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Abstract

Air quality has always been an important issue for people, especially with the rapid economic de-
velopment brought about by the environmental effects can no longer be ignored. Based on the ap-
plication of fuzzy comprehensive evaluation method, this paper takes 13 prefecture-level cities in
Beijing-Tianjin-Hebei as the research object, takes PMy, SO, and NO, as the evaluation factors,
further determines the air quality evaluation set of Beijing-Tianjin-Hebei city cluster through the
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environmental annual report data published by each prefecture-level city and the ambient air
quality standards, and determines the index affiliation function as well as the weight set based on
the data, and makes a comprehensive analysis of 13 city clusters in Beijing-Tianjin-Hebei The
comprehensive analysis of the ambient air quality of 13 city clusters in Beijing, Tianjin and Hebei
from 2016 to 2020 was conducted. The results of the study show that the overall trend of pollution
level in Beijing-Tianjin-Hebei prefecture-level cities in 2016~2020 is positive, among which Bei-
jing in 2016 its pollution level is heavier after a series of policy measures to adjust in 2020 in
terms of pollution has achieved results. According to the weight of the three pollutants shows that
is the main source of pollution in Beijing-Tianjin-Hebei prefecture-level cities, the overall urban
clusters show a decentralized distribution of pollution levels. The results of this evaluation can
provide a useful reference basis for the subsequent pollution prevention and control for the Bei-
jing-Tianjin-Hebei city cluster.
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AR BRI B b (GB3095-2012) Hkt K75 Yel B4 Ay —AULHI(SO,) . —AULE(NO,). —
AMAKR(CO) RE(Os)s FTIRATIRIYI(PM, 5+ PMig)o A SCEIL (L 13 2432117 1) SO, NO,-
PMyo = 25 5L 2021 4 AT AE 0 O GeROLEAT VY, S Tiiis Refapn (B 5ok B %
W AR ER L AR

AR S5 B IR VR I O A U PPN IR P42 U = {uy, Uy, U, } = {SO,,NO,, PMyq }

3.2. BV EE

MRS AL SE 13 AN HBZR TS G IR AR E DL ST A B BT e, 1 8 RS PP AR

V= (U, VeV, } = 0,00, 10 AR PR 505 v B FAR SR 2 R B M (L2 1),
Table 1. Ambient air pollutants and the corresponding annual average con-

centration limits (ug/m°)
=1 RS ST R X R A P8R B BRAE (ng/m®)

WRERRE
TSP ZTR BN
I % I % M
NO, LY 10 50 90
SO, Y 20 40 80
PMyq Y 40 70 100

33. AEREBEH

HRPEZE 1S 4P IR B BRA S R B L LSRR L A3, 57 SO, NOpv PMyo I =S B8
#:
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3.4. MR IERIZERE

R 25 2 1T 2016~2020 4 A IS AR BEEXMEMIEBAE, VR85 BB bR BRI LD 2
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Table 2. Beijing-Tianjin-Hebei prefecture-level cities 2016~2021 air pollutant index values (ug/m?)

5 2. FURE MR 2016~2021 KR ITLMIEFFE(Ly/m®)

i Fh PMyg SO, NO,
2016 97 10 48
2017 84 8 46
[ 2018 73 6 39
2019 68 4 37
2020 57 4 29
2016 108 21 48
2017 93 16 50
T 2018 77 11 43
2019 80 11 42
2020 69 9 39
2016 147 39 58
2017 135 29 50
fRE T 2018 109 20 43
2019 102 14 40
2020 87 11 37
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2016 109 36 47

2017 105 31 47

W 2018 97 22 39
2019 90 18 39

2020 83 11 32

2016 82 17 35

2017 81 17 35

R 2018 71 12 31
2019 63 14 32

2020 56 12 31

2016 151 42 54

2017 153 37 51

I8 73 2018 124 20 39
2019 121 15 38

2020 99 14 35

2016 143 30 45

2017 134 19 40

K T 2018 9 13 31
2019 98 13 33

2020 84 12 31

2016 111 18 51

2017 101 14 48

iR T 2018 91 10 43
2019 86 8 39

2020 77 8 36

2016 88 28 47

2017 82 26 49

ZE B 2018 74 19 41
2019 74 19 42

2020 64 15 34
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2016 163 41 57

2017 150 33 54

AFET 2018 122 21 45
2019 115 17 46

2020 97 12 41

2016 128 46 58

2017 118 40 59

JET 2018 101 31 51
2019 102 22 50

2020 90 18 46

2016 144 52 61

2017 146 38 56

& 2018 123 24 46
2019 112 19 45

2020 93 15 37

2016 83 21 27

2017 69 16 25

KK M 2018 57 13 21
2019 61 11 22

2020 55 11 19

PLIE R T 2016~2020 4F =F K5 G4 bR e a6, B BRIERE R, Wk 2 TR SCEUEARN R

JERREL A3 BB R, DS KRBT (MK 3)

Table 3. Beijing 2016~2020 fuzzy matrix
F 3. JbT 2016~2020 FARMIKERE

2016 4F 2017 4¢ 2018 4F 2019 4¢ 2020 4£
1 0 O 1 0 0 1 0 O 1 0 O 1 0 0
R={0 08 0.2 R=/0 085 015| R=|0.05 095 O R={0.15 085 0 R=|055 045 0
0 01 09 0 053 047 0 09 01 0 093 0 043 057 0
35. HERER

FR A IR 25 Mgl T AR SR SR UG e, R I BUR T 55 R B R 4R 50 bR, AR PR TT A0 ) SR A5 i S
24T 2016~2020 HEA AR LS EE. (W& 4)
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Table 4. Set of pollutant weights for Beijing-Tianjin-Hebei city cluster
4 REEPEMESRINEESES

i (PMWﬂ gi;):% NO,) s (PMJXQEOZ% NO,)
dbsen (0.29 0.3 0.41) 2 i1y (0.30.330.37)
R (0.310.30.39) AR 0.340.310.35)
e (0.38 0.32 0.31) JE 1Ly T (0.330.33 0.33)
W T (0.30.27 0.43) & T (0.45 0.25 0.3)
AT 0.32 0.35 0.33) WK O 0.310.310.38)

H 5 77 (0.40.30.3) JBR 5 T (0.330.30.38)
KT (0.410.27 0.32)

3.6. IEMEESTEN

TRAE 3R B sR i ST B 2 70 X V5 PR AR 5 14 AN TT ORI REFE HEAT 2 A8 5, &K
3 J T SR A5 B A T A SR R A B, I TR A B s S [ b 4 T RS [ B S SR AR A
(W7 5)

Table 5. Beijing-Tianjin-Hebei city cluster comprehensive evaluation matrix and air quality level

5. FEHEHHHESITINEMRRESRERF

it A LRA VRN R AR
2016 (0.29 0.24 0.369) m
2017 (0.29 0.255 0.19) I
Jenti 2018 (0.29 0.369 0.041) I
2019 (0.29 0.354 0) I
2020 (0.29 0.233 0) I
2016 (0.226 0.24 0.39) m
2017 (0.264 0.225 0.3003) I
R 2018 (0.3028 0.3003 0.089) I
2019 (0.3028 0.285 0.1287) I
2020 (0.310.37830) I
2016 (0.1064 0.2736 0.31) I
2017 (0.2014 0.24 0.31) I
PR 2018 (0.2850.297 0.31) "
2019 (0.3420.32 0.31) I
2020 (0.3724 0.272 0.32) I

|
>
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2016 (0.105 0.2241 0.43) I

2017 (0.144 0.2241 0.43) I

WM 2018 (0.21 0.2565 0.387) "
2019 (0.24 0.1419 0.2881) I

2020 (0.294 0.245 0.1849) I

2016 (0.2656 0.2625 0.132) I

2017 (0.2656 0.2625 0.1221) I

FRAETT 2018 (0.304 0.3201 0.0099) I
2019 (0.288 0.2541 0) I

2020 (0.304 0.1925 0) I

2016 (0.08 0.32 0.30) I

2017 (0.132 0.268 0.30) I

HEER 77 2018 (0.30 0.285 0.30) "
2019 (0.352 0.27 0.3) I

2020 (0.36 0.225 0.291) I

2016 (0.205 0.2349 0.32) I

2017 (0.3198 0.27 0.32) I

KT 2018 (0.3813 0.1485 0.2784) I
2019 (0.3813 0.1755 0.2976) I

2020 (0.3895 0.1696 0.1504) I

2016 (0.264 0.219 0.38) I

2017 (0.297 0.24 0.38) I

JERY5 i 2018 (0.330.279 0.266) I
2019 (0.330.285 0.2014) I

2020 (0.330.2926 0.0874) I

2016 (0.165 0.2706 0.222) I

2017 (0.18 0.2574 0.148) I

RELT 2018 (0.234 0.3234 0.0481) I
2019 (0.234 0.3219 0.0481) I

2020 (0.264 0.296 0) I
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2016 (0.0782 0.2618 0.35) I

2017 (0.1462 0.2015 0.35) 1T

FFFET 2018 (0.2483 0.2728 0.35) m
2019 (0.2822 0.2635 0.35) I

2020 (0.323 0.3038 0.315) I

2016 (0.0330.297 0.33) I

2017 (0.0825 0.2475 0.33) I

JE T 2018 (0.1584 0.2409 0.33) "
2019 (0.231 0.2475 0.33) I

2020 (0.264 0.2805 0.2211) T

2016 (00.4275 0.30) I

2017 (0.135 0.315 0.30) I

i S=NiF] 2018 (0.2925 0.2125 0.30) 1T
2019 (0.3465 0.2175 0.30) I

2020 (0.3915 0.2125 0.231) I

2016 (0.2263 0.2166 0.1634) I

2017 (0.2635 0.3686 0) I

kKM 2018 (0.2945 0.2166 0) |
2019 (0.3007 0.266 0) I

2020 (0.310.190) I

MRS R 735 & M 2 7T BRI B 52 AT A 258 5 ISR A PPN AERE, AR S K SR R T U o
P A I SRR, WEEAR F R & 2 AR 8 T A DGR TR R S AR 255 VPN R 1 25 SR
7~ 2016~2020 4 ) 2SR B BEAAGE L, 2016 FEEAE AL T AR E R 3 WR IR E K R i
X IR e bl o) 8 E R D B AL, WEEAS R IR R TS AR BEE R AKRE, FEEIH LA P
ML, AR Ak m” s, b ms R E SN ER, RS ARERL, M
i B SRR SR R, AR I TR U R A AT AL B B T S AR BRI SR S A o HE A
(W% 6)

FIFH matlab B % 2 1 T 46 K05 B FE bR B A S T ARG I 24T — R AR 2 ab 28, IR H
SPSSAU A5 #4331 5 38 K- M 2] T 7E 2016~2020 47 [B] 75 Y 3454k (I 1) 1) DA R 35 2 7 8] 35 Y e i
He BT
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Figure 1. Pollution composite score trend of Beijing-Tianjin-Hebei city cluster 2016~2020
1. RUREHEHES 2016~2020 Ei5REE BN HEHE
Table 6. Ranking of Beijing-Tianjin-Hebei cities in terms of overall assessment value and pollution level
6. FRHEEHHES TN ES SREEAR
2016 He# 2017 & HE# 2018 = He# 2019  HE# 2020 % H&
Jbxt 30.4889 13 26.6408 13 22.3561 13 19.8521 13 16.7677 13
K 39.3207 10 32.8457 10 25.6176 10 26.1288 9 22.3455 9
R 55.4823 5 45.4151 7 34.3259 5 28.4948 7 23.8771 8
Mol 41.1705 8 36.773 9 27.937 9 24.2126 10 17.2126 12
g 46.1704 7 45.7395 5 38.6497 2 36.2763 1 32.1865 1
HIS £ 53.8508 6 49.7558 4 32.1913 7 27.8513 8 24.6047 7
fi57k  55.5168 4 45.6294 6 32.5473 6 33.1989 3 29.3469 2
|[$7%i) 32.5096 12 27.9387 12 23.1344 12 20.5572 12 19.1756 11
ZEH  40.5389 9 38.7456 8 31.4013 8 31.5993 5 25.9297 5
FAXRH 59.9346 2 51.5202 1 37.363 3 33.2422 2 26.3336 4
BT 55.9221 3 49.9187 3 40.0882 1 32.7124 4 27.8185 3
e 62.4065 1 51.077 2 36.624 4 31.4763 6 25.4864 6
K&K 35.9564 11 29.3628 11 24.1725 11 23.9808 11 22.1725 10

MFE 6 HUHIEEIRTTER G VR E LUBO L HEY R s SO0 NOgv PMyg {5 5N ARG bR, IF
HAEGEEVROME o+ =AM R EAT IS R 44, G PI B s R TS Qe B, N R R B9
SRR, WEEMORTE AL AT AE 2016~2020 4 (8] 5 HoAtuth 2% i AR b5 SR FE R AR 2016 4R & i T 4
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FEEERL T, 2020 SF/RIEB TS AR AN B SR — RIS G s fE LA /™ mEH A ERE, X 13 4
M2 T AEAT SRR T I BT Qe T TVF 25570, AR 5 SRR TS R MUE 2T RIS R B B A 5
TS5 17T, JFHAR G e 2016~2020 S RG RFE AR MR K, £ EfRE Lisdf g 5 Hast Kk
FEFZABAREAR RN, MIEAKRT B2 75 e FE A IO 73 0 R R R ety (s — e R
HHGRRER EIIEL.

FUREAI TSR A TME ST PR HEA B, BRI AT HAh S i M0 5 B35 S IRE I, b
W NE S E R, U R IR, BRI AR e T A 17, 8K =s Jer S Bia Js i
Hig Qe EBORIE TR S HR, ARG THKRBOR)E, NMAR IR RS, FFAE i AR
7 THHE OB BRI 4RSS RUE T R bRt RN AL KR, AR THRE , AERUREERR
REE SURE R € S5Y S I el R S R P N R (1) B s N e a8 &4 P PR Sl Pl L e O Y e o
AL 11 AR 52 2 Tk R R R K5 R By ™ B, CRUARERR G 1A E, 23
b PR A AN Tl e R 75 Gl LMARAS |- 243

ML T 075 R AR IR, NO, {5 YA B ™, fE AU SR SE R R E A S A A A,
SO, {5 AN N FERR R EHE. AN PMy. SO, 5FIRMH IR EIA —E R R, FEHEBIRTA SR
WA EER S 5 A, R Z AR A PR R T el i, RS TE BE—
SRAHELZ RN E A, SEOLDKISCZ [AHRRTIGG . Shas Al FEHES) & VE SRR A b SC Bt b A K g

4, g5ig

e, MMSCE LR RSO ERE, AR TR IRNEARIN AT, BURtHEESE 13 M
PN TERT R, R 2016~2020 4 IR Ui AT SR G 0 e JLUG, BT SCE A P A AN LS
Ry ARICR LR G PP IE X S AM LU T R TG RAE M, S5 R BE S D9 Jm B0 T A 3
HE S B BTG SO - 251K 8 .

AR WIRSER & PRI AE X5 Gl LA RIS 5 RAR B, A2 BN T 7 T AR SRR
X 18 AT EHE AT IR T EATE AL . BEBIZR A TEANERERE X XE LA R R B aE AT A B, il
HEBE — E PR HER AT VR, ASSCEAE AR B R G BT AR, IR R 4 R
RO P SR BEAT AT, 5 SERRGE R AT REAFAE —E 2%, 55 £ T E AR 2 Fhai 6 oF
WITEAT SR IE ], 2 — DR SRR K HE A 1
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