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Group	and	Collaborators





Our facilities



§ ~2000	km	long	&	~200	km	wide

§ Semi-enclosed	basin,	connect	with	
Indian	Ocean	through	Bab-El-Mandeb	

§ Two	small	gulfs:	Aqaba	and	Suez,	
important	for	deep	water	formation

§ One	of	the	warmest	and	saltiest	
water	masses	in	the	world
Exemplifies	conditions	that	are	
predicted	to	occur	in	other	Marine	
Ecosystems	few	decades	from	now		

The	Red	Sea	
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KAUST�



• It	is	our	backyard;	and	we	know	little	about	it

• 2nd longest	and	3rd largest	coral	reef	system

• Commercial	highway

• Source	of	food	(fishery	and	aquaculture),	
water	(desalination),	and	energy	

• Governmental	and	industrial	developments	

• Vulnerable	to	climate	change

• ARAMCO	is	exploring	it	…

5

Why	the	Red	Sea?
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Core	Activities

SAKMEO
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Ecosystem

Waves

Atmosphere

Oil Spill
MITgcm

The	Data-Driven	Red	Sea	Modelling	System

Connectivity

WRF

WWIII

Circulation

ERSEM

CSM



Observations	Efforts	in	the	Red	Sea	
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Appendix 2: Temporal and Spatial Scale of SAKMES Effort 
 

Selected Activities

C Mooring
Û Float

Navis Float Profile Points Sep 2015 - Jul 2016

Northern Float Profile Points Sep 2015 - Jun 2016

Central FloatProfile Points Oct 2015 - Feb 2016

í Central AxisTransect Sampling

í Nutrient Cycling Cruise Oct 2014

í Nutrient Cycling Cruise Apr 2015

P Water Sampling (Chl-a, nutrients, plankton)

g ARMS

Scanfish Track

A Planned Codar Site

Planned Codar Radials! ! ! ! ! ! ! ! ! !

Planned Codar Radials! ! ! ! ! ! ! ! ! !

Selected Reef Surveys by Red Sea Research Center 
_ Al Wahj Reefs from Michael Berumen (Feb 2016)

Khaled bin Sultan Living Oceans Foundation GIS Data

Roberts et al: Homogeneity of coral reef communities
across 8 degrees of latitude in the Saudi Arabian Red
(Marine Pollution Bulletin 105 (2016) 558–565)

)

Sediment Sampling(

Codar Radials! ! ! ! ! ! ! ! ! !

Codar Radials! ! ! ! ! ! ! ! ! !

Codar SiteA
Ø Genetic Analysis

. Reef Transects

Seaglider Missions:

Duba Dec 2015 - Mar 2016
Duba Sep - Dec 2015
Yanbu Feb - Mar 2016
Yanbu Nov - Dec 2015

Yanbu Jun - Nov 2015
Yanbu May - Jul 2015
Yanbu Mar - Apr 2015
Yanbu Dec 2014 - Mar 2015
Yanbu Dec 2014

Al Lith Feb 2015

Habitat Data

Cruise Apr 2014

CTD Cruises Aug 2014, Sep 2014, Feb 2015, Apr 2015

. KAUST WHOI Cruise Sep 2013

Ā Cruise Apr 2013

Cruise Nov 2013<

Scanfish Mar 2016

#* CTD Mar 2016



Reconstructing	Red	Sea	Circulation
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WAVESATMOSPHEREOCEAN

Generate	long	term	Red	Sea	reanalyses using	models	and	observations

1 km 2 km5 km

Yesubabu al. (2016) Langodan et al. (2017)Kartadikaria et al. (2017)



Support	governmental	
and	industrial	activities

!

Understand	variability	
and	climate	impact

New	paradigms	for	
Assimilation,	UQ	and	
information	science	

Applications	Supported	by	the	System

Southwest 
Monsoon

Surface
Deep

Science Engineering Technology
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Red	Sea	a Miniature	of	the	Atlantic	MOC	



Overturning	Cells	as	Depicted	by	Geochemical	Tracers
14	C 3He Dissolved	Oxygen

§ Deep	water	formed	in	the	north,	possibly	from	Gulf	of	
Suez,	Gulf	of	Aqaba,	or	the	northern	Red	Sea

§ Two	vertical	cell	structure:	shallow	and	deep	
overturning	cells

§ A	southward	bottom	flow	and	upwelling	in	the	south

§ A	northward	intermediate	return	flow	at	500	m	depth

Schematics	of	the	Circulation
Cember (1988)																											Sofianos and	Johns	(2007)



Summer 
blooms
Dreano al. 

(2016)
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Winter

Summer Monsoon Seasonally Reversing 
Overturning Circulation

Impact on Ecosystem 
Productivity

IMPACT	ON	RED	SEA	PRODUCTIVITY

Winter Monsoon
El-Nino 

CHL

Wind

Raitsos al. 
(2014)

Yao et al. (2014a)

Yao et al. (2014b)



Deep	Water	Formation	and	Circulation

14

Tracers	Released	in	the	Gulf	of	Suez



WRF	(5km) ECMWF	(75km)	
Wind

Currently	working	on	

Scripps

WHOI	&	MIT

South	(200m)
• Variability	and	
controlling	factors	
of	exchanges	

• Hydraulic	control
• ISWs

North	(200m)
• Physical	processes	of	
deep	events

• Deep	and	shallow	
cells	interactions	

• Biological	impact	
• Impact	on	exchanges	
at	BAM



State
pdf

Observation

Forecast

Analysis

Time

q State-space modeling

Data	Assimilation:	Bayesian	Formulation

xk =Mk (xk−1)+ηk
yk = Hk (xx )+εk

q Compute probability distribution (pdf) of the state given
available observations up to the estimation time pk (x | y1:k )
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q Some sort of discretization/parameterization of the pdfs are
required; the most common are

Numerical	Implementation

wiδ(x − xi )i=1

N

∑

wiN x − xi ;Ρi( )i=1

N

∑
Ρi =α ⋅ρ !Cov(xi )+β ⋅B
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A	Given	PDF
Gaussian
Dirac	Mixture
Gaussian	Mixture



Model

Forecast

Time

Analysis

Data

Analysis	
Ensemble Forecast	

Ensemble

Ensemble	Filtering	

x

a,i x

f,i
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Gaussian			EnKF
Dirac											PF
GM						EnKF+PF

x

a,i



EnKF	Assimilation	in	the	Red	Sea	(2km)	
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AVISOForecast Analysis



Non-Gaussian

Moving	Forward	with	Ensemble	Assimilation
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EnOI EnKF

Stationary Covariances

• Seasonal	
(Toye et	al.,	2017)



Why	EnOI?
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EnOI	uses	a	stationary	ensemble-based	covariance:
reduce	computing	cost	by	a	factor	N	(ensemble	size)	
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EnOI vs.	Seasonal-EnOI

q A	stationary	ensemble-covariance	may	not	be	appropriate	for	Red	Sea	à
“Hand-picked”	stationary-variant	covariances	adapted	for	each	“season”
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• Fault-Free System

EnKF

Moving	Forward	with	Assimilation

23

Non-GaussianEnOI

Stationary Covariances

• Seasonal	
(Toye et	al.,	2017)

• Adaptive	- dictionary
(Toye et	al.,	2017)

• EnOI	- GM



First set of MITgcm      (1000 x 6-node runs)
– barrier       –

Apply the filter (DART)   (1 x 32-node run)
– barrier       –
second set of MITgcm (1000 x 6-node runs)
– barrier       –
Apply the filter (DART)    (1 x 32-node run)
– barrier       –
3rd set of MITgcm        (1000 x 6-node runs)
– barrier       –
Apply the filter (DART)    (1 x 32-node run)

Typical	MITgcm/DART	workflow

1000 x

1000 x

1000 x



Typical	MITgcm/DART	workflow

1000 x

1000 x

1000 x

Ø Only 800 jobs can be submitted to 
Shaheen

Ø In case of hardware or numerical
convergence failure, the whole 
workflow hangs and needs to be 
manually fixed and restarted

Ø Currently written as bash scripts:
hard to maintain, evolve and scale…



Decimate

Ø we designed and developed Decimate, a Python scheduler 
extension to overcome these limitations

Breaks the 800 jobs limit 
by auto-submitting chunks

of less than 800 jobs

Handles 1000s of jobs
in a container seen as 

one SLURM job

Adds fault-tolerance: 
user can design his 

proper check & restart

Ø Tested and validated different replacement strategies



With no manual intervention…
5 ensemble assimilation steps made in 3h30  on a crowded machine

Second step of MITgcm was 
restarted once after 1% of failure

1k	
members



Simulation	Footprint

Ø 100	or	1000	members	ensemble	assimilation:

o 22000	independent	successful	runs	of	MITgcm

o 617	failed	MITgcm	runs	due	to	model	failures	followed	by	a	
change	of	members	(<	3%)

o Roughly	10%	of	failed	jobs	due	to	hardware	failures	(needs	a	more	
precise	survey);	before	maintenance	of	Sept	3,	filesystem	was	
highly	sollicitated

o Experiments	run	from	August	21		to	Sept	7	2017	on	a	machine	
busy	at	more	than	90%
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Correlations
1000	members 100	members

So	far	not	much	
difference	in	

term	of	RMSE!!!



• Fault-Free	System
(Kortas et	al.,	2017)

EnKF

Moving	Forward	with	Assimilation
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Non-Gaussian

Small Ensembles???

???

• One-Step-Ahead	
Smoothing
(Raboudi et	al.,	2017)

EnOI

Stationary Covariances

• Seasonal	
(Toye et	al.,	2017)

• Adaptive	- dictionary
(Toye et	al.,	2017)

• EnOI	- GM

Hybrid

Ø GM	+	Clustering	+	
“targeted	sampling”
(Lui et	al.,	2015;	2016)

Ø Variational PF									
(Ait-El-Fquih al.,	2016)• Parameters,	Bias,	...



Core	Activities

Short-term
DA

S2S
DA	&	UQ

Interannual
GCMs	&	Data

MIT SCRIPPS PML

Telescopic	Approach
- Circulation
- Dispersion
- Extremes

Regional	vs.	Global
- Predictability
- Intraseasonal
- Ecology	Indicators
- Dispersion

Variability	&	Indices
- Climate	drivers	and	

change	Impact
- Ecology	Indicators

Next	5	Years	…



Atlas	of	Ocean,	Atmosphere,	Bio,	



Interactive	5D	Visualization



Gliders	Pathways	Planing



Interactive	Particles	Tracking	



Probabilistic	Particles	Tracking	

• Holt	et	al.	(2016)

• Lakkis et	al.	(2016)	
Backward	trajectories



50%	Uncertainties 100%	Uncertainties

Probabilistic	BackwardTracking



Cyberinfrastructure
Big	Data	and	Decision	Making	under	Uncertainties

Observations Models Products

Remote
Sensing

Autonomous
Vehicles
(Gliders)

Surface
Current
Mapping

Ships

Moorings

Physical 
Model

Bio-geo-
chemical
Models 

Visualization

Quantitative 
Products

Management 
Products and 

Tools

Fundamental 
Science 

Products

Policy 
Products and 

Tools



THANK YOU
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