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Simulation of Air Pollution Characteristics and Estimates of Environmental
Capacity in Zibo City

XUE Wen-bo'?, WANG Jin-nan>, YANG Jin-tian®, LEI Yu*, YAN Li*, HE Jin-yu’, HAN Bao-ping'

(1. School of Environment Science and Spatial Informatics, China University of Mining and Technology, Xuzhou 221008, China;

2. Chinese Academy For Environmental Planning, Beijing 100012, China)

Abstract: To develop a new pattern of air pollution control that is based on the integration of “concentration control, total amount
control, and quality control”, and in the context of developing national {2011-2015 air pollution control plan for key areas) and
{Environmental protection plan of Zibo municipality for the “12" Five-Year Plan” period) , a simulation of atmospheric dispersion of
air pollutants in Zibo City and its peripheral areas is carried out by employing CALPUFF model, and the atmospheric environmental
capacity of SO, , NO_ and PM,, is estimated based on the results of model simulation and using multi-objective linear programming
optimization. The results indicates that the air pollution in Zibo City is significantly related to the pollution sources outside of Zibo City,
which contributes to the annual average concentration of SO,, NO, and PM,; in Zibo City by 26.34% , 21.23% , and 14.58%
respectively. There is a notable interaction between districts and counties of Zibo municipality, in which the contribution of SO,, NO,
and PM,;, emissions in surrounding counties and districts to the annual average concentrations of SO, , NO, and PM,; in downtown area
are 35.96% , 43.17% , and 17.69% respectively. There is a great variation in spatial sensitivity of air pollutant emission, and the
environmental impact of unit pollutant emissions from Zhoucun, Huantai, Zhangdian and Zichuan is greater than that released from
other districts/counties. To meet the requirement of { Ambient air quality standard) (GB 3095-2012) , the environmental capacities of
SO, , NO, and PM,, of Zibo City are only 8. 03 x 10* t, 19. 16 x 10* t and 3. 21 x 10* t, respectively. Therefore, it is imperative to
implement regional air pollution joint control in Shandong peninsula in order to ensure the achievement of air quality standard in Zibo
City.

Key words : CALPUFF; air quality simulation; trans-boundary transport; space sensitivity; environmental capacity
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Fig. 1 Domain of modeling and its topography
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Table 1  Meteorological data used for modeling
AR ZEE/(°) K N/(°) vt AT /% F 57
TRIE Gk 118. 000 36. 830 B BERL 12.0 PURIR
e 3t 117. 950 36. 630 BB BERL 13.9 B AU P
mm5 118.015 36.392 BR2K — —

1.4 s

AR TS P PR DR R BB 75 Y IR HR R , K
TR DS A BT 15 S 0300 20 o B TP R AR AT
TP AR IR LS 4P pU T o R Tl

DAy s A F S TP AR 3 IR L3 4
PR IR, TR XM S QR I8 T T
MR, IR RE DX ANIT A Tl 35 G U4 Sy S IR A A
. BT E A5 R HERCR B WL 2 BiR.

2 2009 FEACEE N EFTRYHE x 10°/1
Table 2 Emissions of the pollutants in 2009 in the modeling domain x 10*/t

HEX N

YE YL i =)
TR AR e TR e NF b R
S0, HEE 18. 06 1.17 0. 87 0.00 20. 09 20. 40 40. 49
NO, HEjis= 15.91 0. 64 0.20 2.33 19. 07 13.13 32.20
PM, HEik i 4.83 0. 54 0.98 0.12 6. 46 7.21 13. 67
1.5 AARIEGHIE
R o2 RS
P AR RURR L 4% S 5 M v ORI 85 i R4 T e
MR ) 8 . 2009 AT LA 16 2.1 £ IXERIAH B2 OC R AT
AR A S A, bkl | i, I 2.1.1 & Afbm

JAKS I3 S XA 13 AN A AE A L YR
FH X 3 BT 1AM, R B X
JE 2009-04-01 ~2009-12-26 [l {5 - 54T,
MO SAFIE R 21T 15 A28 A5 M5 A7 SO, |
NO, . PM, 4P 247 3 X0 {5 452 TR ABE 401 45 SR kA7 %k
Febr. e Brst SR . S0, . NO, . PM,, 4F 14 1k i
LI 55U (E 1) AH G R B0 5012 0. 62, 0.59 M
0.52, SO, . NO, 4F ¥k B2 AH L0 I (8 - 39 A% Ak
20.17% . 25.31%. W PM Bl fE K % B4 0
U5 S — R FIURL I (R 20, I LA P o 4 34k B R 400 45
SRR e S B O S 247 D 7N 69. 47 % , 14518 5 1
TR A 0 VR A AT A A R (S X PM, Y BT
BRRZ N 50% ZeA7 ) AHELAFLAENIE"® UESE T PM,
BUUSE Rl SEdE. BAORE , SO, Bl F i
WaPER T NO, . PM,,, A5 76 455 41 25 5L o o e e 1
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WESHLE 3 i,
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Table 3 Assessment of the modeling performance

IEESY B MR BEAKT PSR %
S0, 15 0.62 0.01 20.17
NO, 15 0.59 0.02 25.31
PM,, 15 0.52 0. 05 69. 47

SO, AFS4 Uk BE A AU 45 SR 3R WY - A4 b I HE s xoF T
T SO, U B BT R 73. 66% , Horfrik
JE X (22.64% ) . I ¥ X (21.09% ) . 1 I X
(12.00% ) Xt 415 SO, 4 {H 1Y 57k K 88 i
10% , Bt 5Tl ik 5 55. 73% |, o5 B A H I 5T ikR
[ 75. 66% . [BR3ZAS M5 YL P52 A | SR 1
417 SO, FEHMEM TTERFE N 26.34% . WX 2
] (AR B MR, 45 X HL R AR IR 2 [ B A7 7E
WENMEERER. LIRS X e, k5 X A &
JEHE B X 3k Ok X S0, 4F 3 W B A 5Tk R R
42.56% , HoAh JE 3 X ELX 5K S5 X SO, 4245k BE Y o1
HRFEN 35.96% , I 1T DX A5 JL Xt 5k 5 X SO,
ARV B TTRR R IA E 21. 48% . 45 X E R AN A
Z [A] (AR L5 O 2R UL 2.

2.1.2 —&HAMAA

NO, P2 B AR AL 45 L 32 B . T 1 T A i Y A
B NO, Xt 4Tl NO, 435k B8 1 - 35 sk %o
78.77% , o o7 R R R 1 X B F ik X
(23.76% ) . IGIIX (14.92% ) . )X (14.70% )
MiEH B (11.32%) , ik 4 X B Zifx 2 No,
AR () TTER 6l 64.70% , AR Ml I BTk
82.14% . FEIXAMG YIS 4 TH NO, 4F vk i
MITTHER R 21.23% , AR TEXT NO, W B2 1) 5T k%
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Fig. 2 Contribution of SO, emissions to the ambient

concentration among the counties of Zibo City

INFXF SO, W Tk R, RS O 17
A, HLEhFEHIE NO, HEBCR P, Sl & 425 NO, HE
i NO, HEBAS A EL BN T SO, i R TR HE K
7 SO, HEBUE R A FL B, PRI NO, 37 B 2 15 4 g
1% S0, H5; @QNO, HA B &b imd, S
AL SO, M, AR TR &, 5 S0,
FHARL, 25 DX B AR IR [RIRE AEAE 2 B o A A 52
Horsi b st X NO, 4R VR 225K 5 @ B TR HE
QN BN P = S N Y AT AR R (DA
SN 41.12% 43.17% . 15.71% . 4% H J 4k
U8 22 [B] A AH B2 G R ANl 3 BT

m R X
mREGH

m N m X e IE w AHE

=R m PR o Aok

BAE N NS WAL A A W R &

80 |-
.
S|

BHRAR %
s
T
|
BN
| —
LR

B3 #XE NO, ZEMEEHMNm
Fig. 3 Contribution of NO, emissions to the ambient

concentration among the counties of Zibo City
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