Imaging DOAS NO, measurements during the AQABA ship campaign
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1 Project & Ship Cruise 2

Method

DOAS: Differential Optical Absorption Spectroscopy

* based on Lambert Beer's law: I(A,s) = l,exp(-6(A)ps)
(Figure 4)

* a method to calculate the absorption of light travelling
through the atmosphere

* can be used for visible light ,

hod & Data Analysis

individual fibres

AQABA: Air Quality and Climate Change in the Arabian Basin
e an imaging DOAS instrument was installed on board
of the research vessel “Kommandor lona” (Figure 1)
for ship-based air quality measurements
 instrument is called IMPACT: Imaging MaPper for
Atmospheric observaTions (Figure 2)
* took place from Toulon (France) to Kuwait City (Kuwait)

Spectral information

« telescope has a 45° field of view

« sorted light fibre: 50 single fibres see
different elevations
- same order at both sides

* imaging spectrometer (2D CCD)
preserves spatial information
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Figure 2: DOAS
telescope installed on
Kommandor lona

* Imaging DOAS: measures
several elevation angles simultaneously high temporal
resolution possible

- sometimes pollution due to
cities which are passed
with Kommandor lona

* the instrument was continuously scanning a vertical
plane for three azimuth angles: starboard, port side,
and bow direction

4 Summary & Outlook

Summary
* AQABA was a measurement campaign in late summer 2017;
IMPACT was successfully operated on the research vessel

Figure 6: Picture of the
video camera
Necessary for scene documentation

Figure 3: Track of ship cruise
In blue 1%t cruise leg and in light green 24
cruise leg is illustrated.

AQABA daily IMPACT stratospheric NO, am AQABA IMPACT NO, SC 03.08.2017 port sid

, Obervations in the Arabian Gulf during the 2" leg

* many individual plumes are observed in the Arabian
Gulf (Figure 13)

* most plumes are elevated and seem to be rising in
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. T 8, Kommandor lona
T 3, " the atmosphere « stratospheric NO, was successfully observed
D * most of the plumes are on the port side from morning - latitudinal dependency and diurnal cycle are clearly visible
R ACASAINPACT N0, 500308 201 b drecton until early afternoon when passing Katar « polluted areas are successfully detected
) : LA L B * possible sources are oil/gas rigs and ships - e.g., Kuwait, Suez Canal, possibly oil/gas rigs, and ship
0T e 0 60 R % S - possible contamination by own vessel plume plumes; elevated plumes are observed in Arabian Gulf
Figure 9: Stratospheric NO. Figure 10: Stratospheric NO, . * NO, SCs are smaller than in Kuwait Outlook
The stratospheric NO, measured during The stratospheric NO, measured during sk * satellite observations show no enhanced NO, VCs in u 00| . i i
AQABA in the mornging. AQABA in the evening. L the Arabian Gulf whereas in Kuwait satellite and MAX- « links to ships, oil/gas rigs, and other NO, sources

» comparison of stratospheric and tropospheric NO, with satellite
data
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Measurement validation with stratospheric NO, DOAS observations show enhanced values (Figure 14)
« calculation of VCs for the zenith-sky central viewing direction
* pm values are larger than am values - diurnal cycle of stratos. NO,
« latitudinal dependency visible = analysis of stratospheric NO,

perfomed well

AQABA IMPACT NO; SC 04.08.2017 port side S5P NO, January - March 2018
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Arrival at Suez Canal during the 2" leg

* NO, SCs increase with arrival at the
Suez Canal

* highest values are observed in
lowest elevation angles for all
viewing directions
- NO, is close to the surface

« similar results are observed also
during the 1st leg

AQABA IMPACT NO, SC 22.08.2017 port side

Figure 12: Departure in Kuwait ‘e

spectroscopy of

Departure in Kuwait

* large NO, SCs are observed
when leaving Kuwait

* SCs are larger on starboard . l
than on port side, smallest
values in bow direction

Figure 14: S5P NO, VCs
Enhanced NO, VCs in the Arabian Gulf
are observed in surounding cities.
Disclaimer: The presented work has
been performed in the frame of the
Sentinel-5 Precursor Validation Team
(S5PVT) activities. Results are based on
preliminary (not fully calibrated/
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Figure 13: MAX-DOAS NO, SCs

Figure 11: Arrival at Suez Canal
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