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Professional	Training	

§  Educa3on	
•  BS	in	Aeronau3cal	Engineering,	Nagoya	University,	Japan	
•  MS	in	Aeronau3cs,	California	Ins3tute	of	Technology	
•  PhD	in	Aeronau3cs,	California	Ins3tute	of	Technology	

§  Training	
•  Theore3cal	(/computa3onal)	fluid	dynamics	
•  Applied	Mathema3cs	
•  Geophysical	fluid	dynamics	
•  Interdisciplinary	research	

§  UMD	since	2008	
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Current	Research	Interests	

§  Bo@om	line	
•  Applica3ons	of	mathema3cal	and	engineering	techniques	(dynamical	
systems,	control,	sta3s3cs,	system	design…)	

§  In	par3cular	
•  Data	assimila3on	=	scien3fic	predic3on	
-  from	theory	to	opera3onal	applica3ons	

•  Lagrangian	analysis	=	dynamical	systems	approach	to	fluid	dynamics	

Research	Interest:	Data	Assimila3on	

§ Data	Assimila3on:	How	you	get	your	weather	forecast	
h@p://www.weather.gov	

forecast	

Reality(es3mated)	
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Research	Interest:	Data	Assimila3on	

§ Data	Assimila3on:	How	you	get	your	weather	forecast	
h@p://www.weather.gov	

forecast	

Reality(es3mated)	

forecast	
•  Weather	forecas3ng	is	an	itera3ve	process	
•  My	research	is	Numerical	weather	predic3on	(NWP)=	
Scien3fic	predic3on	using	
ü  Computa3onal	model	to	generate	synthe3c	reality		using	

realis3c	ini3al/current	condi3ons	
ü  Observa3ons	of	the	real	system	

Research	Interest	

§  Data	assimila3on	is	an	itera3ve	method	that	a@empts	to	make	best	use	of	
the	model	and	the	observa3ons	
by	incorpora3ng	uncertain)es	in	model	forecast	&	observa3ons		

observa(ons	

analysis	

forecast	from	the	past	 6hr	Assimila3on	Window	for	Weather	System	

Ini3al	condi3on	for	the	next	forecast	
=	

Analysis	(700mb	RH)	

6h	forecast	(700mb)	

Assimila(on	of	
data		
into		

model	forecast 
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Data	Assimila3on	as	Probabilis3c	Approach	

§  Data	assimila3on	is	a	scien3fic	predic3on	problem,	involving	applied	math,	
sta3s3cs,	engineering,	even	social	sciences	

	
	

Model	Forecast	
Background:	xb	

	
	
	

	
	

Observa(on	
Measurement:	yo	

	
	
	

y=h x( )  :       y ∈L

    xk =mk ,k−1 xk−1( )  :       x ∈N

Assimila3on	cycle	

Assimila3on	window	

	
	

Analysis:	xa	
xa=fnc	of	(xb,	Yo)	

	
	

   xk−1   xk

Uncertainty	in	obs	
	p(yk|xk)	

Uncertainty	in	evolu)on	
p(xkIYk-1)=fk	,k-1(p(xk-1IYk-1))	

Uncertainty	reduc3on/refinement	
	
	
where	   

p xk |Yk( ) = p yk |xk( )p xk |Yk−1( )
p yk( )

p yk( ) = p yk |xk( )∫ p xk( )dxk

Fokker	Plank	equa)on:	Prior	
Baye’s	theorem:		posterior	

Likelihood:	obs	

Digression:	Who	Issues	Weather	Forecasts	

§  Na3onal	Oceanic	and	Atmospheric	Administra3on	
•  Na3onal	Weather	Service	
•  Na3onal	Environmental	Satellite,	Data,	and	Informa3on	Service	

100M	Brand	New	NCEP	Building!	

CSIC	Building	

UMD	

Metro:	CP	

Na3onal	Centers	for	Weather	and	
Climate	Predic3on	(NCWCP)	Building	

UMD	M-square:	ESSIC	
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Ozone	Hole	

§  Lagrangian	coherent	structures	ß	Dynamical	systems	theory	
•  What’s	the	boundary		
between	interior	and	exterior?	

•  How	mixing	occurs?	

Field	Campaigns:	US-French	Ini3a3ve	

Hertzog	et	al.	[2007]	J.	Atmos.	Oceanic	Technol.	

27	super-pressure	balloons	launched	from	
McMurdo	during	Sep	and	Oct	2005.	

VORCORE	(2005)	 CONCORDIASI	(2010)	
Rabier	et	al.	[2010]	BAMS	

19	super-pressure	balloons	launched	
from	McMurdo	during	Sep	and	Oct	2010.	

h@p://www.lmd.polytechnique.fr/VORCORE/	

x	McMurdo	Sta3on	
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Research	Interests	

§  Lagrangian	coherent	structures	àDynamical	systems	theory	
•  What’s	the	boundary	between	interior	and	exterior?	
•  How	mixing	occurs?	

Concluding	Remarks	

	
	
	
	

Enjoy	Your	Own	Project	in	AMSC/CMSC	663/664	!	


