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Abstract

In this paper, Friedman test is used to determine whether there are seasonal differences in air qual-
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ity in Henan Province, and regional distribution map of air quality in Henan Province is made by
means of dysprosium chart data visualization tool to study the characteristics of the annual changes
of air pollutants and three meteorological factors in Henan Province. Finally, Nemero index method
is used to explore the index that has the greatest impact on air quality. According to the content and
results in the article, this research method has practical significance. Through the research, it is found
that the annual variation of AQI in Henan Province presents an inverted “V” shape in terms of time,
and the overall AQI has seasonal differences. In terms of space, AQI in Henan Province generally pre-
sents a spatial distribution characteristic of “high in the north and low in the south”. The concentra-
tion of the six air pollutant indicators showed a decreasing trend year by year. Through Nemaine in-
dex method, it is found that CO has the greatest influence on AQI.
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KRICRHRAG RN AU BT R 5y, ABHPT 3~6 A &2, 6~8 HAREZE, 9~11 AAKE, 12 A~
REE 2 ANAZE. WAEE SR EAR PR, X2 R AT NN, o nlh: . Ry BETS
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Table 1. Ambient air quality standards
&= 1L MREESRERE

TR ETREAQI ARG AR
0~50 —% o
51~100 —R R
101~150 =% LI AR
151~200 Y% RS e
201~300 R HEEE Y
>300 NK G Yy

Table 2. Spring air quality grade of Henan Province from 2018 to 2022
% 2.2018~2022 FAFEEETSREFR

Fhy R LE AT S R SV R S
2018 7 43 4 0 54
2019 1 27 26 0 54
2020 19 23 11 1 54
2021 29 24 1 0 54
2022 20 27 0 54

Table 3. Summer air quality grade of Henan Province from 2018 to 2022
 3.2018~2022 FiNFEAEBEEFETSREFR

A R BEIGH G Y it 5878
2018 37 17 0 0 54
2019 29 25 0 0 54
2020 46 8 0 0 54
2021 40 13 0 1 54
2022 39 15 0 0 54
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Table 4. Autumn air quality grade of Henan Province from 2018 to 2022
3= 4.2018~2022 FENFEEMETSREFR

Ay R BEGY HREEIGY i it
2018 50 4 0 0 54
2019 37 17 0 0 54
2020 47 7 0 0 54
2021 46 8 0 0 54
2022 47 7 0 0 54

Table 5. Winter air quality grade of Henan Province from 2018 to 2022
% 5.2018~2022 FiNFEAEEFEETSREFH

4 p B REER REESR M it
2018 7 43 4 0 54
2019 1 27 26 0 54
2020 19 23 11 1 54
2021 29 24 1 0 54
2022 20 27 7 0 54
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Figure 1. Seasonal change charts of air quality in Henan Province from 2018 to 2022
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HIE 1A, WA TR REFETE R, &N ERZE, Ko T5 R
MEFMXTHEKERD, TAERE, B SAAE R FRESRAESEL T RGFRE.
XA 5AERE. ARKMFEREA R ETXAFEMZET AQI (WA 6)HE1T Friedman k4%, 153 p
RPN E, B EKE R 0.05, AR A SR ER SR ETTEZR. H MATLAB 4
F Friedman #5360 R B UME 1, B, E. XZFM AQI AMEZFE . Friedman A% & WLIA 2.

Table 6. Seasonal AQI mean value of each city in Henan Province from 2018 to 2022
< 6. 2018~2022 AR & S ET AQI 1E

Hu T & = K %
HEH 84 103 82 108
TrE 94 104 99 144
& kA 67 98 77 118
SPIRLL 80 107 85 122
2 72 94 91 132
Rk 73 99 76 112
Wz 68 83 83 133
IR 72 85 76 137
1FH 73 93 81 126
A= 83 95 91 128
bS] 73 84 71 111
=175k 72 78 89 125
FAFH 80 106 87 115
i . 73 75 80 107
LG 69 88 80 136
JAH 77 97 87 125
LG s 68 86 89 126
IR 67 85 83 114
| ST
2 )
5
il .
0.5 1 1:5 ; 215 3 3t5 4 415 5

2MARBESIR S HI B BAR

Figure 2. Friedma test figure
[# 2. Friedma 38 [&]
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2.2. BSRERBIFRENFE

T LF PR TR F A 18 AN T SR B A bR RHE, A SCIKIETRI E 4 18 M T 2018~2022 4 (1)
AQI X HIAT /b T AR RZE, ASORHEAN LT AQI MAFEIME 2 5 1E AR R I HT 26 &,
DG B G WL 22 T R 48 18 ANt T 2 U E A BB URHE . TEHHIAT RIS 3, 3% 7 HdERR T
2018~2022 4Fi 4 9 M ) AQI SEHI1H .

Table 7. AQI annual average value of some cities in Henan Province from 2018 to 2022
= 7. AR 2018~2022 ERoyithrh AQI EHIME

Ho Tl 2018 2019 2020 2021 2022
ZH 110.08 124.83 11358 105.08 101.33
O EE 94.25 111.33 101.75 100.50 98.92
GRR 89.83 114.25 94.00 101.42 101.17
A 98.33 114.92 101.83 99.75 99.42
¥t 97.33 109.67 99.17 97.83 100.17
% 89.75 112.83 93.17 93.42 96.42
S| 91.67 107.92 93.92 91.42 98.25
3 sl 92.42 106.92 89.58 88.00 95.00
SEIR L 93.42 105.17 89.75 88.58 94.67
WERH 99.33 112.25 102.17 99.75 94.67
130 130
. e . —=
= R g =i
& 110 PR 5 102 B
% 100 A kg % d 2
2 I x 8 ——{ZFA
90 T » e
% —e— I & ——5M
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4 RE 4 el
(@) (b)

Figure 3. Inter-annual variation line charts of air quality in 18 prefecture-level cities in Henan Province

E 3. ARE 18 MR Hm =S RENFRENITLE
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M7E 2019~2021 4E22 a], A EE L4 KA X B AQl BB N &%, B RMEZRHAL, % 2022 4,
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[BIARAARIE, A SCGREAZERNEBERM AN SR, ¥ 1 AEAXZSREH, E£H 2018~2021 M4 1
H 3505 GBI AE 23 18] B 43 A (L P 4), DA B8 7 i st 00 82 ) B 44 28 AU s TR 40 A o 35 8 B
R 2018 4F 1 A 2305 4 Il .

Table 8. Air pollution in Henan Province in January 2018

8. A 2018 F£ 1 AESTRIEN
Ho[X Hr AQI RS PM2.5 PM10 NO; co SO2
FRM 2018-01 145 B 110 138 54 1.3 21
i 2018-01 145 B 111 145 51 1.861 40
FERH 2018-01 154 G G 118 149 48 1.526 11
AN 2018-01 129 BREE Y 95 154 33 1.103 14
5 EE 2018-01 124 BREE Y 93 145 59 1.868 26
F)E 2018-01 132 BREEE Y 99 142 41 1.065 12
(B 2018-01 120 LIRS 90 134 10 40 1.161
‘%A 2018-01 164 RS 129 171 53 1.952 33
[l 2018-01 146 BEEY 111 159 1.268 12 44
= 2018-01 141 BREG G 106 140 43 1.335 25
Tt 2018-01 144 BREE Y 110 139 43 1.345 20
R 2018-01 146 BREE Y 112 163 23 50 1.945
pEST) 2018-01 147 BREE Y 111 157 43 1.09 12
1% BH 2018-01 130 BREE Y 96 147 49 1.59 23
HERH 2018-01 150 LY R 116 145 46 1.558 19
aR=] 2018-01 153 VRS 118 152 44 1.439 20
SETL 2018-01 146 B Y 112 154 1.139 20 43
e 2018-01 131 B E G Y 99 147 61 1.655 23
2018 FE1 AWM EE TSR ES M E 20194E1 A A ERED K
TR
gem BED =
FKigm BT LA
- HBMH A BMTH  FHH
SNBT e BES BE
WEamh
R FRUD g AT X LJ2ls
= <100 | <100
100~150 FEm 30 100~150 2o
150~200 150~170
W 200~300 B 170~180
H >300 &mm W >180 Em
BRRAE b Bk y S

(2) 2018 4 1 JJ 0T p 4 2 AU s St 1 2 18] 231 B

(b) 2019 4 1 JI [ g 48 25 U 5 et L s 18] 7 A1 1

DOI: 10.12677/sa.2024.134155

1566

G5t 5 R


https://doi.org/10.12677/sa.2024.134155

VKRR 55

YA EE 4L 2R A bd 20211 A EEESRESTHE
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BMT D & BMH FHD
=SNG e SEm SNRE g BED
#am #Famh
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X 5 E 1 L mam AR X 58, 551 SHEU =g AAD
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Figure 4. Spatial distribution maps of air pollution in Henan Province from January from 2018 to 2021
& 4.2018~2021 FiHFEAE 1 A=SIERIERZ=E S HE

MR AEFERT, T8 AT (2 R R AFAEZE T . — S8 TabAIR . N Vs SR T . Aol
VFESEH, MR EMANEZE; T ARKOMSE . Tlys BB BT, SR BE S A,
Hoas s B AR BT

M 2018~2021 ST 1 A AR 3530115 23 5 Gt DL AR A 2019 4] g 8 A7 48 585 e Xk,
HAR A P LTS Y XA 5 BB . 2019 SR 05 B OUBON 0 8L AR AU R BON R AF, T8
PR AAR JEAE &R 5 G ™ #2020 47, AQI A b B I AN AR AL 17 PG P S8 ol /N B AR A ARFAIE - B2 S0
EMRACIA VG R IB AL 4 . 2021 4, AQI RILZRALH LA A PU I i %, PHALHS LA S AR B 2 AU B i R
FPRAL, SRR, TR S SRR RS SR B “ e AR 2 R A R A

BEAh, BT NG G BL R =R R AR I Z 11224, ASCR 2018~2022 SEA 5 R LI =F'S
FIUZ AL I 2, DAL SN i 0 52 AR R AR S DL o NS G A S =Rl SR R & B
AR 5 FraR. 2% 9 ML 10 J7R 1 PM2.5 Al PM10 =P 11H .

Table 9. Quarterly average value of PM2.5 in Henan Province from 2018 to 2022
= 9.2018~2022 £FiMEE & PM2.5 EE Fi9ME

& = K £
2018 43.11 31.65 50.63 91.67
2019 46.94 28.11 49.54 112.39
2020 40.15 27.35 50.96 90.94
2021 37.41 23.63 45.70 68.54
2022 35.37 22.13 47.13 84.22

Table 10. Quarterly average value of PM10 in Henan Province from 2018 to 2022
7% 10. 2018~2022 £FiAEAE PM10 Z=EF{E

# 2 & S
2018 80.57 61.00 87.81 134.59
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2019 97.19 58.48

2020 84.17 55.30

2021 56.33 47.83

2022 63.35 47.17

92.44 14591

90.35 112.59
78.93 101.50

79.72 116.41
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Figure 5. Plots of six pollutants and three meteorological factors with season variation
5. AMISEMAR =M KERMEETERE

HE 5 rTLEH, 42, CO &E, Osifk. £EZE, NO &k, Oshifs. WREARNE KimZ!
(K PR AR S RN B (AL B, 25 50 1 OB SR RN IR LA =, 85 O3 IR /E B Bk . TR GE &
B mfaE, MKEEESRHENZ, XFE/D, BKERZ, S ERE, REAERESG
PIEER . PM2.5. PM10. CO. SO, HITEFRIK ELE 2018~2022 £ 2 [R] MK B N R Ay,  dytny Wi
B BARZSS i R LR e A R .

3. eSS REXWERSH

RERFCIM A 2SR BRI, R @ A SGE S SRR, A SO 8 AR i R R AT
ST
3.1. FEXSSEMBFRTRHE

KGR T R 2R R PR AR RFAE , ASSCHH R 2018~2022 I e A AN AN TS e R E (0
% 11), FLHIBITLE, EINEWHAE B A SRR ERR AR . BT SO, A1 CO #ufd 5 HoAh AR
EHEERT R, KB H], i AR AT . RS R AR E R L 6 B
7N, CO PLK SO, FBrZE WK 7.

Table 11. Annual average value of six air pollutants in Henan Province from 2018 to 2022

%2 11. 2018~2022 SR E SN MAS ISR FHE

2018 2019 2020 2021 2022
PM2.5 54.26 59.17 52.35 43.82 47.21
PM10 91.00 97.93 85.60 71.15 76.66
CcO 4.39 4.65 3.58 3.19 0.71
SO2 16.95 14.23 12.03 10.71 8.47
NO2 29.82 26.86 24.85 22.25 24.99
Os 103.07 108.65 102.88 101.18 108.08

P 6 FIfE 7 T EEH, CO Ml SO, fRARIk EAE 2018~2022 FFHeAk R s, BB E 2
Ji R IEAE M B RS K R, T Os At NOL WK FEAE TLfE N IR #a %y, PM2.5 Al PM10 WKk EAE TLAE N B
PN, (HERSRUAE TR, AQI 23S FEE e 2019 4R ETHe, TiH 2019 4EJ 4 4° A it B R Ak A
7, MJE=4 AQl N, VA= UREAL, SAHEN, HESREZENERNREZEE 2019 F4
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Figure 6. Inter-annual changes of major air pollution indicators
B 6. FERSISHIEIRERTH

S0, co
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Figure 7. Inter-annual changes of CO and SO
7.CO AR SO R

32. WEAEHSKEARSXSISHIEXEST T
T+ AQl. PM2.5. PM10. SO,. CO. NO, fl Os Ftdft S AR AT AR MIERS 2041, MR ST AQI

55 IR 2R AH e MG 36 B (L 2 12) 3% ] Spearman [6]FkAH IS 3618 78 AQI FIly5 4edy 2 18] () 5% 2 (WL 141 8)
A1z H python FAF 0T R bR A ¢ REAR T B a7 R, 19 thigs Rl 8 prs.

Table 12. Test data of correlation between AQI and influencing factors (part)

= 12. AQI SRNTE FAE X AL HAR(FRY)

[} 2 CRE g

AQI PM2.5 PM10 co S02 NO2 O3 R LBES Rk 5
74.76 43.11 80.57 5.09 14.99 27 105.8 16.85 5.61 184.23
92.13 31.65 61 3.64 10.02 19 114.89 27.58 477 369.93
83.74 50.63 87.81 6.7 16.56 35.87 137.72 15.76 4.35 131.43
123.22 91.67 134.59 7.58 20.78 37.4 120.52 1.75 4.94 41.16
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gk
89.76 46.94 97.19 5.07 12.32 25.71 101.09 16.61 54 82.86
100.39 28.11 58.48 3.79 8.21 18.93 107.3 27.26 4.63 400.38
92.89 49.54 92.44 5.96 13.05 30.76 66.46 16.43 434 129.09
147.69 112.39 145.91 7.25 16.23 37.18 157.63 2.48 4.34 36.6
85.06 40.15 84.17 4.62 11.56 24.34 65.56 16.88 5.41 108.78

ISR E TR R SR REAR R

AQI

00 PMI10 PM2.5

= b
= 038
o' 041
o 023
m
E
=
= 0.8
o
%
o

|
AQI  PM25 PMIO 00 o) o, R R KR

Figure 8. Correlation coefficient diagram between indicators

E 8. feiRiEtEX RHE

HHE 8 AT LAMZE H AQI S5 NFhi5 e UL =Fh IR R Z BRI AHC 5%, AQI 5 PM2.5. PM10 ]
MAERBOZIER T 05 UL, WHHE PM25. PM10 iM%, HE=MAGHEEENMILR. ¥
— T AR R R R S H KRG R A R, PM2.5, PM10. CO. SO, NOp. Oz ¥5 =
PR R BAASS, TG R0e b2 (B2 EAHCOC R, 1 R P K & #2102 AU DR R

AHIAE 2 A 4 SRULEH, VAT R 44 R i R A A4S /S TS Jed VR FE R I, T A4S 2o = AR
NI SRR, TS MRRE. FN, KRKISIERISEDIRERIC, s
THRRE. BKERZ, 5RVRERSEIC Bk, WRIEETSRESLE LT,

33. BRRMESREXWRANER

NIRRT T FREP W HRKIE R, ASCRA WD IEE0EA7], i 07 e H0E MR & 18 H0E
5 R MR S B K R b, AT S BT i 4 T e O SR A AR A M, ST e R AN W
U R R

WG A TR, B EENTS R RIEERRE, B P LK P SRR LRETS RIE,
R DA 715 S A HOT SME AR L, 75 P, WRANTEARXT NI P oK, T Ui B %R bR R AR BEOK
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Table 13. Results of the Numero index method
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