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Abstract In this present study, we investigated long term changes in trace gases (SO,, NO,, and O3) from shipping

emissions over major ports in each continent using Ozone Monitoring Instrument (OMI) and Microwave Limb Sounder (MLS)
measurements from 2006 to 2015. Additionally, surface nitrogen dioxide volume mixing ratio (NO, VMR), which can be used
to air quality regulation, is retrieved using tropospheric nitrogen dioxide column density and atmospheric measurement data
from Atmospheric Infrared Sounder (AIRS) sensor. The long term variation of retrieved NO, VMRs are investigated. During ten-
years, column densities of sulfur dioxide in planetary boundary layer (PBL SO,) and tropospheric nitrogen dioxide (Trop. NO,)
decreased by 0.3 DU decade™ and -1.8 X 10"> molecules cm™ decade™, respectively. However, tropospheric ozone (Trop.
05) tends to increase (2.9 DU decade™). The decreasing trends of PBL SO, and Trop. NO, are thought be due to regulation of
NOy and SOy from shipping emission of International Maritime Organization. The NO, VMRs averaged over Busan, Jebel Ali,
Rotterdam, LA, and Melbourne are tends to decrease with 0.64 ppbv decade™. Especially, the NO, VMR in Los Angles, which
showed high decreasing trend of Trop. NO,, are decreased 1.5 ppbv per decade. The amount of nitrogen dioxide, one of the
ozone precursors, decreased due to the emission reduction policy, while the actual Trop. O3 tends to increase. Additional
research is needed, however, the increase in Trop. O3 column density is thought to be due to changes in volatile organic
compound emissions, one of the precursors of ozone.
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Fig. 1. The map of regions of interest.
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Table 1. The specific locations and TEUs of the regions of interest.

Port ranking Port name (Country, Continent) Latitude Longitude *TEU
1 Shanghai (China, Asia) 30.627 122.065 36,516
2 Singapore (Singapore, Asia) 1.264 103.840 30,922
5 Hong Kong (Hong Kong, Asia) 22.333 114117 20,073
6 Busan (South Korea, Asia) 35.104 129.079 19,469
9 Jebel Ali (United Arab Emirates, Asia) 25.011 55.061 15,585

11 Rotterdam (Netherlands, Europe) 51.885 4.287 12,235
19 Los Angles (United States, North America) 33.738 -118.260 8,160
34 Santos (Brazil, South America) -23.932 -46.326 3,780
42 Port Said (Egypt, Africa) 31.265 32316 3,036
50 Melbourne (Melbourne, Australia) —-37.839 144.944 2,638

*TEU: Twenty-Foot Equivalent unit

Table 2. The data used in this present study.

Satellite-based data

Spatial resolution

OMI (Ozone Monitoring Instrument) sulfur dioxide

OMI/MLS (Microwave Limb Sounder)

Boundary layer height
Air temperature

AIRS (Atmospheric Infrared Sounder)
Air pressure

Tropospheric Nitrogen dioxide

Tropospheric Ozone

0.25°x0.25°
0.25°x0.25°

Level 3
Level 3

1°%x1°
1°x1°
1°x1°
1°%x1°

Level 3

Level 3
Level 3
Level 3
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2.1 OMI (Ozone Monitoring Instrument) data
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Fig. 2. Decadal average of PBL SO,, Tropospheric NO,, and
Tropospheric Oz over major port cities for 2006~2015.
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Table 3. Decadal trends of PBL SO,, Tropospheric NO,, and Tropospheric O; over major port cities for 2006~2015.

City PBL SO, Tropospheric NO, Tropospheric O
[DU decade™"] [10'> molecules cm™ decade™] [DU decade™"]
Shanghai -0.82 -0.62 347
Singapore -0.29 0.33 491
Hong Kong -0.38 -3.09 4.68
Busan -0.3 -1.83 4.47
Jebel Ali -0.21 -0.96 4.25
Rotterdam -0.25 -3.51 1.55
LA -0.25 -6.03 0.97
Santos N/A* -0.6 0.52
Port Said -0.2 0.68 223
Melbourne -0.33 -2.2 234
Average change -0.34 -1.78 2.94

*Not Available
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Fig. 4. Annual trends of the retrieved surface level NO, mixing ratio over Busan, Jebel Ali, Rotterdam, LA, Melbourne, Santos,

and Port Said from 2006 to 2015.
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