w % B 3F W% S

(HUANJING KEXUE) ENVIRONMENTAL SCIENCE

20244 5 H 15 H

H X

%TNE%%%%%?EEBﬁngWq%@ﬁﬁ%ﬁ ................................................... WEH, TE, B, R¥ 5, 8% %
H T BEHLIEA AL SO X B R BUBE DI - eeeemrmremmmmrr B, T, s CE, AL
FET BEHLZE AR DU 1] 25 BT YT woeeeeeeeer e M, EE, Tah, AEE, xR
VR 1T L A2 B 5 T A B R T 5 0PI o vvevveeemmeeree e B, B ERH, A
TSI X 2015~2020 4F 550 S 6 25 3 A1 HF AR B HARE FERICRS BTA - oveveeeeeemeeeemeeeeeenes B, EE, BN, R, AAN, 2%
20224 AL B TR PM, KI5 f B AEARFAE oereeeeeemeesnennenneneens WHE, 24, RER, &, FF, AFK, 2&R
%Mﬁ@?éPMj*ﬁﬁE?ﬁ%%ﬁu*%&ﬁ@ﬂ@ﬁﬁ ................................................ EA, &R, b %, Bk
T i LR IS P, 2 3805 98 S HAT A2 W75 R AE (R U D B XU -+ WL, RWE, B, BER,.REH, ELF, HX
G % 117 SR W2 25 o 8 490 5 [ 3 9% 28 200 UKL A0 2 3 5 A TR TR AT < eeevee ZlE, KB, kG, BA, FmW, AR, BHE, ZBT
KHEAZE WA B35 Yl T2 5 R TE ML O I PR B R R A A e FHW, BERF, AR, e, L&, T4, #BXE, T8 K
H T 25 (] RUBE 8007 ) 1L 2548 P, 5 10 28 A8 Al B 25 IR 3 S U BRI o vvevvemmemmenmmensinienns WE,F8H, BE, ARE, FAE
Ik [ #01k T A7V VOCs HEB AR AE B2 Xk BL AR AR B H oo RtE, B, YRE, ZHF, &9
o B K ZE K A0S e il A D VOCs IR RIR IR AR BUS 3 SR BT oo KAy, M, TXX, K%, B, REQ, Thz, 2£%
S5 WUAS SR T I K 5T 5 000 P RBE AN Meeta 3 AT woeemeeessmeensmesmeenssseeneseene FEA,HER, KE, AR, B, KT
A B 2 TR AT TR0 3 7K AT i e A L 0 4 1 3 5 A ROk I

..................................................................... FEE, Ea, Y, BTE, KD, REN, TEK, kR E, B
L 5 o 3 BRI DL H T A KA B M BRI AP oo RER, AR, KB, 144, 4%
AT (TR TR IZ 0 F KK AL R BB R R BOKBRRAY oo X, B, KWL R, B, HRE, HEL
GG PR 4L R 25 B B BRI oo IHE, R, ARE, RA%, B8, ER4
B 22 M| B ] B A S A W) 5 T 25 B R G IRRTE AR vveeeeeonrmeee e HEE, BN, B8, i
BT L UG 1 B B K B 25 A BRI IR AP BT eeveeeeeemmemeeeneneeneeeee enk, BFR, RE, REF, XA, TH#
PR KR KRBT P UK B A B TR RRAE oo RR, FE8E, FER, BAK, ZRE, ZhH, FHR
7KL I B R B9S2 X = I P T 9 AT TR B W RV R R S8 LRI oo i, EF, B, &0
SR T ST PR A TR T ) B X T 4 S BRI DGR oo FRA, XN, B, B e
FROK AR IB) X 175 PR DC ST A R G U B TR R S M T3 AT oo eeemeeemeeveeeeeeeeene KA, KE, TEG, mak, U, ZHE, £EA
TS K P I S YB AT v veeeeerrreeeeemmnne e WERE, AWM, Tk, 24, 25%, ELE, TS
TEVE I TR A 25 PR B B A TR ATy vvvvvvvveeeeeeee e E2HE EAE, NHEE, T
IR 25 B GRS MBI 25 AL JL B PRI ZE covvvveee oo TEH, e
BT L 357 190 245 10 A 25 2R 00 TR 45 LA W ) 066 2 588 182 T R 2 AR SR R A« DL DA 4] ooomeemeemeemenes Kb, g, IV, BEH
SN T TR T L 2 5 TR 2 VR R IH e HH OLE, BBl BRA, BEak
2000 ~ 2021 gﬁi%‘]ﬁﬁ:;{&ﬁg NEPH#%Q{%&;H\:EKZ%% ...................................................... }g ,fé\ﬁ%’ F{;E , X’J 7;5’“ , ff}é
%ﬂ: SSP-RCPT#H:‘% gﬁi%‘)ﬁiﬂﬂﬁ{t*ﬁ*ﬂ& %)ﬁ@%{%% ......................................................... 5 , %;‘;@, glﬁ?gg}, 3:_%4@
HHFLTT R R T A 3k A SR RO AR R R AR TSI ooeeeeeeeeees REW, RHE, BEEL, FE4, XK, AT
VG P T DX ) P A T R AR M S AT LRI BT oveveeemmeveeemennenenenneenen e T R T 36, BRR M, HA K
AT A D5 R L DU T R 43 A AT e FHE, R, RBW, ARF, BE, B, REA, KR
HET W R4 R R A4l BP A 28 100 256 1) 1 BT LTS () A A JUI - oveeeeeemeeemmenenenmeeieenns Ham, A%k, RRE, 27, A%
ARV DU 0 S s R BRI AL SR - oeeeeveenmeneenmnenennes WY, EEAE, ERE, BAW, TE, HER, T2E, K
ARG FIRI ] F IR AR IR MU MR HE oo BhR wAR MEXR, TWE, EXk
FEREIBIR M 22 H B8 AF 1 R AR 7 d AR 2 AR B 5

..................................................................... TE, TS, HEL, REL, A, TR, R, ATFN, EE
i%ﬁﬁﬁ%i%wa@%ﬁH%W&ﬁm ................................................ B—, M, KaEE, KEE, Bk, T4 F
[ T A T 4 TR TS UL AP BT G HTA vveerverreerreermemmeeneesee st BE, B, B, KB, HEE, B
CIER S TN R BT Eneiidr o) 3 TR, B, AR, TEE, RBE, VR, R4
Wb T 4 B 5 Y AL T MICP 3 AR BFGEHEE oo e oo W, B XK, R, BAE, 2
ST 1L R B 0 X S 4 05 Y O BT eeeeeee RAE, KE, R, #%, BEL, $Fa, KEE, AR
6 ) T TRV 5 T 4 R A BRI AT - ovevreeee e ENE,EAE, RNE, B, EHE
BRI 5T W IX A 7 4 5 MR E PR S KU TR 5 JEATAT +evreeeeererersmsmrmsssnenmsinnsssssieiss s Fhm, BHE, TET
HET U 1) RS R OR AL 10 AR A e I T 9 5 S il R RS AT A

................................................... W, AV F, kR, TWE, TRID, AA, BEEW, FEEK, 2R, 2858, TH
VU R BB R L R M R S OR U S R IE S SN R R AR s, Rt h, A, 5%, BE, THAL, B4
SN 7K R 3K RS Hg & i FRHIE 528 A DK ooveveeveereenenmnn s XM, AR, BED, Bwm, THE, KK
Py A T A B T 5 S X i 7 R B O SRR SR AB S AL oo MEF, BhHE, BHG, FHE, A, 48, EmE
EaEaliL iR/ p S0 SUM R 313 20919 €L 111 bb- A I, BTN, EF%, 08, #Ak, KXA4, &9
P50 U R R S5 15 e LA 3 A R i e AR S e HEH, B, KIH, 220, N5k, FEE, 0%
BT Meta 73 M 14 05 951 S HE X SR HE S5 12 0 R 4 J UL A AILRL +ovveemeeemmmeemeemmme e Z0E, FE, BEA, B, 2%
TR L3 NO HE R R R AR E M BT T wovvvermeemereesseee M=%, HEH, RER, FHEE, P, 2H
= ) P 29 IR N G B SR TG TR oo eeemeeeeeeees Bz, &, T, Ak, THE, 26k, 2%, 2ER
TR IRV Ve B 17 DU ORISR oeeeeeeeseeemesmssessee KA, ek, ZEX, HEH, NEH, 4, 554
B2 A AL X 3 A A I RETE AU BATI  woeeeeeeemmmmnnnneee TEA,EZH,FZER, BEL, B, 2T
B Y91 A% 0 5 R R T 4 T 4 45 480 5 55 A 25 XU, T e WEW, BRI, FEE, AHE, KXE, #AR, Wlm
LR 90 9 T T B S T BRI AR e RLE,RAE, ZW, AL, T EA, KER, K214

Eﬁ,ﬁlifé’ﬁﬁ%iﬂﬂifE@%iﬁﬁ%ﬁﬁiﬁﬁﬁﬁﬁﬁ*ﬁ ............................................................ ﬁ: s %f’%'@’%’ ':%Ej\lﬁ, 7%/&



#4555 5 1] N B OB = Vol.45 No.5
20244F 5 A Environmental Science May, 2024

ETHEFI B REZEZEXEPM, MO0, ZEDTH
$F1E

W, T, IR, ST, EER T

(REMHESIL L, PEAIZE-EHARERIAE SEBEFRIES S mE, K 300074)

FEE : GUHESE XA TE Y A I B Zs (A1 25 55, TRV R () ) ) R PML 5 T O VR B 40 AT A5 B T il B 2 A 20000 75 Y By
FERE I R ] STL J7 15 43 ff PM.s F1 O, W BE , RIUI W J3 1 . 20 20t AR o0 40, IR0 AR Ak M 94 55 2 ) 43 A R AIE . 45 2R 3%
B1, 2017 ~ 2021 4F 50 HESE DI PML s ¥R B T RR IR &5 T 05, AR . HLZE PMLs IO 2 IEARDG, Bk X2 AR, KT
RN ZR AT S35 AT PM, s 054k BE 19 5T ke K . PM,s B9 ZR 9 43 a . 4 300 404t DA B O, K 30 43 &5 BT I0T 3 e B A AE 24> 4T
Xof VAT AG 45 R A R B DAL, FEAS (R )RR - 5 X A PMLs L O3 ¥ AR FE IR X 43 A 5 RUR P FIAR L . K43
et R 0 T 47 b ST B PV s BT O 36 B2 19 38 78 B 4 5 2R 43tk 0T 30 40k 0 o 2 W0 ) 0 25 3T PMLs D O MR BE R B 0, K
AT LU 45 31T PV, 5 VR B 22745 0t RURT I A0 S AR ol 2 50 1m0, R LU 19 O VR 32 J8 9 et 1 s o 25 0 1

KA : BP0 PMass SLAE(0,); RUHBEIXEL; 25 [ 47

FESES: X513; X515 XEKFRIRE: A XE4HS: 0250-3301(2024)05-2487-10  DOI: 10. 13227/j. hjkx. 202306169

-

Spatial Distribution Characteristics of PM, ; and O; in Beljmg Tlanjln-Hebgi’ Reglon

Based on Time Series Decomposmon | gt

_,.‘ [
YAO Qing, DING Jing, YANG Xu, CAIZi- v1ng, HAN Su- qm | ¥ ' 1
(CMA-NKU Cooperative Ldborator\ for Atmospheric Envnonment Health Resealch Tianjin Environmental Me,leorology Ce'nter Tlal]_]ll] 300074, China)

ion among cities in th.e Beqmg ﬁ:lan]m HebelJBTH ) Region. Cldrlfymg the tﬁqcentrdtwn

Abstract: Notably, lear bpdllal differences occur 1q“ the dlstnbutfbn of alr B
dlsmhutwn of PM, apd Ozl‘lt dlfferent time scales is he pful to form jdcu;n" ic and effective pollution plevammm aridcontrols easu{aé Here, the concentrations of ]"M | '(ig,d 0
were_decomposed usmg,a sédspnal -trend decomposition proceﬂ}mb d on'the: loess (STL) method; their long; lerm seasonal, ‘and short-term components wére obtainied ; andfl;brf
tempoml and spdtlalﬂ" smf)unon characteristics were studled Thg: resn Its showedth'at the decrease in PM, comen,?ﬂwn in the BTﬂa Region from 2017 to 2021.was higher than that of
0,. There!was a psitive camelation between PM, and 0H L@HLe‘mrdllOﬂﬂ in' sprmg dnd summer and a négativé-crrelation in autumn and winter. The short-term comp'gnem and
séasonal component had the-greatest contribution to PM,5 and Q3 con'gtentrations respecmelv There were twn‘prmmpnl components in the seasonal and short-term components of
PMy fdnd lye long-term ang short sterm components of 0, coﬂespondmg 0 the cen.t-ra]"a.nd southern part of Hebel Province and the northern part of the BTH Region. Sub-regional
dlsmlJutlon of__]‘?M, s,*’-"ﬂ 0, in the' BTH Region at different hm‘s scalcsfitle found Gompared with that in the original series, the long-term component could better reflect the evolution
trend of PNL5' Fand 0, concentrations, and the standard deviation (SD) of {HE Seasonal component and short-term component could he used to measure the fluctuation in PM, ¢ and 0,
(oncenlrfiflons in various cities. The SD of the seasonal and short-term components of the PM, ; concentration in every city in front of Taihang Mountain was higher, and the SD of the
short-term component of the 0, concentration in Tangshan was the highest.

Key words: time series decomposition; PM, ;; ozone(0,) ; Beijing-Tianjin-Hebei Region; spatial distribution
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Table 4  Principal component analysis results with orthogonal rotation method with Kaiser Standardization for MDA8 O in the BTH,.RZ%i(m

MDAS 0, ESi 00 FRIEAE( > 1) TR F 1% %ﬂrﬁﬁ}ﬁ‘}} £1%
3 PC1 6.193 . __47.636 F47. 636 -
K313 y o = y N
PC2 L 5.153 } 396000 87.2767
TN PC1 12.480 " 95997 1) { 9§.9§7 .y
1 o | - >
pClf A1.106 41.106="
YR f v ‘ _ AN T
PC2 3699 W 781004,
— = 7

mﬂm@ﬁﬁ%ﬁ;?%t%%ﬁ;%%% ﬁ%
ﬂ%%%%ﬁ%%gﬁ%ﬁ?Eﬁ?ﬁﬁ ﬁHV
W, %L%@mMMmrmﬁfﬁuﬁwzm
W 1105 BT I et o R 2 | i

ﬁgﬁfﬁ%iﬂ%i% ﬁﬁ@%@%ﬁ‘\
%ﬁﬁ%é%éﬁﬁ%,ﬁﬁﬁﬁk%ﬁ§%¢ﬁ
70 ~ 110 pgrm™, Zit 5 a i B FE 2 35 ~ 50
peem™,  Hoep g K04 R IE K, 3k #1-9.96
s AFJERZ, H-9.46 pg: (m’-a)™; b
I FEIR M -6.35 pgs (m’-a) ™, J&EF X IR F 35 K F
ARER K K DAL, 4351 0 -1.38 pge (m'-a) " Fll
=1.73 pg* (m*+a) ™ & W PM,s 1< 3 43 18 A9 A0 X A 1
2 2 R A [R) kT () 6 B 22 S, AR A K
JE Y R X6 R AE 22 43 50 SR 25.5% 1 21.6%, Y I e
TR K 1(10.8%) IR {E(8.3%). K 6 45 i T 45 3kl
05K 1 53 1 (4 Bsf (] A8 A O, 5T HEE X AE By R 1%
228 pgrm”, BIWAR T LG T 9 BRI . 5 PMos AN [A]
O 7% B 19 K B 73 o 2 IR ZR 18 0 3l N R RRAE, 2018 4F
A ORI mIkBIEEE, BEZET
R, H 2021 4% B3 Sk 35, #5630, K 3 i 1Y
AXFFR 22 (3.1% ~ 6.8%) 8/, F BT AR K O, %
ARG R T, IR E S 0,75 YL & 2%
AL ECE A LT R R ol g T ) A Ay AR B Y

pge (ma)™;

VBT 0, Tk g T TR S

k%ﬁiﬁ?%%%éwﬁ%%m%l%m%ﬁ”
st o 4l s e e s s S
m?k%@ﬂ%§%ﬁ§ﬂ%%”5¥£éﬂ
. NFE
RHAENER, RHE ﬁ*ﬁ%%ﬁ*%ﬁ@%
KA A J) Wt 5 B X3 PM s T O 2 745 RO AL 1A DY
Bl ol S Hezs ) 22 5% & 7 iR, b o R R R
T PM,s ¥ B2 1 295 40 A o 22 3 TALEs s X, anfy
FE AR UE 2 H 32.54 pg-m™, 1K F] 9K K O by il 2
(10.57 pg-m™) 1Y 3%, £ Ik T PM,s R B 19 4 0 73
Frife 22 M4 4z, BPURAT I AT iy fe i, HA

PR R B, 5K 5 1 FURAE B AR A5 45 . 0s 3= 1Y
e b v 22 9 25 (8] 0 A REAE 5 PMLsm ML, DAGRAE

AFEFMG A G, KK A RE G, T
O, ¢ J32 J 301 73 b v 22 LUK Ll B, X ] RS R AT
L, 98 25 b T 3 114 52 4% DXl 326 R M A DG
UHE IR RS R B, PM,s 5 8 i AR A B 35
ﬁ*@ﬁﬁ%%MW ENGE 2 A G UL INEE: )

o AR MU AP B TR ) 19 75 e W) a2 2 A 1L
%%éﬁwmﬂ@l%ﬁﬁﬁﬁmw“%ﬁ i
(9 5 R 5 S 2 2, [ I e TR A DX A2 i b 5
Wi, 75 G Wy A A o A e kAR B g
PEre R AR, 25 G 2R, B

s R H



51

WA« T ) 50 20 figt B RCEESE X PM, 1O, %5 18] 43 A AR
1.0 1.0
BJ
o BJ
CDo
ZJK
CD ZJK
08}t o S 0st “l o
o o
o OO o °
0.6 0.6 o
g ° o o SIZ
3 0CZ
04t 04
HS
O XT o XT
[e]
HS
o HD
02 02F OHD
(a) PMp IR AT 70 B (b) PM, 53k S 43 B
0 0
0 0.2 0.4 0.6 0.8 1.0 0 0.2 0.4 0.6 0.8 1.0
PC2 PC2
1.0 1.0 —
HD XT
oQ L TS SO
o 9 HS
0.8 D o
087 oSz
[e] [e]
0.6 e o
[e] o
0.6
O 04 o XT 3} om
&~ A OLF
04}
o HS o
3 B
0.2 o s8Iz J
o
0.2} o CD
0r © HD o
(c) MDAS O3k EZHi 73 & (d) MDAS Os3k 343 &
-0.2 0
-0.2 0 0.2 0.4 0.6 0.8 1.0 0 0.2 0.4 0.6 0.8 1.0
PC2 PC2
4 FEREEEPM, FIMDAS O KEENBEREEIRSHNEARTRY
Fig. 4 Spatial distribution of principal components with orthogonal rotation in the BTH Region
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