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Abstract: Under sustainable development guidance, it's a significant trend that well-being is measured by multiple
dimensions based on the capital perspective. In this paper, we build a multi-dimensional well-being index from the capital
perspective. Then, by using the Gini coefficient and spatial autocorrelation method, we analyze the spatio-temporal evolution
characteristics of multi-dimensional well-being index in 38 districts and counties of the Poyang Lake area from 2006 to 2018.

We also use the method of system dynamics to simulate the changing situation of the Poyang Lake area’s well-being system
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under different development situations. We found that (1) From 2006 to 2018, the level of multi-dimensional well-being in
the Poyang Lake area improved significantly. The sustainable development model that coordinated the human capital,
economic capital, social capital, and natural capital is the best way to develop Poyang Lake area’s well-being. The well-
being index of Yugan County, Jiujiang County, Duchang County, Lushan city is always low, but these counties’ growth rate
is higher than that in other countries. The area of Low-Low agglomeration is reducing significantly with the analysis of spatial
autocorrelation. (2) Under different scenarios, the Poyang Lake area’s well-being index improved significantly, and
synergic development mode among human capital , economic capital, social capital and natural capital is the best way about
the development of Poyang Lake area. The investment of social capital and human capital is the most effective way to
improve the Poyang Lake area’s well-being in a short time. While economic capital is an inexhaustible driving force for the
long-term development of the well-being. The development of Poyang Lake area should focus on the driving role of the high
well-being countries and increase the growth rate of well-being in low well-being areas. And it also needs to foster economic
capital and strengthen the synergies among the four capitals to achieve equilibrium and long-term development. In this way,
it can help to solve the contradiction between unbalanced and inadequate development and the people’s ever-growing needs

for a better life.

Key Words: well-being; capital; spatio-temporal difference; scenario simulation; sustainable development; system

dynamics; Poyang Lake area
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Fig.1 The geographic position of Poyang Lake area
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Table 2 Indicators and their weight of multi-dimensional well-being in Poyang Lake area from the perspective of capital

BEAIEA kit AHP AE TR A D-S UESRH IS A AL E
Capital types Indicators AHP weight Entropy weight D-S evidential theory weight
NTTHAR EERBAO 0.128 0.063 0.107
Human capital NI A: H 0.128 0.013 0.022

T ZHF ER 0.128 0.038 0.064
BT A A¥j GDP 0.128 0.083 0.142
Economic capital NIk 20 2 R A 0.071 0.141 0.134

AN DR 0.041 0.084 0.045

B =r L E 0.041 0.004 0.002
oA HIRB A LB 0.071 0.072 0.069
Social capital AR E Y 55 it 0.071 0.135 0.128

N DO 2 0.071 0.263 0.248
AR BEA PG 0.026 0.041 0.014
Natural capital P T L 3] 0.026 0.058 0.020

Tk SO, HEfk & 0.071 0.004 0.004

AHP ¥ ; Analytic Hierarchy Process JZ K23 M ; D-S UEHE FRE : Dempster-Shafer evidential theory
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Fig.2 Flow diagram of well-being system in Poyang Lake area
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Table 3 Types of variables and equation of SD simulation model
AR SR Fite HAfir
Variable types Equations Units
AV A GDP = INTEG ( GDP ZEfk i ,2531.62) f¢ot
Level variables B = INTEG (N FZ8{kiE,1864.46) PN
HHEKF= INTEG (HH KP4kt ,0.0536) JH
P AL L] = INTEG (#ba B L B 25 fh & ,0.1893) TN
AR 3595 = INTEG (#3558 (ki ,0.3894) TR
AAALTHER R = INTEG ( R ALRiHERU A b &, 32287) t
SR = INTEG (A H6 9% B A2 fh i ,0.5741) km/km?
HECWZEALL = INTEG ( HLH: 1% A LL2EfE 2 ,0.0863) T
AL GDP 28 {k 8 = GDPXGDP £i & K R feot
Rate variables UNEET A YNEPYNEE:. Fi HA
HHE AT =B H KPR = 25K W E S < B BOR 7 Jem 4
bt I AR L) Al i = (Rt T AR A48 K 8 TR A ] —~ B B R ) < T AR L 451 %
AR 5 3R A = RO o 8 x (BB 36 28 (00 K - ZR AR BRI 1) %
AR A = AR x AR HE I SR A AR t
N R 2 I A = O 2 R > (I I 2 B TR AR+ 0 I BRI ) km/km?
IR LA A e = IR A AR Ak e 3 PR RO BB T A BRI T %
B AR GDP ZE G K = GDP KT+ SH AN Z TR +LN (S IT) x0.0005 To
Instrumental variables " — o 1 g £ 25 L7 = L5 RN +RHEFR (D T+ — SUILBHERUE L3+ FRHE BRI 7 k4
zio/z;(;o’fztzﬂgéﬂﬁﬂwj = FEAMFHE AL X 0,01+ 23 B% R0 5 8 x 0.01 + 2L 75 7K SFx 0. 1+LN (Il Bl 45 i) x P
PRI EE Y = 0.0184XLN(LN(GDP) )-0.039 e
HEHB IR SN = 1IF THEN ELSE( GDP £5 431K %50.12,0.0015, 0) TeiE
BHEL R B F = WITH LOOKUP (# & /K F, ([ (0,-0.04) -(0.1,0.1)], (0.05,-0.001), (0.1, _.._
-0.004))) T
ZERREA I A B RN = 0.0116XEXP (9.4498XGDP £ 414 K % +0.2) T4
HE b T AR HE 38 4 % = WITH LOOKUP ( Time, ([ (2006,-0.006)-(2030,0.2)])) Tt
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TRAL— R VLV A DX M 1) 8 B A, TR R B R T Bl & J R (2019—2025 48 ) ) vy 1 YO LT 4B
N KR BRI R D R Rl 288 B 38 DR 7 D B AR HE K P B S T 25 TR1HE 2 H 25 I, DA Ak 7K ST 58 FH X
AERE TR 0B e EL i B A X ) Z AR LR B W] AT RS (H LBK B ) AR 25 5 KA
B R YRR RO S R i S TR AR K Sl | (R B 2 YRR LR B B i T i Ak S B ARBR Sl ) 1
B 2R B T N 2 i 2 0 B A St BRI R 3RS

F4 20062018 EEHHX EX B SUERUIEHTL

Table 4 Multi-dimensional well-being index about countries and district of Poyang Lake area during 2006—2018

2006—2018 4EHIHIK %/ %

Hi X : : : :
Region 2006 i’;ﬁ 2010 ?;Ei 2014 Ii“;i 2018 ?;Efl; A vz(:rr:f; arr;1 rll ;Jal
ARMIX 0.6904 3 0.7735 4 0.8121 5 0.8517 4 1.76
PEHIX 0.7203 1 0.7937 1 0.8367 2 0.8649 2 1.54
Hoigx 0.6469 4 0.7244 6 0.8270 3 0.8536 3 2.34
BHIX 0.3119 19 0.3644 32 0.4507 36 0.5477 35 4.80
T 0.6924 2 0.7853 2 0.8472 1 0.8692 1 1.91
MER 0.3839 14 0.5908 11 0.7168 10 0.7792 10 6.08
B 0.3536 18 0.4908 16 0.6265 14 0.6858 17 5.68
& 0.2996 22 0.3611 33 0.4415 38 0.5069 38 4.48
HEWEEL 0.3755 16 0.5206 14 0.6178 16 0.6985 15 5.31
ETIX 0.4962 9 0.6674 8 0.7485 8 0.7931 8 3.99
il X 0.5148 8 0.6354 9 0.7136 11 0.7506 12 3.19
PR 0.2491 31 0.4317 26 0.5602 24 0.6598 22 8.46
IR 0.3657 17 0.4887 17 0.6034 18 0.6776 18 5.27
HE X 0.5595 6 0.7020 7 0.7737 7 0.8225 6 3.26
HRHIX 0.4523 10 0.7657 5 0.8130 4 0.8425 5 5.32
ST R 0.2618 28 0.3450 35 0.4692 34 0.5424 37 6.26
RTH 0.2475 32 0.4035 28 0.4830 31 0.6124 27 7.84
g 0.2782 27 0.4415 21 0.5691 21 0.6737 19 7.65
iz B 0.2823 25 0.4370 24 0.6070 17 0.6868 16 7.69
P LT 0.1842 37 0.3313 37 0.4505 37 0.5560 34 9.64
#BE R 0.1850 36 0.3122 38 0.4734 33 0.5999 31 10.30
M EE 0.2592 29 0.4473 19 0.6179 15 0.7004 14 8.64
EACEY 0.2332 33 0.3552 34 0.4808 32 0.5676 33 7.69
=) 0.2798 26 0.3996 29 0.5652 22 0.6657 21 7.49
L 0.2541 30 0.3957 31 0.5631 23 0.6385 25 7.98
KX 0.6138 5 0.7739 3 0.7856 6 0.7804 9 2.02
ERUIIES 0.4191 11 0.5918 10 0.7246 9 0.8091 7 5.64
AT E 0.2957 24 0.4390 22 0.5711 20 0.6296 26 6.50
ST 0.5211 7 0.5693 12 0.6628 13 0.7345 13 2.90
i 0.2970 23 0.4456 20 0.5424 27 0.6405 24 6.61
-yl 0.3956 12 0.5197 15 0.5966 19 0.6535 23 4.27
R T 0.3890 13 0.5572 13 0.6689 12 0.7615 11 5.76
T 0.3091 20 0.4063 27 0.5152 29 0.5869 32 5.49
i 11X 0.3796 15 0.4697 18 0.5418 28 0.6057 28 3.97
VNER= 0.3072 21 0.4319 25 0.5435 26 0.6023 30 5.77
AT E 0.1991 35 0.3339 36 0.4657 35 0.5456 36 8.76
A 0.2239 34 0.3969 30 0.5148 30 0.6046 29 8.63
PaKie 0.1629 38 0.4386 23 0.5513 25 0.6666 20 12.46
T/ BH I X 0.3200 0.4962 0.6062 0.6805 6.49

http ; //www.ecologica.cn



2962 JAE = 41 4

3.2 FEBEHIBIX 2 dERAL 8 B 23 6] 22 F A8k A
2006—2018 4F, % BH 7 [X. 45 X B £ 7 45 4k 18 50 e
AW i A TR) S Ak 7K ST fse 2 5 AR 4 X B 22 ] ) 48

o
o
T

0.7 =
HE2ZBEU 40 2006 45, P I 2 AERRL KR B
BT MK B, EAR RO {407 50% 19K B gmal &

% it

Multi-dimensional well-being index
=)
W
T

BRI, X B[R] AR Ak 7K 25 5 55K ARk K
SHEA 5 50% 1 IX L (1) fRdk 8 B sE TR e SRk, #)
2018 4F 38 A~ X EL ¥4 A1k 7K -0 A v BB B 2. 456 /)N, 0 A

o
w

1 1 1 1

o g e} [N}

(=) (=) (=) [ R e e e e e
OO P 3) . 2 ) 92 5 M 6 2 SEESRRRRREERES

Al b3 1 ENIE , 8 BH ) DR LA B 23 A AR JE R AL

M 2006 414 0.216 FE 2 2018 4F 9 0.077 IR/RKARIEEL B3 2006—2018 FHAMKR & X B S REUIRHHLE

U\ 2006 ﬁiﬁ/ﬂ 0.172 B% %2018 ﬁfﬂ/‘] 0. 093( %:2 5) 5 af I, , Fig.3 Boxplot of multi-dimensional well-being index in Poyang
N N N N L A \ Lake area from 2006 to 2018

Y{ﬁﬁﬁ?iﬁﬂi?&é’%‘{%@'—?ﬁ%ﬁ H ﬁﬁﬂﬁ?ﬁﬁ?@%#*ﬁ%ﬁﬁ AR rh 2006 4F 1) 57 (LA A P 1XC, R 74 08 DX ) 20 4 ik 7K

WIS T, DX ST O 1 B2 R A AR ARBE K g i o e s p 2 s 1o

23 (AR AL IR 459 BIAB000GE , IXERA BV HEIRDCATF B gy s i B A 2 b i

BFERTE,

10. 1l K
11, PEEIX

0 50 km
[

EZ TR
[ E——— |
0 0102 030405 0607 08 09

El4 2006—2018 £ HEHX S HBUIEH T B
Fig.4 Spatial distribution of multi-dimensional well-being index in Poyang Lake area from 2006 to 2018
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Table 5 Spatial difference and agglomeration indicators of multi-dimensional well-being in Poyang Lake area

AEfY I EEICES RIRRFRFE M 23 6] { #H13& Spatial autocorrelation
Year Gini coefficient Wolfson index Moran’s T P1E
2006 0.216 0.172 0.403 0.001
2007 0.211 0.202 0.375 0.001
2008 0.196 0.193 0.368 0.001
2009 0.162 0.168 0.370 0.002
2010 0.150 0.154 0.362 0.002
2011 0.136 0.136 0.342 0.005
2012 0.124 0.131 0.343 0.003
2013 0.112 0.129 0.339 0.002
2014 0.104 0.131 0.332 0.002
2015 0.097 0.126 0.314 0.005
2016 0.088 0.099 0.274 0.006
2017 0.080 0.098 0.325 0.004
2018 0.077 0.093 0.300 0.003
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Fig.5 LISA cluster map of multi-dimensional well-being index about the districts and counties in Poyang Lake area from 2006 to 2018
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Fig.6 Simulation results of main indicators of well-being system in Poyang Lake area from 2006 to 2030 :current development trend
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Fig.7 Trends of various variables in different scenario
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Table 6 The evolution trend of multi-dimensional well-being Poyang Lake area under different scenarios: 2018—2030

o IR B = = fi

Year Orlg%nal sc{enarlo - S(:en.arlo . Scen.arln . S(:e.narlo . SCBI’II'JI‘IO
simulation simulation one simulation two simulation three simulation four

2018 0.6805 0.6805 0.6805 0.6805 0.6805
2019 0.6995 0.7048 0.7034 0.7126 0.7125
2020 0.7109 0.7179 0.7160 0.7246 0.7245
2021 0.7215 0.7301 0.7277 0.7357 0.7356
2022 0.7317 0.7417 0.7390 0.7464 0.7463
2023 0.7409 0.7523 0.7492 0.7560 0.7560
2024 0.7495 0.7621 0.7587 0.7649 0.7650
2025 0.7577 0.7714 0.7677 0.7734 0.7735
2026 0.7657 0.7805 0.7765 0.7817 0.7819
2027 0.7731 0.7890 0.7846 0.7894 0.7897
2028 0.7800 0.7969 0.7923 0.7966 0.7970
2029 0.7867 0.8044 0.7996 0.8035 0.8040
2030 0.7930 0.8116 0.8066 0.8101 0.8106

2018—2030 fFAEF £ 1 K 1.28% 1.48% 1.43% 1.46% 1.47%

Average annual growth rate

ARSI T B AHEZRAG T 0 PH A X 22 4k A ik 5 45, 2600 B 2006—2018 AFFHPFHM X 38 4~ IX B 2 4k g ik /K
SR AL X 2 AR AL B B 2s SA AR LA ) o S AT ARG I B R G B 1 O A R B X
AEE AL RGBT AN A AR 5 T 0 BH A DX AR ik R e i AR AL A3 BB AR FIBOR IE /R A F

(1)2006—2018 4F-HFFHMIX 38 A4~ DX B AR Mk K- R4S 2] T B S 527t , pg B i O PE I DX AR W DX 95 LU i)
X i IX LA BRR X 7K X 2T X A — e 38 PH I X A8 ARk AP (L IX, L7 JR 1 X B Ak 7K S 32
HRERPEIEENIEN, RTE JUTE ERE R LT S XA AR R AT AR AR (E S R
B (AR AR KT DX EL AR AR K T A PR i T < DA R SRy s ™ e Je JEVARUT i X3 Bl o e Ak s 11%) o 22 1
IR, A, 2 70 B X8 2% A0 U /N A 2 18 A IR AT RO 174 4 T s W, NS 8l 1 7805 B A DX A Ak K S 1) 3% A
) - 2 Je A /0N 1 JHE 5 v A R e DX P A R KT 22 5

(2)2006—2018 - 70 P DX 4% X B[] i Mk K P25 8] 22 S A 22 4 /0, XSl A AR 0 B i k38 . 2006—2018
AR08 P DXk AT i — i R 2R XA BH S AR Ak (AR —IR 4 2R DX ) 915 61 B S 4 /0N, B 5 i % X — L2 30 PH
T DX P AL v H, LA Re BT SRy s R Bl R re B A T P i, 2 0 ) XAk e b S s VR R 1 G
i, AR AR — IR AR TR X A 4 /NS B T VT VG 48 4 T /N 25 1 Ak, H R A AR AR K AIR— IR SR X2
Je /N B 2 3 BH DX 75 B 25T S DT i DX, R 24 A A KPR — (IR R XA A B8 AS (T AR dh &t
A ASRGERI MR L R, IEAh , EE AR Ak R — IR IR XA T, B A5 T 5% 1 A DXl ik 233 T s S A5500 1
TR

(3) T BH I DX A Ak 22 S8 0017 oAUl 485 SR S, 380 BE I8 DX 22 i A ik KA S R 3R T2 (], AT RREE &
A5 780 B T8I DX A Ak A P B e, AR 2 O o 8 AR 19 P[] 1 RO B T B X AR Ak K i IRk s e, S AR S
N ITGEA A AR T30 BH 5 DX A e A 8300 T B, A B 380 FH A DX A ik K - 19 2 0 B T 5 8 055 B A2 R FH
T DX A AR 7K 0k R i AN 311 7

LR I AS D IRAT AT AL AT (1 25035, AR AHEAKOE IR T T B TR BT AR A SRS AR TEA
PIPE & J . KISR0 K 5 AR A IR OR 4 G 0 A B ST PN D T, B PHT X B2 VTP 4 T &
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