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Fig.1 Location of the study area
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Table 1 Delineation of the degree of decoupling between rural
population and rural residential land change
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Note: C; and C; represent the theoretical and actual scale of rural residential land
respectively. Py is the size of rural population. 73, 7>and 75 represent different

time points.
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Fig.2 Change trend of rural population and rural residential land
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B3 ZukER 1980 Av 2019 FARAHE K EALH L
Fig.3 Kernel density of rural settlements in the Three Gorges Reservoir area in 1980 and 2019
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iy AR XA B AR R RS AR K, 1
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s P MR T I 2, KIS BRIX 32 B A e L AR B
R, AR, BLE. REX. sHEMRHE, 1
KRV 100%, M E R a2 AEHEm; 2010—
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FEXT R R L X R AR R, R B R I KN 51.62%.
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1029.11 hm?, TM#fHLEE N 6 716.48 hm?; 2010—2019 4E M. BARTE, T 40 45K =0 B X ARM J& B s F s n
KA JER A E R EN 9787 hm?, HH A E A FERIETHRb N, KRR BRI S #H,
2 152.09 hm?, fAF JE B o5 T FR I K FE AR LR 10 SERS A TR JE DX R I R 7 SR T 0 ) Bk

B 4 1980—2019 4 =k b RAT B K& 38 K&
Fig.4 Growth rate of rural residential land in the Three Gorges Reservoir Area from 1980 to 2019

B 5 1980—2019 4 =k & K RATE K, & d B AL
Fig.5 Evolution of rural settlements in the Three Gorges Reservoir Area 1980—2019
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AN 558 114.88 73 A 130.31 Ji A+ 265.80 Ji A
F1203.76 TN, HIGKZESHIH-8.58%. —10.64%.
—24.29%H1-24.60%, i 40 = =k X & AT N H 2 LR
TR D . =k R X AR N BRI IR R R, —
THI A2 2 X 3R B 1) PR Ak, 2 X R M N 11 ) K 3 R
X RO AL 32 B X 2 20 U RIA Hh X PR 5% 5 o — O T 2
JEE DX R RIUARE (1) 7% 1R 3 307 R N T ) 2 il 1 B o Bk
X ERE, 1980—2019 4F 4 ANIHAIE LA A FE X X
BRSO 2 AEKES; 1980—1990 4 FE X &

AN FI A7 38 K X 38 32 AR v AR I A6 B % 1L R B R B
F AT IE . 1990—2000 4F & X & A A H A K X
15 32 A v R T L B 1L R B R B M e A e
R . 2000—2010 4P X A A O g X 3 32 B
FEIX B RREHL I = B FE . T3, B 3 S T
R . 2010—2019 4F & X AR N F A 3G X 4 32 224
rh P [X B PR IR MR 2R 1T L TR AT DL A R Ak B IX
JUEE B B XOR A N 1 3 B X AP — 22 5
{H 32 AR A 7 B X 2R AL 0 R 7 R R 0 X3k, = TR A
Fe Sk FE X AR AL X U AL B B AT RN RIE, i
S EE P T IR X A R ROE X I Bl A 1 P
i, G Ak Hb X6 ] 121 R ik IX AR A N T TR K
27 BRR s BRUbZ Ah, =k R X RS R ) 22 X AR A N
Yy AT BRI,

B 6 1980—2019 4 =uk & R RATA 235K 5
Fig.6 Growth rate of rural population in the Three Gorges Reservoir Area from 1980 to 2019
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FRRBERIONE AL, RN DR, A E
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G2
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P XA N FURIARAS Ji B e ) s 7 #49 F) DX L 2010
—2019 451 1980—1990 £ .

*2 ZBHEXKRFMERSAMS RS AODTUREKES
Table 2 Decoupling state of rural residential land and rural
population in the Three Gorges Reservoir Area

BAJE R

REAMES  mpmks DO RR
! Elasticity — BLER&
i 3 Rate of change in ~ Growth rate of . .
: . . . coefficient of Decoupling
Period rural population  rural residential decounlin state
AP/PI% area Ll;’ J
ALIL/% o
1980—1985 -0.94 -0.70 0.75 TEIR A
1985—1990 -0.81 0.77 -0.96 b A7 A
1990—1995 -0.87 3.28 -3.79 A
1995—2000 -1.32 3.27 -2.48 b A7 A
2000—2005 -2.97 4.25 -1.43 b A7 A
2005—2010 2.22 3.52 -1.59 A
2010—2015 -3.92 0.95 0.24 A
2015—2019 -1.56 1.38 -0.89 il A7 A

1980—1990 4% X EL AR N 15 AT & B i H AR
I BLEIRAS F B R A AN IR R 2 AR,
R NI RFDU R B X B 10 4y, Hodh kg
X e B AR FE AL T IV, A ™ E, RN AOER
W B A AR i A A HESE RERBUN TR
PERCEAI X BLAL 11 A4S, 43326l AR 295, Akl
=B BIA. KF. k. RE. TE A E L, X
X E AR AN O RMER S, ERNER SR
RNBAEIR, MAIE R A RS .

1990—2000 % X E AR N 15 AR AT & B Hi AR
A B B B IR 75 3 AT 5 AR I e . B IR Tk i I RN R SR
e 3 FP2RIY, R A HLOG R RIHE 7 [X B
16 4N, ol B )5 s B B FE P AL 14, KU X (1)
SRR AL TV, AR 5. kil =B A
R AR FEAL k. KB, TE. Wik, &
A AL T 4 a8 7 B R AL T VIZR, RAT N D 5 R R
RS EAM . BN X B NERE. I
KKF, BRNBERASRNANO¥EED, BERFE SR
TRES . TR X I R RN EIRMER G, RNALE
AT S B A5 FH M ol R b

2000—2010 A% X ELAR A N 5 R AT & B A Hi AR
A B LB IR 2 3 A i 6 A RN S 3R 1 i ) 2 bR,
KA NI RFDU R R X B3 18 4, Ho 13
AMXBAF o AR EEVIZE, KA AN OS5 &FE RS
FEE AN EL R DX T X B O R SR M A
By, RBE R AR /NMEE R, 25 R BNTHARIA
FIAHRE

2010—2019 4 =0 2 X AT N Hi AR A4 i #2245 4 2 [1]
o)A B3 RERGBEPIRAS, A ER. AR, =B T
FEML Ak KR I B RS i S A VIZE, R A
W, AR R RS ARG N, TR R SRR
MEL BIE. B FE URYE. wdb. KED. YRR
IR BV PRI R BRSBTS 57 B R R FE A P A,
(AR A Jo R T B AR AT DU 5, A ARG R

B 7 1980—2019 4 Zuk & X LA £ A A B
Fig.7 Spatial distribution of decoupling types in the Three Gorges Reservoir area from 1980 to 2019
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3.4 RFERSFHITCIREENE

YR Kaya HE, #2708 2 R A R 5
BEARAI R 25 7 AR A, SR PR 2 s H R 500y i v
(LMDD) , 52 58 I 5% IR Bl 80N 6 AR A R G A R AR 4L,
MITTRREE, AT =0 X AR R AU R SR Bl 28
3.4.1 ntjE ER

1980—2019 4 =0k PR [X f AT Ja IR i FH HB A A0 IR 5 2%
R fREE R (R 3) ALLEH, KA RS L) TR 5
WA HE T RM B I A RS I 5k, SR BN &
BN, S RS A X e N RS 4 A 1 AR 3 4
NI RN, A A RS B AN, IR e N D SRRk
A 1 HARERN, HAbR AR ERN, Sk
XA RSy ik A BRASAE -

AR B i AU 3 B 2 B 2 2 N S R RN
HISE . 3 2 N DTS5 R AR R AN 1980— 1985 4 i
H, 1985—2019 3 2 N\ 1S5 F 3808 1) 73 (B #0 74E
LA O SN DB 2.14 TFF] 042, FEH
T FE A N OB K, AR EEANOAN
WrdE . w0, A SIREN O HE T SRR E
P A5 FH b RIS ) 48 9L

®3 1980—2019 F Ik EEX R & R = 3 (L OR TS
R 57
Table 3 Driving effect decomposition of rural settlements in the
Three Gorges Reservoir Area from 1980 to 2019

giiz AS) AS; ASu ASp ASen
1980—1985 21544 4741  -81.68  558.58 739.75
1985—1990 21479  -67.18  118.67 -525.68  -259.40
1990—1995 33625  -286.66 182.93  -34.07 198.45
1995—2000  383.95  -440.11 48591  -56.01 37374
2000—2005 58059 -1039.91 41257  4.16 4259
2005—2010 36426 -199.01 48930 1309.63  1964.19

2010—2015 402.05 -47.92 165.68 418.03 937.85
2015—2019 420.45  -129.58  298.28 636.91 1226.07
VE: AS, ELEMPL ASr, WS NOEMBN;: ASy, BRI ASp,

XN PSS ASier, RA R R SRS E . TE.
Note: AS;, Intensity effect; ASy, Effect of urban and rural population structure;

A Sy, Effect of urbanization; ASp,  Regional population effect; AS, Total
change of rural residential area. Same as below.

WA RNAE — e R R T R R B
Pl o AR R I A ) 5 0 1 Bt S B 0 e 1 A
2R LI G, FESTH, 1980—2019 4 =ik
JiE X AL RN 27.09%38 K 3] 65.64%, AR [ 52 75 77 [l
IR R AR R ST IGE, MR RSN EHIE
WAL, AR B AR R B A P R 75 SR EE i PRtz 4b,
R XA B R ST A8 DA SR B R AR TF I 5 ok,
IS TRIGIR 20 K BT oUsE Y 2, SECRHK
JE B A T AR I

X N I ZEREFE 1980— 1985 4E [/ ME N IE, 2k
T AT E RSB 5K; 1985—2000 E A A,
DX I N A AR AN S R s RS ke (1 F 1 2R s 32 el
T X R R R I S BUE KRR AN OB SR R, #
BT AH R RSB 5K s 2000—2019 4E A RN AR A

1E, BB B X 3 N O AR JE R A RS 5k e 21 47 gk
fER, o 2000—2005 F[EAECN 4.16, %A X
S ASWNINPY s VNP E i AV PO N - FS YN
12550 S AR AN R G s IASE ™ 7 110 2 i) = AR LA AR 7 %of
R R R 2000—2019 4 =0k 2 [X IRAEAL R 41.71%
K F] 70.52%, AR ERIERNE N, SEENTRF
BRNGE LY @ TR, BRI T AR R R A
FAR

A S B 55 SR LR I RREAE 1980—2019 4E A 4R R
WEAN, F H IR, Rk TR E RS
A3 . FE X N S8R A & RS TR 1980 411
7.13 hm? 303 2019 4F 1 34.49 hm?, 7] W, FEX A E
ROSHCOR B, AR K PRAL. T8 HTRERNE
TR A BT 5 o 5 A E A B AT AN B, SRR
CEUBIAIRIA T R R BRSO B
TR S E R VLS MR RE i SL, TR T EIX
Ja B A RELSOR) FH () = T
3.4.2 Zl5F

I DX AR A S8 R T AR A S By X I A (R 4) &
1980—2000 4[], e A} i [ it s T AR D I X B3 124,
SRIAARIL . . EHE. BB, K. mdb. B,
Jefly HER. BIE. ML ER, HAhXE RN E
P ST RN, 8 BH =08 J2 X A 0 B G 050 4 IX B 0o ¢
Af R B A RS () 4 AR T AR L IX . 2000—2019 4F
6], KHBo X B AM i RS AR I, AR B s T A
WK BAOCNARE . TN F8. il g, .
Jefils . FLAbRIRREE . AT, % IE R R A R S
I IX 35 22 S 5K

W2 NIRRT & X B AR & R 5 Hh A% H 1
WA TR AR, RIS SN, — &R il
il &% X ELR A RS B9k . LR 1980—2000 4F ],
B X3k 2 N DMt E R Hmx E, 28
A DX A R A R A ok 1) e = LIRS R 3R, TR B
W2 NG RUBAE & X B 2 N 1 2540 S 08 Hh o i
EH TR BN 2000—2019 4, YLEEX IR 2 AN D520
JS7 R B R T AR X B, R VT X AR AT R R A ARG
VR B R EIRBN R 2R, N6 LB 2 N 145 A KON I 2
WHE SN, SEAR B RN DA B, R
N S 3N 1R B AR R AR AT SR A RS 4 ik P 5 Wi A %o
BN,

A R R R AR LR H A NAE 1980—2000 4 (A, R
77X« LA FIRR 5 B A8, Ho X By i &
BN, 2000—2019 AN B s A 200 FH AR 35 3 &
Lo Forp M X AL PEILIX 23 SIAE 1980—2000 4 Al
2000—2019 4F[A] 1A AN B T 5 ) FH A2 24 3 A 20002 (1 34 o
PEF R DTk R, T B 5 N X RN BRI N B4 J T
REAEY 5K, b B R AR B R ik
F# X TLABX ARV B AE 1980—2000 4 8] A & 2508
AT R R A SR L ) A5O3k —
EFIHIER, A E RS Z2WAELFIHESR.
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AL RUNEAE 1980—2000 4[] 25 N3 S v, — 58
FERE B HE T AR KR B A R O 5k, AR R X
WAEAL RS B ok, TR A 24l ERT AR B XL,
BEAL RSB AR XS /N, 3R BH 3K 6 3l [X IR R0 AR A
Ji B SRR 5K B S A LSS . 2000—2019 4R [H], FR
TVPFRIIX . F A X U DR R 1 X 3k B Ak 2k R
RIRERNL, AR X BN RN, HAVTEX TR
B B IR 208 A v s T K PO A DX D 3 B A 2082 4 % B
BT R s AR 5k A — & Al R o

X N TR REAE 1980—2000 4E[A], B 7 VbEEHL,
AR UM KIEO. TALRER A RN AN, HA
X EL Ak RN, IR RO 1 X B I A X 2
FEB R R o X B DX A N I R0 0 i R AT R B s R A
FI k. 2000—2019 (8], Akil. ARE. ET5. =BH. FF
P BEL EAL BFE. AR XN T8N A ek B AL
o FEARRE, XN VRO A ek 8 R F X 32 AT
FIFX AR ARER, XX BB A DB ERH, X
N EVE kb — s R ) T ARR i B s RS 7

x4 PREEXERMER 2 HMELIREN 527

Table 4 Driving effect decomposition of rural residential land change in each district and county in the study area

X5 1980—2000 2000—2019
Counties AS; ASy ASy ASp ASit AS; ASy ASy ASp ASit
Ak1l1 Wushan 3.80 -12.36 8.13 -1.70 2.13 25.19 -37.35 27.89 3.53 12.20
HAFE Wuxi 3.14 -5.77 426 -0.79 0.84 4.13 -18.15 14.40 2.03 -1.66
ZE15 B Fengjie 2.89 -15.24 10.54 -0.89 2.70 19.72 -33.99 24.62 3.4 7.11
ZFHE: Yunyang 1.48 -8.57 9.04 -1.09 0.85 33.41 -35.02 25.23 2.79 20.83
FFINIX Kaizhou 0.01 -15.44 21.22 -1.65 4.14 21.35 -44.78 31.16 -0.58 7.15
JiJHIX Wanzhou 28.11 -23.30 14.02 -3.37 15.46 17.60 -73.79 35.52 3.56 -17.10
M EL Zhongxian 1294 -12.92 10.52 -1.93 8.62 18.68 -42.62 29.61 -0.51 5.16
X Fuling 8.66 -18.38 12.55 2.15 0.68 2461 -46.29 21.00 4.01 3.33
FHE: Fengdu 8.81 -28.01 18.14 3.34 -4.40 11.15 -47.96 33.44 -3.52 -6.89
EFEX Wulong 0.35 -5.29 2.80 -1.00 -3.13 9.39 -11.20 7.83 0.12 5.89
FitEE Shizhu 477 -11.31 11.79 -1.74 3.51 23.61 -42.08 31.23 -4.26 8.50
% Changshou -0.61 -19.63 10.27 2.19 -12.16 23.24 -50.36 24.85 429 2.01
i dbIX Yubei 7.99 -16.32 5.32 -1.90 -4.91 3.90 -50.99 17.57 20.30 9.22
(7 X Banan 1076  -36.23 16.92 -5.21 -13.76 0.37 -84.72 25.98 1839  -39.98
1T X Jiangjin 2154 -17.11 19.31 -5.88 17.86 24.95 -118.06 5478 5.67 -32.66
JirsH X Yuzhong - - - - - - - - - -
JLA%IX Beibei 4.42 -30.21 10.43 -0.76 -16.12 29.21 -86.59 25.14 1276 -19.48
WHHNX Shappingba 11.82 17.65 0.54 39.62 2.57 23.28
M £ X Nanan 10.57 6.95 261 5.50 -1.14 12.28
JUHEHEIX Jiulongpo 7.89 15.13 3.74 20.99 -2.63 14.31
K M X Dadukou 527 - 1.38 1.84 - 3.86 - -0.29 471 -
ITJLIX Jiangbei -0.04 -5.76 8.69 0.56 3.44 0.55 -17.73 1.31 4.62 -11.24
FHPEIX Yiling 2.44 -24.69 16.39 4.64 -1.22 2.79 -64.31 34.70 227 -29.09
AL Zigui -1.15 2.69 2.05 0.25 -1.54 4.26 -5.07 3.59 -0.18 2.60
21115 Xingshan 0.01 -2.86 2.37 -0.45 -0.93 2.13 -3.37 2.16 031 0.61
E %< & Badong 0.01 -0.91 0.73 -0.08 -0.26 8.45 -7.21 5.50 -0.15 6.59

4 Ee5i

4.1 &

ASCHT I 40 FF IR RS B, BRUTARAT A HBAR 4k ¢
R =0 e X AR AT N 155 AT TR a5 FH b 58 A8 i 4
MRS, &5 SRR

1) ZUkFEIX 1980—2019 R AT AN OS5 R A ER A
FAHb AR A R A A B, — W B DXCR AT N RSk /b, i
40 F 15k 714.75 TN, TR EE XA J B 0 H Hh B A
SRS, I 40 SETANEIE AN 11 992.88 hm?, A AT
JE B A P b TRV AR 38 n 32 2202 5 I BE b I 25 3 . 3sEAe
B RAL ST ST, X UK R FH L R
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JE DX ] 5 B ) R 5
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1990 FEWiARIRAS Ly 1 218 41 i B — s 17 It A 1) ik
B ARSI A RS 1990—2000 FJ1
BLBEE RBUN-3.79 F1-2.48, LA N DTSR & R A
RRI AR I, RN DR R, /A E R
PRy K, ZFH AT WAPIRZS; 2000—2010 FEA
2010—2019 4F Bt Eg 51 R 05 1 ~—1.43.-1.59 F1-0.24.
—0.89, AT N D5 RKJE R 158 R IR I A5 77U 4
[, RAANCECD, TR E R SRR AR, R
N A5 &M E R AT AYHRRES, [HAE 1990—
2000 - H K RA &M NERIZERME, FEX 1990—
2000 4 [ 2000 —2010 A AT N FVFIARAT J& F R 58 47 it
X E L 2010—2019 FA1 1980—1990 FEAHXT K £ .
JE DX AR AT Joe B R FH b RIS P B o A N i sk, 4R (R
AN T RIS, RN 5 AR S R R R
R R A

30 A NN FH AR 24 B S O B AR, B4R
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Decoupling of rural population and settlement in the Three Gorges
Reservoir areas in the past 40 years and its driving effect

Wang Zhaolin'?, E Shixuan®*, Chen Junli?

(1. Research Center for Economy of Upper Reaches of Yangse River of CTBU, Chongging 400067, China,
2. School of Public Administration, Chongqing Technology and Business University, Chongqing 400067, China)

Abstract: The Three Gorges Reservoir area is characterized by ecologically sensitive, low mountains and hills in the world. The
Three Gorges Reservoir area is also known as an immigration area. The rural residential lands are dominated by both natural
conditions and human activities. As a result, there are special utilization form and complex driving mechanisms in this area. This
study aims to reveal the functional relationship between the rural population change in the reservoir area and rural residential land
evolution. From the perspective of the man-land relationship, an analysis framework was also constructed using the kernel density,
Tapio decoupling model, and Logarithmic Mean Divisia Index (LMDI) method. A systematic investigation was made to
determine the decoupling and driving factors of the rural population and rural residential land evolution from 1980 to 2019. The
results show that: 1) There was the opposite change trend of the rural population and rural residential land. The rural population
continued to decrease, with a net decrease of 7 147 500 people over the past 40 years. By contrast, the rural residential land
increased by 11 992.88 hm® during the same period. The ever-increasing areas of rural residential land mainly originated from the
occupation of cultivated land by construction land. 2) The negative and strong negative decoupling from recession were the main
dynamic changes in rural settlements and rural populations in the study area. The number of counties with a strong negative
decoupling of the rural population and rural settlements in 1990-2000 and 2000-2010 was more than that in 2010-2019 and
1980-1990. The scale of rural residential land was accompanied by a decrease in the rural population. There was an outstanding
trend of increasing rather than decreasing. A serious unbalance was also found in the scale of the rural population and rural
residential areas. 3) There was the incremental effect of urbanization and utilization intensity, indicating the positive promotion in
the scale expansion of rural residential areas. The urban-rural population structure was the dominant factor to inhibit the scale
expansion of rural residential areas. The regional total population promoted the expansion of rural residential areas from 1980 to
1985 and from 2000 to 2019. Nevertheless, the expansion of rural residential areas was inhibited from 1985 to 2000. Therefore,
the scale expansion of rural residential areas depended mainly on the intensive and extensive use of rural residential areas. The
regions and counties with the decreasing effect of the regional total population were located mainly in the central and eastern
regions. It infers that there was a significant influence of the population outflow caused by the migration from the reservoir area.
The finding can provide the basic ideas to coordinate the man-land relationship for the better management of territorial space.
Keywords: rural areas; models; man-land relationship; rural residential land; rural population; decoupling analysis; driving
effect; the Three Gorges Reservoir area



