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Fig. 2 Spatial pattern of seasonal average PM, 5

0 25 50 7510%
CEC—— )

concentrations in five cities of Ningxia

(27 pg/m?) FIE T (19 pg/m?) & 3~12 pg/m?;
2 1 M LT PML; ~F- 34 T o ik R 0 {3k B
62 pg/m?*, W F & FHR N (57 pg/m®) =B
(54 pg/m?*) T (53 pg/m?) FIFE IR T (37 pg/m?),
K ZN T 5~25 pg/m’,

i Lk, TR X PM,, Ji i AR
JE v E GBS B A, DR BT e Rk A
e 25 () S PR o
2.1.3 A ZAesrie  TEIT PM,s ARk
JE S PR (R USRI SR (] 3) o MDA 3R
B, & R E TG A, &S EEDT 12
HZ2AE 2 L2024 4F 2 A BRIE TS0, A D
PM,; A P ik B34 it 50 pg/m?, X — M4 5
A6 J7 R B WIRE IR I FEEE T D A BRI BOR R
HRE T 59 B UIAH DG . BTG Pk g T 3—

=90
& sof e HLI o FTLLTT o ST
g S REL S

3 FEEWPM,AFHRERETLE
Fig.3 Monthly mean PM, ; concentration trends

in five cities of Ningxia



140 At TEFEARER (PZEL)

% 25 %

4 J,2023 4 4 Jrp Bl PM,s A P38 o i ik Ji 22
T+ 82 pg/m’ FEIH K TV RS K 5 A5
PeIgEn, Rz, 2 BKE(6—10 A)TERS
PSR A 3 5 B KRR I BR AL I LRI R
PM, 5 H SF-38 o it e i e A A IR A , T2 B S 25 14005
Pt

Fol PM,s H T35 0 Wk m b o SRR R
L TR M E NS, XFEEFBTW
b AFIRGEAET A P Tl SR AR St HE
FOSEIR B, 15 Y BRI ™ 2, B PML s H
JoT i TR R AR PR IR B0, 2024 4F 12 A AWMLl
TS E T PM, s H P BTk 25 Ik 34 pg/m’,
B 22 5 W B WS RV SRR Z bR, X
SRR BT —80, IR PM,; H P35 5 ik
JEVE 220 WAk AE . AN, FTT PMLs H P-4 5 B vk
JE AR S R s BE B ), S TS 4 A A e R 5
o XA, BRAS B HER TR A, X I 14 i
CL AR MR 7 B 28 ST AR A i) BRI
214 B EHE B4 TEAT PM,; H/NE
SR R B AR AL 4R 4B R T R H AR K
23 [AVRRAE , B A A S BRI 285 44 b s I L 57
FT ) ARHIE . BERIAERE b, FOT PM,s H /N
1 Jo R R A ok S A () R0 AR (20: 00 IR H
8:00) F1 2P B BE(9:00—12: 00) Al WA J , 7 )5
(15:00—18:00) & ABHH , iX —“ME—R"EE S
NG SN 23 Kh FR B AR s R o 25 [ 4k
JEE b AT R R 25 5 b T H ) PML s H /N
S 347 5 v B AR T, 1000 BijJS LR IR S v 1
(49 pg/m®) , 456 A BEBIRIEA i 4 51015
AR TIARE s AW LT PML 5 H /NS S 349 o vk
JEE D)4 R A A o o7 R A 53 Hh AR Ry Tl 3k, %
S Tl HEBON 22 A5 1 B S s 4R 1 T S
ST PM, s H /NS5t a ok B it SR St R BB
FEA , BRAAREE T 3uk 1l A 136 V5 -5 28 3 YR 1) MR ARRAE Al

Dol e T e AT o ST
E 1 e e [

@ 40 ﬂ,\\'/ ,

QP D DN OO LD LD L

PP e LS e s g
i 2]

B4 FEARTPM,; /I EHRERETHE
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Analysis of Seasonal PM,s Transport Pathways and Sources in
the Ningxia Region Based on the WHCWT Model
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LIU Huanwu®, MOU Goutao*
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Abstract: To identify the key areas and primary contributing sources for the collaborative control of PM, 5 in Ningxia, based on
hourly PM,; mass concentration monitoring data from five cities in Ningxia (Yinchuan City, Shizuishan City, Wuzhong City,
Zhongwei City, and Guyuan City) from March 2023 to February 2024, Global Data Assimilation System (GDAS)
meteorological data, and high-resolution land cover data, the Hybrid Single-Particle Lagrangian Integrated Trajectory
(HYSPLIT) model and the Weighted Height-Weighted Concentration-Weighted Trajectory (WHCWT) model were used to
systematically analyze the seasonal transport pathways and source characteristics of PM,; in Ningxia. The results indicate that
PM, ; mass concentration in Ningxia exhibits distinct seasonal patterns, with higher levels in winter and spring, and lower levels
in summer and autumn. Spatially, concentrations were higher in the west during spring and summer and in the north during
autumn and winter. Temporally, an overall bimodal and heterogeneous daily variation pattern was observed. The seasonal
transport pathways are influenced by four types of airflow patterns, namely long-distance transport from the northwest (Xinjiang-
Inner Mongolia/Gansu-Ningxia) , short-distance transport from the northwest (Inner Mongolia/Gansu-Ningxia) , short-distance
transport from the northwest with an eastern detour (Inner Mongolia/Inner Mongolia-Mongolia border-Ningxia) , and short-
distance transport from the southeast (Shaanxi-Ningxia). Among these, the proportion of airflow from the northwest transport
pathway peaked in winter (83.69%) and fell to a low in summer (56.42%). The potential source contributions showed seasonal
differentiation, with significant contributions from the northwest in spring and dominance of the southeast in winter. The
pollution source contributions also exhibited notable seasonal differentiation, with Inner Mongolia being the largest contributor in
spring, summer, and autumn, while wind-blown dust sources, natural vegetation sources, and agricultural production sources
contributed in decreasing order. In winter, Shaanxi Province became the largest contributor, with natural vegetation sources,
agricultural production sources, and urban industrial sources as the main contributors.

Keywords: PM,; sources; transport pathways; WHCWT model; cluster analysis; Ningxia region
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