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Abstract: Identification of the source regions of PM, 5 and quantification of theircontributions are critical for efficient haze pollution control. In this study,
the Nested Air Quality Prediction Model System ( NAQPMS) coupled with an online source-tagging module was employed to simulate an extreme severe
haze episode over Beijing-Tianjin-Hebei ( BTH) area in January 2013. A detailed quantification of the source contributions from different regions was
provided. The simulation was validated through comparisonwith surface observations, which suggested that the model could reasonably reproduce the
temporal and spatial variations of PM, 5 concentrations during this episode. The results of the source-tagging calculation suggested that local emissions were
the dominated sources of the surface PM, 5, accounting for 29.8% to 63.7% contributions of the surface PM, s concentrations. On the other hand, PM, s at
800 m layer was mainly contributed by the sources of the surrounding areas with the contributed ratio from 69.3% to 86.3%. For the most polluted

southeast BTH area (including Xingtai, Handan, Cangzhou and Hengshui) , emissions from Shandong and Henan provinces had significant contribution to
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the PM, 5 pollution with the largest contributions 25.2% and 31.5% at surface and 800 m layer, respectively. Therefore, the control of haze pollution over

BHT areas should not only focus on the collaborative emission control within BHT areas but also take into account the joint emission control for BHT

regions, Shandong and Henan Provinces.

Keywords: NAQPMS; haze; source tagged; Beijing-Tianjin-Hebei area

1 5| & (Introduction)

Bl 5 25 5 11 e R A Rk i Ak 2 R ) S BT
PO 28 3G T 2 e o HE O Bk E R
A5 YL H 5™, 2 I R R 5 B s YA AT
BT R RS A TS YRR AE O BHAE 2012 EH
£6,2010).2013 4% 1 AR EFARE 10 A BT
S K TG g R, Horh R M X e i
FUEE bttt 22 K PM,  H Y vk B a3 SO
TRFRAE(TS pgem) , PM, /NI R (R A B 680
pgem”, A K E PM, /B B B i 1000
pgem” (EBREAE, 2013) Fpgi {5 e Fo i T
ORI TR 24 B = BE EE AR, 2013 4 9 H [ 55
B IE AT RAITY B IR T sl ) ok & 2017
AE4[E PM, R 5 1% 109% , stidse K =6 Tk =1
SEIXI PM, s W6 B2 43 501 B B 25% ,20% Fl 15% /¢
A, G BT AN U ) AF 5 Uk S I E 60 pg e m T A2
A AU T RIBURFE L SERE AR ZRHE T (bt
2013-2017 i [ATaHRT) (A s <
HYN A (R1T) ) 4, B AU AL T R 2
15 Y ) RS SR T, R b IX 5 el R 2
J7 18T PR Z AL [R5 (E T HESE 2006 5 S A, 20125
MifkE 2014) NG540 LA MR EE @ AR
WA AZ 55 WUR S 0% 1 K25 45 i R 4%
PR B R TS g 1 ZANH (AR A, 2014,
Huang et al.,2014a) . ERRIEEE (2014a) BF58 LB, JK
S8 I0T PR Ak AT SRR B R AL 3 7 HE R AR R
i NO, J& SO, 7 4y it 2 1 ) 5 22 i K. i 75 4%
(2014b) F1 Ji 45 (2014) Ay, 10 50 M X 5 | K K 56
1 E B I Rl R B R S R R A ek A O
FF A RSB B S 9 3K (Huang et al.,
2014) Pk, RATE G BiA A% O FE TR PM, 1Y
SRR, U HE: kAR R S R

H AT, 5& T 50 3 b X R 0T5 Yo R U8 1 BiF 52
F B T G R DX I 2% SRR 4 T T (A
BAE 2011 FEEFASE, 2009, 5Kk 30 45, 2012; £ A &
45,2008 , = 43 HE R s AR BUE A 20 o
BTk T 5 G ol U5 B LAY F B 22— (Wu et al.,
2011) EABEE (2011) XFFRIE 30 NI PM, #2547

VRFRAT I PM 2k 4720 RIRE . Tl HE
LB ZEHE S 6 23R, T35 A% (2009) A H CAMx
S WO AN KRS 30 TN SNy I |
A i B TR ) 500 5 46% , Kot T b Eg ER A IX
I % DT Rk 5 A B A Wu 5§ (2011) FI
NAQPMS #5% 3 K H 75 28 Wi At A7 45 Bt ( Wang et al.
2001;Li et al.,2008) XFdt5T SO, \PM,, Fll NO, [k 5
HEAT T IR ZR A MT | 22 BRI L2 7 3t 5T iR 24
65% ~90% , T 1= 25 J=2 AP K TTRR K T 50%. i 4t FL 11
IRIFSE EZEOCTE PM, SR 5055 15 Y ) ) HE RN b X
e UE A X PM, s B R IR AGE — 20 2 ARk
H T 4IRS PM, V54 H 25 8 3 (22 58,2014; TER
JEAE 2014b ;85 77 284 2005) AUNEF AT PM,,  REA
SERIEIT AN BRI A2 UM &R 11428 i R 05 P 5
R.F A K5 (2014) FIH NAQPMS 7 25 U5 fife by 1 4l
5t B DX IS A 25 3 T A i 6 % R PM, SR
FETTHR A 20% ~35%. Wang %5 (2014) Fi| Ff CMAQ #5
RIXF 2013 45 1 7 06 7R B 0 1 5 7 e ok DR AT
FERIL AL E A 5 KRR A R F X
S TRV , VAT b b AR g I £ AR ) 2
YL Y5 AR ELE) HHTA 1k, 0T 5T HERE b DX T R
7 Z (8] PM,, i 2 (A5 4138 55 /0 8 St 25 <00 i
O 7 Y1 8 TR B 006 4 ), A A 7 S L 381 e v )2
(R VBHESS . PR O, ASAIFE LA 2013 4F 1 A 1 555
Yot AR R R, BT NAQPMS Bz J Hiy5 YLk 5 54
o i NI | T S B N Wl N E R el 15194
L JRA 0 PM, 1R -2 R3¢ &, T Ry 28 S0 i
IVE=SIE NS Q0 IS At s s R SR e R
PR S K.

2 BRANEBEIEE (Model description and setup)

2.1 #EINA

NAQPMS S £ H [ B 2 e K S #8758 ir B
TR Z RIE 2P 2 R BRI R4
(A K% ,2006) , E B 12 N H T 2R X vb 4 |
AT R 0K B 55 05 Y 1 B ML il A0 B A 2%
W (278 5%, 2014; B X R 55, 2014; Ge et al.,
2014) I AELEZAE T (ndb s g TR
S5 S s R 55 A SR TR (Wu et al.,
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2012; F#%,2010). NAQPMS J& T4 = fR2s Kk
B T — AR BA, EEIE T
S5 YIS Y TR UK AL 5 A A
T, Horp S 2E 8 CBM-Z BILI , AR A 24 R
et ) RADM2 AL, JEHLA R ISORROPIA
BL, A HVRE R T Odum 45 (1997) [T HR
05 5 UD A RN ER B 7 A R LRT, 43 R 2
4(2006) F1 Athanasopoulou 5 (2008 ) & i B )7 .
R P B T AR R T AR B A A AR A R A
T 28 MEEN (L et al.,2013).

AR, NAQPMS BN & 1 ZE L IR R 1] 538 BR
R 38 3 6 IR HE ORI Ak 2 A B bR 038 55 e )
(AR T T AR T RS R b X ATl HEgos B
s HbL DX 35 ) B4 VR B TR, 5 A% G UM R K vk
HHEG 1207 2% AR AR E A0 8 75 e 1) A sk %
PRREARAS , TSR /N T AR 2t R i 22, Rl R 75
BN BRI AT 2 R , T 2 K TSR ]
TR B2 RN 15 e A X 38 3k i 1) 4
P8 B PEAS (Li et al., 2008 ; R 5% % 20105 Wu
et al., 2011) A SCAH AR IR 36 BR B AR — 1R
PM, ;i HE 3 A K PM, 1928 g i A7 B e,
W, R ALY PM, LR BRIRER iR AHIRER N —
AL F PM, A 8 SRR 1) 3] 5 220 73 114
A .

1
SR 57 )
Fig.1

42°N

34°N

11

22 HMAKE

BRI DL Ty sy R H 3 B E S —
RN RW X, A ECh 183%173 (7R P x 7
Jb) , IS BER 0 45 kmx45 km; 55 2 NI E D
AR HLIX, A BN 211x199, A% /3HE% K 15 km
x15 km; 5 =28 UHEL LR | LT AL X )
&R 220x214, W% 43 HEE R 5 kmx5 km. Ih)Z1E
BEBERY DX 3 T DA R IE R 0L 0ot A v o 28 X3
BAENEIAM A S IF0] 78537 18 Hh X
USRI T By AN SRR AR 20 2 Hid,
294 7~8 B THRZEN.

NAQPMS Z/N R 4 5 b RER B
WRFV3.5 $2 4t 6550 W E Rk | X)X
=5 WRE B B9 w0 5 554 2% H] GDAS (Global
Data Assimilation System ) #5309 FNL J3 A1 £ 415 £E.
NAQPMS FURLITBE ly 2012 4 12 A 16 H & 2013
41 A 31 B Hd AR H O GG e Al H
2013 4F 1 H ABLLZE J T 43t A2 =X 1 R 43 e [
HAH 5 min, Fi IR 1 h A 000 B A AR
FHA kB MOZARTV2.4 (R0 45 5

RS YR PR ER B GIS BOR, LITEIX
Sl Sy LA XA X A A B T o A A B AL X
X153 23 ASHB DX, 20 5 Dk AR 1 AR st
i REEHT RS LT Y TR LR | E A
A, U HAS SO E S A (K 1a).

. I.

120°E
PM, s HEHGH 5 /
(ngm>s)

R [
116°E

0°E 112°E 114°E 118°E 122°E

0.01 005 01 03 05 1

FEEREBM KB RERERRR S (a) SEWME S (Z0FHE) 5 RMMh = (KO ER) B—IR PM, HERERE (b, 1~8 R

The 23 source tagged regions in BTH and surrounding areas used in the NAQPMS model (a) and distribution of observational sites for

meteorology (square) and air quality (black point) , and primary PM, 5 emission rates(b)
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2.3 HMmEREN

T e HE R PR H A [ S 5 500 5% T 4 o
(RS I DA AL HE TS 775 B REAS2. 1, 175 B R 40 % &
TS Ml DX T e T AR R 4 T R e HE T
fRIRZI , 560k Sk 2008 4, A% 43 HE % 0.25°%0.25°
(Kurokawa et al.,2013) .55 7b, AR $E I A6 2 P08 Jmy £
HEAY 2012 75 YIRS HES R RGTHE .,
AL A L 16000 224~ Tk AT ) YR 9 75 e HE
TCHCH | 30 5 A% GE A% A5 TR Y 2 46 T A 8, o HE RS
P A% AL I BT B REAS2.1 i db 48 09 A 05 HE ik 5
B HTHEBOE BSOS AS IR 9 — K PM,5 \NO,
1 SO, BIHERL Sk g 1 B, Horr, —k PM, HE
O RS (] A3 A W 1 FF R, BUHERE X0 N — Ik
PM, HERCHT HBER I 5 - - - - K Ay

R, IF5 10 AR R R AR TR R L 75 G
HE X

XTI 2008 F1 2012 4FHr E PR ST R A HEK
SRR (BIR G 1) KB, WL 2012 485
2008 4FEAH L, SO, HER AR ZE A K, A 2R3 fin 2y 84
T3 t,NO, W HE & B 4 0. 2% SE BT A6 HE R A
KA FH 2012 45 9 HF il ER 5 4 08 422 305 S B HE T
Bt AL st 2012 4F B HER S B 5 2008 AFAH HEAE AL
BN KB ER NO HEBCA Fr s nsh , fi#y 421 S0,
AEAANK.ZE 83 H A HEOE B A E AT
BR(+30%L) ) ( Kurokawa et al., 2013) , AR 3CR
FAASRAEA3 VR G B 51 AR 22 /N T HEBOE B A B
(AN 2 P | AN 2 R ATARL 5 7 A SR R

F1 FEEERBHTEIESEUHREE

Table 1 ~ City-specific anthropogenic emissionsin BTH area

il Hewr 2/ (10%e- A1) . Hewr s/ (10%e- 1)
PM, 5 NO, S0, PM, NO, S0,
AR 1.75 2.63 2.20 JEL 1.05 3.49 3.20
ZFEE 0.34 0.72 0.67 TR 1.27 2.25 2.65
& 1.11 0.79 1.14 TRE 1.71 1.27 1.17
[T an 1.09 1.34 0.95 TRAE 0.63 0.72 0.88
M 0.91 0.62 0.72 JER 55 0.60 0.55 0.63
flis 7K 0.88 0.62 0.55 Jbae 1.83 1.71 2.09
R 1.56 1.91 3.57
3 W L #E 0 4% X 58 IE ( Observationaldata and FEEF 10 m KUpa) RUGEE, B a3 0 1 h. 2S5 [

model validation )

3.1 B RIFEAE & A

25 LI S0 H0 A V T e ] B A I A
BRI HER 1 d, 3 Edb st R A R e
BN SRR ORI & 8 A HLAL G X 3 A PM, 5K
i, 55 07 AR UL 285 SR A 70 HE. AR I S A R VR
T NOAA EZ A H .0 (NCDC) , F A5
WEA RS N Z AR SR 2 m B 2 m AT

SR ks w3 02 ORI 325 5553 A DLIED 1b.
3.2 AZEZRHEUKIE

SREEF e = A 0 3 2 5m AR B
FEMERUR. B 2 S WRF AL KU | XU Ta] | AE X 0
IR Rt SR S UL Y % H. WRE A0 Y
k55 U0 P A S Pk A -, A G R EICE 3 7E 0.9 A2
F, B 22 (MB) 7E+1.5 °C LLN (£ 2) i F 1
A AR L 235 SRt AR R — 2, 7k K TR DL

®2 FEREARGASKEZREMRITHEITR

Table 2 Statistical parameters of comparisons between simulated and observed meteorological elements

. P R/ C AFX I R/ (m-s7")
MO MB r MO MB r MO MB r

Jba 248 -4.5 0.9 0.94 61.1% ~7.4% 0.92 1.7 -0.1 0.55
HRIE 217 -4.1 1.5 0.82 70.4%  -10.6% 0.86 1.5 0 0.31

TRE 217 -5.6 0.6 0.91 78.8% -2.1% 0.85 1.9 -0.5 0.65

FEIL 217 -6.3 0.4 0.95 72.5% -2.4% 0.88 2.0 -0.4 0.53

ol 248 -4.5 -0.4 0.94 76.4% 4.5% 0.89 1.3 0.1 0.53
[ E 48 248 -9.1 0.7 0.93 48.7% -1.4% 0.86 2.7 0 0.52

NP O FEARER, M 280/ N MO S I F- X 8 MB b ~P- g 2% 5 r D ARG 2R 580, TR A ST 2 DL 5.



2674 w8 B

2 2 Eild 35 %

1050
’%]EE/hPa 1030

1010

o 15
WEIC

-15

. 100%
FHRIE
50%

(U
miﬁ /(m~s’1) 8 [ee
4

R ) 0 Wmf-ww-l-‘\r' "’»\J"ﬁ\‘ e "v""“ﬂvwk-"‘“" ooy -‘\ wﬂ‘ ;I»,,L,.i.w.ww*‘ & “'f*lu«)'“lﬂ‘km\“"""h-vwl A. ‘yl"‘“ G\hmn e ()t‘\'\ IMM

J

1050 TRiE

% %/hPa 1030 |
1010

1 3 5 7 911 1315 1719212325272931 1 3 5 7 911 1315 1719212325272931

L

_Isf
WE/T o
—15F

100%
AHXS I 50% fpd

0
8
JE /(m-s™") 4

10 o
R/ o 7‘4 ks, "Tumu ““""H"“"'" - m\'ﬂ»\mw«‘"ﬂ - WM%(J“&& JM’I‘J".W‘V‘M'A""'I(!M’»*F""“ WH Mallideg i "’IA;II
ol . . )
1 35 7 9 11 ]3 ]5 ]7 19 21 23 25 27 29 3] 1 35 7 9 ]l ]3 ]5 ]7 |9 21 23 25 27 29 3]
B [ ¥ dal

1050
S JE/MPa 1030 |
1010 [

15
WE/C o
-15

100%
HIRRRLE

0

8.
4
101

JGE /(m-s™")

R0 T.,.,«-m,wv:wh ”"-, mw‘”‘wﬂuﬂ“ "““w‘“‘“’u—w MWW"“W*“W”‘ W" " ww\""ﬂ"'wff"’*

-10

135 7 911 1315 1719 21 2325272931 1 35 7 911 1315 17 19 21 23 25 27 29 31

HIM(H)

HIM(H)

B2 WEREXARER2013F 1 ASKEREUS UL

Fig.2 Comparison between simulated (red) and observed (blue) meteorological parameters in typical sites in BTH area
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AR , PR 7E B A DG PR B, T A0 S A G P e 2
Zi bl L SN AR L, 5K 52 R L A5 AR A1) EI’J
ROR BB A7 58 FEFR E 1 UG 2R AU i
ZERARTREA, T3 A4 3 o T R AT L A
52 25 RO LA YR Al R A1E 52 B b I 15 B2, AT 52
MR AL ROER (fAT 4245, 2014 ) BVA I WRF BL4ELY

B GREER 22 B 78 1T e 32 B R Y (<30% ) , 1]
7 NAQPMS AR A AT 5E Y5297
3.3 PM, MIE R

P 3 45 T U HESE 8 AT Y P, s ASEADLFRITNL
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*3 WEERRMS PM, ERHREIT ST
Table 3  Statistical parameters of comparisons between simulated and observed PM, 5 concentrations
- MO/ MM/ RMSE/
i il NP/d ,3 ,3 2 NMB NME MFB MFE r
(pgrm™)  (pgrm™)  (pgrm™)

Jext 30 161.5 239.1 143.2 48% 61% 49% 57% 0.73**
K 31 149.8 262.8 139.9 75% 78% 59% 63% 0.87""
JE LW 31 210.1 378.7 210.7 80% 80% 56% 56% 0.84 "
M 29 185.0 340.9 192.4 84% 84% 56% 56% 0.68""
& 4n 31 58.7 51.3 38.0 -13% 48% -30% 57% 0.66 "
PRE 28 283.7 381.1 207.4 34% 57% 24% 47% 0.23(0.24)
HRIE 31 341.5 379.9 197.5 11% 44% 12% 40% 0.23(0.45%)
TB& 29 336.0 376.9 200.7 12% 44% 14% 41% 0.18(0.50 ")

TEor WARRRAEL, » » FORE BN 0.01 AR R B E AR, « FRild B A5 BN 0.05 AR E YRGS, 365 oM AR 11,12 B

IELIPS Y8

X HEFE B, BRI S T LLAN, HoAt s o5 PM, (A4
(B F DN AL 3 ] B -5 HE O B — Ik PM, K&
AT HE I 25 7 S, [] A IR AR 4L i I
A RESEEE L R AL R R 7 T Rt L ER, PM, 5 ik
JEE AR X At 3 T AR, AU 5 RN 235 SR AR — 3.
JUET R FE LA MG PM, A8 Ak SR ) A5
a3 A Bar i) — BobE, e R4 0.73
0.87.0.84 F1 0.68. 1M . T KAT L 1L EI R 2 A K

JEFNI €5 8 SR LR ) R A, 3228 th AN i TR i
B — 5T, 1 H A PM, SRR X A A (H 12
HAFAE— A B2 ) 3, 3502l A0 0% 7 XUad o
TEA5I5 Yty [ AR AW AL | T2 T 2 350 04 3 ) 0 1 A8
PUSCRARRT 0 25 A% 8 11 HA 12 H 520, £
IR 5 A AH DG 22 BOKs B I 38 K, A 481 ] 3 it
BRI 0.05 MAHIC R BUE EPER S, B & vl i
BEAREEN 0.01 (W8 E MR 5 —Jrm, 1 H 29—
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31 HALHIIL XU 55 , PRI 1% A AR - S Bt i b XU
15 YL TE BRI .

EEXF PM, s FREABLIEAR | Boylan 25 (2006) 45
24 MFB<+30% H. MFE<50%} , 2 B 22 7R/
TEFRAE TG Bl N 5 17 24 MFB<+60% H. MFE<75%H} | 3%
HHARSE DL O 22 7F W] 42 32 Y0 R 9 4 IR A b, 8 Akl
uli SBRRIRCR B E T 2 2 N R G B B2
MGETHEARAIEE TN R, NAQPMS AR 8L 1R 22 FE AR
FERTHEZ R Z 9, 360K T RRAE S ik PM, ; Y ik i A8
FEHFE.

4 D 51FL (Analysis and discussion)
FEEAWT AT PM, ;75 % R IR AT

T4 E TR KEALA 11 AT
T} PM,, V& B AR TR BTHR R, AR SCT 8 10 BTk R 3 R

4.1

S T S T PN T TR (141 2 SRR R Tl AN [
i R TG YRR 25 2R B 22 57 S B AN E 1R R R
62 H BRI (3248, 901 S PM, SR I (A2 A%
o) A5E P 4 ] UL A T T R A R 3T R R
DREIL RTE PRE ORISR T X 5 DI A
Mo TTERAR BT 50%. e, B IR e STk oK,
63.7 %% . 3T B THT 32 4/ A 08 52 WV B T UM A
TR JRRYs HIHR 7K. R 4 Fh S DX 3 i
PM,  H B3 BE T 1, 2013 4F 1 95 YL 5 1 3 i
FEONARE MG RRE RS A AR H ot
FIAESZ MR W BRI MR R A A K T &
89— PM, s HETC A S S DX P A X 5 A
(% 1),4.3 TR BEIBOM & 11 SR AR E /A
AFEAL PM, 6 BE f5e iy, HLIR T i AR AR, A
BT ISR S T 3 T A S AR

F4 FEESHTHIEME PM, RERBERKE HHERM PM,; AHRE
Table 4  Source contributions of tagged regions to monthly averaged surface PM, of 13 cities in BTH area, cities’ area and monthly averaged
concentration of PM, s

) demt Ru A i L

HHs f o fik W AZRE RE Y Rl KK RfE ERER
dent 46.6% 1.4% 02% 07% 11% 07% 0.6% 21% 54% 05% 9.8%  59% 0.3%
R 13.7% 51.9%  07% 1.5% 28% 6.1% 1.4% 38% 21.2% 10.8% 25% 5.1%  3.2%
IS 0 0 343% 84% 07% 0.1% 24% 04% 0.1% 0 0.1% 0.1%  0.1%
TR 01% 0.1% 10.7% 29.8% 3.8% 0.6% 714% 15% 03% 0 0.1% 0.1%  0.1%
K 09% 1.9% 44% 101% 37.1% 79% 12% 7.0% 41% 08% 0.1% 02%  0.5%
M 42% 11.1%  2.0%  4.1% 14.0% 428% 3.2% 18% 162% 3.5% 04%  0.7% 1.8%
ARE 01% 0.1% 3.5% 88% 1.7% 03% 452% 45% 02% 0 0.1% 0.1%  0.1%
T 61% 1.7% 23% 58% 57% 2.7% 113% 58.1% 719%  03% 32% 05%  0.3%
JER S 13.0% 7.5% 07% 1.5% 24% 45% 1.5% 51% 32.6% 13% 12% 09%  0.5%
Rl 24% 9.6% 0 0.1% 03% 07% 0.1% 03% 2.6% 63.7% 05% 9.4% 21.6%
kEH 50% 0.1% 0 0 0 0 0.1% 1.5% 03% 0 51.6% 3.8 0
TR 29% 12% 0 0 0 0 0 0 0.5% 32% 03% 58.9% 3.7%
ZEEG 0.1% 02% 0 0 0 0.1% 0 0 0.1% 32% 0 2.0%  40.9%
BE 0.5% 0 0 0 0 0 0 01% 0 01% 11.5% 74%  0.2%
oTF 0.1% 04% 0 0 0.1% 03% 0 0 0.1% 1.0% 0 0.7%  6.5%
1Ly 1.7% 0.1% 6.1% 43% 0 0 7.6%  3.4% 02% 0 16.5%  03%  0.1%
AR 1.8% 7.9% 10.6% 12.5% 21.3% 252% 2.8% 29% 61% 53% 07% 1.8% = 4.8%
T 02% 03% 203% 9.1% 48% 21% 23% 07% 05% 0.1% 03% 03%  0.2%
HoAth 0.6% 4.5% 42% 33% 42% 59% 09% 0.8% 1.6% 62% 1.1% 1.8%  9.1%
?ﬁgﬁﬁf?/ 1.64  1.19 1.20 1.25 0.88 1.34 2.02 2.22 0.65 1.35 3.69 3.95 0.78
l(r“ff?mg/ 150 132 285 336 234 185 341 284 208 210 59 76 83

o

2013 4F 1 H e, st s X sy E 22
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& HBER A K A M 4 A3l R & i iE Y R AR
FURRFL 13 AT AR SS 2, (0 HA kb BT Rk R A R
29.8% AR A 7K | A1 52 0 AT HISE X6 JH: BT ik 70 591
10.1% .8.8% 1 8.4% , T LI 4= 1] g X H: BT ik 01 K,
IKE] 12.5%F1 9. 1% WRHE T 78 5 5 X 3 Py 322 ot
MR A A HE (34.3%) FIARE (10.7%) , HM8 K IR LA
TR 32, DTERE R 20.3% 1 10.6%. fiK 1T
BRAZASHBIE IR (37.1% ) Z A0, N AR St He ik ok,
ik 21.3% 38 M SRS, Z IR B DTk IA 25.2%.
SR B S Y R AR R 4 AT Az 1L AR
AT R PR M) 448 K, 0 28 K DXk LAt I T, i
B D 1 A i 226 2 5 B0t T L g S b X A
B E R R 22— 15 G2 B 1A AN B T m HE S Y R e ik
SEAER A AU A, TR X A By B T

[ BB
— 50% Tk

[ S
-o- 7R
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YEHI.

SRS XA b R R Tl b v
M AR 2013 4F 1 H 1 PM,  H #Hk Bk, HA
HTTHRIE 45.2% , SR Tk LGRS T d ok,
H17.3% , 10 FE TR TR 5 X H 5ok R 7.4% , W& & T
IREBEIMTIK (7.2%) . BEAR, 1P XA R E WA —E
(SR, BTRK R 7.6% . O a8 T 3 52 DX I P 0 HE
JHCRZ I, S B P TR R IR 92.19%. JBR B (1) 41
Kevimk £ 2 R AL T AR A K (21.2%) i N
(16.2%) AL 5T PM, JHIAR MR I R 46.6% KTk 5t
IR IR A7 B4 3 1 W00 114 52 1A A5 5 58 fige AT 45 1%
(64% ~T72% ) (LTI FRIR,2014 ) X 25 F 2
FFFE I e 2 ROBE AR — B0 il B[] b, AR SO 4
A J NG H AR 2 ) AR SO
SRR AL R e E R T — 12
A3l ORI S SR FH A2 AR ASE R g A A 45

ST PM, o Vi B R AR BRAIC, sk R 11 Rl
FIZE 5 5 0 A ¥ B4 51 59 .76 183 pg-m (&
4) R FE DA IR 2R LG | 5 AL, K
FENA RIS AT R 25 B 5 82 R LU
Ml e K, DR = 3 27.6%.

W st OMBRFRR — 80% BTk

B4 FUERZEHARMFSN M TE LG (a T, b5 %)

Fig.4 Local and regional source contributionsto monthly averaged PM, 5 concentrations at surface (a) and the 800 m (b) layer, the purple line

stands for monthly averaged PM, 5 concentration
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31.5% .21.9 F120.8% , 11 -4 XF 1M =5 25 PM, 5 BT ik
7 23.8% , INVE XTIk K 2K, 5Tikis 21.7%.
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BRACKMAE R 25 2, G R R AT A5 KR Bk VR AR X T8 1 2
*5 FEESHTEE(L800 m) PM, R ERIERHE
Table 5 Source contributions of tagged regions to monthly averaged PM, 5 concentrations of 13 cities in BTH areaat the 800 m layer
i . R HB A ‘ g \ 1t '
ey e ik M ARE e WY I kED O RE BRL
Jent 288% 5.0% 04% 0.6% 09% 12% 0.6% 17% 12% 51% 33% 11.8%  2.6%
Kt 8.8% 17.7% 0% 1.0% 1.6% 38% 08% 2.6% 7.6% 11.5% 17%  61%  5.9%
R 08% 1.8% 17.8%  9.5%  4.5% 24% 44% 31% 2.4% 12% 05%  05%  1.0%
k& 1.0% 2.4% 81% 18.7%  67% 29% 1.2% 44% 3.4% 15% 0.6%  0.6% 1.2%
ik 21% 42% 3.0% 59% 13.7%  55% 49% 44% 53% 27% 05% 09% 1.9%
W 41% 8.0% 1.8% 2.6% 51% 142% 3.1% 54% 8.0% 50%  0.6% 1.8%  3.5%
ARE 1.0% 22% 41% 13%  5.8% 29% 29.3% 101% 3.6% 1.6% 13%  09% 1.2%
e 8.6% 6.6% 29% 45% 54%  69% 13.3% 30.7% 13.5% 3.7%  6.0% = 25%  2.5%
JER S5 71% 53% 0.6% 09% 12% 22% 09% 3.0% 102% 3.7% 13%  23% 2.0%
R 29% 5.8% 01% 02% 0.4% 1.0% 0.1% 03% 1.9% 239% 03%  65% 20.3%
fkxO 7.0% 14% 01% 0.1% 03% 0.6% 02% 14% 1.8% 11% 17.8%  63%  0.8%
AR 1.4% 09% 0 0 01% 01% 0 0 04% 21% 0.1% 23.9%  3.8%
ZEE 02% 04% 0 0 0 0.1% 0 0 01% 29% 0 1.3% 17.3%
ZES 33% 0.8% 02% 03% 03% 04% 0.6% 12% 09% 09% 23.6% 12.7%  1.4%
iy 01% 03% 0 0 01% 01% 0 0 01% 13% 0 0.4%  4.2%
17 59% 41% 111%  9.6%  57% 3.9% 147% 101%  51% 29% 21.7%  3.3% 2.3%
AR 77% 15.4%  8.4%  9.7% 17.4% 23.9%  4.8% 81% 13.1% 125% 1.8%  5.8% 10.7%
[} 2.0% 7.4% 31.5% 21.9% 20.8% 154%  99%  6.6% 1.5% 49% 2.8%  22% 4.6%
HoAy 72% 103%  9.2%  1.4% 10.0% 12.5%  52%  69% 7.9% 11.5% 16.1% 10.4% 12.8%
4.3 AR PM, 7 4 K IFE o — IR PM, HE AR 7R BT HEEE 13 Ik HE A 2R
o T JEEARHER T PM, TSR, IR T 6,1 PM, W% A MECR TARE RS AT
fift 75 G HE AR R R Sl T X ) 0l DR R2 IR, 350 2013 4F 1 7 5 et E] I 1T PM,, O U5 5T ik 2 114
BRHUME ATFKIERELL 3 AR ORI — 5 1l A A T8 /5 A< b AR 045 1 ik 352 K<
Lorpr. SR 01 20 B OBA RS RS (h
TR 52 KR DTk R BRI, e S35 ) A is g sk, 8 i stk s 5
=?§£ giﬁ -llﬂ;f s 2 H 5K (67.9%) Rk L 8 i1 380 g 4 X &
W W (9 7 TR LB A 2, 20 H BT RS R T 52.6% ~

_____

7 9 11 13 15 17 19 21 23 2527 29 31

HEI(H)
5 MBET™ 2013 £ 1 AiEkhE PM, RIERMEZR BT L

Fig.5 Time series of source contributions of tagged regions to

surface PM, 5 in Xingtai
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Fig.6  Spatial distribution of monthly average contributions from emissions of Shijiazhuang(a)and Tangshan (b) to surface PM, 5 concentrations of

BTH and its surrounding areas ( black arrow represents wind vector, Unit; m-s™")

5 25 ( Conclusions)

FUFH PM, 5 H 273 B2 000 55 AL A1 NAQPMS A2
REFUECE O HE 36 HIE , 45 S & 01, B e % 5 B
WS e FE B AR A AR AE . 25 A NAQPMS 455 3 78 £k JR
SEEERAR BT T 2013 4E 1 7 s SR AR
PM, ¥ B = BORUE , F1 A5 40 B 3k i B X 3k ] 5
Py ik AV B DTk R E A DL T 458

1) B H B 7R B B L DX A HE i KI5 e B ol ™
b DG Z PM, iR B4k ik 3222y Ll AR A
MRS, H YTk A KT Ik 25.2% , =525 (800 m) Af
F]31.5%.

2) R B A I T ST M T AR M Bk S A T
29.8% ~63.7% , t5 25 IO K 5T ik o 3, 2 80 i 4h
Hh BTk R IR 80% , For 5 AR T K PM, 5 15 4Lk U5
FESUREE IR LA A T R TR A R 2 R R R &
AR i HE R T Wk /0N 5 B L Bk, H 2Bk R s ks
70% L) L.

3) BRI T PM, 5 75 Gk U5 43 A 2R WA B A b
Hh IR G B PM, 75 4 EZORIE T IR TR
A WA G K, A48 BTk B AT S DX P At
BT TR R G A 2.
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