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Abstract

With the advancement of industrialization and urbanization, the pollution situation in China is becoming more and more serious,
and shows obvious regional characteristics. In this paper, PM,; is selected as the index to measure the pollution situation. We study
the monthly PM, s concentration data of 282 cities. The Fourier basis function is used to fit the data into a functional curve. Then the
functional principal component analysis is carried out in 282 cities according to seven geographical regions in China. The results
show that the 282 cities can be divided into two principal components. According to the PM, s pollution situation in the seven
major geographical regions, it can be divided into three categories: low pollution in the South China region, Southwest region, and
Northeast region; mild pollution in the North China region and Northwest region; and high pollution in the East China region and
Central China region. The research results can provide important reference information for pollution prevention and control in various
regions.

Keywords
PM, 5 concentration; basis function; functional data; functional principal component analysis

£ SIS M 25 7S R B A B 5

IR
w2, hE - =R BB 650500

Hm =

M E T AR A R, PRFEEA DA ETA IS RBAFIE, bR RPM, JREH ST FREN, AT4H282
PR EPM, R R BESE, A2 e A R R AR A Rl 4%, St KRR S RFEFTBRAE £ oo,
RAENAE2RNMRT TR A2 Z RS, APM, 5 LR ML RESR T oAk, F—ERIRFERR, Gy
WR, BEHMREP AR, $ £RZEFTEMWR, OHELRRE, LK, HFZER2GHFTEMK, QHELEARR,
AR R R AR T LR T EARALIZE,

ES 3
PM, kB R d; REREIE; BHA E RS

ARSI, (BEAT & E R AR
W RS B T 0T 0 H A IA 25 R R L
BURE L 43934 75 120 Hh - E R PR A3 X A PM, 5 PR E
T BT, 1 SCREET PM, s IRIERVEUE, 12 HREL
REAE N7, K 282 TR PM, s IR EEEL 108 > H 1Y

1 5]

[l

RAGREAFL DL LKW EEEMN, RiEd:
SIEEHEE, dusl. KEARKEL, EFRERZHIX
H SR PM, s SRIUAEE 2R PM,s 7K
FERNEAEAL . X PM, s iREEEUR A TRRAECR R, K¢

I TR E X S RIS AR 1B L, ARSI
e TS B, HaTEN R TR S5 By msp if
RNEEZS AT =TT W RA5 RN 28 RHIE
TTgE 1, RIS R AR S TR P L6
kK, HTRITENARTARRE, REAER DT R 2
Ko HBTREREGRE DTS 2 s AT R T Ry

[fEE‘MT] FRmW (1982-) , &, PE=FEMLA, &
T, BIEUR, MBNEREIIDNT. NOBEDIHTIIR.

BRI RIS, T PM, IREEEhZSAS(VESAE, it
PM, s IR R I 12 F BRI B £ 7 2 5o o b 5 8
KHBIX PM, s KI5 9 EI 25
2 HIEIHB S A&
2.1 #BEIR AR E R

VBSR4 282 NHIZL T A PM, 5 MR I AR E
MRS e, BT 282 MM 2015 4 1 H 5 2023 £F 12
A PM, s IR EE AREERE, BoEsk B b EZS S E AL
SIS

47



EEERERE 055 -

%108 - 2024 £ 10 B

B SR M MR R EOT U A EE, (R 0125
PR A, (SRR AT AR
HEMEA S, il x(o) B

K
510 =) budi® (D
k=1

Heb, x(n) 258 i MEAINGIIEhLR; o@ 22 k3%
PR by e 5 2 AR 25 i N 3RS R,
THE, MIMILABEL x(0)-

2.2 EBEB N 5 TR R

TR EE A &), (O ET, i = 1,2, .., n), FFEREEL

R RSN
T = fa(t)xi(t)dt,i =1.2,..,n

Hrh, o) BRERREL, RIKREREHILIERNSE £

B RRAR R T KA A R R ARER R R

I, Iy 2
max—z T max—z (J a(t)xi(t)dt)
= =

st llall? = f a®a(t)dt = 1
B 2R AP AL IR, ke ] SRS — e o
[FFRE, RISRASE kASFERSY, BT k-1 AER R E RS
MHEESEE T, K BRIt b, R
max%Z 72 max%Z (f oc(t)xi(t)dt)2

s.t|lall? = f a(a(®)dt =1

(2)

(3)
fa(t)al(t)dt =0,l=12,.,k—1
FA TR LA HhZR A bD 0T 2 sREIERE, SR RRER
LR HIRCRER at). 1CHDTT 2 BREY -
ma=#%2@brﬂm@m—m»
AR a(f) FEAFIET TR : HuE
Va(t) = [v(s, a(t)dt
Heh v AhIs 28T, BAVal) =alt) . KR
x(f) (VBRI TN -
K
51 = ) buhil®)
k=1

S B X0 = (00, 1200, o xa(®) . 0(8) = ($1(8),
b2, u(®) . MITTERILREO LR EUR TN x=A @, T
75 7 R -

v(s, t) = ﬁX'X = ﬁcb(s)'A'AtD(t)

BISPREL a(t) FPREURF A :

a(t) = ¥r_, ardi (D)

;E\E;j: a=(a1ra2!---!ak)'7 m”l:ﬁﬂgﬁiﬁﬁiﬁﬁéfi

a(t) = @(s)a, Mififd:

48

f v(s, a(t)dt = f ﬁdb(s)'A'Ad)(t)d)(s)'adt = ﬁCIJ(s)'A'AZa
Hr Z 2 K B reare, WA
an(t)'A'AWa =Ad()a
n—1
W Fveer, & (4) 37, HisAAWa=2a, HIn]
KA E R a()o
3 SLUERHT

3.1 £[F 282 M TR BRI SKUE S 7

2142 282 M ROHTLRIE, i RIS T,
ET RZHIHREUCHI 2 E 282 M PM, s K 2015 £
1 A2 2023 4 12 AR kpbgeln®l 1 Fs.

1 £[E 282 M PM, 5 iR BEHT i Ze 3l & &

BN EERIEL, MEFRIE 282 P
T 9 PM, s TREEZE 2015 2 2017 231 A4 2017 E &
2023 AN EEEAAR FA T TR AR, 154 E PM,
RS QB 2017 FFiRABE . 1F 2015 2 2023 F£K
AT PM, 5 IR B FEAE T A BN IAR . ERkAS
BN, XX I PM, s IR R TIENA)D,
PM, s IRIEEAR SR AR S ARG s HORAEE N ) PM, 5
TR A ARAVAE 9 SRR . 4, REUERL 9 NRIE |
9 MNEE, BAKZEURITTEF WIS | Frh IS
ALATE 282 M IR AEHN S, LHFERREE MK
LRI R SISYUR N E . S NERE, RIS
E# R ZE AR IR . SRR .

T RE S TR AT 282 T PM, 5 TR
HEZRIEIIAT 2 D ER DTk RR (JEa) L AIX 282 ANk
TR LR, R AR ki 2 282
AMRTT PM, 5 IR EERVARAEIE L .

PRSI 53 T DTk AN R DOk MLAR 1.

F 1 BHBE WS SRR R

PRER E RS> FPC1 FPC2
TR (%) 82.8 3.9
RITTamkE (%) 82.8 86.7

BB PR SR R A T PM, B S Y, R
TEHH A A, 7F 2015 4 & 2023 G HAR] 2T RN



EEEREME - $E05%5 - F108 - 2024 F£10 A

Wegh, WIEHIESFNLER; BRI RS
PM,; 7E 2015 £ 28 2017 Fy5 4443 0 2 &, 2017 4= 2023
Fgguistis; HIARIREETE 2015 4 3 2023 £ [H)A B
%, WIETETS5E—FROMER, HIEERK, 5RE
2017 78 2023 F£HAN], E-—EHo T PM, s IR EREF
AL . BMAR, —Hmmi 28Ik, BEE. T8
—F B R DT B A 82.8% . 3.9%, H:[F
R TR A 1A, BTl 40 e B R
NEBETTER N TT1A_ERREN, LB R T
BIEE — RIS — R R 2 Fire

o
S
o
O]
§ v |
(%]
[®]
o o |
8
o
Q]
T T T - T T T T
-300 -100 0 100 200 300
PC Score 1

B2 e2EE-—ME_RHBEIRIBIH~E
I LRI, mILUR 2l 282 M A

Puk,

OFE LIy L 55 MRHHA LG
SSEBAIE, X PM, s IR T4 E R SR,
REAEEE, PHEFACARE . ARSI
AN R A5 RIERR T 300, 7E 282 Ml HHHEZ AT,
HHEA I PM, 5 IREEAE 2015 55 2023 FHAAEN RS, 2
KRR I

Q@FE _HKE Ay ZINTHF 22 MR NE—F S
I FROIEE SMEL, ERSEYS5ZSANEE
BIRKT 25, XX BT PM, s TREZHET 2 ERISFA7K
S, REBEEF

@FE =KLy T E 64 MRTE LR S5
B ERREIA T, X SR PM, RN T 2
WSEACE, KERERE, THRERM =, =M.
EERESF MR E RS 2R/ N T 200,
1F 282 MM R HEA B AT, XA -EAMR TR PM, 5
TRFEAE 2015 FF 5 2023 FFHIREBRIR, REERSERIT
R

@EPUL KBSy NG 141 MRS — Ry
S5 ERBA—IE—R, B-ERS 5 _ERnE
BRI EIRT 25, BHHX 141 DRI R PM, s IREE(E
2015 & 2023 FHAAA R, HARPOEHTE . =R
M5 AN R ZE E/NT 200, 1EAX 5 MR RS TR

BT AR, AT PR PRSI MR R AT
300, WHIRSRERE ., Bk, REE.
3.2 HELKHIESEX PM,; iR ERSSIESHT

Kyt — PRI AE PM, 5 IREE RS (URHE, MR EE
KHIFRSY X X PM, 5 IREEHEATRREE RS 53T . 48]
R ACHIIX 36 ANRTT . AEALHBIX 28 M. AR AR HIIX
76 AN . AEREHIXK 37 N . SErhHIK 42 NEAT. 7
JEHEIX 30 AT, TEREHBIX 33 AN HOHTARE, &K
(9 PM, s IREFHIZRBEF TG, HE-ERIX B B e iR i
ERA T, BRI EX R R RI R A
DRI X 9 42 MRAT 5], HAb X ER R R T
ST

TP IX 42 AT PM, 5 TREEROHRZ S TEILE 3,

[ 3 £t X 42 M PM, 5 iR B9 2R LS B

[&] 4 e X R E AR D T E R DA A
IR NI IS B RTR & NI TT PM, s 15543 h =
%, ZENFEZXHN PM, s mi5 0, e RIZX A
PM, I75 54T, IR REIZK N PM, s 15 5L Y
St o

o | FET g ot

<

S el B— BT A STl

A =~;ﬁ;” SEEW SEEm oEE
oo e e _ A e SBEEET  EEMW
5 L L1
RS ST i
o ’ sen BN
Ee iy R

a = R . Fram

i mE

1=}

8

3 st

i T T T T

-200 -100 0 100 200

PC Score 1

B 4 i 42 METE—ME BHAEHSEHE

4 i 5EW
4.1 &t

130 FIRER B T 757, W 4xE 282 Nt
(9 PM, s I EEEIREA T 007, 45 R R 4 282 T 7]
fERE 2 NERGY, BN REER RS PM, s B 50R™
. UGS B —FR0E 2015 R 5 2023 SR
EF TN, B EGFENERNY]; Rl
NEREE R BEARESSEIREDR, 1 2016 £F2 2017 4F/A]
PM, s IR RS BIERREE AR, 2019 442 2020 R[] PM, 5 1K

49



EEEREME - $E05%5 - F108 - 2024 F£10 A

FEESIEREE R N B AR E R PM, 5 BT 5
1E 2015 FF.42 2017 554547 B HAE 2015 4242 2023 450
BB, WIS IEITF 558 —F MoK, HEUEE RS

HE AR BB EA AN, BRIERE . 3
P ZE IR KINE AT o SIER A ES, 2017 F% 2023
R RIE R BRI AR -

TR 55 MR ERSFEBAIE, THIHXE
WRTT PM, s IREE S T EISEIKSE, KA PM, s 1554354
JPE; HEERHRE . AU S L R R A S
LLARIS LR AN L AT HE AR AN T FO R A 2 15
Gy Z AT 300, 7F 282 MRMTHRHEARI, XA
T PM, 5 TRETE 2015 4£ 58 2023 SEHARIENMR =, BeEX
S PM, 5 IS 3R ™ BRI, SEERTISE 64 NMRTH S8 — AR
SR EROEINT, X PM, IR T
SR, K PM, IS3ENR; RHZERE=
ZEERRTL. MmO . BRILRE. M EE. oR%HE.
fEE MR RAFE RS 2 AV INT 2200, 7E 282
AT R HEZAEE AL, XTI AR TR PM, s IREEE
2015 £ 22 2023 FFRHAMRIANRAR, R aE RS PM,; 5 3k imia
(ST o

MEELKRHESXE, LMl PErREbX . &Rk
HBIX KBTI ) PM, 5 IREEAE 75ng/m’ SEEIN I 5l, D%k
T AE 35ug/m’ VEREINIGED, AR Ee M A 1Y
PM, s /5YUREEAERR VS AN, DEOR IR IR R TS
R EESK , AEdb HBIX RIPE A X —EB IR AT HY PM, 5
WWREAE 7Spg/m’ YEREISNEZD, 1HAFAEA HBIX FNvE LI A58
SHRTT PM, s IS GRREEA R 5 Sy, AR HIX RIAE R X
KEEUBRTT PM, s I AR sh7E EE 75ug/m’®, 1R
HIXFHAE X PM, 5 F9I5 3SR ERR B 5 Gl s o5

50

REE RIEEER PM, s [SRUBILAI V=2, KRR

155 fEREHIIX | PHRSHIX AIZARILHIIX , 38 RRR 5 S

EACHIIX | PEILHIIX , SE=K 2 mmds EARMIX | fEdHiX

4.2 il
ERRHALIRE . FHC S . ALK SR PM, s IREHES,

SERTHIRT S5 99T, ROATE DR, SEhEsE A4

ROBRERIENE, T TEEREIR . SR ARIRR AReRE . W T1e

FRHIX . e S5 gubIX, mTEay DXs e s AL

i, WTAEACHIIX | PEAEHIX, ARSI AT LAy X

PEMSREBRTIALE], WX . PURIHI . ARACHBIX (i

TSR, AT DIEE S DCERIERRIHLE], DCsaE— M), DX

PhlEAE, JLERS PM, s {554 REE, (AR nse s Ttk 4y

Bt SR ZHIRT ZEZETT PM, s ISRINEAIBN,

SHRARATHIE N BTEE, IRz SRS T, \)

DLREBEET SRR . BRI R 5 59ds, (B

WARRERHAEN, NMARSBR IR IR S, Biiks

AL

S 3k

[1]  SRETHE B2 AR IR T 25 SIS B A B 5T (1] IR R 5
T 2023,48(4):34-38+44.

[2] Puustinen A, Hameri K, Pekkanen J, et al. Spatial variation
of particle number and mass over four European cities [J].
Atmospheric Environment,2007,41(31):6622-6636.

B3] RBESE, Mk B AP E IR R BT S ST R SIS
FTI].88 01 5 55,2019,35(11):91-94.

[4] EHIES PM, N ZRFIEREAT 5 BRI BT 5T D] B L
P AER2,2023.

[5] EBURJE B e, S T S S E B URHEF R —5
TRREURER AT AR E AR IR ENR),2021,56(7):53-64.




