Organic carbon export and loss rates in the Red Sea
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Oxygen calibration --- Float oxygen correction term were determined by performing a linear regression on float’s oxygen percent saturation versus oxygen percent saturation using the dataset from the World Ocean Atlas climatology (WOA09).
[image: C:\Users\kheirem\Documents\Corr_DOXY_float.png]
Figure S1: Float’s percent oxygen saturation vs. WOA’s percent oxygen saturation used to calculate the correction factor for calibration of oxygen measurements. The solid line is the 1:1 line. 
Oceanographic cruises and sampling --- Samples were collected during four research cruises performed across the Red Sea between October 2014 and January 2016 on board of the R/V Thuwal. Two cruises named, as CRS-01 and CRS-04, took place in the central Red Sea (CRS) during fall and winter, specifically from 16 - 28 October 2014 and from 17 - 28 January 2016, respectively. One cruise, Duba-01, was conducted in the northern Red Sea (NRS) in spring during the periods of 17 - 28 April 2015. A cruise to Jazan took place in the southern Red Sea (SRS) in winter from 8 - 21 February 2015. A total of 30 stations were sampled: 12 in the NRS, 10 in the 
CRS and 8 in the SRS (Fig. S2, Table S1). 
Table S1:  Location and dates of the sampling cruises performed between 2014 and 2016 in the Red Sea.
	Campaign
	Platform
	Location
	Abbreviation
	Period
	Number of stations

	Nutrient cycle cruise 1
	RV Thuwal
	Central Red Sea
	CRS-01
	16-28 Oct. 2014
	8

	Jazan cruise
	RV Thuwal
	Southern Red Sea
	Jazan
	8 -21 Feb. 2015
	8

	Duba cruise 
	RV Thuwal
	Northern Red Sea
	Duba-01
	17- 28 Apr. 2015
	10

	Nutrient cycle cruise 4
	RV Thuwal
	Central Red Sea
	CRS-04
	17-28 Jan. 2016
	4

	Total
	
	
	
	
	30
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Figure S2: Map showing the locations of stations sampled during 4 cruises between October 2014 and January 2016 in the Red Sea (see Table S1). Map Produced using ArcGIS.
 Discrete seawater samples for determining concentration of particulate organic carbon, POC, were collected using a rosette system equipped with 10 L Niskin bottles at typically 10 depths within the upper 200 m depth of the water column (5, 10, 20, 40, 50, 60, 70, 80, 150 and 200 m). The concentration of particulate organic carbon, POC, was determined using a method consistent with established JGOFS protocols (Knap et al., 1996). Seawater samples (2.8 L) were filtered through 25 mm diameter precombusted (450°C, 4,5 hours) Whatman GF/F filters (0.7 μm porosity), transferred to clean containers and stored in liquid nitrogen during the cruise and subsequently at -20 °C in the laboratory until analysis. Organic carbon content of each filter, following acidification to remove inorganic carbon, was determined with standard CHN analyser (Perkin Elmer 2400 Series II CHNS/O elemental analyzer) involving high temperature combustion of sample filters (Parsons et al., 1984).
Particulate backscattering coefficient vs. particulate organic carbon relationship --- The ECO BB-9 backscattering sensor used in this study provides the volume scattering function at an angle of 124° and wavelength of 412, 440, 488, 510, 532, 595, 650, 676 and 715 nm  (β (124°, λ)). The β (124°, λ) represents the sum of the particle scattering plus the water molecular scattering for each wavelength. To retrieve the volume scattering function of particles βp (124°, λ), the volume scattering function of water βw (124°, λ) (with βw (124°, λ) obtained according to the relationship in Zhang et al. (2009) is subtracted from β (124°, λ). The particulate backscattering coefficient, bbp (λ) (m-1), is determined by estimating the sole measurement of βp (124°, λ) using an X factor:
bbp (λ) = 2πX βp (124°, λ)
The X factor has been determined by Sullivan et al. (2013) to be ± 1.076 at any wavelength. The spectral slope of bbp (λ) was used to estimate bbp at 700 nm. The BB-9 instrument was calibrated by WET Labs on a yearly basis.
Our particulate organic carbon (POC) versus bbp relationship is comparable to those reported in previous studies (Table S2). 
Table S2: Comparisons of the POC vs. bbp slope used in this study with those from previous studies.
	
	This study
	Stramski et al., 2008
	Cetinic et al., 2012
	Rasse et al., 2017

	POC vs. bbp slope
	40233
	53607
	35422
	43317



However, we noted that the bbp (700) coefficient for a given [POC] is significantly different for [POC] < 10 mg m-3 than those derived from the average relationship of Cetinic et al. (2012) (Fig. S3). This suggests that is indicative of changes in backscattering efficiency with the nature of particles as reported in previous studies (Stramski et al., 1999; Cetinic et al., 2012; Rembauville et al., 2017).
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Figure S3: Relationship between bbp (700) and POC. The red line represent the best fit (power law function) between bbp (700) and POC. The regression formula is in the form of a power law as [POC] = A (700) + B where A = 40233 and B = -11. The determination coefficient, R2, is also shown. The regression is significant for p<0.0001. The relationship from Cetinic et al. (2012) (black line) is displayed for comparison.
General circulation and particle trajectories models --- The MIT general circulation model (MITgcm) is a primitive-equation oceanic general circulation model solving the Navier-Stokes equations under the Boussinesq approximation. The model domain extended from 10°N to 30°N and from 30°E to 50°E, including the entire Red Sea basin, the Gulf of Suez, the Gulf of Aqaba and the Gulf of Aden. The model was implemented with 50 vertical levels, with the vertical resolution varying between 4 m at the surface and 300 m near the bottom. The horizontal resolution was 1 km, which has been reported to be fine enough to resolve the mesoscale dynamics in the Red Sea (Zhan et al., 2016; Dreano et al., 2017; Gittings et al., 2018). The model is extensively used and validated for various studies in the Red Sea, including the overturning circulation (Yao et al., 2014a, b; Papadopoulos et al., 2015), eddies (Zhan et al., 2014, 2016; Toye et al., 2017), and connectivity (Nanninga et al., 2015; Zhan et al., 2015). The atmospheric forcing model was forces with high resolution downscaled from the ERA-Interim reanalysis, provided by the European Centre for Medium-Range Weather Forecasting's (ECMWF) (Dee et al., 2011). Using the Advanced Research version of Weather Research and Forecasting (WRF) model (Skamarock et al., 2008), the downscaling was performed with a two-way nested domain of horizontal resolutions of 15 and 5 km over the Red Sea and adjacent regions (Yesubabu et al., 2016; Dasari et al., 2017; Langodan et al., 2016a, b, 2017a, b). The open-ocean boundary conditions with the Indian Ocean were provided on a monthly basis by the Operational Mercator global ocean analysis and forecast system, based on the NEMO ocean model at 1/12 degree horizontal resolution and 50 vertical layers (Madec et al., 2008). The model was initialized from a state of no-motion using annual mean temperature and salinity from the World Ocean Atlas 2013. After a 5 year spin-up period using the 2001 atmospheric forcing, the model was integrated from January 2001 to December 2016 with a time step of 90 s.
The Connectivity Modeling System (CMS) is a multi-scale probabilistic model of particle dispersal based on a stochastic Lagrangian framework. Given a full field of velocity from the MITgcm outputs, the CMS calculates particle locations and tracks their pathways following a multiple and multi-grid approach. In this study, the trajectories of passive particles were calculated with CMS based on daily averaged three-dimensional velocity fields as simulated by the Red Sea MITgcm.
Physical characteristics along the float trajectory --- Each of the four mesopelagic layers studied were characterized by temperatures and salinities that corresponded to the RSOW and RSDW masses (Fig. S4 and S5).
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Figure S4: Temperature-salinity characteristics derived from a compilation of historical stations collected in the Red Sea with the addition of the 2016 Argo data. The coloured data points correspond to the data collected within each isopycnal layer: i.e.,  28.30 – 28.40 kg m-3, 28.40 – 28.52 kg m-3, 28.52 – 28.55 kg m-3 and 28.55 – 28.57 kg m-3, respectively, along the float trajectory. The purple square correspond to the surface layers (RSSW) and the black are to the deep layers (namely the RSOW and the RSDW).
The historical data presented in Figure S4 comes from sections taken along the axis of the Red Sea from a summer 2001 survey performed in the Red sea. A total of 96 profiles of temperature, salinity and density were obtained during the cruise. Location of the stations performed during the cruise can be found in Sofianos & Johns (2007).
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Figure S5: Time series of the mixed layer depth (MLD) (A), mean ± standard deviation of temperature (B) and salinity (C) within isopycnal layers 28.30 – 28.40 kg m-3, 28.40 – 28.52 kg m-3, 28.52 – 28.55 kg m-3 and 28.55 – 28.57 kg m-3, respectively, during the float deployment. 

Temporal variability of the spiciness metric --- In this study, the spiciness metric was used to reveal the underlying isopycnal mixing that could alter the variability of biogeochemical properties on isopycnal layers (28.30–28.57 kg m-3) of the mesopelagic zone (Fig. S6). We found that the isopycnal layer 28.30–28.40 kg m-3 was not homogeneously distributed from late June to December. This suggests that this isopycnal layer could be affected by intrusion of waters extending downward from the surface or by advection. However, we also observed that the spiciness anomalies within this layer were not correlated with POC or AOU, and therefore should not affect the results of this study.
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Figure S6: Time series of the vertical distributions of spiciness for the data collected by the float in 2016. Grey lines are the isopycnals 28.3, 28.4, 28.52, 28.55 and 28.57 kg m-3. The black and cyan lines represent the mixed layer depth (MLD) and the productive layer (zp), respectively. The symbols *, **, *** and **** represent the isopycnal layers used in the rest of the analysis: 28.30 – 28.40 kg m-3, 28.40 – 28.52 kg m-3, 28.52 – 28.55 kg m-3 and 28.55 – 28.57 kg m-3, respectively.

Arrhenius activation energy plots --- We found higher  (> 1760 kJ mol-1) compared to those reported for other regions of the global ocean (60.8 – 758.1 kJ mol-1. While our carbon loss rates (not ) are within the same range than those reported for the Red Sea in Brewer and Peltzer (2017) (Fig. S7), we also found higher  than the one reported for the Red Sea in their study ( > 1760 kJ mol-1 vs. 392.5 kJ mol-1).
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Figure S7: Arrhenius activation energy plots for  (A) and  (B) over gradual isopycnal layers of the mesopelagic zone associated to the OUR loss rates for Red Sea waters reported in Brewer & Peltzer (2017).

Temperature vs. oxygen relationship --- oxygen measurements are strongly correlated with temperature measurements.
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Figure S8: Temperature vs. oxygen measurements over gradual isopycnal layers of the mesopelagic zone. Error bars represent one standard deviation. The solid line is the 1:1 line. 

Mesopelagic carbon budget --- We found that the POC exported via small particles was balanced by its consumption (sum of the fast and slow small-particle POC losses) over the seasonal cycle (Fig. S9).
[bookmark: _GoBack]
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Figure S9 : Seasonal export and loss rates (fast and slow) of POC in the mesopelagic zone. Error bars represent upper and lower estimates.
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