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Abstract
Evaluation of regional agricultural mechanization sustainable development, this study proposes an
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evaluation model based on the improved PROMETHEE-II method. By introducing the sigmoid pref-
erence function to deal with decision ambiguity and combining the Shapley value method to inte-
grate indicator correlation for weight adjustment, a dynamic evaluation system is constructed. The
empirical study selects five typical regions, and the results show that the improved method is sig-
nificantly better than the traditional method in ranking stability and regional differentiation,
providing a reliable basis for differentiated policy formulation. The main innovations are reflected
in three aspects: first, the adoption of the sigmoid function to deal with the uncertainty in the quan-
tification of qualitative indicators; second, the quantification of indicator correlation through Shap-
ley value calculation; third, the establishment of a parameter optimization mechanism based on
weighted variance maximization. The study verifies the effectiveness and superiority of the im-
proved PROMETHEE method in the evaluation of regional agricultural mechanization sustainable
development.
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Table 1. PSIR-ESD evaluation index system of agricultural mechanization sustainable development level
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Figure 1. Flow chart of evaluation steps of improved PROMETHEE method
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05 1 1
0 05 0
025 1 1
L0 1 075
105 025 075
075 05 1

0 0 0

075 05 1
05 0 0

1 05 0
067 0 0

1 0 0
(05 1 1

0 05 1

0 0 05

0 1 1

Lo 0 1

0.75
0
0

0.5
0

1

1

1
0.5

1

0
0.25

1
0.5 ]

0.25 |
05
0

0.5 ]

S = = O

0.5

—_ O =

Set 4: A FIIE e B R it 547 2% J T 7 1 DX ST A T R 48 A e e 2 [] PRI S P

P(a2a,):

1

ea—Zapl-(arIZak)

(050 0.73 0.73
027 050 0.73

=10.27 0.27 0.50

0.27 0.27 0.73
00.27 038 0.73

[0.50 0.66 0.73
034 050 0.73

=10.27 0.27 0.50

027 027 0.27

00.27 0.34 0.62

0.73
0.73
0.27
0.50
0.62

0.73
0.73
0.73
0.50
0.73

’pj(a,»za/,) € [0’ 1]

0.73 ]
0.62
0.27
0.38
0.50]

0.73 |
0.73
0.38
0.27

0.50

Q)
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pS (ai 2Czlc):

[0.50
0.27
0.27
027
10.27

[0.50
0.73
0.50
0.73

L0.73

[0.50
0.27
027
0.27
10.27

[0.50
0.73
0.73
0.73
10.73

[0.50
0.27
027
0.50
10.27

[0.50
0.27
0.27
0.38
10.27

[0.50
0.62
0.38
0.27
L0.62

0.73
0.50
0.27
0.27
0.27

0.27
0.50
0.27
0.73
0.27

0.73
0.50
0.27
0.73
0.27

0.27
0.50
0.38
0.62
0.73

0.73
0.50
0.27
0.27
0.50

0.73
0.50
0.73
0.73
0.73

0.38
0.50
0.27
0.27
0.50

0.73
0.73
0.50
0.73
0.73

0.50
0.73
0.50
0.73
0.73

0.73
0.73
0.50
0.73
0.73

0.27
0.62
0.50
0.73
0.73

0.73
0.73
0.50
0.73
0.73

0.73
0.27
0.50
0.73
0.62

0.62
0.73
0.50
0.27
0.73

0.73
0.73
0.27
0.50
0.62

0.27
0.27
0.27
0.50
0.27

0.73
0.27
0.27
0.50
0.42

0.27
0.38
0.27
0.50
0.73

0.50
0.27
0.27
0.50
0.27

0.62
0.27
0.27
0.50
0.27

0.73
0.73
0.73
0.50
0.73

0.73 |
0.73
0.27
038
0.50]

0.27]
0.73
0.27
0.73
0.50]

0.73 |
0.42
027
0.58
0.50]

0.27 |
027
0.27
027
050

0.73 |
0.50
0.27
0.73
0.50]

0.73 |
0.27
038
0.73
050

0.38 ]
0.50
0.27
0.27

0.50
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SetS5: FET BRI BT HE AL E RG], TSR ML CRAERE R = (1,

Pn(az‘ Zak):

=10.27

[0.50
0.27

0.58
L0.73

[0.50
0.27
027
027

10.27

0.27
0.50
0.73
0.27
0.27

0.73
0.50
0.27
0.73
0.27

0.27
0.27
0.50
0.27
0.27

0.73
0.73
0.50
0.73
0.73

0.42
0.73
0.73
0.50
0.73

0.73
0.27
0.27
0.50
0.27

0.27
0.73
0.73
0.27
0.50

0.73 |
0.73
027
0.73
0.50]

i

AR, FIHE X T WS R T Shaplely 6, 55 5 BB S HERFALE W = [, 0,7, ] -

P ==

), TS

TIBIRALE, SR RZIRIE W = [W,,W,,-- W, . ¥hI7ZHE D .
_0.0314 0.0174 0.0237 -0.0028 0.0265 -0.0128 0.019 0.0108 0.0047 —-0.0194 0.0262_
0.0174 0.0184 0.0152 -0.0113 0.0095 -0.0113 0 -0.0017 0.0077 -0.0019 0.0072
0.0237 0.0152 0.0186 -0.0034 0.0185 -0.0109 0.012 0.0054 0.0046 —0.0122 0.0186
-0.0028 -0.0113 -0.0034 0.0176 0.0015 0.0091 0.008 -0.0001 -0.0049 -0.0052 0.0076
0.0265 0.0095 0.0185 0.0015 0.026  —-0.0095 0.023 0.016 0.0005 -0.0223  0.026
D=|_0.0128 —-0.0113 —0.0109 0.0091 -0.0095 0.0176 -0.009 -0.0076 0.0001 0.0063 —0.0094
0.019 0 0.012 0.008 0.023 -0.009 0.028 0.02 -0.006 -0.024 0.026
0.0108 —-0.0017 0.0054 -0.0001 0.016 -0.0076 0.02 0.0206 —0.0056 —-0.0183 0.0144
0.0047 0.0077 0.0046 —0.0049 0.0005 0.0001 -0.006 -0.0056 0.0056 0.0033 -0.0014
-0.0194 -0.0019 -0.0122 -0.0052 -0.0225 0.0063 —-0.024 -0.0183 0.0033 0.0224 -0.0232
L 0.0262 0.0072 0.0186 0.0076 0.026 -0.0094 0.026 0.0144 -0.0014 -0.0232 0.0296 |
KEHFERA:
[ 1 0.685 0940 -0.114 0.886 —0.521 0.618 0.408 0.324 —0.696 0.830_
0.685 1 0.776 -0.592 0.409 -0.592 0 —-0.083 0.683 —0.088 0.294
0.940 0.776 1 -0.180 0.803 -0.576 0.507 0.265 0411 -0.568 0.765
-0.114 -0.592 -0.180 1 0.067 0.494 0347 -0.005 -0.450 -0.249 0.321
0.886 0.409 0.803 0.067 1 -0.423 0.819 0.661 0.038 —0.883 0.901
R=|_0521 -0.592 -0.576 0.494 —0.423 1 —-0.390 -0.382 0.009 0.301 -0.397
0.618 0 0.507 0347 0.819 -0.390 1 0.805 -0.441 -0917 0.878
0.408 —0.083 0.265 -0.005 0.661 -0.382 0.805 1 —-0.477 -0.811 0.564
0.324 0.683 0411 -0450 0.038 0.009 -0.441 -0477 1 0.267 —0.100
-0.696 —0.088 -0.568 -0.249 -0.883 0.301 -0.917 -0.811 0.267 1 —0.863
L 0.830 0294 0.765 0.321 0901 -0.397 0.878 0.564 —0.100 —0.863 |
B, EILSHARECH
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m, =0.13068
m, = 0.09504
m, =0.08316
m, =0.07128
m, = 0.23759
m, =0.10692
m, =0.03564
my = 0.09504
m, = 0.09504
my, = 0.03564
m,, =0.05940

my, =0.00072
m,, = 0.00086
my, = 0.0009
mys = 0.00232
my, =0.00061
m_ =0.00024
myg = 0.00043
my, = 0.00034
my o = 0.00027
my,, = 0.00054
myy; =0.00052
m,, =0.00034

m,s =0.00078
m,, =0.00051
m,, =0.00000
m,g =0.00006
m,, =0.00052
m,;, = 0.00003
m,,, =0.00014
my, =0.00009
my =0.00133
my, = 0.00043
my, =0.00013
myg =0.00018

my =0.00027
my,, = 0.00003
my,, =0.0032

mys =0.00010
my, =0.00032
my, =0.00007
myg =0.00000
my, =0.00026
My, = 0.00005
my,, =0.00011
my =0.00091

my, =0.00058

myg =0.00126
myy = 0.00007
my,, = 0.00063
my,, =0.00107
my, =0.00013
meg = 0.00033
My =0.00001
me,, = 0.00010
mg,, =0.00021
Mg =0.00001
m,y = 0.00002

m,,, = 0.00000

m,,, =0.00000
my, =0.00000

my,, =0.00001
my,, =0.00001
my;, = 0.00008
my,, =0.00005
my,,, =0.00015

TH 5 %4845 Shaplely E 4:

1,=0.13, 1,=0.09, I,=0.07, 1,=007, I;=024, I,=0.10, I, =0.04, [,=0.08, I,=0.08,
1,,=0.04, I, =0.06.

B ZHERLE Y W =[0.13,0.09,0.07,0.07,0.24,0.10,0.04,0.08,0.08,0.04,0.06 ]

Set 6: TS PP XA UL T FF AR FERE ) o, Al o, IVDLSEARE H (0, 0, ) -

H(a[,ak)zzﬁ(ai,ak)Wj ™
=
0.5 0.621 0.664
0375 0.5 0.650 0.482
H(aiaak ) =10332 0364 0.5 0.389 0.326
0.351 0.514 0.607 0.5 0.501
0.369 0378 0.670 0.495 0.5

Set 7: THEL& XA B T8 R JE5E ) o, HR1E ¢(a,) -

0.645 0.627

0.551

Table 2. Correspondence table of parameter a values, regional net flow values and d values

F2. B ESEXEERER d BENRER

afld ¢(a1) ¢(a2) ¢(“3) ¢(“4) ¢(a5) d 18
1 0.2829 0.0499 —0.3002 —0.0092 —0.0235 0.1309
2 0.4671 0.0834 —0.4986 —0.0160 —0.0358 0.3564
3 0.5560 0.1005 —0.5982 —0.0198 —0.0386 0.5047
4 0.5928 0.1082 —0.6427 -0.0210 -0.0373 0.5737
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5 0.6068 0.1115 —0.6623 —0.0205 —0.0355 0.6021
6 0.6120 0.1126 -0.6712 —0.0193 —0.0341 0.6134
7 0.6137 0.1128 —0.6755 —-0.0177 —0.0333 0.6181
8 0.6142 0.1127 -0.6777 —-0.0161 —0.0330 0.6203
9 0.6142 0.1124 —-0.6789 —-0.0147 —0.0330 0.6214
10 0.6141 0.1120 —0.6796 —0.0136 —0.0330 0.6221

Set8: fffE & XIAN MU AT RESE R R BETIHET: M a =18, & XA AT RESE K e e
He N[EAST, SOUTH, NORTH, MID, WEST]; i2H Excel #HUSHIhAE, LA 7 24350 I ZARBL )5 Sl
PR, S H o KN, 515 d K. 2T sigmoid REUIMIEEREh, S8 o i KN,
FIRESE IR 22 S RAE MR SeFR FE AN R LS O, W7 RS 5 Z FIRE R R, H0 8 o BUETE A
[1,10], ARESE o HILERIZE 2 FiR.

Y a=100F, dMEEK, J7EHFT4 R NEAST,SOUTH,NORTH,MID,WEST].

ZHICHR[27) TOPSIS J7ik, 4ty X =(p,) o WEMRHEIULRE d o 20543 5 XA UL 7T 7

BrR SEREIIMRHRILE d » WA 2 Pis .

d
EAST 0.71991
SOUTH 0525344
WEST 0383721
MORTH 0582667
MID 0624193

B
MW n
m

Figure 2. Table of relative proximity of regional agricultural mechanization sustainable development capacity by TOPSIS
method

B 2. BXERAHMAATFFEL REES TOPSIS SEMBXIHILE R

MR HE AT BE d (PR /NAF XA MU AL T Rk e e 1t AT HE R . % TOPSIS ikt 54s
5ot PROMETHEE J7iEEATRTEE, Wil 4 BR .

% CHR[28] FVIKOR J7i%, 454 X =(y,;) it 0, i 413K EAST.SOUTH, WEST.NORTH.,
MID.

ZeVH SIS XA N UAL AT P8R K e E ) O, 48, W 3 Bl

mxn

EAST |q1 0.257142857 2
SOUTH |q2 0.186603067 1
WEST |q3 1 5
NORTH |g4 0.34266911 4
MID__|g5 0.336401089 3

Figure 3. Table of Q values of regional agricultural mechanization sustainable development capacity by FVIKOR method

3. BRI TR A RBES FVIKOR 3% Q E3R

MR O, f K /N DX I A AT A 7T 475 852 i Jié E 2B 4T HE P FVIKOR J7 3 i i 5. 45 51 5 el ik
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PROMETHEE J7 ki 7 X b, a0k 3 fios.

Table 3. Comparison table of regional rankings by improved PROMETHEE, TOPSIS and FVIKOR methods
7% 3. Bt PROMETHEE. TOPSIS. FVIKOR =75 A X igiHEE 3tk &

it PROMETHEE TOPSIS FVIKOR

HIE 4 d 4 q 4
0.6141 1 0.719910273 1 0.257142857 2
0.1220 2 0.525344234 4 0.186603067 1
~0.6796 5 0.383721075 5 1 5
-0.0136 3 0.582667096 3 0.34266911 4
-0.0330 4 0.624193476 2 0.336401089 3

RG220 M 75 HL 458 A1 FVIKOR 77325 TOPSIS J5 kit %t bt, 7 FVIKOR J7i: 9 Z Wik,
K HAE FVIKOR 7574 EAST Hl SOUTH # /2 i, 5kt PROMETHEE J7 ik 45 FAHIL . TOPSIS
iR R 5 o PROMETHEE 77 A BUORZE 7, T2t PROMETHEE 777275 i ()76 L TOPSIS
Jr Az E 2, Lk PROMETHEE J7 i B B m HEF R vk Bleg A5 .

BETHFER, 300 % XITE PSIR HEZLS-HEE IR : EAST XIRTE & 12 (P)FIZ& ST a2 2
(DRI, AHLEPREZ0 B2 (R ELES, EWAERFERNIA R RS s R AR HE ;. SOUTH X
AR R Q3)E 0 B m AT I FEE QA B, BH AT BE RIS Tk R WEST X 87E 55 2h 115
Q) MR AL 5 (Q8) /7 HIAFTE WA A, T MBRARMLAA R IR AR HE T
5. &g

WICTEIR A FE AN UL PT RESE R 2 B S s AL b, A T R F3(P)~ IRZS(S) FEma(D) M
(R)YIX DY B2 B AU AL PT RFE A SR FaAn A R, 322 T2 PROMETHEE ) X 3804 VAL AL 7T
FREER RRE VPN I8, RO 1T IUE AN U AL T 782 % VPN F8 A5 o A7 8 IRSORA 14 DL VTR 52
2R B RO e e MR AR LoE LSS I8, RS AH G T Bt B A, mT AR 255 g
2. WIS FVIKOR J57%M1 TOPSIS J7iEx b, BGIE T8 SCHREH VAT AT . AT
E M.
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