W % B 3 W44 BT

( HUANJING KEXUE) ENVIRONMENTAL SCIENCE 202346 7 A 15 H

H &

T3 R 2 A0 5 7\ ) R P (i B T DA 25 . DA BT BB R O] v vvveveemeeme et
....................................................................................... B, INEE, BEE, ZRY, BEX, THY, KFE (3627)
T ARG E A7 3 4 5 R TS BRI TR AR v vve e e s, ER, BEE, Kk, GED (3637)
IR T TR T P AT BTG T TG I I e ovvevvereeereesmeemm e HRY, Qﬁ@ HH, BEE, PR (3649)
ST I MRREHLARE T T O, JRHBR oo EaF, WA, EWA, D4, KEE, FAE, R0 (3660)
SO 2 ) S TR AT oo KEE, ok, Kbk, Wi, 240, B, BE (369)
T WRF-CMAQ/ISAM BRI IARTT 2 O, SRURMRHT --ooeeveeeeeeeens TR, 284, BAA, #E, ﬂm% MK, HEX (3676)
T YRR R TR SR LRI - voevreves e kebZ, wHA, BRI, B, KER, THF (3685)
2022 AET B A BRI Y TR S L R BT TR K APHT veeveervrereemmeemeeneenee e . EEY, 25, W3 (3695)
PESIN L I SR A TSR Elatiie 0] 2 R B, BE, BE, A%, 24 (3705)

K4 Rt mURANE S HE P T 2018 ~ 2020 R A TS YRS AL FEMAGTETI  ooeeeeememme e
.................................................................................... Wi, HEE, T4 WIT, G, 4%, B, FHK (3715)
2000 ~ 2021 AT PM, {02700 B SREHUR AR covvvvveeneemeennennnnnnen WE, WA, BER, REE, K4, TR (374)
BT GTWR-XGBoost BRI PUJIEY PM, S /NIHARSEAGE oooeeemeenememeeeenns R, 4%, BH, REE, KO8, AW, kD7 (37%)
2013 ~2021 4ETR & PM, sﬁﬁ Ol L g 1N I R T PP PP PP PSPPI PPPRIPP PRI /Igt @2& %&Tﬁ;& Eéﬁj/% jﬂ% T (3749)
TRARAELOMEIE T TR A TR A MU TR AR TG YIE ovovvsssssssss s A (3760)
BLEHE PR TR T R T SRR G oovveesovoeeesssoe T, ik, HAK, X0, #E, 0 ﬁ%(wn)
VLA TALIX B2 VOCs GLBAFIE B IO YU TR worvvessvenenersesssssse £3, A, BEE, A, FRAE (3719)
BERE R I A NTRIX VOCs ALRHE ROBHAURIEAE - 24, 84, ZRM, HEW, THRK, £, KUK, Hith (378)
U T4 28 B 0 P LR AR B LIRS oo TET, BRY, T, TRA, R, FE, 20 (307
WEAL AN D 422 PP 5 BRI A W 005 YR BB PR A - BRM, REE, BEE, FHE, BHL, BIK (3809)
f/@ﬁ@m%ﬂﬁﬁa(qéﬁﬂ(ﬁﬁl%#&/ﬂ\:xﬂwmmiﬂﬁ ﬁqﬁfju[‘]f“ ................................................... FF4 , 7% m)ﬁ 7](#[77— (3820)
LR 15 Y B OR AL 7o . DABIBE TR T ) - MEER, K%, SEH, RER, BRI, A9, %%%(mx>
] ET&F‘H@"Fﬂ(ﬂ(ﬁ%ﬂ‘ﬁ\&ll/‘Uﬂ j’%‘/\ﬁ[ﬂé .................................................................. 71@[3 1;1}9 114\ ﬁ% }'f T%ﬁ‘% , ( 3846 )
ARk e e A e S 9@/ 12 3 TR WEE, TEW, B, AX0E, FAE, ﬂi%(%ﬁ)
EUTLA B R A T ER U VIR A RIE SRR coeeeeeeeeeeneees B, £X, ML, Tz, TA, X, KIE (3864)
e U N TR BTER AR/ ) 2 o RS 2%, k%, 267, T4, ﬁﬁz,%% KER (3872)
m%m%ﬁ%ﬁfﬂ@ﬁﬁi%ﬁ%&ﬂ%ﬁ@f%ﬁm%m ------------------ E@ BE, EWFE, TN, HR, MAE, RER (3881)
AT XCH T K AR 2R AR AR S PRI R TR oeveeeeeeeeneeees FEE, KPR, TH, BE, 08, %mﬁ FILK (3892)
k@mﬁ%ﬂ%%%%ﬂéﬁﬂﬂﬁ%%%ﬂﬁm%m?m --------------- wmfE, TR, HH, %ﬁi B, #5Mh, BAL (3902)
HEFHLIEE S PR VTR T B FIR U oeerreeee et wEAE, BUAH, BT (3913)
T E WX BRSO R AR AR SR AT PP RP] ovreerermenene wHE, PR, ERE, KA F, MEF, £ (3923)
TEILRE TR 2T SOR AR E SRR S I ARAE oo M, AR, /B, KE, x84, KET, T, £&, KHEX (3933)
M\%{Eﬂ‘r‘dﬁm n&iﬁ AL)&% .................................................................................... ?ﬁ;}fﬁ f{fsﬂm %x , i}T ;E-/ﬁyﬂk (3945)
H R Z I TR IR A EHAZATI e EAE, TFF, R, Rt k8, KE, L ER (3957)
%ﬁﬁ]f%{ﬁﬁ“ﬁﬁi@ﬂ&ﬁjﬁﬁ*ﬁﬁﬁ;mm% ........................................................................ 7] %”X X]J%QI, /—“fviﬂé [Z&j = (3970)
%%%%%RﬁMu@%ﬂ%ﬂ%&Eﬁ%Hgy%%m¢ﬁMﬁﬁ%% --------------------------------------- X R, RAY, KEE (3978)
Co( 1) T Akt — B R Eh A S =0 F ST TR PO B S R INEAILA] - v vereemee e KEAR, 4 (3990)
WOBRRE S T IS RIE RO AR MU D s R oo WE, af, K, BAS, £FR, RTE, BEh, B85, HEFR (3997)
rh.;{q[;ﬁj:% Cd ?ﬁ %}ﬁ%ﬁ&m}:ﬂ[&ﬂ‘ﬁ\ .................................................................................... fi? # |‘g , /%j& (4006)
i 2 e MR 0 S DX SRR B R BTG VA oo HEE, 27, T4, TN, 8, &%, KTk (4017)
HET PMF AR 0% FH 398 28 4 R 6 DXL £ Y < LR VA e 1 BB DO ) -+ HE, A%, BTk, i, BHEF (4027)

1348 K SRR T A BB AR SRR T B L B RUB AT, e veerveerseeermemmmee st
--------------- AW, W, XHL-HFRG, THREL-DRRESR, MAHXR-MAE, #55, #WE-MAHM, x|7TE (4039)
ﬁﬁ%%i%ﬁi%ﬁﬁ%ﬁﬁﬁ%ﬁ&%ﬂm% ...................................................... KB, FE, REE, KKE (4052)
A 15 AR A RIS R IE S AEMBEITCHE G oo HRE, 7EF, ZEE, 20nd, FAE (4059)
WEE M 5t A S AT Y FGEHEIR  «ovveereeermmene ettt BR, EHE EUER (4077)
TR G T IE-VEY) R G 428 B BUN N : Meta Z3AT +rvoeeeeremressemnenennes A, HEK, LUE, BER, KR, KER (4091)
PRI W X SR 15 e LBV TIROR oo Rk, A/, BEL FRR, #ALF, KR (4100)

FERFB I 58 Cd AR RE B KRG Cd BLEIIELIE +vvereeeeeeeemee ettt ettt
............................................................ T4, Bin, B, EXH, R, BEH, mAS, ZHE Um BHE (4109)
%ﬂﬁ%ﬁﬁ%mmﬂﬂﬁﬂ R BB TEAL LR v e veermmermmesmesne s HAM, 4%, 3%, TW, #E (4119)
LT IREE DNA (08 2150 5 E YT RIS v BT, HXE, A, BHE, Ak, KAE (4130)
%ﬁﬁﬁ?Li&f*E JREEATTRATM «oovvveereerrrree e ke, e, 2 h, AH# (4142)
W TER 12 B T IS I SRR cvvvereeeeeeseeseemnmemenm e kg, W RS, D, PEE (4151)
RN R MR R AL TN oo Ak, TAH, KEN, KB, AR (4162)
(G35 5K 2 S BB 25 D K RV TR +veveveevee e B, H0, AR, RER, EER, BlR, KT (4170)
SO X2 R L0 L MBI RE SO BRI oo REA, E8, S0, KER, LMK, BB (479)
KIS BE TR 75 BB SR AT B ST e FEE, ERZE, WA, BE, BA (4191)
T RN RS 3 B8 5 X AT HILBR AL B AL G A B RN oo hE, EBE, R4, PR, %k, ATMA, TEH (4201)

(HBEREVETTR S (3648)  (FREERLE)ER R0 (3659) = H(3714, 4150, 4178)



55505

Eco-Environmental
Knowledge Web

445 ST 20234E7 A
Vol44,No.7  Jul.,2023

7o A %

Environmental Science

ETREEAMERANHNERASERRERN

RINEE ) RHE T B, BE KRR, R
(LEREERETRERY, FPIm%)%’m{“’)h-z:-[‘%m@ﬁﬁﬁig@ﬁ%, [P
Vi 810000; 3. FEAIE R A4 R, FEAITSRE  010020)

FEE . RAMRTHLIX 2015 4F 1 H % 2016 4F 12 7 W11E] A28 BT A0 AE AR BERHEA , 200 7 st HL X O, Wk BE AR fb ke
iE N7 TR PO AR T PL (LightGBM) /Y O, Wk B TR | IFK a2 A8 55 S RF 1 bl | IR 3040 22 000 2% R RE AL AR PR AE: 3 o
FEZS ST TN T 1) L B2 2] O VA AT TR LG SR B A O AT AT . SRR R ML IX O, vREE AL B A
MR WE A2 AT | AR T IS RIS Y vk B Y L[R]3 . LightGBM AR B A28 S v o 5000 1 R
TUHL X HILTE O, ¥R (R® =0.92) , ELIZBHY () TR B ANt B8ORSt RE 0L T AT 8L, 0 R A 45 5y Hh R 4075 e 1) v 1l
T AR AR P B B T AR R | R RS e PR LightGBM HAT FI HERf BE 5 . RRUEMELT . A RAFRIZ LA 1 AN
BB () SRR A 7R O VR BT 5 T LA B 2 IR A

KBIA  RE H BEARTIL (LightGBM ) 5 bR R4; RAAVREETUN ; FEHLARAR (RF) 5 TE3F 402 4% (RNN)

FESES, X515 CEARIAFE. A XEHS . 0250-3301(2023)07-3685-10 DOI; 10. 13227/j. hjkx. 202208095

210044; 2. HiHE N T W RKIDAE,

Atmospheric Ozone Concentration Prediction in Nanjlng Based on nghtGBM

ZHU Jia- Vlng AN Jun-lin" * , FENG Yue- Zheng , HE Jle ZHANG Yu-xin®
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Abstract: Based on the’air quahl\ data and conventional meteorologlcal dahi_ off lhe Nanjing Region from Jan]idly 20150 December: 2016 to analyze the Lhdrdctemncs of 0

—

, WANG Jun- i’ (O g ,'.-""

congéntrationt changes i Ihe‘ Nanjing Region, a light gradlem bpostlogﬁagh'ne (LightGBM) model was estabhshed to pledlcl é coricentration. The model” ‘was-compared wuh.-
three michine leaming met'hod@ that are commonly uéed in air quality predfctlor;, including support vector machlllfe recurrent ﬂf}ma network,, and random_forest methods, to
verify its effectivendss and feasibility. Finally, the pelformang,e of the p diétion model was analyzed wider different fmeteorological conditions. The results showed that the
vapiation in 0, congentration.in Nanjing had significant seagonal dlffe;ences and was affected by a combmauon of its-pre-concentration, meteorological factors, and ther air
pollutat concentlatlons Tﬁe nghtGBM model predicted the ground- Tevel 0, concgsmlallon in the Nanjing area more precisely to a latge extent (R* =0.92), and the model
outperformed other model% n predl(’uon accuracy and computational efficiency: In garﬁ’. cular, the model showed a significantly higher prediction accuracy and stability than that
of other models under a highstemperature condition that was more likely prone fo ozone pollution. The LightGBM model was characterized by its high prediction accuracy, good
stability,, satlsfaclory generalization ability, and short operation time, which broaden its application prospect in O, concentration prediction.

Key words: light gradient boosting machine ( LightGBM) ; ground-level ozone; ozone concentration prediction; random forest (RF) ; recurrent neural networks (RNN)
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Fig. 2 Monthly distribution characteristics and exceedances of O; concentration in Nanjing
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Table 1 ~ Abbreviated names of input variables in the model and their descriptions
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Table 2 Evaluation indicators of SVM, RNN, RF, and LightGBM prediction results

WiH MAE/ g m 3 RMSE/pg-m 3 R? iz /s
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LightGBM 8.96 12.72 0.92 4.18
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Table 3 Evaluation indicators of the model prediction results under high temperature and low temperature
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IR o il IR e il fIGiR 7o il
SVM 0.77 0.26 19. 66 47.04 13. 80 37.59
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SRR S BRI 45 R A 2% 15 YLk I i 3L [R) 52

ZEA DL 43 M, LightGBM B R P g Fe 0, Lk
& RF B, RNN FI SVM 45 AU 151 0 A J3F 4% 2%,
LightGBM F1 RF 1 A1 # J& T~ 5 il > 3k RNN Al
SVM 1R & T8 — (ML ge F ) Bk E A&
74480 H H T B —BL A S R | B Rl 2] R
TEAE B T A A 1 R M Ak, R
LightGBM Fl RF #5814 500 25 5 00 S . AH L T
RF B8  Light GBM #7937 Ak M B 4y, LT3 30R
T, a A R B X RS BT RF}%@
JEFET Bagging BiE &k EIIK 1M LightGBMfﬁl R
T Boosting B 5. Lﬂﬁﬁ%%ﬁﬁﬁim’;ﬁ%x [F].
Bagging ﬁéﬁﬁﬁﬁﬂl@ﬁ’ﬁé’ﬁéﬁ% ﬁEi"ﬁﬂﬁﬁ 7_%%2.
] 6 i 7 4 R S %Exﬁﬁzeﬂfﬁﬁﬁ‘f“i%ﬁﬁ
25 ?iﬁ T 75 51— A 97 225\ 1 1 i
Boosting ST 5 5 2 2 o) A8 e,
%
S, LighORM B PR A7 58 3% 10 000 o e
nghtGBM%;-ﬁ‘J %Eﬁ@ﬁfﬂumfﬁ FEﬁ%ﬂE@ﬂf
TR — 2P A OB R & T
A DB ). LightGBM A5 50 %58 Sy v A i 75
DY P O X ML T O MREE , R HOURTEZ ) R4
E%&E@%}“{E‘l%%,i%%ﬂ?ﬁ?ﬂ!ﬂ?ﬁﬁﬁ@%ﬁfﬂi? LAt
B %A ELA WO R e R ENE T AR
U2 AL RE 1 RNz B Isf [ S S AR 0 ok e TR AR 46
O N W N N X I S T e o L |
LightGBM RIS E PR AT, 46 O, R T J 1h L
A RIS R FH TS ARAS SCH A9 JE T LightGBM 11
O, Ve JE UM RIAE A7 AE— S JE . iy AASE AL (1 T30
R F A 41 ; Light GBM 8% 78 155 4 7 SR AIE
MELLUEA T B0 R AE 25 [0 R0 3 5 PR ASE A 1500 2
PERHA % 58 T IR B2 . AR SR A SR A NO Al
VOCs SR SR FRFIE 4 U7 ¥ o 318 5 500 I
FFPPAR R | R A% RN R U R S 2 A X A
R E M.

3 it

(1) FRUHLIX O, We AR AL BoAT B 35 A 51
25 WAL Z AT | R T A R

63

ot 1] il 2/ N AR R IJH:’XT?”%F'/J E’/J ‘

(2) LightGBM A5 7 55 Sy v 1y T30 T e 0t s X
T O, e BE, Hit B acR &, i s b ge it T
SVM . RNN Fil RF 4§ 3 Fi HIBYHLAS = I B8 4 Fp
BLER 4 ) B AU (%) 350 0 RS BE A = 31 AR AR IR h
LightGBM > RF > RNN > SVM. R® 43 %14 0.92,
0.90., 0.83 Al 0.79, RMSE 4} 12.72, 13.81,
25.41 f122.77 pgem"" P e

(3) 7685 LY BUSL 015 e 85 3 e oy
RTINS 2 34 A [ 2 I T I, nghtGBM RE,
RNN il SVM 78 5 00 5 W00 0 RM§E V3
FTHT 22,23, 2477, 24.71 F127.38 pgem M
' LightGBM 1;%#“ [ RS JE T I /) ﬁjﬁ%

ETEB nghtGBM ﬁiﬂﬁﬁ U R v ’

e A7 G AL ) R B \,\,f :
O, 7K L3 A Lk 5 B /

B AN SO T o LR B 0 St ) 25 <R
WS A S TRk A R R AL
052 > b 1) b TR G LIRS, 7 27 St
SE Lk
[ 1] Zheng XY, Orellano P, Lin H L, et al. Short-term exposure to
ozone, nitrogen dioxide, and sulphur dioxide and emergency
department visits and hospital admissions due to asthma: a
Environment

and meta-analysis [ J ].
10. 1016/j. envint. 2021.

systematic  review
International, 2021, 150, doi;
106435.

Feng 7 7., Agathokleous E, Yue X, et al. Emerging challenges
of ozone impacts on Asian plants: actions are needed to protect
ecosystem health [ J ].
2021, 7(1), doi: 10.1080/20964129.2021.1911602.

Lu X, Zhang L, Wang X L, et al. Rapid increases in warm-

Ecosystem Health and Sustainability,

season surface ozone and resulting health impact in China since
2013[ J]. Environmental Science & Technology Letters, 2020, 7
(4): 240-247.

Zhang J F, Wei Y J, Fang Z F. Ozone pollution: a major health
hazard worldwide[ J].
10. 3389/fimmu. 2019. 02518.

Jia P C, Cao N W, Yang S B. Real-time hourly ozone prediction

Frontiers in Immunology, 2019, 10, doi:

system for Yangtze River Delta area using attention based on a
sequence to sequence model [ J ]. Atmospheric Environment,
2021, 244, doi: 10.1016/j. atmosenv. 2020. 117917.

Tang X, Gao X, Li G L,

distribution of airborne ozone pollution in subtropical region

et al. Study on spatiotemporal

considering socioeconomic driving impacts: a case study in

Guangzhou, China[ J]. Sustainable Cities and Society, 2020,



7 39 RINEEAE BT G0 B4R THHIL B B s R SR Ak 32 T 3693
54, doi: 10.1016/]. scs. 2019.101989. linear regression modelling approach for accurate ozone

[8]

[10]

[13]

[15]

TR, ZEWIH, SRSEAT, . FRIE 31 AF ST 2014—
2018 4FZ T AR RRAE A (7], A S AR A A
2020, 36(4) : 441-445.

Wang W L, Li M Y, Zhang M H,
characteristics of air quality in 31 key cities from 2014 to 2018 in
China[ J]. Chinese Journal of Public Health Management, 2020,
36(4) : 441-445.

KR, REE, IV, BE TR ) W2 RUBTRE TR OT
WHEERE[J]. P EPRENEI, 2020, 36(3) : 10-18.

Zhu Y M, Xu A L, Sun Q. New progress for air quality
forecasting methods based on deep learning[ J].
Monitoring in China, 2020, 36(3) . 10-18.
A, T CMAQ SRS M 22 I 2% Y DX I K <35 e ik
JEHEMARATSE D], AT . BT R%:, 2019.

Shi J C. Study on rapid response of regional air pollution

et al. Analysis on variation

Environmental

concentration based on CMAQ and feed forward neural network

[D]. Hangzhou: Zhejiang University, 2019.

AR, TARMHE, B, % BlA TS REAY PCA-PSO-SVM
%ﬂ(%)ﬂ?(ﬂﬂh(ﬂﬁﬁ[]]. o E FRE R, 2021, 41(2) ;
596-605.

Dong HZ, Wang L. H, Tang W, et al. Research on PEA-PSO-
SVM ozone prediction considering spatial-temporal features{ J].
China Environmental Science, 2021, 41(2) : 596-605.

ZERERG, BTEIR, IVIEME, . 3T PUHE & UL A 1

’%’ufﬂ%ﬁiﬁﬁﬁﬁﬁfﬁm. rhlilﬂf‘ﬂ%, 2020, 40 (2) : 475,
484, i A —
Li Z M, 'Zhaol XLJ, Sun Z B, e als Rése 5 pt‘i’-‘ the

L

/3901

| Analog Erisemble Fr].
A(2) . 475-484. i

1nterpretat10'._1f- and cm‘re(’tlon of numerieal ozon‘e foreca%l based on
China Environmental Sf:lence 20205 40
|, PRI, Ma,.ww, . gﬂ&ﬁ%frﬁ&%ﬂﬁzﬁﬁn
&Zﬁﬂ’ljﬁ P U HPBRER AL [ ]. Hi“tﬂ &2

Xlong Y J, XuJ; Sun Z B, et al. Air pollution redu(‘tmn effect
evaluation based on data mining algorithm and numerical
simulation technology[ J]. Acta Scientiae Circumstantiae, 2019,
39(1); 116-125.

Sayeed A, Choi Y, Eslami E, et al. A novel CMAQ-CNN hybrid
model to forecast hourly surface-ozone concentrations 14 days in
advance[ J]. 2021, 11(1), doi; 10. 1038/
s41598-021-90446-6.

Cheng Y, He L Y, Huang X F, et al. Development of a high-

performance machine learning model to predict ground ozone

Scientific Reports,

pollution in typical cities of China[ J]. Journal of Environmental
Management, 2021, 299, doi; 10. 1016/j. jenvman. 2021.
113670.

Fan J L, Wu L F, Ma X, et al. Hybrid support vector machines
with heuristic algorithms for prediction of daily diffuse solar
Renewable Energy, 2020,

radiation in air-polluted regions|[ J .

145 2034-2045.

IIREAT. FET AR BRI AU/ e A 45 1 B A T B e
FE[D]. MRt BRUfE A TRR, 2020.

Su X Q. Research on ozone concentration prediction and method
comparison based on kernel extreme learning machine and wavelet
transform [ D ].
Science & Technology, 2020.

Chelani A B. Prediction of daily maximum ground ozone

Nanjing: Nanjing University of Information

concentration using support vector machine [ J]. Environmental

162(1-4) . 169-176.

et al. Machine learning versus

Monitoring and Assessment, 2010,
Jumin E, Zaini N, Ahmed A N,

Badft 20197
ok | 20197,
146-125. f’f

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

[28]

[31]

concentrations prediction [ J J.
Computational Fluid Mechanics, 2020, 14(1) ; 713-725.
Eslami E, Salman A K, Choi Y,

approach for real-time air quality forecasting using extremely

Engineering Applications of

et al. A data ensemble

randomized trees and deep neural networks [ J ]. Neural
Computing and Applications, 2020, 32(11) ; 7563-7579.

Kim K, Kim D K, Noh ],
environmental time series via long short term memory recurrent
neural network[ J]. IEEE Access, 2018, 6 75216-75228.
Feng R, Zheng H J, Zhang A R, Unveiling tropospheric
ozone by the traditional atmospheric model and machine learning,

China [ J].

et al. Stable forecasting of

et al.
and their comparison; a case study in Hangzhou,
Environmental Pollution, 2019, 252, 366-378.
Scornet E, Biau G, Vert J P. Consistency of random forests[ ] ].
The Annals of Statistics, 2015, 43(4) ; 1716-1741.

i3, wilE—, PRk, 4 %Hﬁmﬁ%ﬁﬂ B U
DT AT S0 MR BE TN [ 9] BRI S e 2 3%, 2019,
36(11): 954-957.

Ma R M, Zhang Y Y, Ban J, et al. Predlotlon of g.mund ambant
ozone site concentration in Beijing-Tianjin- Hehel gggrr:ﬁ based on
random forest model [J].% Journal of Environménlll,é.ﬁd Health,
2019, 36(11) ; 954- 957 ;o=
Zhang Y | Wanu Y H; Cao MH, etal. A predlctlv.p-"data feature
explorallon based -4ir quality " prediction approacﬂ' [ 1] ]_E]fE
Access 2019 ,.r7 30732-30743. F .
AABL R B, BT Lighcam SRR, BT
WHCRT ). TR 2021, 41(4) ; 1035-1041. =
YuD G Zhao W/ F, Nle K, Vlslhlhty fan(‘a%t modﬂ
based” on fi ightGBM* a‘gorlthm [J]. Journal of Computer
Apphcalwnb 2021, 41(4) : 1035-1041. o
BRI, IfRE, PR, SE. T ’rﬁ*”m%ﬁ%jﬁ{fﬂ’l
GNSS-R 1A XU 2 380 [ 1. %8 )RR 24 24 4%, 2020, 40 (4) -
595-601.

Luo LM, Bai W H, Sun Y Q, et al. GNSS-R sea surface wind
speed inversion based on tree model machine learning method
[J]. Chinese Journal of Space Science, 2020, 40 (4): 595-
601.

XUBAE, MR, HREY, . HET LightGBM FBE 30 I
RATHEVUNBIFELT]. WRRER, 2021, 40(4) : 909-918.
Liu X W, Huang W B, Jiang Y S, et al. Study of the classified
identification of the strong convective weathers based on the
LightGBM algorithm [ J]. Plateau Meteorology, 2021, 40 (4) .
909-918.

WRIE. T Stacking Bl A BRI PM, W
KB D], M. TLIBELIT.R, 2020.
Huang L X. PM, 5 concentration based on Stacking model spatio-

et al.

I 22 A8 AL o

temporal variation analysis and prediction[ D]. Ganzhou; Jiangxi
University of Science and Technology, 2020.

Wu Q, Liu W Y, Yang Y H. Time series online prediction
algorithm based on least squares support vector machine [ J ].
Journal of Central South University of Technology, 2007, 14(3) :
442-446.

INIREEE, B, TR/NER, A —FhIET BP M2 4 B kS 1
1 PM, s BT[], PUJIBRER ) 2015, 34(4) : 85-90.

Sun R J, Zhao S, Zhang X Q, et al.
prediction model based on BP neural network [ J].
Environment, 2015, 34(4) . 85—90

ZEA, By, &TYL, S FETRRR YA ETTT PM, T
gl xﬁ%ﬁttéﬁﬁm 78 T%; 2021, 39(6) : 106-113.
LiZ S, Liang X G, Jin Y K, A comparative study on

An improved PM,

Sichuan

et al.



3694

w5

=2 14 %

[32]

[33]

[34]

[35]

[36]

[37]

[38]

(3075

l,.-elas&flcatlon based on hyperspectral image![ J-].

" and Technology,12022, 42, doi: 10. 1590/61,18529¢
'fi‘ﬁ%ﬂiﬁ@

| B I 1.
- CJ1.201946.0110003. i J

edictive effect of PM, 5 in Beijing based on tree models [ J].
39(6): 106-113.

Wei J, Li Z Q, Pinker R T, et al. Himawari-8-derived diurnal
variations in ground-level PM, 5 pollution across China using the
fast space-time Light Gradient Boosting Machine ( LightGBM )
2021, 21 (10):

Environmental Engineering, 2021,

[J]. Atmospheric Chemistry and Physics,
7863-7880.

Vapnik V N. The nature of statistical learning theory (2nd ed. )
[M]. New York: Springer, 2000.

Lu H, Xie M, Liu X R,

concentration based on CMAQ model and machine leamning

et al. Adjusting prediction of ozone

methods in Sichuan-Chongqing region, China[J]. Atmospheric
Pollution Research, 2021, 12(6), doi: 10. 1016/j. apr. 2021.
101066.

Breiman L. Random forests[ J].

(1):5-32.

Zhang T N, He W H, Zheng H,
PM, 5 estimation using a gradient boosting decision tree [ J].
Chemosphere, 2021, 268, doi: 10. 1016/j. chemosphere. 2020.
128801.

Ke G L, Meng Q, Finley T, et al. LightGBM: a highly efficient
In; Proceedings of<the 31st

Machine Learning, 2001, 45

et al. Satellite-based ground

gradient boosting decision tree[ A].

International  Conference on Neural Information Préeessing

Systems[ C]. Long Beach: Curran Associates Inc., 2017. 3149-
3157. J
ZouZY, Wang I, Chen J,

F qod _S‘Cll,e

ik, T g A k)
HEBEOE, 2019,746 (1 )."

et al. Re@?arch on peanul va,nety .

[40]

[41]

[42]

[43]

[44]

[45]

Fang X, Wang M, Hu S X. Distribution characteristics of
atmospheric pollutions in Meiyu season observed by Lidar over
Hefei[ J]. Chinese Journal of Lasers, 2019, 46 (1), doi: 10

3788/CJ1201946.0110003.

Yafouz A, AlDahoul N, Birima A H,

comparison of various machine learning algorithms for short-term

et al. Comprehensive
ozone concentration prediction [ J ].
Journal, 2022, 61(6) . 4607-4622.
LA, LRI, RER, A SR LR A R A TR
YR HT]. FEERLE, 2019, 40(4) : 1697-1704.

SuX Q, AnJ L, Zhang Y X, et al. Application of support vector

Alexandria Engineering

machine regression in ozone forecasting [ J ]. Environmental
Science, 2019, 40(4) : 1697-1704.
WAL, T 60a K 5 W ABRFAESHT L], TRFE,

2011, 31(6) : 742-746.

Pan H. The analysis of seasonal transition characteristics in
Nanjing in recent 60 years|[J].
Sciences, 2011, 31(6) ; 742-746.
v K=k #WfétgiIﬂi’ﬁﬁ/Jﬁ/mﬂLfE&ﬁﬁfoﬁﬁﬁ
[D]. M5t MutkE, 2017. — J

Pu X. Analysis of lelevated ozone formallon rr.iﬁe'l‘{afmsm and

Journal of the Meteorological

radiative effect dunng heat waves in Yangtze Rlve]; Dcltd[ D].
Nanjing; Nan_]mg University, 2017. ‘.--" S
Mohan S, Sa‘ranya P A‘lnovel bagging ensemhle ’X’groac_h for
predlctmg summemmb ground-level ozone concentratmﬁ _._I-'T
Joumal‘ of the Alr & Waste Managem?nt Association | 2()19 69
(2): 22@ 2332 A .
LiJM, )ﬁu G Y Chqu X { Combining spatla]. pyramld poo-h'?lg_,:d,
and lth PM;5
concentratlg [Ji. At‘mt{spherl( Pollution Research 2022, 13
(3); doi: 10. 1016/] apr. 2021. 101309. .-"

short-term o memory network 1o predl(‘t

ol



HUANJING KEXUE Vol.44  No.7

Environmental Science (monthly) Jul. 15, 2023

CONTENTS

Assessing the Environmental and Health Co-benefits of Accelerated Energy Transition and Industrial Restructuring: A Case Study of the BTHS Region +«++sseseessersenesmsienenennincnenenns
............................................................................................................................................................... YANG Xi, SUN Yi-sheng, CHANG Shi-yan, et al. (3627
Synergistic Paths of Reduced Pollution and Carbon Emissions Based on Different Power Demands in China ++«sssssessesessesesenseenee XIANG Meng-yu, WANG Shen, LU Lian-hong, et al. (3637
Evaluation Method and Application for Urhan Carbon Peaking & Neutrality Performance «+:toveveeeeresressenensmsneninninicininens ZHANG Bao-liu, BAI Zi-han, ZHANG Nan, et al. (3649
Revealing Driving Factors of Urban O5 Based on Explainable Machine Learning -+ DONG Jia-qi, HU Dong-mei, YAN Yu-long, et al. (3660

(
Sensitivity Analysis of Ozone Formation Using Response Surface Methodology -+ +++ ZHU Yu-huan, CHEN Bing, ZHANG Ya-tu, et al. (
Analysis of O3 Sources in Yulin City in Summer Based on WRF-CMAQ/ISAM Model WANG Yi-fan, TONG Ji-long, CHEN Yu-xiang, et al. (3676
Atmospheric Ozone Concentration Prediction in Nanjing Based on LightGBM : ZHU Jia-ying, AN Jun-lin, FENG Yue-zheng, et al. (3685
Meteorological Formation Mechanisms and Potential Sources of an Ozone Pollution Process in Winter of 2022 in Guangdong Province -+ LI Ting-yuan, CHEN Jing-yang, GONG Yu, et al. (3695
Impact of Summer Tropospheric Ozone Radiative Forcing on Meteorology and Air Quality in North China ««+eersereeresemenensenenensininennnen DU Nan, CHEN Lei, LIAO Hong, et al. (3705
Identification of Impacts from Meteorology and Local and Transported Photochemical Generation on Ozone Trends in Changsha from 2018 t0 2020 ««+xessesserseresserensesenemenenneincnnennnens

.................................................................................................................................................................. YANG Jun, YANG Lei-feng, DING Hua, et al. (3715)
Spatio-temporal Variation and Multi-dimensional Detection of Driving Mechanism of PM, 5 Concentration in the Chengdu-Chongqing Urban Agglomeration from 2000 to 2021 - -
XU Yong, GUO Zhen-dong, ZHENG Zhi-wei, et al. (3724)
""" WU Di, DU Ning, WANG Li, et al. (3738)
Transmission and Growth Characteristics of Severe PM, 5 Pollution Events from 2013 to 2021 in Xingtai, Hebei JIANG Qi, SHENG Li, JIN Yu-chen, et al. (3749)
Chemical Characteristics and Source Apportionment of Organic Aerosols in Urban Shanghai During Cold Season Based on High Time-resolution Measurements of Organic Molecular Markers

............................................................................................................ creresnss. ZHU Shuhui (3760)
Emission Factors of Carhonaceous Aerosol and Stable Carbon Isotope for In-use Vehicles YU Ming-yuan, WANG Qian, FU Ming-liang, et al. (3771)

Composition Characteristics of Volatile Organic Compounds and Associated Contributions to Secondary Pollution in Shenyang Industrial Area in Summer —«+-eeesesrerereeresenenenninenne
.................................................................................................................................................................. GUAN Lu, SU Cong-cong, KU Ying-ying, et al. (3779)
Characteristics of VOCs and Assessment of Emission Reduction Effect During the Epidemic Lockdown Period in Shenzhen Urhan Area -+ YUN Long, LIN Chu-xiong, LI Cheng-liu, et al. (3788)
Characteristics of Organic Matter Composition and Oxidation Potential in Road Dust in Winter in Xi%an ««+«+seseeeeseseevesneereneens WANG Qing-wen, CHEN Qing-cai, WANG Chao, et al. (3797)
Contamination Characteristics and Risk Assessment of Polycyclic Aromatic Compounds in Surface Dust of Suntuan Mining Area in Huaibei ++++xereeseereseserermimmenenininins
......................................................................................................................................................... XU Zhen-peng, QIAN Ya-hui, HONG Xiu-ping, et al. (3809)
Spatial-temporal Variation in Water Quality and Its Response to Precipitation and Land Use in Baiyangdian Lake in the Early Stage of the Construction of Xiong'an New Area =+++eeeeeereeeees
.................................................................................................................................................................. WANG Zi-ming, YANG Li-hu, SONG Xian-fang ( 3820)
Simulation of Pollution Apportionment and Optimization of Control Methods in Watershed Scale; A Case Study of the Shun’an Watershed in Tongling City — «+seseereereeesresemenssnenenenee
.................................................................................................................................................................. LIU Guo-wangchen, CHEN Lei, LI Jia-gi, et al. (3835
Evaluation of Shallow Groundwater Quality and Optimization of Monitoring Indicators in Nanchang ««+«++sesveeeeesesnerversinennsnnsennes ZHENG Zi-yin, CHU Xiao-dong, XU Jin-ying, et al. (3846

)
)
Hydrogen and Oxygen Isotopic Characteristics and Influencing Factors of “Three Waters” in Shandian River Basin =~ ++e+veveeeresrerereeeeeens YANG Li-na, JIA De-bin, GAO Rui-zhong, et al. (3855)
YAN Bing-cheng, CUI Ge, SUN Sheng-hao, et al. (3864)
)
)

Distribution Characteristics and Influencing Factors of Abundant and Rare Planktonic Microeukaryotes in Jinsha River -

Bacterial Community Diversity in Channel Sediments of Different Disturbance Sections of the Jialing River ZHU Lan-ping, ZHANG Tuo, LI Jia-ning, et al. (3872

Effects of Reservoir Water Depth on Different Plankton Communities and Keystone Species of Network Interaction —«+veveseeseseeevesnesseneenes WANG Xun, LIAO Qin, WANG Pei-fang, et al. (3881

Correlation Between the Diversity Characteristics of Groundwater Bacterial Community and Environmental Factors in Typical Industrial Areas »«++«eeeeseesserseresemenensinininiin.
......................................................................................................................................................... \XU Jian'qiang, ZHANC Sl’lll-yllal’l, WANC Min, et al' (3892)

Effects of Fertilizer Application Strategy Adjustments on Nitrogen and Phosphorus Loss from Typical Crop Systems in Taihu Lake Region =~ +:eseereeseeessesenerminieniniiinins

YU Ying-liang, WANG Yi-zhi, YANG Bei, et al. (3902)
Estimation of Cropland Nitrogen Runoff Loss Loads in the Yangtze River Basin Based on the Machine Learning Approaches +«+«++++seseereeees ZHANG Yu-fu, PAN Zhe-qi, CHEN Ding-jiang (3913)
Classification and Identification of Non-point Source Nitrogen Pollution in Surface Flow of the Shangwu River Watershed in the Qiandao Lake Region

..................................................................................................................................................................... YU Ke, YAN Yan, TANG Zhang-xuan, et al. (3923)
Spatial Distribution of Nitrogen and Phosphorus Nutrients in the Main Stream and Typical Tributaries of Tuojiang River and Fujiang River +++ LI Zi-yang, ZHOU Ming-hua, XU Peng, et al. (3933)
Sediment Pollution and Dredging Effect of Waiqinhuai River —«-«sssseseessessenesiensmenmininennnc ZHANG Mu, REN Zeng-yi, ZHANG Man, et al. (3945)
++ GE Lin-ke, WANG Zi-yu, CAO Sheng-kai, et al. (3957)
SU Zi-xian, LIU Sai-hong, GUAN Yu-feng, et al. (3970)

)
)
)
)
)

Critical Review on Environmental Occurrence and Photochemical Behavior of Substituted Polycyclic Aromatic Hydrocarbons
Cadmium and Arsenic Interactions During Co-adsorption onto Goethite

Preparation of Catalyst Cyclodextrin-Fe-TAML to Activate H,0, and Oxidize Organic Micropollutants in Water LIU Qing-quan, CAI Ben-zhe, CAI Xi-yun (3978
Performance and Reaction Mechanism of Co( 1) Mediated Activation of Peroxymonosulfate for Degrading Nitrilotris ( Methylene Phosphonic Acid) ++eeseseeeseses ZHU Jing-lin, WANG Shu (3990
Change in Granulation Potential and Microbial Enrichment Characteristics of Sludge Induced by Microplastics ~«+«+«+s=sssssesesesmssneneennenens XIE Qing-fan, YU Nan, ZHANG Ni, et al. (3997
Accumulation Characteristics and Probabilistic Risk Assessment of Cd in Agricultural Soils Across China =«e-«eessereersersesemiemenennnenineee WANG Jing, WEI Heng, PAN Bo (4006
Source Analysis and Pollution Assessment of Soil Heavy Metals in Typical Geological High Background Area in Southeastern Chongging *++++++ JIANG Yu-lian, YU Jing, WANG Rui, et al. (4017
Integrated Analysis on Source-exposure Risk of Heavy Metals in Farmland Soil Based on PMF Model: A Case Study in the E-waste Dismantling Area in Zhejiang Provinge «eweeesessesseseenees
..................................................................................................................................................................... FANG Jia, HE Ying, HUANG Nai-tao, et al. (4027)
Pollution Characteristics and Risk Assessment of Polyeyclic Aromatic Hydrocarbons in Farmland Soil and Crops in the Suburbs of Urumgi «+««+sssseseseessemmssssienenensmneneneinnenens
............................................................................................................................................................ FAN Yue, CAO Shuang-yu, Nuetla Ailijiang, et al. (4039)
Distribution and Driving Mechanisms of Antibiotic Resistance Genes in Desert-Oasis Continuum «+«++«+ssseseeseessessessenenesenienens HUANG Fu-yi, ZHOU Shu-yidan, SU Jian-qiang, et al. (4052)
Characteristics of Antibiotic Contamination of Soil in China in Past Fifteen Years and the Bioremediation Technology: A Review *** ZHAO Xiao-dong, QIAO Qing-ging, QIN Xiao-rui, et al. (4059)
Modified Biochar for Remediation of Soil Contaminated with Arsenic and Cadmium; A Review «+eeoreeeeeeeesnees LU Peng, LI Lian-fang, HUANG Xiao-ya (4077)

Effect of Biogas Slurry Return to Field on Heavy Metal Accumulation in Soil-crop System: A Meta-analysis ZHAO Qi-zhi, YANG Zhi-min, KONG Fan-jing, et al.
Remediation Effect of Two Iron-modified Biochars on Slightly Alkaline Arsenic and Cadmium Contaminated Soil LIANG Xin-ran, HE Dan, ZHENG Zhao-hua, et al
Effects of Straw Removal Measure on Soil Cd Bioavailability and Rice Cd Accumulation WANG Zi-yu, ZHOU Hang, ZHOU Kun-hua, et al.
Application of Desulphurized Gypsum with Straw to Improve Physicochemical Properties of Saline-alkali Land in Yellow River Delta «:+:+ereseeeeess ZHAO Hui-li, YU Jinyi, LIU Tao, et al
HUANG Xiang-yun, ZHONG Wen-jun, LIU Xun-jie, et al.
ZHANG Chuan-hua, WANG Zhong-shu, LIU Li, et al.
+ ZHANG Shu-min, LIU Cui-ling, YANG Gui-ling, et al.
+ LIU Xin-yu, WANG Dong-mei, ZHANG Ze-zhou, et al.

Biological Evaluation and Key Stress Factor Diagnosis of Compound Contaminated Soil Based on Environmental DNA -

Comprehensive Quality Assessment of Soil-Maize Heavy Metals in High Geological Background Area -+
Ecological Risk and Health Risk of Heavy Metal Pollution in Vegetable Production System of Zhejiang Province
Effect of Biochar with Phosphorus Fertilizer on Soil Nutrients, Enzyme Activity, and Nutrient Uptake of Alfalfa
Effects of Low-density Polyethylene Microplastics on the Growth and Physiology Characteristics of Ipomoea aquatica Forsk - ++ ZHOU Ying, JIANG Wen-ting, LIU Xun-yue, et al.
Effects of Biogas Slurry Application on Soil Microbial Communities Structure and Function During Wheat-rice Stubble Period -+ QIAO Yu-ying, XI Hui, LI Na, et al
Analysis of Soil Bacterial Community Structure and Ecological Function Characteristics in Different Pollution Levels of Lead-zinc Tailings in Datong +««+«+ssseseersersenssmsisnenennnincnenennes

*+ LIU Ze-xun, ZHUANG Jia-yao, LIU Chao, et al. (4191)
ed Pinus massoniana Plantation Subjected to Broadcast Bumning «+++++---

.................................................................................................................................................................. YAO Zhl, JIAO Peng—yu, W'U XiﬂO-ShEl’lg, et (ll. (4201 )

- (
- (
- (
- (
- (
- (
- (
- (
- (
- (






