &5if

MRS AR REAE B, 1980~2020 VLR A i R s AR B 24816.15 A3 Bk 28 25621.29 b,
LK 805.14 AL, ¥ ikiH 2y 3.2%. MHIZEAR T F 75, 1980 4F~2000 4, £<AT & [ U HiTHI F v 1623.66
AW, Hor 74.7%%5 9FHh, 17.3%F bkih; % NHEIADN 1749.19 A, MZERI0AG FE, 1980~2020
FETRTT IR A T B A LA “REAR 73 HORN = 8 SR AR 1 mR A0 A RHIE, MR AR, 2 F 4 B
BE . WEILRIRA RN E R SR Bz A, IR O R AR R R A DB XX A O IR X 1
R EIX N, KRR Z R, oAt DX UL/ 23 B S0 N REE . W R B e 1) SR S AR AE
KRG, WILIAIE 40 FERM R IS 1 SRR B B ARG /MR TR, (R R A B sk, PR
N, BEHOE R TAR R, RARN E RS FFIC, Bk E 28R, MR EES.

DEM. NDVI. <&, EHIEE. AIF GDP 2Lt A AT R sy ik ARG i 3 Z IR B R &,
Hr DEM. NDVI AR IX = Fhsz il AR 7743 il 9 0.40. 0.37 #10.29, Ui BT VLIRS IR A
k424032 DEM. NDVI FIIR = B AR 2= 5 md S o R S . T BR R BS . A TR GDP X = Ffii2 e
DA ¥ A RE 7143 5l 0.25. 0.25 F1 0.22, Hai =M ARE R EEMAG AT N, R IX 2 FEE B
HRMA A AR E RS IR R, R TLRIBCR A & R AR A R R ERE AR AN HE R
YER T s ma e s -

EEUH
FEAR TR AT R I H (20190217-2), | PR AR 4R 7= By 28 1 Sk B 3 W A H
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