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(1. Tlal’l_]lIl EnVlronme-ntal Meteorologlcal Center uTlan:]m 300074 China; 2./CMA-NKU Cooperatlve Laboratory for Atmospheric
Enwronment Health Rﬂsearch Tianjin 300074 Chm,.d 3 Tlan]m Meteorological Institute§ Tianjin 300074, China)

Abstfact Reglondl transportiis an 1mp0rtant factor when con>.1der1pg the prevention and control of air pollution. The aim of this study
was 1§ provide support for the joint prevention” and (’ol:ltrol of7air pollution in the Beijing-Tianjin-Hebei region. With a focus on an
analysis of the relationship between regional transport and meteorologlcal conditions based on the weather background, an atmospheric
chemical’ model was developed to quantitatively estimate the impact of regional transport on Tianjin from October 2016 to September
2017. The results showed that the contribution percentage of regional transport in cities in plains in the Beijing-Tianjin-Hebei region
was significantly higher than in cities in mountains. The local contribution of PM, ; in the Tianjin area was 62. 9% and the contribution
of regional transport was 37. 1% . This was mainly affected by transmissions of Chanzhou, Langfang, central and southern Hebei,
Beijing, Tanshan, and Shandong. Regional transport was the most significant from April to June, the weakest from July to August, and
the highest contributor to local emissions. Regional transport was closely related to weather situation, wind field, precipitation, and
other meteorological conditions. Post-high pressure and pre-frontal low pressure were the two types of pollution weather with the highest
proportion in regional transport, and the impact of air pollution transport under the southwest wind, westerly wind and south wind was

the most apparent. Wind speed of 2-3 m+s™'

was beneficial to the regional transport of PM, s, and precipitation above 5 mm will
effectively reduce the regional transport of air pollutants. For different pollution types and heavy pollution stages, the contribution of
regional transport was the most apparent in light pollution weather, being 20. 5% higher than the average. The heavy pollution weather
was controlled by static stable air mass, and because of the migration of high PM, ;concentrations, pollution air mass in the surrounding
area had a significant impact on the accumulation of pollution and transport in the region. The contribution ratio of PM, s transport in
the heavy pollution period was more than the average and was approximately 10% and 15% higher. In the process of heavy pollution,
the proportion of transport contribution in the initial accumulation stage and peak stage were higher than in other periods, and 14. 5%
and 19. 5% higher than in the outbreak stage. The contribution of local emissions in the outbreak stage was more significant, being
9.9% higher than average.

Key words : regional transport; numerical simulation; labeling method; Tianjin; weather background
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Table 1 ~ PM, ssimulation capability of online source tracking model from October 1, 2016 to September 30, 2017

IRl NP4 FA I/ wgom 3 SBIIME/ pgom 3 S/ pgem 3 FHXT IR 2L/ %
Kt 0. 81 72.96 73.72 -0.76 38
bt 0.75 59.23 72.57 -13.35 39
P 0.8 94.92 100. 81 -5.89 31
M 0.82 66. 86 75. 12 -8.26 34
TS g 0.7 102.76 94. 84 7.92 45
7K 0. 82 77.31 86.71 -9.40 33
JER L5 0.81 72.15 71.72 0.43 37
HEIE 0.78 109. 16 111.47 -2.31 34
FEL 0. 84 80. 37 77.17 3.20 32
Y= 0. 81 96. 56 93.08 3.48 36
SUHESTHLX T —
) EERERR 1 E@z‘on iF9 FJ‘ 39 F! ?{i;@iimgzﬁiﬁm
PM, TR (3 3) . i i B3 20 T s - SR IX
2.1 SETHUEMR R R o X A ORI IR Xt PM, A BN (R AR M HE RO AR M X 25

orbr

ETFhricik R AR TR 2016 4F 10 A

FRa iR EPE R R, 13 AT PM,, R 3
A TTHR 58 %, X 38k Tk 42%, Hop e FE L,



4858 EZN b}

B 41 %

A GRSk B A L 70% . 5 I 5 L B
X PM, ; Jo 2 vk B 32 2Ok [ o HE S A B H 5Tk
PM, SRR () 83% ; Kt Jbat MR Y A
FIE JFEIFURSE PM, 320k [ 53 X, 5t
S0P IR PM,,  sTmk L 85% 5 v M AT KA

FOUHBLAR R, Ll AR 5w B 4, STk 4 oA

MISEI , TTHRA 12.9% ;5 28 54 5 52 F)iL T — A1
B R RZ I, Tk R 18. 8% .
£2 2016 £ 10 A1 B-2017 £ 9 A 30 AELFBRESR
RiEH XS RIEIEE
Table 2 Meteorological simulation capability of the online source

tracking model from October 1, 2016 to September 30, 2017

HH TR FEL AHXT R 22/ % -2 i 22
17.2% H1 8. 9% ; HRHRAIR 5 07 T 5UHE S R i, T FXT 0.89 13.1 -5.3
A% s A — E R W, STEK 2 B 10.19% Al ! 0.99 7.0 -0.38
=7 7 Y Y A% A Z]Zig))(l‘i% 0.73 44.7 0.63
5.0% ;5 K51 52 3 L7 A0 P4 — Uk 4 B0RL ) i ik
300 300
. Rik k[
250 |- 250 |-
E 200 |- = 200 L
2 e 2
% 150 |- E . % 150 - .o
B - B Coane
z s 21001 pens ok
= ) = ] ';n_._-'“ Y
50 |- '.JIE!‘.\: e -
Lt | DJ’-: P’
l L L 1 0 * 1 L 1 1 1
100 150 200 250 300 0 50 100 150 200 250 300
PM, sHEE i ug-m™ PMZ_sﬁ-Hl{Efpg-m'j
~ (H2 RRALS MJZ PM, s#ﬁfuiuhwlﬁttiﬁ \
& i Fig. 2 PM, s s‘_l-mula,n;;and rédl time comparison betwedh TlanJm and Bﬁumg

KR %ﬁﬂﬁzﬁi}ﬁfﬁﬂxiﬁﬂﬁnthﬂauﬁ
Wk 32 MBS A A2 T 16 0 T 2ol A7
L 2 dnamummj:ﬁmmﬁmﬁf m?m&l:m‘
w.bﬁ’wﬂﬁ A HEN TR ﬁnﬁm%ﬁﬁlﬁﬁi
ik ik 3], 82% ; FIEH X KA S A X R
LR R D K A A R 37%, M
47% 5 A% M HE BTk o LS AT X R /N % D) A
5, Ak 815 km* , AL 2 173, H5 M |
AR IE W& AL AR Y B 4, Al HE BT kAN
33%.

YAy Bt S X A AZ IR, L 5T PM, | IX k%
AR E RO 5, — R0 E YT AR R A A
HESR BV LU 2% | DTERTE 12% 3 — &1L REEAE
AR AR B A, TTRRTE 5% 3 A1 FERY X Sl , =
%%Ejmﬁ{%m,,ﬁ\ TR 7%, R TR & FIREE , 51k

5 L DX S 226 B2 ) 32 O W 1 K 3 T A R
z%ﬁbﬁujm,zﬁ 5 PM, (19 10% 5 T £ 3R
PG 26 24 55 AT L 206 1 3 2 DD AR G, T 4 X R
T HB S DTk IA 2 10%, HBHEXT T U 5 5Tk 16% .
FFFR 3, MG R X PM,, | X B 268 IE , K
?ﬁﬂu/\ﬁ&« TR AE , — 2 WY A4 T L AT

SRR TG AR A FUEYT , R0
IJJ?EW@J% Wy IR INAR MK, /ﬁjll %
fi\jtm%n%?m,E%ﬂaa@mm&kﬁuﬁm%mﬁ

-

S nhlJJLLlﬂiﬂ%lJJ THE I M AR B E@HKE\E’J
(WA I
RHEL AL a8 2RI 76 , LT

> DX J& TR L ik — 853, HEAR ML HER 5 e 62.90%,

W e T RSP B AP ook Bk B e AR i LA
DX, AT IR, 2 50 v M BTER 6. 41%, JER
Yiviik 5. 72%, AL 5 5Tk 4. 08%, JH 1L 5Tk 2. 73%,
WAL RS (PR & R A K FE R ) sk
5.75%, s LUANE iy EEOR A Tl AR, o1k
5.13% . B H M (K 3) , REERAFE 4 ~6 HFHK
SRR, DX 3 % DTk A L s B AR IR E, Ak
4% ~42%, 7 ~8 Ak AW Z=, PM, | Jl ik B 4
SRR, KA A RE 1 e, — IR PM, AEHITE TR,
DI AE I BTRR 2N 33%, RBE (10 H ~R4E3 H)
DX A% 5Tk AR Y E T, 290 35% ~38% . H
A1 LA M A2 o B 38 A 3T, v N R LR 7 ~ 8
A b ik STk &7 e XAt 5%, TR S A
19 HFEBE A S, 7T LLAS] 8% VA L ; JEEH; B 52
Wi A B B A ZE A, 11 ) ~ AR 4 T, PEILXUR
SR HTTHR A 5. 8%, 5 ~10 J 2230k 5h55 , Hh
[ APS R KR 32, L BTHRACA 3. 0% 5 b %) K EEr
ik SR, KL 11 H ~RAE3 H L = ot
HkR 4. 6%, HAT AN 1. 4% 5 FEILHE R0 5 4
R ZAT o A VI, 7 A WA S T, H



11 # BT RA . BT R R RS Ak R A 4859

DT AT I H] 6%, FRAZETTRRY 2. 8% 5 WAL aRig A JUHIR MR 22 % A 8 AR, B8 22 1 i 2R XL 23 5%
SEMTERFE 9 A ~ WKAF 4 A AR ARBL, sTlikfe WK HEIX 12001 18] sTmk al LUK 31 8. 6%, 11 A ~ ik
6% Tty , HoRZ= 1 MAHRT BN, 20709 3. 6%, AR X 42 A OREELAVE g Xk 32, BRI AR it 20
KA, T 2 s ek, R PERAES ~ 10 R, oty 3. 9% .

®3 RERMRIEHT R PM, SKREBSL/ %

Table 3 Percentage of primary PM, 5 sources in major cities in the Beijing-Tianjin-Hebei region/%

K dbmt R M REE WS #k EY BRS A%E EHL WE kRO
Jba» 4.08 72.65  1.80 .92 676  0.54 233 2820 1.75 0.73 1.99 0.6l 2.59
Kt 62.90 2.5 0.87 419  3.67  0.43 1.66 731 3.96  0.47  6.41  0.42 0.74
KR 0.38 1.97  0.33 0.3 0.86 0.09  0.27 0.78 0.25 0.12 019  0.10 6529
=) 0.57 0.36 0.84 1.1  0.53 825 534 0.46  0.53  3.00  0.28  49.60 0.58
R 2.73 1.74  0.48  0.98 559 030 0.75 2.45 17.65  0.29 76.53  0.32 0.85
ORE 1.02 112 4.49 1.33 L1l 472 9.89 1.55  1.00 74.64  0.55  9.48 2.03
R 0.18 0.14 0.05 0.11  0.44  0.04  0.08 0.18 29.23  0.04 0.72  0.04 0.10
JER 5.72 314 0.82 2.4l 2,70 0.38  1.91  39.72 1.45  0.50 1.61  0.37 0. 54
ik 1.20 0.36  0.68  3.07  0.55 115 33.42 0.66 0.65 093 0.36  1.03 0.28
g 0.50 0.41  0.67 0.79 0.58 56.08  2.91 0.41  0.49 .70 0.26  16.46 070
L 0.16 0.23  0.05  0.09 5807  0.03  0.08 0.22 1.24 -0.03 138 0:03="_.0.10
1M 6.41 0.90 1.05 53.06 1.64  0.98 6. 63 242 (1.78 | 1.14 1.30 1. 00 -"j 0.51
TR 2.46 6.23 81.80  2.44  2.68° 245 13.45 8.12 | 1.87 | 7.28 1.31 3.28 /3.6l
5] 0.45 .15  0.49 0.44 2.44'470.20 0. 50 0.68 [ L14 034 0. 48 0.25" ‘},?5.‘9'4
) 0. 87 1.81  1.56 117 .68 3.43 223 120/ 0.88 13950 0.49 5044 695
g 5.13 154 120 17.17 3.28%  4.28 8.85 2.09/ & 6. 7|\1v“"‘ 1.26 2.57 216, . o
N} .20 2079 0.79  1/87 1.66__ v,rii._o_g;. 326 0.84 0 479, W2l _l0.88  5.03 .04
Ly 0.60 » 021 0.09  0.45 / 0/4L" 0708 0.18 0.31 881 | 0.0 0.55 0.0 412 -~
g w AF - Fj - ’ o d
HE 15814 | 099 0.88 231 ¥ #2h 7,.‘“.10.16 3. 44 1,15/ 23.60 | 1.28 1.42 512 ="T.16 &
1) JAT I sig-2 ) BB — K PV, s Rl - =\ “
) — I“_.-“‘ “‘u'l ._J ‘ ‘u‘.-‘#
J”. J - )
— SRR AR A i T SRR, R R RS
ol — 17— LB T R PM, | TR v R RS
M 1 SAEAAE L BUSR AR T 8 T, P2 PM, BT ik
= | [N N
2% — JE SRR (AR T MR EIS R RAK
Ay
g A ) —Fh B 2 RSB
Hoof “ U A e -
z IR 1T 73 2R BT AT (3 4) |, 55 e T R
B o (Bl PR I INE R S T A CF = YA N WA
NS RS B BN AR Tk R e B 55, AN
. 32. 6% ; (SRS, REELMR AR R 3, H 2 A4 B
1 2 3 4 5 6 7 8 9 10 11 12 ey VL2 N o e T "
Hiy 7J(3€/{,J::F‘{%/{[ilx¢i{$ PM“m@jﬁiﬁLQ ,i-lgﬁ'}li
B3 REAHRRKEME M UM 32. 6%, PAJE R Uik DTk e o 25 A% 1 F

{H.37. 5% ; FR 9 KR, TR A SHEE T B,
i kST O v, DX 8 BT RR 2 R A
34. 1% ; ¥IEGRANGENE, TR B 1&  (FAH X5
R R RS, AT EPUE U, ok STk by ms

Fig. 3 Percentage of regional transportation

in different months in Tianjin

2.2 RN KA ORI DX Sl 15 1) 52 )
TSR THHOE N, TGARAREANA KT

RRPERIR TS P it 5GP TG, R
TR PE R MY A, 0 OB 1% o A7 fik
FRE RSN IA) R SO 3oy v i L v )i
55 i e P BRI (R AT R R I
JieJE AEIREX 10 FP2ERY, Horb s i i 2 3 B i
REANEEAX 4 PSR T AR B
e R BRI T A RS R m e e IR

AR,y 36. 3%, 3R T HIE ; AR5 A0 L
T, 25 SRS MW 55, A I 23 S B TS Yo ik
Bk TTHR RGOy 38.3% 5 5 Z AR AR AR A
KA, AT 2AREA NG, K EG R RRE R
At FIAS b BUEE 52 0] | % DTRR % 38. 6%, B T
SRR

wHE ARHT BRI R 4 KRR X



4860 w 1%

B 41 %

SR SRR A EUAR U SR AR O, FE e TR
JE AR A ML R A 35 Qe KRR S TS
PRSI 43. 2%, i Jm KA Vs W DIA o, B
S-429 IAGEE 55 TR AR, P Rk S e A A, T
JERKA FERFE A & e R, 2 B
PR R ATT Ye S K A adan ik | th B 5 R

x4 RERBIREPM, JHiXE

AU BRI R R T8 A ORI TR B B B
(EPSEREET %mﬂ’]ﬂl"fﬁﬁ"ﬁx b2 BRI LA i
R, R AL XU Rk R, HIX 2 e
TR 5 G X, A5 DX ey 16 5 8 B 8, AR
fe%unifﬁﬁkf?ﬂiﬁﬁ’hiﬁ,H\é@ﬁ‘?ﬁfﬁﬁj‘*ﬁ,,ﬁ\ﬁi%
(4 PM, e I P E Y 157 % .

2b GESS

Table 4  Relationship between weather situation and impact contribution of PM, 5 transportation in Tianjin
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