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Grey vector modulus incidence model based on panel data and its
application

DANG Yao-guo, WANG Yi-bof, WANG Jun-jie, YANG Shao-wen
(College of Economics and Management, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract: Aiming at the comparability problem of different geometric features in the existing panel data grey incidence
model, and the problem that the incidence order is affected by the order of objects, a grey vector modulus incidence model
based on panel data is constructed. Firstly, the panel data is characterized in the form of vectors, and then two geometric
feature vectors of absolute change and relative change in multi-dimension of the index are defined, and the corresponding
dimensionless processing of each geometric feature is carried out based on the feature vector. Then, the time dimension
grey vector modulus incidence degree is obtained by considering the modulus of the horizontal development absolute
quantity and the relative quantity. The object dimension grey vector modulus incidence degree is obtained by considering
the modulus of the vertical oscillation absolute quantity and the relative quantity. The grey vector modulus incidence
degree of the panel data is obtained by two dimensions. The properties of the grey vector norm incidence model of panel
data are discussed. Finally, the proposed model is used to study the air pollution problem in Jiangsu Province.
Keywords: grey system; grey incidence analysis; panel data; vector modulus; air pollution
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Gl Bi(t) = [x:(1,t), 2:(2,1),...,2:i(m, )7, B (t)
=2 (L, 1), 2;(2,0),. ..,z (m, O] 4 BN (1) = [2 (1,
), zN(2,1),... ,a:fv(m,t)]T,ﬂ;.V(t) = [xj-v(l, t),a:év(Q,
t), ..z (m, )T 23910 B (t) M B; (t) BEHLHES I i
2, B8 E AR P IR A

18:™ ()l = 8L @) 187 ™ @)l = 187 (1),

185N &l = 185118 ™ () = 1187 ®)ll,
Rt =1,2,....T. BB EY = E;. O

3 SEFIST

TSR, B B R AR FR B V5 G 1] B 7 52 1) [ 5
N B, LEE 55 BBk i) €A R E 20307 K1
RIEE) o, SRR « AT SERdR T 2= Ui =i A
FH R A ER AR SR AR S EE MEAE
EATS. T 5N, A B ER A R TG Ye i) R 2
EALISE Y UNRREE /P Lk TS R

2012 4F, FR B R T CF B A0 &= b D
(GB3095-2012), DA OR B A AAfid A1 A= 538 5808 H b,
Xof KA B RS e fo VF A B AT BRI, i
3UAET Ja, W E T EREMBRY (PMa5) TR
R (PMyg)~ AT (SO2)« LA (NO,) . —%4
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B (CO) Al R4 (O3) FL 6 i B i Jetio), I it &
T HT A FhS G (A A B RAEL. 5 R B (1 ] 3R
FRUPE, 3 B4 T A 3 SR Rk B — JUE A TR
1, i FK N YSPD (yearly statistics polluted days), B/ 4F
FET5 B REUG T (BAL: R AE R AEFE bR, 4F B2 TG G
KA — N — 4 A B A B R DL s e R 3L,
FAEZH X RS R R 2, DLARBTRLY) (PMa 5 )~ AT
RANBUKLY) (PMyg)s %L (SO2)  —HAME
(NOo) AP35 FE (FA7: pug/m3) VE AT AER.

AL T IREAE N E B 7 X3, VL5 A AL TR
] 228 5 47 82 PR T R R I K = A X, DR H 3 [ e
P W A TAT I, 22 s i 9 %, DL i il 1
KRN 1, R 5 AR ASTS JeARER M E B 2
— JEREE R E U E N T M S A IRTTE N
WIS B, 75 FE EIAE J2 [ B 5P A AT SR, A8 Sk
B0 RJR T 2018 ~ 2022 4F 5 M T IR B A 3R,
BARGIER 1 Frow, #0702 ik AR 3.

®1 I75M2018 ~ 2022 FES[ITRIENR

Ei=2in IR 2018 4F 2019 4F 2020 4F 2021 4F 2022 4F

M 114 110 62 65 74

HEE 81 99 69 59 60

YSPD /(png/m®) HM 126 110 70 76 84
T 107 102 67 65 77

M 82 77 58 59 66

M 43 40 31 29 28

EREE 44 42 37 32 30

PM, 5/(png/m?) HM 50 44 39 35 33
T 43 39 33 29 28

I 42 36 31 28 28

My 75 69 56 56 51

ERME 67 66 55 57 54

PMyo/(ng/m®) HM 73 69 61 60 55
T 5 69 56 54 49

I 65 62 50 48 44

M 10 10 7 6 5

EmiE 15 13 10 10 7

SO, /(ng/m?)  HM 14 10 9 9 7
T 12 8 7 7 8

TR 8 9 8 6 6

M 44 42 36 33 27
Eni 31 30 28 27 22

a1z,

NO./(pg/m?) HM 44 37 35 35 28
T 43 40 35 34 26
I 48 37 34 33 25

AR, KRS G T B 6 T B B 51 R AT
HALLITIRE L2015 SR 7 (VI3 KI5 4epiia
FBNY IELEZ 5, E 1RSSR HE U B
B2, X5 G HE A e A 7 e B AT A
THER, B0 B T B KRS e HE RO e R, A
JEPNEE IR L 1B W TR h5.

B3R 1 0T LU, BE A 75 G B 0 2% 11 1) 7™ 1 34
A7, o5 T Hb XA 35 Gl R HOR LK TS G ik FE AR
2018 ~ 2022 4F () £ 48 KA b Bl i) (7] 2 T [ & %
2020 ~ 2022 4, VL 75 Hb X LRI 7 38 3t W 1 4E 5
e KRB DL, 52 P15 il B 5, 2022 4875 Jed)
W BR GRS R B, (R AE 475 e R A B . T A%
{1 UL A HE TEUET 45 BUR,, 75 b X PR 0K 47 47 350 1R P55
S TR S R B A B 2, H At s Y
JIEB TR, WL T BB P28,

3.1 IHERSSREE XK

NT LIRS T KRG RS FE5 4
SR IB) IR BE 22 R PR 6 2R, AR SCAHE FH BT 2 HH IR K £ )
B OGBS, 7 Sl v SR SR AE K S0 Yo AR B ) 4F B
P REL(YSPD) FI40 ki ¥ (PMy 5)~ AT W ok 4
(PM1g)~ —EALHR (SO2) AL B (NO,) 7E I /) 4 i
T G 2R JEE 1 AR €5 ) e R DR TG B2 LA S TR 040 K £
IF] B A S B FE, LI ) 4 RN R 4 OB #M 0.5, 1
AR 2.

H1 3 2 0] LAE i, KA YR B 55 Y eI [a]
e BRF N PMy = PMas = SOy = NOo, X %
e LB NPMyy = PMys = NOy = SOo, ZEA I
KIEKFFHNPMig = PMys = NOy = SO ¥4 7
g 5L IR, VL 75 b X AE 2018 ~ 2022 4F 1 1] K35 4t
AR E A2 PM o PMy 5 15 eI B M. LA
&, PMyq Al PMy 5 2 75 B b X I JLAE 25 <75 e 3=
BR IR, PM o BRI & KA B AR/N T 9T 10 pm
(R, R T Tl HE S A3 HE ORI £ 51 T34
A% BT HBF R B RN R K, S8R
H ) PMLy o TIOR8 22, 338 T 6 R38O
K. PMy 5 ORI & B2 /N T2 F 2.5 um [ BURL 477,
5 PM o 5480, (R B AR B /)N, BE 25 5 A% A dE N A
WFIR 22 45, IR R K05 e RS K. NOy A2
B IR R AUR DMV HETSO™ A i) A A, 78 i 2k
PE 5 H A KT G e ST J S SR N AUk, TR
Uk, NO ¥ 47 75 B2 5 7] 2 1 5 SO RT5 e R A
% 1M SOy M =5 2 B R BRI AT i R e HE s = A, 3ok A
Ui BRI ST B e 3, (HIE SRV I A TE R AL 4
I A 1) 7 TR X 7 A, DRI L 5 K5 G R BT
BRI,

S b AR RS 5 Ge 5 R RTS GeRE FE R OR
BT PMyg = PMys = NOy = SO, FF AL A X
KA G S B O, B 28 LA 4 T P R 5 FH 42, T
R T B R .



o

210280 TARE F A TERBIFENACHERERBFER R LS R 3457
=2 IHSHARESEEE XK
. EEEP QI EY N X R LI R E o e
izt - - T 1) 44 S I T RYERIRE Gi A RS
MR EmE O EMN IE I 2018 2019 2020 2021 2022
YSPD-PM, 5 0.8116 0.7242 0.7239 0.7461 0.7499 0.7512 0.7293 0.7858 0.8296 0.7392 0.6792 0.7526 0.7519
YSPD-PM;o 0.7698 0.7340 0.7525 0.7459 0.7610 0.7526 0.8301 0.8797 0.7812 0.7430 0.6586  0.7785 0.7656
YSPD-SO, 0.7553 0.6650 0.6830 0.7026 0.6558 0.6923 0.6599 0.6462 0.7038 0.6550 0.6435 0.6617 0.6770
YSPD-NO, 0.6826 0.6566 0.6611 0.6470 0.6442 0.6583 0.6838 0.6499 0.5905 0.7377 0.8657 0.7055 0.6819

32 IHERSISRYKEKTH
SEPNSREES AL E P S5 8 T E I

PM 5 275 Yeil BE R IR FE i K, 25 18 B K5 Gt

P2 1) R R 5 18, 75 B 36 [ X i e R B0 Y

M.

FE U AR R A S A, FoAthis e uAT vtk
bR, TEE PMy o 5 oAl i5 B I K 0 A A ORI, T
HERIMER 3 PR,

F=3 IIHSHRRISEY KBS
B I ) ¢ Sk R 2L ) X R I R B .
L7 - —— i [ 4 G B B K GYERIRPE 55 R
Me EmE RN ® T 2018 2019 2020 2021 2022
PM1o-PM, 5 0.8712 0.7179 0.8116 0.8398 0.7789 0.8039 0.6641 0.7436 0.7427 0.7970 0.765 1 0.7425 0.7732
PM1o-SO, 0.8228 0.7861 0.7746 0.6960 0.6866 0.7532 0.6614 0.6160 0.6416 0.7450 0.6535 0.6635 0.708 4
PM;,-NO, 0.8106 0.7159 0.7806 0.8027 0.7286 0.7677 0.6544 0.6771 0.6453 0.6146 0.6289 0.644 1 0.7059

HH R 3 7] LUE Y, %75 )5 PMyo 75 B (8] 4E (1)
KIEF ANPMy5 = NOy = SOy, 7EX G4k [ Ik 7
PMsy 5 = SOy = NOo, ZE A KB F NPMy 5 = SOy >~
NO,. KRG H R —NMERM ARG, X2 2 M=
(Y52 e, 1 K5 o) 2 R A By A7 AE A — 7 I R B
PE. PMy 5 5 PMyq [F) A F0RE A7), FC AR 25 9% BE 1] 1) SG B
PEELK; SO0 TE RS 4R 5 AR IR U R B HAth < 4
R A NI AN BRI, 5 PM o S B B5E 55 i0; TT N,
FEORYE TR A RS TR R HE, 5 At s g
WA, 32 B LS AR T AFAE, X PM o BT B M 4

/N, RIBR EE AR RAR. Fhy AT 0, AR R 45 S K 1 4
RAF AL IR DR TG R SK b 00, B B AT — 5
I SLFH AL
3.3 1RSI SIILE

NS SR TR [ 1 B, A SCORE SR AR B 2 b oxt G
FUNG P (F 3 — 3 M — H M — T8 — 75 M)
NS — BN — I — TN — B R0, A
25 RN IHABAH R A A ORI R (1 45 SR AT XS B, AL 456
IR CKE R AR AR IBCAR B TS | i € o A S TR B2 S A T131
AR K 2Kt B R SRR 0L, 5 3R N3k 4 .

R4 ERBIEREXIKREISSEL AT
b SCHR[15] SCHR[13] SCHR [20] A3
ELaN
12 VIV RN 31715 Y 011V cHNN 3171 N1 715 cHN'ak /3 1V D 2V 715 R a5 1175
YSPD-PM. ; 0.6699 0.6699 0.3632 04515 0.7206 0.7206 0.7519 0.7519
YSPD-PM 0.8259 0.8259 03158 0.3584 0.7117 0.7117 0.7656 0.7656
YSPD-SO; 0.4811 0.4811 0.0887 0.1749 0.6304 0.6304 0.6770 0.6770
YSPD-NO, 0.6444 0.6444 04100 0.3589 0.6266 0.6266 0.6819 0.6819
HORATAAR 71 B o 8 =
B [ & [ [
X RASHAR 71 2 & = =

FH R 4 A 1 SCHR [15] 55 8 R e /KF 22 R BN 25
B AT U HORER S R B & RS B i 1, (AR
2 J8 AR E R T RAEE R SCHER[13] F 8 T X R
YEIR IR FE, #0 RAE W E 1 7 413047 5 I (R 4EAH R
[ TH B, B AT AR R T IR A 1) X R T A A B TR
S BRI R VE 225 2) JRBR T 320 SHEF T AR He
RS, T SCRIR [20] FR H5 4% S8 i — 4 K 6 B 7R S H A
BUEAT $h F2, FE A 1) 00 52 T AR HSC A () AR AL RS 2 L —

R it 22, A G 1 0 T ASCKE D 2 [ AR T
R, 7 R8N YR I [R] I B A R v ) B AR, TRt B
A GA AR A, (R R % T LT R 22 57 R A
PAFTEZE e, AN A AT Lk, AR, AR SCH H i T
AR AR o e R R SCIRAS ARY A 2 48 P AL A L, [R] IS
SHEBI 1 266 %08 A2 A B AAR N A2 AL B PR LT RFAIE, X
FRAEZEAT T A AL 2, i R A AT E . i
FRIBFF I& PR 1k B, B ORAR e R P AN 538
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T AR S ) AT R AE AT 1 1) B SRR ANAH N 1) F W
A Ak B, I 38 I v SRR AR [ (R4, A B[R] 4 B2 % 8
T ASCHSCHAR PR [ A Jo 446 0t B R G B, £E 0 RAEFE %
JRES T AR EBHRE FY 2 ) R 32 A 0t B FURE O B, A gt 17
T A HSC AR PR AR €8 [ B ASE S IBRABE 2R, S 0 AR 2R ) 44 o s
17 T HEFE. 2R A 5 R 1 R IBASE B o LA AR AR
(AT EG A 1o 8, L OGER T 45 SRS 20 ARSI A 461
IS . f J, Pz R N UL 05048 K5 e i
W Fih, It 5 HAl G IAR AY B AT 16 B 2 A, BeniE T
T2 A 1) S AR e, R R T T AR A 1 K
o [ AT OCHR Y v Ik 1V 2 RN 2 (IR
— 6 5y PR R O e] o) T AR EHE JLART AR AE Y 2
Sk — B o0 T, K3 BT TS A (R 4E PR R
TR A RFIE AR €0 ORI & AR — 2 A 5 110 i i
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