The Red Sea Deep Water is a potent source
of atmospheric ethane and propane
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Summary
The Middle East is a global emission hotspot of Non Methane Hydrocarbons (NMHCs) due to the
extensive oil and gas production, however, few measurements are available from this region.
Here we compare in-situ hydrocarbon measurements, performed around the Arabian Peninsula
during the AQABA (Air Quality and climate change in the Arabian BAsin) ship campaign, with
global model simulations that include current emission inventories (EDGAR), state-of-the-art
atmospheric circulation and chemistry mechanisms (EMAC model). Strong underprediction by the
model was found over the Northern Red Sea. By examining the individual sources in the model
and Positive Matrix Factorization (PMF) analysis, we deduce that Red Sea Deep Water (RSDW)
is an unexpected, strong, natural source of atmospheric NMHCs. The underwater source is
comparable with total anthropogenic emissions from entire Middle Eastern countries, and
significantly impact the regional atmospheric chemistry.

3. Source apportionment

1. Overview

Figure 3. Source apportionment for the northern Red Sea region. a. Profiles derived from
Positive Matrix Factorization (PMF) analysis. In b, the factor 2 strength (average strength =
1) timelines are illustrated for both legs. In c, the factor 2 strength is correlated with the ratio
between measurements and model for ethane and propane, and in d with the measured
methane.

4. Emissions from the Red Sea Deep Water

Figure 1. Volume mixing ratios of selected NMHC species over the eight regions.

2. Ethane observations and model simulations

Figure 4. Comparison between model simulations and measurements over the northern
Red Sea region by EDGAR v4.3.2 inventory and by including the degassing emissions.

Figure 2. Comparison between ethane measurements and model simulations. Timeline
ratios are displayed for both leg 1 (a) and leg 2 (b). In c, geospatial ratio statistics are
displayed with the boxplots. In d, geospatial measured volume mixing ratios of ethane
are shown with black boxplots where the red circles are the median measured values.

Figure 5. Emissions of ethane and propane from Middle Eastern countries compared with
the emissions from the northern Red Sea Deep Water (RSDW).

5. Implications

Figure 6. Implications of Red Sea Deep Water emissions on summertime (J,J,A) abundances of OH, O3 and PAN .

Figure 7. O3 formation due to projected NOx increase.

