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Abstract

In November 2024, Henan Province experienced a severe, prolonged, and extensive pollution epi-
sode. This study investigates the mechanisms of meteorological conditions and pollutant transport
influencing this persistent pollution event through meteorological diagnostics and backward tra-
jectory analysis. Key findings include: 1) The synoptic background during the pollution episode was
dominated by westerly airflow at 500 hPa, significantly weakened cold air activity, and low wind
speeds in the lower troposphere (850 hPa and below), which collectively contributed to pollutant
accumulation. 2) The combined effects of temperature inversion structures within the boundary
layer and weak convergence hindered vertical dispersion and facilitated pollutant aggregation, fur-
ther exacerbated by regional pollutant transport. 3) Backward trajectory clustering analysis re-
vealed that heavy pollution air masses in Henan primarily originated from northeastern pathways
(57.14%) and secondarily from southeastern pathways (42.85%). Potential source contribution
function identified southern Hebei and southwestern Shandong as major contributing regions. This
study provides a scientific basis for formulating pollution control strategies in Henan and surround-
ing areas.
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1. 5|8

IAESR, Bl A FRE 4 D 2 HPRod R R AR T A AR B, RS i H 28 R, SRR
AAREE, AR SRS R R EER R . 0T Y B R S Yk R i v S 8
LGN IR (A BURL I K 30 11 % B4R R 5) PMas R PM LA R SRS ELHE 05 NO, CO 5555,
Fy5 Je RA MRS E PR ZRPRE, 24 SOs NOy LUK Hopth T RN JHUAE 47 () T 350946 i 328 78 [ %
AT ERRERS, 2345 PP RO LA N B 3G N[ 1]-[3]. 2013 4F 1 A, FREH AR
KT — AR E TG G, AR 20T PMo s IRIEHTE 500 pg/m?, X 0™ 5 Gead Fnr N A £
Mg FEAN ARG P2 A T R E AR TR, SR T ENAMTIZ REE[4]-[7].

VRN A 5t [X 1) B BEARAL RN VRS, TR eI A T A PO HEBE R RIS, T I
IR R AITR 8 JCHREAR R KAT G A MG Pl XEE RS R L EER T, I
F L XA L V5 e RSO FR, WXIESRRE, JE R L A S5 iEahiE il T R R . Ak
T R R R Y 5 00 B R SR, U ORAT I AR AR L, RO L P R B SRS T IS e A%
i, G RT RTE LT IEAT RAR, IR R X TS 8], WEALR T, BRHUEMIRI AN, EiG KRR
MR A 5 R AT VA ANER  IX 355 e [0] (1016 2%, BRI/ A S5 e R I S R A A A R
BRIE NG R S TR B A T B . ATt AR, RS RIS SR F TR,
MEFRRAER, [REEMF—BSRDU 500 hPa FI55EER . m2 RIS 850 hPa A L LU KUEEL
N, MBS R YR, EIREIX SR [12].
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Ak, RADFEMWAC M RGER DN SEREAFPIRHAR, SEBORY BEe8E, WERT
RGN 5] [13]. RRFZER—J7 HEEm RS S HUS 6 4m, S EUUE IREE5 G YAE I a1
DURA[14], 73— J7 RS RE RS B — USRI ARG, = ARG B2 AT DUt SO, i@ iAHAE
IAA S N AR R R £, SR I S N 2 (R A NO2 S S AT R m BORE ) i % A, Ao < b5 G
VIR FE &, INE TG G 15]. B A28 o EDBUREA (075 LR iE . SRIR S ML DR A AR {8 e 1 52
i 7 REMBEAR TAE, (HEEEPAEER., K=, BR=ASRI AL 16][17], X0 5E 55 P i
DX FRIAIE ST A8E b, Stof R e VRt ol 8 I P T G e e 75 AN A2, e L = I 1) P B R Bl B2 e -

KATGRRE AN BRI A, Y SOFIE AR 52 2 2 P R B m), FE R HZ SR,
HOs e . AR IRFMT, SRV 8, BoERAHIX RREREG GRS KL, &
NG5 Gt R RS AR SALE], X T4 s Je R STk AR s PR A o B 2R . 2024
FILH IR 14 H, W T ERS R, 28 2 SIE 2 AQI (Air Pollution Index)
HEIE 200, X AATTE AR AR S B A RS R AR T R B R . ASHI TU TS R RS YRR R . RRAL)
] AR UL X3 A AT VEA DR 0, B CER DT R 75 e R IR BUR LR, DAIIIR
X G G SRR IR AT A, vt i is ReBiia ittt — e &% .

2. FERASE
2.1. BEkIR

WEFURT BN 2024 46 11 3 9 H~14 H, BERMEEE: 1) 2EZ/ N AQL FREUM PM, s 1IN 5K, £
8 S VR T F A S M 0 3 %) 4 R I T A 0o B SE I R AT P 6 (hittp://air.cnemc.cn: 18007/); 2) i AR
TSR E A ] B A AR R AR SR E R, B 45 10 min P UE . KR /NRFREZK &R IR
MXTEE . 3) ERAS & FRE - HT%0RBH0.25° x 0.25°, https://cds.climate.copernicus.eu/datasets). ERAS #&
BR P R TR O R AT R A BR AU 1) 8 AR KA i i 48, i BUR IR T 1979 24
BN ER S EH AR E RS SR HE, AR R E, MBSEES TR K
SR AERHB R L IR RO S S 4) H TR A RS Rk £E
Z O B Ak B NCEP 4 it 1) 4 Bk %% K} [ {1k &% 4t GDAS (Global Data Assimilation System,
ftp://arlftp.arlhq.noaa.gov/pub/archives/gdas1)Z &l, K-FMAEEE 1°x 1°, BF[E][EFEA 1h, HT HYSPLIT4
T KL 5 IR BUEE 23

2.2. ARFZENR

2.2.1. [EEEHIEE

HYSPLIT(R A SR 1 Hi s B H )i 18], A& 38 B B R FEAR S BRI (NOAA) 5 KR IE
KR RERETERI — R TR T RN R RTE R 5E . s AR ZE A% A
FHEBRE MR RIS R Z, Bels LU e B IIE S5 R 05 S AT s, BRTeae iz
F 20 i e i) DX IgAE S FURFAE

TEJG R, T 2BREdE R 1L & Si(Global Data Assimilation System, GDAS)H' 1° x 1°7K
S BE S G BAR AR A R R [19]0 S P02 ) JE AL ) 1R, @R 500 m, BN/
IR — IR

2.2.2. BERTEEFSHE
TEAE YR TR Bl F- 40 HT (Potential Source contribution function, PSCF 43 #7) [20]/& —Fiuks J5 [ B2k 5 45 &
HF 58 X 38 KR T5 YR FE AR RE A 0 v, I AZ v ] DA S35 1595 S 7= A Bk F T8 LR VR X 34T )
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WHIE o HATT FRR BT IR 7 A HA — @R FEI S, B v R — T RS () (.7 AR
FAZ L TC I I 1R 48 S M6 8 ) i AR PR B ) 25 AT M 2R SR S i A e 15 R TR FE R I B0 . i S 0
Bt 78 BB V8 — AN B, W AR o0t L 5 Gk B v T BT i BB, R R g is et .
PSCF (AR AT

PSCF, :%
LR, py, RRIEEARE R, 7)o BT POz s A, my, AGRAEIIA (7, ) BT B TS B
Uity i 202 FH o PSCF B R/ T S 25 WA B, A A 3135 G JiE ok By v e R 52 AL 1) T i
PE. PSCF fH8 K, FRIZMAEXT H B0 w75 vk B ) sTmk stk K. {HJ2, PSCF M HEfEA
JR LB T2, A5 2 2 B A X5 SR A s 1 B 8 1A N T AR K, o e e 2 e U B AR D
H ot g R AT E PEHBOR, tH3E H PSCF B W REFEAAAE R . BRIk 1 ki 22, $2%5 PSCF W ifE
Wtk X EFEIAERE W, Hit A2 PSCE, sl W, BLE ¥, Hrbn, ARBDEH K
BRI 1) A IR A BT R RSP 3 2 4

WPSCE, iyt 58 e SN
WPSCE, = PSCE, x,

W, B 0T
L0 (3n,, <n,)

1.5n  <n, < 3nm)

ave i

3. BREWR
3.1. SRITUNR

2024 4E 11 A9 HE 14 H, EEILHEHEMX AT T —0ROGERE 5 Hd 2. L PM,s ARERITS
YeWAE s ek e FE b S0 AR R A K. 18 1 v 2024 4E 11 A 9 H 0:00~14 H 23:00 Ja] j & H M =17
U FEAEL ISP Z2PH . BERH & T/ NET PMa s UFERTIN (AR AL, 7L IRTS e AR, 498 25 115 Jedmik B
7E 30~209 pg/m? 35 Fil AR AE . ¥5 4t M B AR T, 10 H 18:00 4 93 pg/m3, 11 H 7:00 i£F] 170 pg/m?,
12 /NS FERIE 77 pg/m?, 12 H 15:00, PMa s W FEIA RIS FE B R AE 209 pg/m?s AR A=A 40, B 5 i
R B KIR EE T 160 pg/m®, FABATH AT 140pug/m3. &1 PMa s S AU BN A) 20 590 g 22 A 7
PUAE 11 H 10 B AT HBE 12 H 20 B, =TT HIAE 11 H 12 B, E/ETHHIE 12 B 15 /Y,
WEBHTTHBLE 12 H 15 B, BEPHTT B 12 H 10 B . 448 PMys FURIRE S 8UH A A6 R s L5
s, SYRERE B %A TR IR ETREE . 13 H&TH PMos IREE 2B AN R, BHZE 11 A 15 H& A
TG PIREERE A 75 pg/m’ LUR, {5 it e 4501

24 V&3 25 T AN sl R 22 BH s ARG R DA ST R BEAD AQI FR LIS P ARAY, RS B A ]
AQIL 5 PMys WA HA BRI —8hE . 7EV5 JemIFFap BL, AN 22 H PMa.s FRIVRFEESA7E 100 pg/m? DA
T 9~11 HAINFNZEBH 5 Yo BRI 0, 11 H 19 B, ZBHTT PMos iEEIT 150 pg/m3, 183 165
pg/m®, AQLIAE| 215, FHfEAMN PMos HAE 11 H 1 BFIAH] 142 pg/m’, AQIIAE] 189, 5 HLIIE], A Al
22 B AR BEAL T — AR B R KT, AR EE 23 ) 81% + 11.8 1 88% +13.2. 11 H 12 H 19 B %6
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Figure 1. The time-series variation diagram of PM2 5 concentrations at representative
monitoring sites in Henan Province from November 9 to 14, 2024
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Figure 2. The time-series variations of meteorological parameters (precipitation, wind, temperature, humidity) and PM2 5, AQI

in Zhengzhou from November 9 to 14, 2024
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Figure 3. The time-series variations of meteorological parameters (precipitation, wind, temperature, humidity) and PMa2.s, AQI
in Anyang from November 9 to 14, 2024
E3.2024 £ 11 A9 HZE 14 H, ZETSKEREEK. K. BE. EE)F PMas. AQI HIETFEEL

TR T 75 R FEAT SR AERFAE R 7K1, FLr M ) PML s TR BEAE K 38 — B BOK A T R i3 n, M
133 pg/m® $EIMZE 168 ng/m?®, AIRERE BT MK FECE RGN, =005 Rt A it 1 B i
JESFA. 11 H 12 H 20 22 14 H 4 I, A2 PHTS GePpik B LU R 1 N &S, 0l 168
pg/m’s 177 pg/m? PEZ 40 pg/m’. 48 pg/m?, FEIEIHEIE 70%, 582 T 58 Z W B oK i b AE A,
UG G R 2R T B

3.2. FRERNEE ST

3.2.1. RSESGH

11 A 9~12 H, MEEHRHEZIH 4%, &% 500 hPa I RFR N T, BB NEKE, NEE
ZREMERAEY, ~R/EE, KAMEEY BEIRZE. NP RS LA, R X —14
SEI R RG], m RO R AR IR 5), WRIMIX A TR R T, SRR, A
FIFHuTH R AT, R T 4 BA= A o 3 Hh VR B ROR (R KT 60%), 1RSI
FRBEAE T A RN ARE S 2 A o H T KGR TE 2~4 my/s (1 7), fEM bR e e B M A X, KK
Y ELRE R, RZE N EIEENT 0.5 m/s, 15 R KCST Y BON B BRI E AZRE, 15 3
MR, AR TERRAKE.

K 6 45 T 3T ERAS BRHEIZ 6 h FBMTH 1000~500 hPa B I FTAH X e ek a] - g 8 ) 1

DOI: 10.12677/ag.2025.157093 996 HERE} 22 AT


https://doi.org/10.12677/ag.2025.157093

R

W P e o S NN
E Ly = W LAY S~
- [N o O K\ 2
ey . L
50°N 50°N £ = w —
eswasseess—————-—o
P AN v e e o . —
40 40 L TR WA 20 o el
= w’tﬁ_&! pe =
f’ﬂ, e
30 30 LT vﬁ%{g‘ ]
N S S a& P
NS R = o =
\\K\\\\T or /",JJ«:JJ///
RN WE Y A SR N = S YRR S CEENNN
20 20 hoar . /Q/V/J ] oo \K T~ ==y Ny S~
AAAA LA o © 0 0 0o\ \ \ oo = 0. — A \\\|\\_
AoA AN \\\«Aﬁ\\\o/‘/‘°°//@§§\\|ﬁ—\—
FAnA~AAN NN = NN S =S Am = s A ]y
10 T 10 T T 1 i T -
70 80 90 100 110 120 130 140°E 70 80 920 100 110 120 130 140°E
(b)
\'\I:ﬂww <% gt N N\
36 = R N
[y [ N
o E . [y = S $
50°N 50°N
‘\;w“’ | gy W Wy | -
R G S = T S ; S — =
0 T T et i B = Y B - oS
[ g = e L [ i () - [y
i o ﬁ%ﬁf« — = N g o
SISt g i ey SRS NN L e st A e
30 TR T 4%4* e T 30 Ao $ s [ S ro RN  wrw
[N <~ o QR P gy ;-«— reut R Lo (N yu WA o —
s "ﬁg{’ RN [LolCT AP
e SR ﬁg 1'0\/1 RS A R < - S A1 o=
20 4 TINNRNT T o L e SYY Ao~/ f 20 A NFABE NSNS S 5&8 JAINYSSN e
/////ea\a_gggy,ﬂ_«;wgi/{ > i\\_ + ,*LL?Q\A_ o o o | ‘\\/J{\\,\‘\,\\S,
AA—-<0 0000000 00 R ° = ~ =N BE—— A ° o o o — .~ = ~— N~
) NS «.—vx-v\\o/rr\d’oa\\/J\«/\/\/*—‘\, A=A A 0 < /‘A\°°°°\ﬁ’\@§\\'
m\;—v—v—vﬂ\—v//ff/‘““"\\\///‘m/‘ AVYNS o o m—xasa SN~ A LNK S 0 N> ALY N
10 T T T T T T 10 T T T T T T
70 80 90 100 110 120 130 140°E 70 80 90 100 110 120 130 140°E
(c) (d)

Figure 4. 500 hPa Geopotential Height and Wind. (a) at 20:00 on November 9 2024 (b) 20:00 on November 10 (c) 20:00 on
November 11 (d) 20:00 on November 12. Contours represent geopotential height (unit: dagpm)
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Figure 5. Sea Level Pressure. (a) at 20:00 on November 9 2024 (b) 20:00 on November 10 (c) 20:00 on November 11 (d)
20:00 on November 12. The shaded areas represent sea level pressure (unit: hPa)
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Figure 6. Time-height cross-section of meteorological parameters in Zhengzhou based on ERA-Interim Reanalysis Data from
8:00 on November 9 to 8:00 on November 14, 2024 (Wind barbs: wind direction and speed, long barbs = 4 m/s, short barbs =
2 m/s; red contours: air temperature/°C (solid lines > 0°C, dashed lines < 0°C); shading: relative humidity/%)
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Figure 7. Surface wind and convergence line in Henan Province () at 11:00 (b) and 17:00 on November 10, 2024 (The dashed
lines represent wind speed convergence lines, and the arrows represent significant streamlines of wind speed)
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Figure 8. Sounding diagrams for Zhengzhou City. (a) at 8:00 on November 10, 2024 (b) and at 8:00 on November 12, 2024
(The yellow-shaded indicate temperature inversions)
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A A 2024 55 11 H 9 H 08 K~2024 4= 11 H 14 H 08 if. HIE 6 7%, 11 A 9 H~10 HABM 1T PM,s ik
FERIMG AR, 700 hPa /A% E A E FE LMW PE R F . 850 hPa LATR, M T EE LMW XN E, 10
H, WA R E, Kl 2] 4~6 m/s, [FE7E 9~10 H, 850 hPa i EA M BT . PMysik
FEIRBIEE 2 J5, ARZNAER TS, KEEGERRE 2~4 m/s, B ZE. WA 8 fiw, 1810 HiGR
A2 HilR, EUFEEE 1 km @ELT, SEWAEMSERZEEAE, WEERS T 549755 7
M8, AT R PR RAR, (S R R R E RO KT, INE SRR . 12 HZ 5, HMN T B AExS
TR PUEIE ] 90% LA b, FEAEREAE F9RE/K, 8 B RIS 2 AR s R B BRI I T ks e Ak
R, PMas 7E 12 H 20 WA H] 7 is Gud R E . BHIE 2 W, 72 13 H 20 B, 5N T H IR
K, & 14 H 02 B FKEEHR, BEEKEBT 10 mm. FTUEH, M 13 HEERE 14 H, 53R E R
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TG Ge A — T3 11 52 B JR M HR ) SR, 5 — D7 T, VAT R G i R R B R TS e I KRR
BRIk, AR E VS Y KA, V5 G0 X S I 2 Tl R b X 35 Y i S SRR . DR oy T b TS e
AR e 1 BRUR, B 0TI R X ds e A g R S SR IR AT B T MR X AT
DLKB M T AR R 3t A, R S R PO B R AR M T 3R X 11 H 9~14 H 5 4t 72 A 18] (1) )5 [ L <,
WX H AT T RS, AR & E B EIE A . WE 9 FiR, MWKTPHRIERE, PLEKaN
HRAb. REFH R, HoRIEBARRPEE L 5 AU 57.14%, 1 75 B B A% o 48 B G B I
42.85%.
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Figure 9. Backward Trajectory Distribution (black lines) and clustered trajectory distribution
(colored lines) in Zhengzhou from November 9 to 14, 2024
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Figure 10. Distribution of WPSCF values of PM2 s at a height of 500 m in Zhengzhou from November
9to 15,2024
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