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Abstract: The influence of straw burning ban policy on air quality in Northeast China was quantitatively evaluated by conducting the
air quality simulation using WRF-CMAQ mode in different residue burning scenarios based on localized straw burning emission
inventory. From 2013 to 2020, the total emissions of open straw burning in Northeast China showed a variation pattern of increasing
at first and then decreasing. There are two crop residue burning and emission peaks in a year: before spring plowing (March and
April) and after autumn harvesting (October and November). Among the three provinces, Jilin Province achieved the best results in
controlling emissions from straw burning in 2019. The atmospheric CO and PM, 5 from straw burning contribute 24.01% and 39.98%
to the total concentration in Northeast China during the straw burning peaks in 2017, imposing detrimental effect on local air quality
and human health. With the implement of the strict straw burning ban policy, the contribution rate of crop straw burning to
atmospheric CO and PM, 5 in the three northeastern provinces in 2019 decreased by 9.58% and 13.95% respectively compared with
the same period in 2017, indicating that the straw burning ban policy in 2019 has effectively improved the air quality in Northeast
China. If all three provinces in Northeast China implemented same straw burning ban policy as that in the Jilin Province in 2019, the
regional air quality would be remarkably improved in the future. The results in this study can provide the technological supports for
formulating the policies of regional air pollution prevention and control.
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Fig.2 Monthly variations of total pollutant emissions from
straw burning in Northeast China from 2013 to 2020
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Fig.3 Correlation analysis between simulated and measured air temperature
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Fig.5 The distributions of the reductions of PM; 5 and CO mean concentration before spring plowing and after autumn harvesting in

Northeast China after turning off the straw burning sources
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Fig.6 The distributions of the reductions of PM, 5 and CO mean concentration in Northeast China before spring plowing and after

autumn harvesting compared with 2017 in the emission reduction scenario
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Fig.7 The distributions of the reductions of the of CO and PM, ;5 mean concentrations before spring plowing and after autumn

harvesting in Northeast China in future scenarios compared with emission reduction scenarios

FHEET, ARG st R AE DR A BN AR AL =
AR CO M PM, s I TTlR AR HE— B BRI, 70701 by
4.43%F1 6.36%, B IRHE 50 M T BT 6.54% 1
17.23%. 55 FB LA A LR PR FE AL ext A db =
AR RS QP TR IIC T 10%, B A
AR CO Fl PMys TR ZF A 4b TR Ib =4
HIEE K, 20 BN 12.36% 1 21.63%. 5 1 [R], 4%
b= B RAEDFEF LR K CO Hl PMas
(1) DT R e v, BRI VEAR B 5 s, 20 ok 21.96% Al
20.29%, A v T ekl 1 S5t 1) DR R L 2R BT
R AE AR AL =48 38 S Gl PR R AT AR 058 R PR e X
Rl 5 RN BUE R R AR strh ARdE =
AEB TR A AR e R 1 — P 4 v RS AT AR e ) 1L
TR AR A R R DR A AL TG
KPR TLAR BARZ A FHAR IR R BUR RS W i K,
KA YR 5 B e g S 5 ARG R A8 ek B
TLAR 72330 R S AR SRR

MG ANEFEF B Bt AR IE =& KA Cco
F1 PMa s (I TTRR R A3 )02 2.99%1 2.74%, % A Ib =
BEA I TEREBIE T 10%. K A R =4
6 St AR e X AR e A AE D RS AT, e 2 2 B AR RS AT 4%
Bext A TR I s R SR SRR
BT LU, BSOS AR AE YIRS FTAE et v 41 (¥ o2
Fik 2 4 25 PRI, IRD B e RS R 8 8 (0 4 o it W% 88
S HRITC, DR A A AR R R AR b b RS AT 4K
B (1 T TR Y.

3 Hit

31 REFT SRR R W],2014~2017 4EAG AR
RAEPEHTBUR AT 52,2017 4 LUG FEATAE e
o6 K R B BB 5 A BT BT I B TR e L
H1,2019 4 E A AT AR BOR AT 0 1E
SR SR .

3.2 AACHb AR RS AT A pe A R ey i Y1 4 e v



12 3 FEIEAEE: FET WRF-CMAQ VSRS FF 2R et X I < &

L] 5587

&

TEBERIRT(G3~4 JHFRKE (10~11 ) A~ [a] Bt
3.3 fEHLEE Fh, 2017 SERGFAE RS I AR AE
YIRS FF 8 R AE BRI AL =4 R PMys Al
CO WREEMITTHRE 734 39.98%A1 24.01%, 3% WAL
F i RAE o6 ™ T 1 AR L Hb X 3 0

3.4 e S AR IE =B RS I CO AT PMys
ff) 9 B B 2017 4E 43 5 R B T 0.02mg/m’ Al
41.43pg/m’ KW 2019 AR ILHLX (R T A5 B BU
HE—b s T )2 AR

3.5 FEAKAE S A e KA e HE O AR AL X
CO F1 PM, s DT ERZ 13— 20 T 42 3.71%H1 4.55%,
IXRIHF MR 2019 FREFFAERCBURN T — 2042
TEAR AR DX 2S5 i AT B S

S 3L -

(1] JAWSE BN #5555 T MODIS K a8 43 g 1t 75 44 442

P BGUREE S HBASAE [7]. FRBRRE AR, 2021,41(9):3696-
708.
Zhou Y W, Liao W P, Yang J, et al. Based on MODIS fire pixel
location data to characterize the biomass burning and air pollutants
emissions in northen and southern China [J]. Acta Scientiae
Circumstantiae, 2021,41(9):3696-708.

[2] BEFKERT 55T TR R EY U bS50t

R [J]. KGR, 2016,11(6):402-11.
Mao H Q, Zhang Y H, Li Q, et al. Research progress on estimating
emissions from biomass burning based on satellite observations [J].
Journal of Atmospheric and Environmental Optics, 2016,11(6):402-
11.

[3] HBUEB FHE HE P EAEY BURES RHREGE B ).
FREERL AR, 2011,31(2):349-57.

Tian H Z, Zhao D, Wang Y. Emission inventories of atmospheric
pollutants discharged from biomass burning in China [J]. Acta
Scientiae Circumstantiae, 2011,31(2):349-57.

[4]  EFEL R R w P A, S AR TR T E AR B CO KRR
ST [J]. BB 5N, 2016,31(2):297-306.

Wang T T, Chen L F, Tao J H, et al. The study of the effects on carbon
monoxide in Northeast China from biomass burning [J]. Remote
Sensing Technology and Application, 2016,31(2):297-306.

[51 &E R KANER,E PF A E R A R B HE S VS Je s B
[7]. HEFEERE, 2005,(4):389-93.

Cao G L, Zhang X Y, Wang D, et al. Inventory of atmospheric
pollutants discharged from biomass burning in China continent [J].
China Environmental Science, 2005,(4):389-93.

[6] EF5 M,k A% v RS AT i RAE be K vs R =240 4 (0]

hE R A2, 2008,(5):329-33.
Wang S X, Zhang C Y. Spatial and temporal distribution of air
pollutant emissions from open burning of crop residues in China [J].
China Sciencepaper, 2008,(5):329-33.

(7] SKEWAE. D7 7.0 M55 .2014~2015 47 ELAKKO )4 [ RS AT 45 R

(8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

TR AE XL dT (7], PR S W RESER T, 2016,41(6):61-5.
Zhang L J, Li Q, Chen H, et al. Analysis and comparison of straw
burning based on remote sensing monitoring data during summer and
autumn harvest season from 2014 to 2015 in China [J]. Environment
and Sustainable Development, 2016,41(6):61-5.

e, T RIS RAE RS AT SR 5 A B R AR AT D). o
B RHEAE R, 2021,(16):41-2.

Li W L, Ma X B, Zhang J B, et al. Comprehensive treatment and
effective utilization of crop straw [J]. China Science and Technology
Information, 2021,(16):41-2.

HIFE B, R 90 B, A5 R AT A0S A BB S B &5 R
e [J]. EEEIR, 2016,36(2):387-93.

Tian G C, Wang Y, Sun L, et al. Effects of wheat straw burning on
content of soil organic matter, nitrogen, phosphorus, and potassium [J].
Acta Ecologica Sinica, 2016,36(2):387-93.

PIEYE LT REAE AN ZE & A S DURRBT 2047 (1], RAVEH]
541, 2014,(8):89-90.

Li Y Y. Investigation and analysis on straw returning and
comprehensive utilization [J]. Agricultural Machinery Using &
Maintenance, 2014,(8):89-90.

Bk T RS R AR B L 5 [ ASAT VT RISE PR BE LU [D].
JentpE AR BE, 2019.

Qin C. A comparative study of crop residue burning ban management
in China and crop residue control burning management in the United
States [D]. Beijing: Chinese Academy of Agricultural Sciences, 2019.
JEOMER ML 2B SE RERTRERE R R B TR I R R
0], R, 2011,31(2):207-13.

Yin C, Zhu B, Cao Y C, et al. The origin of crop residue burning
impact on air quality of Nanjing [J]. China Environmental Science,
2011,31(2):207-13.

JE R, JT 4540 5 T+ Python ) MODIS T FEFFAE S I Il——LAn
JRIETIT A [T, MR 2 B ARBL 242441, 2020,36(6):24-31.
Zhou F J, Wan L H. Monitoring of MODIS satellite straw burning
based on pythons
Journal of Harbin Normal University, 2020,36(6):24-31.

FORA CHIET MODIS Ml BT R AT LB AT 5T (7).
AR, 2021,(7):37-9.

Wu L, Li Y. Monitoring of straw burning in Heilongjiang Province
based on MODIS data [J]. Modernizing Agriculture, 2021,(7):37-9.
AFIR,E BT LA RS AT 8 KA Yy HR G
Jei 23 op A [J]. h E SR, 2018,38(9):3280-7.

Li L L, Wang K, Jiang Q Q, et al. Emission inventory and the temporal

Take Harbin as an example [J]. Natural Science

and spatial distribution of pollutant for open field straw burning in
Heilongjiang province [J].China Environmental Science, 2018,38(9):
3280-7.

B #2.2001~2017 AFrb E R AL X AP TR B 0 MR 2 AR
THEEFT [D]. MRV MG AR TEEE KA, 2020.

Zhao Y. A high resolution and multi-year emission inventory for
biomass burning in Northeast China during 2001~2017 [D]. Harbin:
Harbin Normal University, 2020.

F UK AL, 3l SO, A5 T4 2 I 2% 110 AR et DX RS A e Tl
(1. EHEERA, 2020,40(12):5205-12.

Bai B, Zhao H M, Zhang S M, et al. Forecasting of agricultural straw



5588

o[ F

ST
5%

s

42 %

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

burning in the Northeastern China based on neural network [J]. China
Environmental Science, 2020,40(12):5205-12.

M F X A A ) WRF-CMAQ ASS AT US4 il S s e
=HUX PMos K O3 IRBEIN M [D]. BUM:HTTTR %, 2018.

Wang P. Impacts of Emission Control Strategies on PM,s and O;
concentrations over the Yangtze River Delta investigated by the
two-way coupled WRF-CMAQ model [D]. Hangzhou: Zhejiang
University, 2018.

F AT CMAQ B, MEIC i Xt 22 M i F= S X L4875 ek
AEFIERITT [D]. 22JHK%%, 2019.

Yin Y. Ozone pollution characteristics in the main urban area of
Lanzhou City based on CMAQ Model and MEIC [D]. Lanzhou
University, 2019.

Zhang Q, Streets D G, Carmichael G R, et al. Asian emissions in 2006
for the NASA INTEX-B mission [J]. Atmospheric Chemistry and
Physics, 2009,9(14):5131-53.

Janssens—Maenhout G, Crippa M, Guizzardi D, et al. HTAP _v2.2: a
mosaic of regional and global emission grid maps for 2008 and 2010
to study hemispheric transport of air pollution [J]. Atmospheric
Chemistry and Physics, 2015,15(19):11411-32.

Bt SCAR AR H DX A 0 J5 e R ARG TR S SR KR IR R i
PP [D]. HERREBER (P R B AR e B RO AR ST T
1), 2020.

Yang G Y. Emission of Open Biomass Burning and its Impacts on
Atmospheric Environment in the Northeastern China [D]. Northeast
Insitute of Geography and Agroecology, Chinese Academy of Sciences,
2020.

Zhang X Y, Kondragunta S, Ram J, et al. Near—real-time global
biomass burning emissions product from geostationary satellite
constellation [J]. J Geophys Res—Atmos, 2012,117(18).

TRAFAEN LR B R 2E.2013~2017 4 32 BRI X RS T 45 B 45
BRIE MR 0T (7). 3B EEAR, 2020,24(10):1221-32.

Xu B B, Fan M, Chen L F, et al. Analysis of temporal and spatial
characteristics and Influonling Factors of crop residue burning in
major agricultural areas from 2013 to 2017 [J]. National Remote
Sensing Bulletin, 2020,24(10):1221-32.

WG T R AR T R AR X R Y I s AR g
RERERBEST [D]. Rl R, 2021.

Yi M M. Spatiotemporal changes of air Pollutants and health risks
during crop residue burning seasons in China's main agricultural
production areas [D]. Huazhong Agricultural University, 2021.
SORR SRERL ST FY3 R PEN T E R =4
FERFBE e UG U ARG S04 (0], WIdE A REE, 2021,60(22):
168-73.

Wu S, Wu Y, Xu Z M, et al. Spatial and temporal variation analysis of
straw burning heat source in three northeast provinces based on FY3
series polar orbiting satellites [J].
2021,60(22):168-73.

Wi 5 22 AR, NP e DA o S A e R X R 7 S (0] o
[l Al 78 5 55 X K1, 2021,42(3):1-6.

Chen F, Jiang Y L, Yin X G. Adjustment of China's farming system

Hubei Agricultural Sciences,

[28

[29]

[30]

1]

[32]

[33]

[34]

[33]

[36]

regionalization scheme [J]. Chinese Journal of Agricultural Resources
and Regional Planning, 2021,42(3):1-6.

Lyt AL R AT A IR AT ok 7750 (9], S ARk,
2021,12(19):112-4.

Jiang Y H. Current situation of straw utilization and effective way of
returning straw to farmland in Northeast China [J]. Rural Science and
Technology, 2021,12(19):112-4.

VF UL AR RS RS R B2 05RO 28 5 0N D [D]. btk
SRR BT T, 2020.

Xu S J. The effect evaluation of comprehensive utilization of straw
resources in China [D]. Beijing: Graduate School of Chinese Academy
of Social Sciences, 2020.

ARG, T De ki, R K UE, 55 USRI = M X — IR E R A%
JH JARSERAE (7). R R, 2021,41(6):2481-92.

Chen Y Y, Wang X Q, Cheng S Y, et al. Analysis of meteorological
causes and transmission characteristics of a heavy haze process in
Beijing Tianjin Hebei Delta [J]. China
Environmental Science, 2021,41(6):2481-92.

VEHE RS B SC T 52, A5 o I S R 2 PML s v B RURR
9T (9], hEERETRY, 2017,37(7):2482-91.

XuY L, Xue W B, Lei Y, et al. Sensitivity analysis of PM, s pollution

and Yangtze River

to ammonia emission control in China [J]. China Environmental
Science, 2017,37(7):2482-91.

TR, B AR R JOR S Yl R R TR R )
B (3], " EFRBIRIE, 2019,39(11):4502-10.

Wang X, Li L L, Wang K, et al. An air pollution process and potential
sources of Harbin [J]. China Environmental Science, 2019,39(11):
4502-10.

SR ARG A S, S R AT AR Bt T T A TR I R 3 A
[0]. R E R, 2022,45(1):163-73.

Wen H Z, Li J L, Shi W L, et al. Analysis of the impact of straw
burning on air quality in Huangshi City [J]. Environmental Science
and Technology, 2022,45(1):163-73.

Bk, £ T 0 5h 455 AL I RS AT A58 S5 1K) NO, TLA
HEIAIHT ], EPRERE, 2009,29(10):1016-20.

Tao J H, Wang Z F, Han D, et al. Analysis of crop residue burning and

tropospheric NO, vertical column density retrieved from satellite
remote sensing in North China [J]. China Environmental Science,
2009,29(10):1016-20.

Cheng Z, Wang S, Fu X, et al. Impact of biomass burning on haze
pollution in the Yangtze River delta, China: a case study in summer
2011 [J]. Atmospheric Chemistry and Physics, 2014,14(9):4573-85.
BEEE R, AT PAEK R I =4 B R AR
BILHETBTTE (3], P AL BRI S R, 2018,39(4):59-66.

Mao H Q, Zhang L J, Li Q, et al. Study on open burning of crop
residues and its emissions of PM,s in Northeast China based on
satellite sensing [J]. Chinese Journal of Agricultural Resources and

Regional Planning, 2018,39(4):59-66.

FEE TR T2 LW H(1996-), 93, 11T AR I YT AT L, 28 A g K B A 2
BERBA R #0301 5.



