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The	case	study	

November	7th,	2014	(causes	and	effects	also	on	5th,	6th	and	8th)	
	
Affects	Tunisia,	Malta,	Lampedusa	and	Sicilia.	
	
Drop	of	over	20hPa	in	6h	in	Malta,	wind	gusts	of	over	42.7	ms-1.	

Carrió	et.	al.	(2017)	



Introduc,on	to	sensi,vi,es	

Factors	separa,on	

(Sta.s.cal)	ensemble	sensi.vi.es	 	Adjoint	sensi.vi.es	

E0 = S0

E1 = S1� S0

E2 = S2� S0

E12 = S12� (S1 + S2) + S0



Ensemble	sensi,vi,es	
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Clustered	ensemble	sensi,vi,es	



The	adjoint	model	



The	evolu,on	of	the	sea	level	pressure	

Time	index:	0	



The	evolu,on	of	the	sea	level	pressure	

Time	index:	1	



The	evolu,on	of	the	sea	level	pressure	
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The	evolu,on	of	the	sea	level	pressure	
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The	evolu,on	of	the	sea	level	pressure	

Time	index:	5	



The	evolu,on	of	the	sea	level	pressure	
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The	evolu,on	of	the	sea	level	pressure	
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The	evolu,on	of	the	sea	level	pressure	
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The	evolu,on	of	the	sea	level	pressure	
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The	evolu,on	of	the	sea	level	pressure	
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The	evolu,on	of	the	sea	level	pressure	

Time	index:	11	



The	evolu,on	of	the	sea	level	pressure	

Time	index:	12	



The	response	func,ons:	pressure	

J1 =
X

prism

p

@J1

@~x

=

(
1, in prism for p

0, otherwise



The	response	func,ons:	pressure	

J1 =
X

prism

p

@J1

@~x

=

(
1, in prism for p

0, otherwise



The	response	func,ons:	cosine-
moduled	pressure	
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The	response	func,ons:	cosine-
moduled	pressure	
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The	response	func,ons:	rela,ve	vor,city	
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The	response	func,ons:	weighted	dry	total	energy	
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Adjoint	sensi,vi,es	to	temperature	for	cold	start	
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Adjoint	sensi,vi,es	to	u	wind	for	cold	start	
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Adjoint	sensi,vi,es	to	v	wind	for	cold	start	
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Adjoint	sensi,vi,es	to	temperature	for	warm	start	
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Adjoint	sensi,vi,es	to	u	wind	for	warm	start	
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Adjoint	sensi,vi,es	to	v	wind	for	warm	start	

p	
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Ensemble	sensi,vi,es	
T	 u	
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Verifica,on	of	adjoint	sensi,vi,es	using	
perturba,ons:	pressure	



Verifica,on	of	adjoint	sensi,vi,es	using	
perturba,ons:	pressure	(zoom)	



Current	and	further	work	

Dry	adjoint	sensi,vi,es	
	
No	cumulus	adjoint	sensi,vi,es	
	
Verifica,on	of	non-linear	perturba,ons	with	adjoint	
linear	approxima,on	
	
Verifica,on	of	non-linear	and	tangent	linear	
perturba,ons	



Thank	you	for	your	a<en.on!	
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