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Grey tetrahedral grid incidence analysis model based on panel data and
its application

WU Hong-hua'*!, LIU Si-feng', FANG Zhi-geng"

(1. College of Economics and Management, Nanjing University of Aeronautics and Astronautics, Nanjing 211106,
China; 2. School of Mathematical Sciences, University of Jinan, Jinan 250022, China)

Abstract: A grey tetrahedral grid incidence analysis model based on panel data is proposed for the inconsistency of
grey incidence order resulting from an order changing of indicators in the grey incidence model and the deficiency of
the construction of trigonometric surface for panel data. Firstly, the sample matrix is decomposed into binary indicator
sub-matrixes based on the combination principle of sequence. Then, the binary indicator sub-matrix is projected into a
spatial tetrahedral grid and the directed volume of the tetrahedroid is given. Based on the directed volume, the incidence
coeflicient of the binary indicators is constructed. And then, the grey tetrahedral grid incidence analysis model is obtained.
Furthermore, the properties of the model including symmetry, normalization, translation-invariance are verified. As a
result, the model is used to assess the air quality of coastal cities in Shandong province verifying the rationality and
effectiveness of the model, showing that the grey tetrahedron grid incidence analysis model is not related to the order
changing of indicators.

tetrahedroid
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B e (g1, g2, t) > €6y, (1, g2, 1) O
FRE R 1~ P S A5 LS o0 A, AT A5 R e

TEFB2 TR S A AR D T A X R R Bk

FEEA G R
DFEME, 0 < e < 15
2) WHRME, £0i = €405

3eoo =€ =1

4) Bl T R A R IR LA

5) HHE B AR e I P AN

6) FRIKSE SRR HEB IR 6 K.
3 SEFlaT

R4 R Ab s KA, OB B Ak, 78 50 i AN B
VT A TSR AR o5 T A B 1 AR 5 b i
&K 3290 km, i F LA BT H ST e,
HEETT . 28 M T EEE T 7M. 20124F

1 WRGETHTNESRERIER
W & AQL PMas/(pg/m®)  PMio/(ug/m®)  SOy/(pg/m®) CO/(mg/m®) NO/(ug/m*) Os/(ug/m®)
2014 124.17 78.08 145.58 56.25 1.07 39.08 125.00
2015 114.92 71.83 134.58 4375 1.00 35.58 118.33
2016  104.50 64.50 123.83 37.42 0.95 35.42 109.08
P 2017 105.58 58.33 114.08 24.92 0.96 35.42 114.42
2018 92.92 50.75 100.08 16.25 0.75 32.83 105.50
2019  100.83 56.83 106.67 12.58 0.76 37.75 106.00
2020 88.33 49.75 88.75 10.67 0.72 32.58 102.33
2014  124.83 77.42 147.42 71.92 1.30 46.75 123.42
2015  120.25 7218 128.73 51.45 1.13 37.36 119.27
2016  106.75 64.17 120.33 4775 1.17 39.67 112.58
AKE 2017 103.75 56.42 107.67 38.08 1.14 37.08 114.08
2018 90.92 4525 90.83 19.00 0.72 33.08 112.00
2019  100.17 48.67 92.67 15.42 0.73 35.50 116.25
2020  90.17 45.67 80.50 15.08 0.68 31.33 110.00
2014 117.25 84.92 134.50 69.00 2.03 4575 69.25
2015 110.67 73.45 116.64 56.18 2.02 41.09 87.27
2016  105.50 74.00 126.00 36.75 1.73 36.50 79.17
WS 2017 109.25 66.00 101.17 29.75 1.53 40.83 105.17
2018  98.75 52.83 86.50 21.25 1.02 36.83 113.17
2019  103.50 53.33 88.17 19.33 1.14 40.25 115.33
2020  93.67 48.83 77.42 16.67 0.95 38.42 110.17
2014  91.42 55.00 107.08 33.00 0.94 40.08 105.17
2015  86.00 46.27 92.64 25.55 0.86 3227 101.91
2016 79.25 44.58 86.83 21.58 0.78 33.33 95.42
#HE 2017 82.00 38.00 77.42 15.25 0.78 37.83 104.50
2018  68.92 33.08 69.83 8.83 0.59 32.17 89.17
2019  80.17 39.67 79.00 8.17 0.70 35.58 96.17
2020  70.08 31.75 61.17 8.00 0.64 33.42 94.58
2014  82.33 51.42 81.17 27.25 0.82 39.75 96.75
2015 78.33 4191 73.64 18.73 0.80 31.82 102.36
2016 72.58 39.75 76.00 22.25 0.79 34.67 91.83
WG 2017 76.08 34.25 67.75 18.08 0.85 32.67 105.75
2018  65.75 28.17 62.75 10.58 0.55 25.25 96.17
2019  80.83 37.92 77.17 9.17 0.56 28.17 103.75
2020 70.92 31.75 61.67 10.42 0.56 28.00 102.00
2014  81.58 40.83 73.92 21.33 0.62 25.25 116.50
2015 72.92 35.36 67.00 15.18 0.55 21.27 105.91
2016 66.42 33.83 62.92 14.50 0.61 21.92 95.08
BiE 2017 67.58 28.33 54.08 11.00 0.65 17.67 102.00
2018  62.50 25.33 47.92 7.25 0.48 17.33 100.58
2019  74.50 31.25 57.42 5.75 0.54 18.58 109.17
2020  63.75 25.83 45.08 458 0.51 15.50 102.33
2014 95.83 62.50 111.67 29.75 0.94 36.67 97.25
2015 96.17 56.18 99.09 24.18 0.98 35.73 108.36
2016 94.08 58.33 100.92 21.00 0.93 38.33 97.92
HIE 2017  85.67 46.50 83.25 14.67 0.86 37.58 102.00
2018 7375 38.58 73.58 10.25 0.61 32.25 95.50
2019  86.92 46.50 88.25 8.33 0.58 34.67 102.83
2020 7725 37.50 68.42 8.00 0.61 33.00 103.00
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[ AR TS AR (GB3095-2012), 55 2 4K, 1)
RERET “MREER” R VR LRSI
T LR TR B ROR, B S I T 1 S AR =
Bl T8 BRI 2, BT T AR A A ATAT LA B 2
JRF T T, BT A3 ) 2 S e L “ 2005 B RAE,
XA R IR B, 22 G5 TR I AR v 14 v .

PR P 55 23 A5 B b v DA S B (A T 3R A5, i
# AQI. PM, 5. PMj;. SO, CO. NOy. O fENiF
¥ AR, FH 38 B8 CO 11 B4 N mg/m®, oAt F b 5
PR pg/m3. LRI 7 3117 2014 ~ 2020 4F 1) £
SRYR T r [ 25 AR AR £ I BT 5 G s B,
1R
31 ETFRemEmdEmMgiBEsmERNESSRE

i

B 48 bR R 0 B RS, 23 SR =T, BT DAk
P AR B 22 AR e A 3K (4) Ab RS 06 BOHE. bR AL
FHEAEIC N (X0 = 1,2,..., 7L EF X6 =
1,2,...,7) DT e TEM RS B
Vi I RR R AR Ak K

IR R AE T SN s IS drire e o A R i S
BARFR IO I AN N R GURFEAT NHERE, TN
[0.69 0.74 0.72 0.75 0.91 0.69 1.00]
0.83 0.83 0.79 0.84 0.96 0.82 0.68
0.94 0.86 0.83 0.85 0.92 0.80 0.82
Xo = [0.92 0.95 0.91 0.91 0.89 0.93 0.41] .
1.00 1.00 0.97 0.96 1.00 0.94 0.64
0.81 0.90 0.88 0.98 0.96 0.90 0.52
0.98 0.99 1.00 1.00 0.98 1.00 0.55]

FH A 2 DY T A DX A DR TG BE 8 3K (7), AT 43 1L R
TR SHFAEAT N RE X (SRR, W 2 .

#2 WERTHHHXEKELSR

Wi KIKSE PRI
ey 0.889 6
e 0.903 5
Il 0.863 7
B 0.914 3
‘B 0.922 2
Ja i 0.967 1
H g 0.906 4

PR 2 ] 0, R AT 0.863 5 0.967 2 1], it B
Ly AR VR I 3 T 2 A0 R A X — B IR, 4
SRAAFAE — 8 ) 22 7, HORBRFEAS BB T Neos >~
€05 = Eoa > €07 > €02 = E01 = o3, FMEE RN B
WG RHEA I = EIRICY R, RE
i M.

LU AR IR 7 3k T A B A S AR A T 2k B L 1

i, A B 1(a)~ Bl 1(g) 73711 3278 2014 ~ 2020 4F (1)
5 AR, B R U W A AR R AR AR
Ty . AT B LR gl b R
LA HER Y, Bt A FE T 4 I3 AL T8 R 7,
WA 2 V5 G AR AR B /DS, T SR R AR )
Ab,2015 ~ 2020 4F 4 [ 44 B IR T 85 5 iR s
FoAIR T NI KB 2, H T 2016 ~ 2019 %42 4 44
24565 3, BB R TR — AN B AR R AT B
ERE BRI R R G T 5, 7T LR
B SHEA I =5 G bR E oL AU itk &
HT-2014 FH2015FNIE T 4 E A E Bk
MAE S WY ML ERZ AT EJ7, U
B 25 505 Qe bR OB BOR, 3 AU 5 HoAh 4 ANk
MR ZE. HRIAMEE H, HEY) . =M PM, 5 %L
B R A R G 58 K, 4 Tl Vi M T 2014 408 B e KAE
84.92 pug/m®. VE U3 11T PRI A A X PMo 5 77 AR AR
A 1 5 M (270 (L 27 RO P IR 38 4 b X 5, 52
W PE SRR BN, BRSO I I T, (H R
BT B SORE 32 B A, A R S v 2 SR
HPAER. NIX LG, ARE L MY MR
R4S S I 1A S PR L.
S5 BT, I 68 DY T R R AR S IR AT AR AL e AR
U sz W T AR 5 1 RH DGR FEE, %68 L ZR Y 3 T 17
TRIRERAT T A SO
3.2 5EHEEENXT LS
W51 R, 2 T AR EE 28 B G I 4 BT A
R 605 40 2 IR 0 24 06 SR IABE B | R €8, X A S XA
RO N S AR AU TOT Sy I R 30X 3 AR AL AT
XF E A A, T i 3 AN SRR A T AL, 43 B X 5
Xi(i=1,2,...,7) MR, Bk g RNk 3R,
138 3 AT HY, SCHR [19] PR LA 2 1 R BT
ARSCHEAR . BIRSCHR [14] BEBS IR 51 HH 7T 3 44 1K1 3
WoNEE G S ERERT HR, B B
ARG S5 A RF A S bR i 0. T SRR (110 4% 12k HE
83, A WARANFE G S bR . 7t F LR, TR [11]
RS 2R T B =y T T R PR A R 3, AR AR
52 = iy W T R A 5 T P 5 .
HHEIMBEHMERSET X0 =0,1,...,7)
T TAERE X (i = 0,1,...,7) FIExt L IR AR IR 2
I 52 [, BIX BT AQLL PMy 5+ PM1g SO5. CO. NO -+
Os. BRI LS FRHE FI 7 5 23 SR B 1% AR TG R
{1, 390 A L, 28 HFi b 1R HE B U AS L 122 5 ) 25 <0
JiR BV AR T bR 3 AR A, G SR A e i b 1D
7, P g AR AT e 2 R A AR 4K, Mk, 24 X (i = 0,
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Zobe . KT \ARBIEN K G w9 EmAR RS K IR AR RS R
» 150 » 150
] =]
= =
2 2
E 100} 'g 100
G G
] o
2 50} 2 50t
< <
> >
(] (&)
=R . : s 0
AQI PM,, SO, AQI
indicators indicators
(a) 2014EFSJE (b) 2015 FFS &
» 150 » 150
] o
= =
2 .2
E "g 100
G G
o =}
2 2 s0
< <
> >
(] [
S 0 : : : : : £ 0 s s -
AQI PM,;, PM,, SO, CO NO, O, AQI PM,, PM, SO,
indicators 1nd1<:at0rs
(c) 20167 i (d) 2017 4=
» 150 » 150
Q o
= =
2 2
E 100 'g 100
G G
[} o
2 50PN ///; 2 so0f
< N N z s
> >
] N\ / o
< 9 ) ) 1&,» = ) < ) ) )
AQI PM,; PM,, SO, CO NO, AQI PM,, PM, SO,
indicators indicators
(e) 2018 EFSJfE (f) 2019 4EF S
» 150
e
T 100 .
= —— BN ——FH
=}
2 50t —— WE —+ -
g SRS
()
=R . 5 ’ .
AQI PM,;, PM, SO, CO NO, O,
indicators
(g) 2020 F2S =
E1 WHEETHHNESRERGEETZE
*3 IHRBIMKEKELSR
B ey = TN Hi & JH ERiGH
% 1
KB HIF REE HEF KRB HEF SRBE HF REE S F RBE HEFR REBUE HEF
HR[11]  0.718 5 0.668 7 0.713 6 0.774 4 0.861 2 0.855 3 0.888 1
HR[14]  0.628 5 0.671 4 0.213 7 0.638 3 0.658 2 0.929 1 0.406 6
HR[19]  0.481 5 0.464 6 0.450 7 0.655 3 0.716 2 0.950 1 0.600 4
T4 THRBIFEIITEHRBKELR
- Y5 rE M HE & Bl HiE
KEREE HEFP RERE HEF OREXEE HEF ORBEEE HE SRR E ORBREE H R RBUE HFF
CHER[11] 0.819 3 0.660 6 0.813 5 0.885 2 0.814 4 0.967 1 0.647 7
HR[14]  0.611 5 0.695 2 0.239 7 0.649 4 0.657 3 0.929 1 0.408 6
CHR[19]  0.478 5 0.460 6 0.447 7 0.651 3 0.715 2 0.948 1 0.598 4
A3 0.889 6 0.903 5 0.863 7 0914 3 0.922 2 0.967 1 0.906 4
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L,...,7) B 28 147 R 58 34T, BD A2 #: AQI 11 PM
() B0 07 A5 B R A R A BE O R XU =
0,1,...,7). FT 3FMERL DL ACA SO RS i 055 X
H5X!I(i = 1,2,...,7) BIREEE, Bkgs R a4 pr
N

P 3 MR 4 AT A H, SCHR (117 A0 SCHR [14] B
3 30 SC I 7 14 R AR 0. B8R SCR [19] B 52 1)
RIR T3 A AR R BRI R /N AR T B, ]
WL, 3 PR AL 1) 25 B 5y 52 F b HE B U 1) s . AR 3¢
(RS R AN A 2 S TR 1) DR /N A2 R I 7 38 R R AR AR
k. BRIk, 3 PR AR 3 4 T ] 5 H8 AR U 1) E a2 A,
T % T A [ S N B 43t 2t B 22

R, IR Y T A P I o BT A 2 ) 5 SR 5 4
BRI T 96, 38 FH - [ 5 83 A ] 58 i b I 1 £ 4
T, 5 IR 3 B AL L, I Y B )
4 & »

AL T THIAR O 0BT ARG s, R T T
R S (19 = 1 XA A [R5 v R e S TR 1) ) R
HET G 2H A R B, R 3 7 T AR s A €6 DU T 44
R A 2 Bk 43 AT B 2R SR A R AN ASUA 32 48 LT ()
S, T HL 2B R T RO FR BRI RE . B, 38 AR Y
AT T LRI 7 IR A SR R BRAE TR A
R A RCPE. L SR T AR A MR [ 4 R B R
Y FE R, WZ A A 38 0T LA 43 BT Ly AR 9 7 3R 71 g
TE)RFAIE A R AR 531 2 B35 G, R R € DU THI AR I A%
SRIPBL v {1 oA 7 VR ) — R R (EZ AL R L
HUE T ik — 50 9T
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