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Research on Air Quality Prediction in Heavy Polluted
Days in Handan

WANG Yanlin, LI Nu, WU Lifeng "
(College of Economics and Management, Hebei University of Engineering, Handan, Hebei 056038, China)

Abstract; In order to effectively predict the air quality indicators of heavily polluted days with small
sample size and discontinuous time series, The data grouping GM(1,1) model with fractional order ac-
cumulation (DGFGM (1,1)) was used to predict AQI and the daily concentrations of PM, s, PM,,,
NO, for December 28, 29 and 30 in Handan. The MAPE of the AQI, PM, , PM,, and NO, predicted
by DGFGM(1,1) model were 2.89%, 3.28%, 3.83% and 3.23%, respectively, indicating that this
model has a high prediction accuracy. The prediction results demonstrate that under the current govern-
ance measures, the occurrence of heavily polluted days is still inevitable, and the concentration of some
air quality indicators will increase rather than decrease. Except for the daily concentrations of NO, on
December 30 during 2018 to 2019, the concentrations of all air quality indicators exceeded the grade 11
standard of Chinese Ambient Air Quality at other times. Local departments should pay attention to the
prevention and treatment of extremely heavy pollution days, so as to comprehensively improve the quali-
ty of atmospheric environment.

Key words: the data grouping; GM(1,1) model with fractional order accumulation ; Handan ; air qual-
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Tab.4 The fitting results of AQI predicted by
DGFGM (1,1) and DGGM(1,1) model

N DGFGM DGGM
S oL N CRIY S RNy o
2014 222 222,00 222,00
2015 240 239. 88 241.96
2 2016 239 237.47 234.92
2017 226 226. 00 228.08
2014 238 238.00 238. 00
2015 312 288. 79 288. 79
2 2016 243 289. 33 289. 33
2017 313 289. 88 289. 88
2014 213 213.00 213. 00
o 2015 243 242. 94 243. 06
2016 256 256. 00 255.72
2017 269 268. 93 269. 04
MAPE 2.89% 3. 12%

Tab.3 The values of AQI, PM, ., PM,,and NO,on December 28th,29th and 30th (from 2014 to 2017)

H i AQI 25 SR PM,,/(pg-m™) PM,,/(pg-m™) NO,/(pg-m™)
2014/12/28 222 T Y 150 323 71
2014/12/29 238 EVEREE 193 305 73
2014/12/30 213 S Y 164 302 77
2015/12/28 240 5 190 311 67
2015/12/29 312 JEEE G Y 251 409 88
2015/12/30 243 GRS 181 314 77
2016/12/28 239 EE 5 179 309 69
2016/12/29 243 GRS 195 309 77
2016/12/30 256 GRS 205 302 70
2017/12/28 226 S Y 175 245 82
2017/12/29 313 PR I Y 262 353 96
2017/12/30 269 EVEREE 223 317 76
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Tab.6 Fitting results for daily concentrations of PM, ., PM,, and NO,
PM, , PM,, NO,
Ay 4E N DGFGM (1,1) N DGFGM (1,1) N DGFGM (1,1)
Fk B fk WA B
2014 150 150. 00 323 323.00 71 71.00
2015 190 188. 90 311 317.57 67 64. 84
2 2016 179 181.20 309 288. 62 69 69. 80
2017 175 173. 82 245 254.47 82 80. 88
2014 193 193. 00 305 305. 00 73 73.00
2015 251 207. 30 409 374. 68 88 77. 60
2 2016 195 230. 13 309 342.27 77 85.43
2017 262 259. 13 353 322.72 96 95.34
2014 164 164. 00 302 302. 00 77 77.00
o 2015 181 181.24 314 304. 96 77 76. 43
2016 205 204. 53 302 310.37 70 76. 15
2017 223 223.08 317 316. 89 76 75.97
MAPE 3.28% 3.83% 3.23%
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H i PM, 5 PM,, NO,
2018 166.73  221.88  98.57
28 2019 159.93  192.98  124.76
2018 294.49  309.53  107.25
29 2019 337.02 299.67  121.34
o 2018 237.62 324.21  75.84
2019 249.03 33224 75.73
340

- 12H28H
~12H29H ;
300 = 12A30H LM <> i

b

D

(=
T

[(ng'm?)

52201

PM

1801

140 ' ' - '
2014 2015 2016 2017 2018 2019

4
3 PM, 5 H e B2 A S0 {5 T {1 Fr) A A 34

Fig.3 Trends for measured and predicted value

of daily PM, sconcentration

430 i +12H28H
- 12H29H
400+ +12H30E|

SeB <> B

150 : : 5 :
2014 2015 2016 2017 2018 2019
Gy

P4 PM,, H B2 A9 Sl {E -5 B {E i 28 fL A 4
Fig.4 The change trend for actual value and predicted

value of PM ,daily concentration

7 2018 i1 2019 4Ef 12 H 28 .29 F130 HAY H Y
W B R B v T AR E PR B, 28 H Y H 3k L )
R H 2 29 F130 H i H ¥ He i B irsi ks
(), PM, s 915 Bl EH A SR A 5 55 PM, S A [A],

130

-~ 12H28H
| --12H29H
120 - 12H30H

SR <——> B

L L I L
690]4 2015 2016 2017 2018 2019

KIS NO, H e i Sl e Tt e i A fe 34
Fig.5 The trend for the measured and predicted

daily concentration of NO,

PM, 7 2018 1 2019 4F (%) 12 H 28 .29 f130 H Y
H 27 i A, 4 30 R R 32 A A, (B TR B I 2 A 28
129 H R BB S B0 R Fta s, H.30 Hik
FETHR AN, RN A R4 M PM 2
FRPEAAR s NO, HLTE 30 H AR B AR Fhs o B L
RGNS T RS R TE 28 F129 H MMk E 2
BESR BRI AN AR V5 Y SRR T, Y
AU T 25 50 /R, FE A TR L) T, & 1015
YWk AT SRR R T SR RIVE T, (45 AQI J& i
R, o A S i BV e RS &

PM, Fll PM, o J2:25 3 (1) £ 2275 el , PM, ;1] fifi
W i AR, B A — R 51 (499 4 PM o i
KRR AR 25 A0, 237 F BRI RE UL B2 T 9 K5
YLl s NO, TS Y5 m 31 & AR 25 /N, NO, & —
YR UKL AN AL 25 15 Y ) 1) 3 B2 AR, 2 AR
TWRIGREE N, PM, 5 PM, NO, TR AEIA 8K
P, 23 AU AR MEPR T . MR AR A% I Y
Wy B) A A A B2 RIS YL i 28 2 B
B AR SO 45 S F B

3 #Hie

X 18] W a0 B8 0, AR SO R B T — A B
e J5UAR i 1] P 51 B [6] 48 2 1) 37 R o A LA JSEAS g
[Fa) 4 £ 7 2] S0 K530 A /> w52 S5 (R T SR
AT OL T, AT AR At B [ 2 32 4R 550090 =22 18] A
WU, EAT 4L, A AT O N 1) e B AT O
Wy GM(1,1) BERIAR LLAZ SR GM (1, 1) BETYBE
TE SRR B 5 e T A B, B A A 5 TE
Bl A B GM(1,1) B8, DGFGM(1,1)



514

F AR PR 75 g H 2 s i B e 97

BTN v Al 1 4 K 0 T ASE A 5 28 K i A A AR
FVELREE 7% 207 1 109 JR B, 5 €8 T 0 14 1o
FHYG Y™ Ji 21 58 2 Fh 2 A st (] 471

HFIFH DGFGM (1, 1) £ A {5 (%) AQI, PM,, 5,
PM,, fl NO, i) MAPE 4 % % 2.89%, 3.28%,
3.83%F013.23% . pILTT WL, DGFGM(1,1) 57 H.
AR AP T M e, O 23 BT e A H VR B A S
AL TSNS

TNEE SRR YA T, E TS
YURSIN R A ATIRAT] bt b, A5 275 YL ik i AN
R STt A AE K B AR B G 00 o B R S T HB
(A 25 AT AR R U AR AN T B T, A OGS 1T 4TS
T X H RS Y RSB A, AR SC R I 45 2w
R A BRI A i 1 G R AR K A B A R S A
WHEIE R TAERME - m, RAH
Ak A AR g 15 Y R AR B A, 28 R A B 1S
DENTR &

S 3k

(155 Be RIS 4Bt A8 i1 %I [ EB/OL]. hutp://www.
gov.cn/zwgk/2013-09/12/ content _2486773. htm. 2013-09
-10/2020-03-13.

[2]CARBAJAL-HERNANDEZ  José Juan, SANCHEZ-
FERNANDEZ Luis P, CARRASCO-OCHOA Jests A, et
al. Assessment and Prediction of Air Quality Using Fuzzy
Logic and Autoregressive Models [ J]. Atmospheric Envi-
ronment, 2012 60;37-50.

[3]FENG X, LI Q, ZHU Y J, et al. Artificial Neural Net-
works Forecasting of PM, 5 Pollution Using Air Mass Traj-
ectory Based Geographic Model and Wavelet Transforma-
tion[ J]. Atmospheric Environment, 2015, 107118-128.

[4]SAM Q D, MOHAMMAD I P, LALIT D, et al. Applica-
tion of Computational Intelligence Techniques to Forecast
Daily PM,,Exceedances in Brunei Darussalam[J]. Atmos-

pheric Pollution Research, 2017, 9(2) :358-368.

[STAFEm, ¥t . B T IPSO-ELM 5 4% f) 25 /< 5 ek 5101
[J].EER A 58K ,2017,40(S1) :324-328.

[ 6] WANG Jianzhou, ZHANG Xiaobo, GUO Zhenhai, et al.
Developing an Early-Warning System for Air Quality Pre-
diction and Assessment of Cities in China[ J]. Expert Sys-
tems with Applications, 2017, 84.102-116.

(712 W, Bt R0 , 55 6 T3 B TE 2 > 1Y SCH¢ 1)
LA TG P AR B LR [ ) ] R 5 U,
2018,38(11) :1296-1306.

(815K flf, £ MY, FHed, 55 T MGWO-SVR 2 S i it
L) ] R 92 S IA, 2018 ,48 (08 ) : 159-165.
(9] & i, ke Je. Bk T tE A iy > Bk e 4 28 Uit

T L) ] BB R 74k, 2019,42(01) < 61-67.

[10]HAO Yan, TIAN Chengshi. The Study and Application of
a Novel Hybrid System for Air Quality Early-Warning[ J].
Applied Soft Computing, 2019, 74.729-764.

[ 42, RERE IR BB IE GM( 1, 1) BEAUTE 25 U
N PR R L) ] R R, 2009,27(07) 1 779-782.

[12]WU Lifeng, GAO Xiaohui, XIAO Yanli, et al. Using
Grey Holt-Winters Model to Predict the Air Quality Index
for Cities in China [ J]. Natural Hazards, 2017, 88:
1003-1012.

[13]WU Lifeng, LI Nu, YANG Yingjie. Prediction of Air
Quality Indicators for the Beijing-Tianjin-Hebei Region
[J]. Journal of Cleaner Production, 2018, 196:682-687.

[ 14]WANG Zhengxin, LI Qin, PEI LingLing. Grey Forecas-
ting Method of Quarterly Hydropower Production in China
Based on a Data Grouping Approach[ J]. Applied Mathe-
matical Modelling, 2017, 51.302-316.

[I5]WULF, LIUSF, YAO L G, et al. Grey System Model
with the Fractional Order Accumulation[ J]. Communica-
tions in Nonlinear Science and Numerical Simulation,
2013, 18(7) :1775-1785.

[16] KA it W6 23 Bt 45 %0 AQL_PM, 5 Iy 5 %4
[ DB/OL].http : //www. tianqihoubao.com/aqi/. 2020/3/
13.

(DL EAH)



