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Abstract: [Objective] This study aims to explore the decoupling relationship between rural settlements and rural
populations in the Q-shaped bend region of the Yellow River, providing a reference for coordinating human-land
relationships and optimizing village layouts. [Methods] By comprehensively applying the land use transition
matrix, spatial autocorrelation, and Tapio decoupling model, and taking 2000, 2010, 2020, and 2023 as key time
points, this study analyzed the spatiotemporal evolution process and decoupling relationship of rural settlements
and rural population in the Q-shaped bend region of the Yellow River. [Results] (1) From 2000 to 2023, the area
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of rural settlements showed an overall expansion trend, forming a Q -shaped spatial distribution pattern
characterized by “local concentration along the main course of the Yellow River and overall dispersion throughout
the region.” The expansion mainly encroached upon cultivated land and grassland, and the increase was mainly at
low rates, demonstrating a spatial encroachment logic that contradicts the goal of ecological protection. (2) From
2000 to 2023, the rural population showed an overall evolution trend of rapid contraction followed by a
deceleration in the rate of contraction. Its spatial distribution exhibited a distinct pattern of “high-high” and “low-
low” agglomeration characteristics, with the population changes mainly characterized by rapid and moderate
contraction, indicating that it has entered a deceleration plateau period. [ Conclusion] From 2000 to 2023, the
dominant type of human-land relationship in the Q-shaped bend region of the Yellow River was strong negative
decoupling, with significant spatial heterogeneity and prominent human-land conflicts. The overall weakening of
strong negative decoupling and the slowdown of population contraction jointly suggest a positive signal that the
human-land system might be seeking a new balance.

Keywords: rural settlements; rural population; human-land relationship; decoupling relationship; Q-shaped bend

region of Yellow River

N HiL S 2 b B 2 A0F 5 1) K T 2 S A BF SR
AT R B 5 AR T AR Ak B H 5 R R AR A R
SRR EENA . CENRR S, AR
RSN ARG "N RZLCEZNMEGI/R. &
N M R GRS S A, N ST 3l 5 b B A B 0 o
S 0 R BLAE A WTE SR 2 Al TR IR
PR S S MIRMEBOR TN , X — KRG 2 HE
P £ 55 s B0 Sh RRAE BN b R AR G B T A Y
POE TR R I . SR SR EAEBE TN, &
Fros R 4 A2 IR HLAE 2 E YR AR Y RO
BT, LT M 32 B0 SRR WA T o 5 AR b 3 Ak
B 35 [F 98, B HE O 3 L Bh O R AT 4R 4L R o
PRI SCHE L BT A AR R R R R R 2019
GEEFNERE RS, A AR EARR
Lol 2 B DA TR AL i e 86 30 3 30k 45 T e B S i OR
MR % o BT L7 A M X S o TR 9 8k A X
I 28 B KA, M 0 b B B T G B A S R B
HoA &2 4 5] R 2k B R T BA U 2 EH K1
BN R X AR B S TR T
BLX AR B K X R 250~650 mm, 117 4F 28 & A
ik 800~1 000 mm"™, X 3 P 7K 9% I e B A ok 319.69
fe m®, N¥JK 38 530.2 m®, A% T 4 B A K
(2 055 mD K TR A B, KU PRI RE AN L K
SR R TR LA M DT i Y AR A )
B, VDAl A M T AR A 43.85 7 km Y, 4 b v 3 AL
o ORI S A R G TS, R AR L R R
AR DX IR P A A 2 2R G e R, A MO JE 8
ZEH o B LA Hh X — A B Y A AR R
PEX I, A ST M IR & S RO T =
KRFAE TR S0 0% e 29, FE R A B T — A 29 5 -

Wah-3e 4" =0k &, S F MR TK
o i B 2 TR A 5 1) A 25 A 5 XU, DR A L 41 i
TR SAS B AR & 2 A s B VR B AR R R T A
BF ] AR A MO 8 ) 2 28 N 1 A0 i 4, [ b i A
COf TR AR T R 0 98 Sk R e
B BOR R, BN Sh AN B 48 R 5 A AT
PR = AR A5 (] ph o8 S R . AR HLIX R A TR
I foff [ 8B5S A S AR i AL R Bk
M DAL 27 < N0t 348 7 1 i £ R A 15

T 1 Ik A A %l 1978 4 11 17.90 % 18 Jin &y 2024
AERY 67.00% , Tk 38 e A 1978 4F- 1 0.16 1 42 53
K 2024 4219 40.54 T4 7T, A1 BE TR E 3848 A0 A0 Tl
Pl E R RS b, e A R R A5 R A T A
Hooe RAAE R AERZI A AL, H 2 2 R PEIRED
T E £ ARt 1980 4E 1 79 565 7 AR K
2020 4F 1y 50 992 75 N, 98> T 28 573 5 N, L HE H
1980 4E 1 80.61% T [k 2020 4F 19 36.11% . {H A A}
S B s T AL 1980 4 A9 11.82 J7 km* 3 ik 14.50 71
km™ %, FEARAT N D FFLEAMNR BRI TR K
o i B A FH b T B O AR AH O 4 DR, A0 2 X
PSR Y 5K B, T RN 1T B 5 T M T K O A
JBR R A B BT L S X O R Y AR S
X H AN X, — A B e o
LB 23 43 SRR AE BLAG ol P sl R R AR 2 JBE 3 N 280 B
%0 BB ——— A B T8 B 05 RN N S0 Bl 1 32 4 B e b
N Z (6] f B 28 B ) 06 R, 2 B R IXAE A AR A AR
BEEEIW S KRB 2R, T A R R X
AT N M 2R G AR A LA R

KT AR R RS A R A O RS 2R B
PUN J5 1 : (1) BRS8N 25 A TR A OSSR B A



420 P i O S )

33 %

FB— P2, A i B IR 24 B AR AR A P i
S S A AR (2 BFgE RO BB R EATER
FENOT Y R R M TR DX A S K B T, X
B A6 71 AR B W 5 O B D L (3) TERIEGY T
T, 27 R e R BB AL 25 (i) 1A oG 45 Ty vk
AR TR RS SR AN OB R 7w a2, L
EBIREE AR OB R SRR AT N I 4 O B B A B AL
T—ESHKE B AR -SSR 2
BT A b T i B R T, ) S AR A 55 1 LR
T5 e e S RPN R R X A, A
CHEET 2000 4F 2010 4F 2020 4 2023 4F + H | F 3
R A % A% 0 B 25 Ta) [ AH OC R B ¢ R AR
R XL A M X AR A TR RS S AR A AT
If 23 o3 S B L0 40 ¢ R AT IR T, R A B LR
FE K E R 2GRS E XS N RS
BN 1l DG ZR A R T AR IR O A A A MG 55 A A Ml
XN b 2 8 M R, 4 2R N Hb 6 2R T A ) S B AR
HE R [ 28 KRR R B S %

1 Bk IR S 0o i ik

1.1 FREHER

H L P2 HIX (35°06'—42°50'N,104°13"—
114°23 " EDJ& o i) i il 2k A 40 5 v I i % i [ 4K K
W v < — Al PR DX T 2 R sl T R A K 2
— RETEUN Tl 5 R A A R b £
M ST BT R X o T B
A R0 AT AR R 0 Y R S R L BT T
R RIS 15 A Hh gl Br iy 121 4~ B A7 B T .
W4k R 377~3 519 m, M B & R 2K A5 [ 1L B 2
SRR 22 0 i T T R T R DT E A
W A A I DX A 2 A Sy R T R XU A R IR
R Bl A o b S RN A R R B T AR A T R
S A A 5 X TE AT, A ARSI W I E T
AR I B AT B AR A X BRUR AT
WHREE TR EESESES 2 XSk K ERN
FIGEHIR . 20234, HAE NN 3 567.26 J1 A, k4
ANH 25914375 N A3 R 72.64 % B3k £ &
JEM AN S . Hb XA = A 4.10 X 104278, 3 — 7=
v B R 2 116.65424.7C A% 7 1l X A= 7= S 19 5.18 %,
ZE U R v B OB T2 ol 33 57 3h 1 i I AN
RE A BR BARE . KA AE R 975.83T7 A, B A
F Y 27.36 % , 4 R A= T i B2 MR T 8™ Wse A Y B it
PRI A b B R B
1.2 HEFRIE

- i ) B R R T R 2 B B VR A B R A

B oot Chttps://www.resde.en/) , B85 ¥ 38 i A T
WA 3526 B, A 2R KT 95 %61, o 2000 4F
12010 4E B 4 Landsat TM/ETM 1% &5 1% , 2020
4 2023 4N Landsat 8 i 52 1% . K 4E b E 4 A
F/ 8 w5 B = KRG, o A bR
Hb K HERE R bR R A i 6 28 — G s 45 G
AU FH i U e LR R S L 43 Sk 3k B b R AN TR
B R A A 5 I Ml 32 R M. ST R LB
JE 3 5 B0 W7 4R M gk 8 2000 4F L2010 4E L 2020 4E K
015 15,1 2020—2023 AF 1F 2% 8 0] 3 Bk A= 2 AR 4
5 T R RN [ 4 2 ) R R AR TR b A O R A
W15 %00 w0 A5 S B, (RIS 2 R B RN AT PN 2
B A, BRI T 2023 4R A . 2000 4R L2010 4F
2020 AF AR N1 B 3 ) o VR T AR R B OS IRAR
£k A O % A RO 2023 AF R IR T A B G TH4E
Y% MSATEIE R T A B SR

1.3 MRF*E

1.3.1 EwAMEHEE L HA R R 2
FH K 43 B 4 b JE R A5 R RRAE |, DL &5 3908 P &
oAt 3 28 AR AR B D [ 32 B S 220 AT 5 ) 0 R
FoFJE B B 2% ) FVBIE 5% A 3 R R R BRSO TR
5. AR

Sn SIZ SIS Slu
Sm Szz st SZH

Sz;: Ss Ssi Sy o0 Sy (1)
Sul SnZ S713 o Sml

S S, AR B S S T AR Chm™) 50 o ML S 1Y
FERUEL 54, 7 53 0 S W 5 00 35 R0 R 3B AS R] - b A1)
KA,

1.3.2 = asax A ST 3R & A
T 55 6 4 A e 5 AT R G HED L S a4 s
() R DG R 40 T A s N T 1 3 AR G IR i B JLAE 3R
FREE il 25 [a] [ AH OQ  H aR R BF N 10 i SR SR MR
BE BR8] 3 A o R

SSW (2~ 22— 7)

Global Moran's [ = —— (2)

Szji WII/

i=1j=1

n(x,*i)iW,-j(xj*f)

i(x,»*f)z
Ao g RO () 52, 0 Bl w5 R R
FTEEE CAD) 5 >0 FT T<20 43 531 38 7 B8 4R 25 1] 43 A 5
IEA KB A 56, I=0 R R NAFAE S [a] [ AH 56

(3)

Local Moran's [ =



5 6 3]

AF BT A < B L R A S RS AR N E I 2 )

B H B R 421

1.3.3 Tapio B4R A 20054F Tapio 4 Hi it 4 31
[P & B U0 s DTNl B R e S T PN
AR A G ZR I A AT, O B e B0k 3238 R RN 1 G
Z 110 i 48 5 2R 2, B ArcGTS 10.8 45 Ji #il 18] % —
HRRG R T A RL . Ah
DL,:(R,—R,,I)/R,,l (1)
(P,—P,,)/P,_,
A DL R B T RS 5 AR RN B 8 485G R,
FR,— 53 )k ¢ R0 Ce— 1B ) A A T B At ) 1l A% Ak 2R
(%) s P AP, 5050 R ¢ F Ce— D I ] A RN H A8 4k
(). ST B I A5 R G A B 5 X 5 BRI
B, W A i R 5 AR N T B A 35 B o R 8 B
G, o3 k55 B (o A IR A BTk U A
SO0 (55 B Bk A R

2 gR5H»Pr

21 KANBRANZTHEHE
2.1.1 RAEREEK T T E BTFRNE
B FH Ml 55 3 B P M G A 8 5 T i %) 2 o G R
KU E s = FH R SCR & D, 2000—2023 4F B
T L7 il XA A S RS BRI A i 5
383.71 km?#4 K 3| 6 446.35 km* 34 K T 1 062.64 km?,

20004F 20104F

s

x& g};" -
a7 Bl AN ERA

S 0 1020 km

AT S5 F R AR 5L Ry PR AR v AR 3 B Y S ) 3 A
& Jay , B TR T R T A AE A, R TLT R A A SR,
B3 A AE M BT I K A S A AR O A T AU 35
R R V3 T0T A b L T S RIS T A M TR IX 5 PR
A6 52 0 B A A RRAE 3k 2 Ml XV ARG VD
A A HE S, BT R | R SRR 4
AT, AR B TR B SRR T A X A R B b 5 R OT ok
T A A S ) BT AR R SR o BT R YRR R R
I B PR A BT S ] G B o A A JER 1A Y
8 & b, I GAL IR AR S 80 R . 2 R 3R 2%
ARG AR ES B RE D E SR E B T
Vi e SN o i S A I ) B T2 SR A S S
A e R 37 A5 BR A M B0SR S3E o R A A TR R AR 22
SR B E AL T R SR A SR A5 A . 2000—2023
AR BT L7 25 Ml DI B P M R R SR K B
1 057.08 km* 34 K %) 2 363.77 km?, 84 K T 1 306.69
km®, I BE T 4l 2 28 53 A A8 R T S 300D I R O R
T A Sk T DL AR AT X . 2000— 2023 4F H
by g 1 P b 398 4 T AR R T AR OB T R R b
i 662.93 km®* 35 K %] 4 882.12 km?, # K T 4 219.19
ke, FCAth 38 FH b 2 (8] B RRAE H R 800 AR AR 4 X
S8 320 7 1] BT L Al DX G KRR RS
20204 20234

WAL M F A 2 B

TF < JE T 1 AR G VR A of b 1 IR 55 19035 o P15 G S (202004619 5 b ok i L A i R A e s . IR .
1 20002023 XKNERIKAZESHE
Fig. 1 Spatial distribution of rural settlements (2000—2023)
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Fig. 3 Spatial distribution of major land use types
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