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Abstract: Northeastern China experiences severe atmospheric pollution, with an increasing occurrence of heavy haze episodes. Based
on ground monitoring data, satellite products and meteorological products of atmospheric pollutants in northeast China from 2013 to
2017, the characteristics of spatial and temporal distribution of air quality and the causes of heavy haze events in northeast China were
discussed. It was found that the “Shenyang-Changchun-Harbin” city belt was the most polluted area in the region on an annual scale.
The spatial distribution of air quality index ( AQI) values had a clear seasonality, with the worst pollution occurring in winter, an
approximately oval-shaped polluted area around western Jilin Province in spring, and the best air quality occurring in summer and most
of autumn. The three periods that typically experienced intense haze events were Period I from late-October to early-November (i. e.,
late autumn and early winter) , Period II from late-December to January (i. e., the coldest time in winter) , and Period III from April
to mid-May (i. e., spring). During Period I, strong PM, s emissions from seasonal crop residue burning and coal burning for winter
heating were the dominant reasons for the occurrence of extreme haze events (AQI >300). Period II had frequent heavy haze events
(200 < AQT <300) in the coldest months of January and February (200 < AQI <300) , which were due to high PM, ; emissions from
coal burning and vehicle fuel consumption, a lower atmospheric boundary layer, and stagnant atmospheric conditions. Haze events in
Period III, with high PM,, concentrations, were primarily caused by the regional transportation of windblown dust from degraded
grassland in central Inner Mongolia and bare soil in western Jilin Province. Local agricultural tilling could also release PM,; and
enhance the levels of windblown dust from tilled soil.

Key words: PM,,; PM, ; moderate resolution imaging spectroradiometer ( MODIS ) ; cloud-aerosol lidar and infrared pathfinder
satellite observation( CALIPSO) ; agricultural activity; coal burning; aerosol optical depth( AOD)
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F1 2013 ~2017 EFRIMRHEH R LT ESREHERD

Table 1 ~ Overview of air quality at prefecture-level cities and above in Northeast China from 2013 to 2017
Hb X Ay AQI PM, s/pg-m~3 PM;;/pg-m~® SO,/pgem™3 NO,/pgem™> 0;-8h/pg-m* CO/mg-m 3
2013 95 +60 63 +56 103 £70 44 £45 40 £19 69 +34 1.120.7
(22 ~500) (7 ~747) (17 ~847) (2 ~392) (7 ~160) (9 ~228) (0.2~6)
014 88 +49 56 +45 96 +59 41 £38 36 +17 8239 1.2£0.7
(20 ~500) (4 ~640) (11 ~834) (2 ~342) (5~221) (3 ~284) (0.1~5.7)
, 79 +50 48 +44 80 59 28 +31 28 +16 79 +38 1+0.6
LY
M 2015 (14 ~500) (2 ~891) (5~939) (1 ~348) (2 ~166) (1~291) (0~6.1)
2016 71 +14 40 +9 69 =15 24 +11 27 +7 83216 10
(43 ~96) (19 ~55) (34 ~94) (6 ~52) (14 ~44) (55 ~114) (0~2)
5017 72 +14 39 +9 69 +15 21 +9 27 +7 8713 10
(41 ~92) (18 ~57) (33 ~88) (3 ~45) (14 ~16) (64 ~113) (0~1)
5013 102 +69 69 +65 113 £79 47 £51 44 £20 72 38 1.1+0.6
(22 ~500) (8 ~747) (18 ~847) (2 ~392) (12 ~160) (9 ~228) (0.3 ~5.9)
014 104 63 70 +59 115 £71 55 +54 49 £18 81 40 1+0.4
(26 ~500) (9 ~640) (16 ~834) (2 ~342) (16 ~134) (13 ~242) (0.4 ~3.2)
103 £70 68 +67 106 +84 44 £52 46 +19 80 +43 10.5
A =
G 2015 (25 ~500) (9 ~891) (16 ~920) (3~321) (11 ~146) (9 ~242) (0-3~4.1)
016 83 +6 50 £4 83 £10 3511 412 83157 710
(79 ~90) (46 ~54)  (75~94) (28 ~47) (40 ~44) (66 ~95), 1 S(1=1)
2017 89 +5 5146 ; i 8423 29 6 Fo4lk2 91 6 Ay
(83 ~92) (46 ~57) & (82 ~88) (25~36) | (40 ~44) (87~98) . A#(1~1)
013 85 +43 ~53 £37 1 89 +51 40 £35 34414 65+27 | & 11408
: (23 ~302) (7~252) % (17~324) (3 ~258) A7 ~108) (10 ~211) ' ) (0.256)
! J % # F ! v i - ot
= 20--'1"4 85 +45 53, 40) ol 9256 33154 33215 ¥ o 82439 07610.2
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