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Evaluation of coupling coordination degree of mountain-river-forest-farmland-
lake life community based on HF-WFPPSIM method

—A case study of Dianchi Lake basin

Wang Tiedan"?, Li Yan"*, Peng Dinghong"*
(1.Faculty of Management and Economics, Kunming Untversity of Science and Technology, Kunming, Yunnan 650504,
China; 2.Institute of Quality Development, Kunming University of Science and Technology, Kunming, Yunnan 650504, China)

Abstract: [ Objective] The comprehensive evaluation index were calculated by the the HF-WFPPSIM Chesitant
fuzzy weighted full permutation polygon synthetic indicator method) for the mountain-river-forest-farmland-lake
(MRFFL) system in the Dianchi Lake basin, Yunnan Province, from 2016 to 2024. The coupling coordination
relationships among subsystems and the overall system were systematically quantified by integrating an adapted
coupling coordination degree (CCD) model, in order to provide scientific references for ecological conservation
and restoration, land use optimization, and sustainable development policy formulation. [Methods] Expert

opinions were represented using hesitant fuzzy sets. Drawing on the full permutation polygon synthetic indicator
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method (FPPSIM) surface aggregation method to reveal system functional multiplication effects, the HF-
WEFPPSIM method was proposed and applied to quantify the coupling coordination degree of the mountain-river-
forest-farmland-lake life community in the Dianchi Lake Basin from 2016 to 2024. [Results] The coupling
coordination degree of the life community in the basin increased from 0.482 to 0.688, achieving a transition from
near-disharmony to primary coordination. This indicated effective multi-factor collaborative governance, with the
“mountain-river-forest” triadic coupling demonstrating optimal performance. [ Conclusion] The HF-WFPPSIM
method is effective and reliable, accurately reflecting the nonlinear impact of interactions among ecological
elements on overall system functionality. The method innovatively assigns weights to interactions among
elements, capturing asymmetric coupling effects among mountains, rivers, forests, farmlands, and lakes. The
farmland-lake coupling represents a weak link in system coordination, necessitating enhanced synergy between
these two elements in future governance efforts.

Keywords: mountain—river—forest—farmland-lake (MRFFL) ; coupling coordination degree; asymmetric

coupling; HF—WFPPSIM ; Dianchi Lake basin
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FR A STk, I MRFFL & T 2GRS HE , 0, =
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AR SCHE LA WFIE S b, R 38 50 43 A oA EIOKE
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HEPEAT R (PRI 4) .



300 pi s U E SR

46 %

x4 BEMBAEERERYSIRE
Table 4 Classification criteria for coupling
coordination degree types

FA TR X 18] WA th iR R
1A 5t i) 5 A8 (0.9,1.0]

T FE T 1T B 47 Hp o 74 (0.8,0.9]
[+ 2t 3] 751 (0.7,0.8]

. IV 40 9% P Y (0.6,0.7]
A Vil 5 Py 8] 84 (0.5,0.6]
N VIl 2% 1 2 (0.4,0.5]
HLRER 4% B 2 ) 78 (0.3,0.4]
VI Hp s 2 ) 74 (0.2,0.3]

I3 R IX 7 2k 7 (0.1,0.2]
X BE % ] (0.0,0.1]

3 Sl Br

31 XHIES

Ve O 3 3 A 8 MREFFL A iy Rl & CCD 3
M W9 IX, It PR S B 58 ) 5T e I B R AR
1 AR -4 S EZ AT, W IR E XA B2 RN, 6L
W AT MRFFL #5A HIL I B AR B 9% ROBE o 3% T 3k
iy A VT RV B 2L 7K AR G /K 0 B AR 25 0T b
0 5 BRI B 2 b A% R T BT Ll — 3 5 % ety —
WER S —WZE O XN ESHESHENa™
AR A O X R EURE R AN 5E5ES, &
5 I N ST 3l 5 1 55 A2 S AR Y o, il AR R 48
TR 5 A AR AL P JE i MR X R A 5T B S B
2016 FF CHEZE B st “1h/K TAE”), 20204 (“+ =
L HLRD R 2024 A C A U RS 3 A S B R T
Mo BRI F(amMA A S AR A HOHCR
WITH G0 3H4F 50 ) 55 5 5 U 5 i 2k 0% B0 slouE DL 1
R F8 br th & RALFT 40 45 10 38 3 HFS 58 B P —
SE A B 4
32 iEtRiEREME

AR, MRFFL #E A PF 0 (9 3R HE 48 O 0 6
J, AR AR R R A R I 2 A AR R A R . i, gk
BRI T PSRBLAL, I L 7K AR WA 5 T AL
PR AESE s B A — B A R G, B
Witi 783 4 25 0 A fr AL R A CCD RN I T Bk . AR S i
P R 22 b G DL 8 8 0 Se s I et ik, R
G5 A AR SC B ZE S G e L K AR I 5 4
J¥ B S AR s HOR 45 & MRFFL FB4 LB, 5 W #h £
HEHETILRS . B AR R F S E
B0 3R B PR 2R 1T L i A b S AR I R e 25 5
M P R AR R 5 0 AR B OE R LA, B 25 R S P AR
FAEFAM CHEHMER &5, A TRESM S

RE B o 2 A 3 [ R f B A% 0 8 AE A I AL
4I5S D) RE 3 U7 T kR AR &R G O FRAE 1Y 4R
b, 0120 M R R I 2 M OGS L KB R Ak (R
bk AR FNE ATERE R, B KB W MRFFL A= 4y 3
[FRPEM R bR IR R CHEILER 5 .

33 M

PEA 2o A5 v T I 5B Bk % K 8 43 4 Ao DA
fbo M B BT A AR BB A IR R 4 T NI
I f PR TR A U 5 44 L KRB A SR S B
TR, B A2 T MREFL 45 48 bR, JF w5 31 X
[ 10,0.1---0.9, 11 . AEEELR B L LK AN FE L
IE 1R A — SR R AR SORE & VT M 18 AR B 2
Fe i HES 13 B0 0) I DO SR B o Ay sk i 28504
AR SCAL R 718 2024 4F 0 b 30 3 A Ay 3L R R R S Lk A
VEAN SR i s T2, 00 s TR 5 R PR
{052} {0.89} {0.87,0,95}
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LR, SR FH AR 261 B 1 SR W 0T 0 0 e SR
W A7 A o Ak 38 5 1 0 e o7 WL ) S B0 4 A s s
(R 3E 26 M B 55, i I 19 B0 bR AL S 1) Tk SR AR
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PRAEAL S, A PR R JE IR AL (R 6) 5 A ()
AR 2016—2024 4 MRFFL £ & 48 0 25 & 1t
K3,

#E— SRR S ENE P A 60—, 3t
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T RGN ERE E E] A CCD 8 B8 5 4 fiy L [
—H,

34 £RE5HW
341 FERHANAFZZCCD A

ARG N CCD LAY, 43 #1 2016—2024 4F I
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ATHT, 2016—2024 47 ) J 48 N 02 2R A A P A SR
EW B EIH R, RGO CCD M 0.911 7+ % 0.967,
KENVOL TR A, AR AR AR AR R AR AL A
L—L; ) CCD £ B f 1] i 42 (0.938—>0.829, p<<
0.05) , 45 7~ B4l s 1l o5 575 Y 114 0 o 208 O 328 Ul R B 5
L—L 44 7 2020 4F H Bl CCD 4 0.996 , 5 (3
T K5 G 97 1A R (2016—2020 4 ) ) Y T 7% 1% i
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Qb B il A 750 JE T HE R 26 Y0 (A Y g L L—
L, CCD #2& F @ & fe K, 19 iR 0.241, How 4k $7 41

! —
2024 T

2024 — |




513

Tk BA LT HF-WFPPSIM 72 A9 11 K Fk B 8 A= i 2 18] (ACORE & B 08 B DF A0 00F 52 301

2017 47 5 BRI TS TR 58 T s — B0, MRS K Bk
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A R Ik 28.800 B R — 2 TF b AL AL X
Fifi 362 5 38 28— 7K o 03 — A 7 R T A E B st LA
5 Yt A 1) A S IR A AL ) JEE % 47 A IR A
SBE TR HEM L. HHEENE, 2R5
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Table 5 Evaluation indicator system for life community of mountian-river-forest-farmland-lake
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B WL FR I A R (M) 111 30 B L +

- 34 (M) H 3 AR AR +
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g KR E I (R.) KR 1 1575 e Al +
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Table 6 Interaction weights of mountian-river-
forest-farmland-lake

B i K R M ]
il 0 0.32 0.30 0.20 0.22
7K 0.30 0 0.40 0.26 0.28
U 0.30 0.36 0 0.22 0.25
[ 0.18 0.21 0.16 0 0.35
] 0.19 0.25 0.24 0.33 0

3.4.2 MRFFL # CCD % #7

MG CCD BRI X MRFFL5 AT & 4 CCD 3
PR (R 8) PR 25 Fl 20 G AT 40 M1 . Ar T4 R 3R
B, WP 58 91 MRFFL-CCD 1 0.482 FJH % 0.688, 4F

PIra K 2.5% , F Gt Wb [ 38 E Ak 28 5 W 2k 8 — 5
588, TRV — 0 G W 9 7 3 B B R AT, S e Y Y b 9 R
BEPEE TR BN R . 2020 4F )2 R 48 Pr IR
A0 QBB AT L, PRI K T BN S5 TR R Y B, 3R
(X a AR K= B N2 N L N e = (E R ]
Ay 5 A 2 18] 1 45 48 1 OF JE RO 0 18 T R N A
T 2024 4F , RGAR A DR B T B R AR
M5 18 1 R G 2 AR PR K E 2. Bl
ETRGEHEEEN,CCD MK FTH#EH, £ R4S
CCD &Mt & ¥WE#R T 12.6% , K H L Z L P [A]
AU THERASRS GRS Rt K.Y
A CCD #& R AP A 35 05 03, B e s 125 38 1] B ) AL 1) AS
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Fig.3 Comprehensive evaluation index of life
community of mountian-river-forest-
farmland-lake in Dianchi Lake basin

£7 20162024 FHMRBHBFRENBERBEHIAE
Table 7 Coupling and coordination degree of internal
factors of lake subsystem in Dianchi Lake
basin from 2016 to 2024

EHE 2016 4F 2020 4F 2024 4F
L—L, 0.619 0.663 0.875
L—L, 0.938 0.917 0.829
L—L, 0.612 0.650 0.865
L—L; 0.589 0.622 0.697
L,—L, 0.923 0.984 0.795
L—L, 0.582 0.742 0.823
L—L, 0.634 0.783 0.847
L—L, 0.919 0.996 0.786
L—L, 0.502 0.736 0.809
L—L,—L, 0.913 0.962 0.925
L—L,—L, 0.740 0.843 0.953
L—L,—L, 0.754 0.823 0.919
L—L,—L, 0.806 0.899 0.924
L—L,—L, 0.823 0.898 0.921
L—L,—L, 0.912 0.934 0.891
L—L,—L, 0.763 0.855 0.916
L—L,—L, 0.779 0.861 0.922
L—L,—L,—L, 0.889 0.915 0.917
L—L,—L,—L; 0.816 0.892 0.926
L—L,—L,—L, 0.823 0.898 0.937
L—L,—L,—L; 0.883 0.922 0.945
L—L,—L.—L,—L; 0.911 0.939 0.967

HRPL—L A& LA 1,

MAFFE CCD BMEKF , —IC R K —H”
A CCD e, 5 B WIS S 4f BRI 40 iy 22
VYA SG , ot H A i 5 2 TH A RO 58 T R AR S8 1)
WAESEE. MILZ T, Ih—l7 5 W — 72
VAR SEE S AR SIS EERNIE NIV -R/ <3 1K 34
R 288, 5 FOK i 26 7 55 0 AR 30 77 X
e P EL B SR AE ' A XA HE e B S s R T T IR

15 Y BRI E K B DL b T I PR T A
iR R N RS BB S0 = B A AL 7 N - A 4
LR —WINAESEE R RS F=Jod
A, —K—HM7CCD R4k , 2024 423K 0.720,
2016 T 30% , EEIFF FHIE 54568
(18 AR T 5 AR DA B SBOSRE B [) 08 R B o Ly M T K
KU A 3% FE RS, AR MR T K SCa R 3 P IR E A
WU VD 5505 G, T R K Ut 25 SR Ll Ak AR
A e, B A U — A — K S R AEDE IR o b 3
3ol Ly 7RO FE 80 A S AR AP A8 A2 TR A ) 9 G T A
AT B IS BRI E S ER A =
AT R, L am e RO o A, K —H—
WG R AR AR K 515 R 3 fE, B Z 58 R
IRl A BEALE] , CCD K WAL TR, B R 3 483 1R P
F R AR 7 N I S 0116 = 311 16 R et e A IR NS B
BERE S PR AT, R GE K B S TH IR E T 2 5 R
P IR) 36 B A A0 A Akt T < — 30 R A 5 5 i
ITHR RIS B D48 7R < 43 TR 2 73R BRASE S 1 R B, AR
i H AR P LY [ R A s B ] i P R A

x8 HithiFE 2016—2024 F kM H B A I E
Table 8 Coupling and coordination degree of mountian-
river-forest-farmland-lake in Dianchi Lake basin
from 2016 to 2024

e 2016 4 2020 4F 2024 4F:
th—sKk 0.348 0.427 0.521
h—#k 0.351 0.471 0.579
ih—Hm 0.323 0.299 0.336
1l — 4 0.251 0.323 0.419
IK—Hk 0.381 0.634 0.681
7K—H 0.333 0.345 0.341
7K —1H] 0.258 0.376 0.457
H—H 0.334 0.412 0.471
R— 1 0.257 0.387 0.447
HH— b 0.219 0.277 0.251
I—7K—#k 0.425 0.615 0.720
h—7Kk—H 0.519 0.510 0.559
1 —7K—1b] 0.337 0.435 0.542
1 —Hk—H 0.405 0.432 0.472
L —Hk— 0.353 0.482 0.561
—H—# 0.325 0.329 0.340
JK—Hk—H 0.411 0.516 0.494
IK—HR—i 0.370 0.570 0.635
JK—H—¥ 0.322 0.341 0.327
Hk— H—# 0.328 0.370 0.351
W —7K —#k—H 0.468 0.573 0.622
17K — bk —18 0.439 0.613 0.687
Ll — Ak — mH—#i 0.409 0.473 0.538
IK—HRk—H—# 0.417 0.523 0.545
L —7K —Hhh— H— ¥ 0.482 0.603 0.688
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3.4.3 kAR A G A AT

Ly 7K bR R A S R AR B T NS B AR A I
Az B0 EE X, H CCD YRR 22 I B R AR 1k AR 25 0h B
P G L A Y [ HLRR A B S i B DA AT
J TR R — NG e N — TR E 0w
RG], xR S — T e B — 6 B N Y
WOTE B BT D R R . AR SCHR ) HF-
WEPPSIM & H i 2 2R A B AU AR 1y, DL FH 1k
R G AR T RE K A T F ) A A T AR
A MRFFL® L # 3R 8h T il 7 Dy 6 5 i i s 7 55 i
FRAEA FRAE s L HEFS 40 BORH E P, 4 98 P o ad 72 oh
1 7 UL A3 B, B TH 25 R AR AE M AE O 1k 2 T S A A
—RE— N ENREMEGRE, HUERLE—T)

RE B R A0 8 B A ROAF I O 1 T T R
FEOUKME B DN~ — B EH ARG
hy ik — 25 560 U AR BF 5T 42 ) HE-WEFPPSIM Jr ik 1
A BV, R 5 bR B % 3L 5 HE -FPPSIM Fl 4k 7
HNACE 35 A% F A9 HE -TOPSIS $EAT X He , 45 S 1 L
# 9, 45 R £ W, HF-FPPSIM 4 ¥ #r 45 % 5 HF -
WFPPSIM 54—, Uk T HF-WFPPSIM 7 /& 81
ARG AN R A — WA SN, S HE-
TOPSIS WIFM 45 RAFTE 2 5, FEG T H R LMk
INECR A2 M L FE o R B A A LR R gl S
LRMPELEMAE LR, MILZ T, HE-
WEPPSIM i itf filt A R G0 FEME 5 N AEHLEE , { DFAN 45
REFFE PR,

R TMAENELEHFER

Table 9 Evaluation method comparison and ranking results

AT IR AL .
LIRS A0 HEJy 45 5
1 7K ZZN m ]

2016 0.59 0.51 0.45 0.39 0.44

HF-FPPSIM 2020 0.64 0.63 0.60 0.44 0.59 K> 1 > H
2024 0.68 0.74 0.79 0.57 0.82
2016 0.40 0.47 0.27 0.31 0.22

HE-TOPSIS 2020 0.65 0.66 0.68 0.50 0.61 g TN/ g
2024 0.79 0.74 0.83 0.62 0.82
2016 0.25 0.26 0.24 0.32 0.21

HF-WFPPSIM 2020 0.33 0.41 0.35 0.20 0.30 P = 1 g
2024 0.58 0.52 0.49 0.35 0.44

4 B A Eh IR A . 2016—2024 4F H 25 A T 4 8 BN

(1) 4 ## MRFFL A= i 2 [F] 7R 55 5 U 8 2198 HE
m, RFRERF5ESMAE, NP FE—he &
— {5 BT KRR T RE EOAN RN 2R B )y i L 48
/8 MRFFL A i 2 [m] 442 9 2648 S AL, B8 Il X B
A X R G IR TR I 2w, O A A T R VA P A 3
wE%,

(2) #  MRFFL £ 2 & kX O 4 0F 0 19
HF-WFPPSIM J5 % . %77 % DL HES AL 7 B
M —B0ME s R T CR A 2 R R ™= AR &R
G Ais 40N, A AR 20 ) FR G5 ) AR X PR A OC R .
% 5 HF-TOPSIS, HE-FPPSIM Xf It , i = 8 &
SR X PR AR M S R E A S RS
SEBR o

(3) S 43 M b 3 3 MREFFL A iy 3 (] {4

0.440 $2 7+ 2 0.759, HAKF B Ry K > M 1L > >
M CCD M 0.482 42 T+ 2= 0.688, S B “ Wi lfs < 1 4 —
0 5 By 9 0 — ) G B R T T A =R BEBR AR . H
K —#R = ou A A R I L, —i A
15 A 75 G O ) 0 e A, S e R O v B i — 2D n i
Al PR S G 4 S 0 AR A B B P ]

R A0 5% 45 38, 4 H 90 S8 A A 7R BAE & L
T O ESEN 55K R, R —
A Ak 2B 2 W D 2%, S AR RO B A S S R, E
MRFFL 4§ H 8K B8R 19 48— i ACS 0 B 2B BB E
A AT A AT G I AR . @A E +
25 AR ST RE MR o 1 Ll XA & B R A 4
S KRR SR 5 78 A H 5 0 ] 1 km 2% ol 4G R DL AS
R KSR R ik € R 4 IR YN Ui i
W X A T RS, B A E R ., OF
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B WU E S A S S AL . B A AR
Al 14 0 S SR AL, HE P B B 55 S AR S AR
ARG 55 S 0 A 7 i T A ST AL, R R ST
ABWATT AL A A S IR 55 D Re A 4t
o4l T S B S MR AL

AR SCHE A MRFFL A 4y M [\l & CCD 4 HF -
WEPPSIM J5 i B AT — & (19 J5 6 A , o o vl 3 i
Rof 2 0 7 AR I FPPSIM 45 b 42 HE 5 110 £ 30 T2
T AR B A 2% B i 4R b 50 B i 22 4 ARO[ R
DL R v 51 S A8 ACE AL 8 1 1w A 5 PR R S
KR M AR Ak, i sh A A5 B R 7 U .
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