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What	has	been	done?	
è  Test	of	several	MOS	approaches	:	
•  MA<N>	:	Moving	Average	on	N	previous	days	
•  KF<s/d>	:	optimal	<static/dynamic>	Kalman	Filter	
•  AN<X>	:	analogs	with	configuration	X	

è  Entire	IP	domain	(550	stations)	and	3	pollutants	(CO,	NO2,	
PM10)	

è  Several	experiments	:	
•  Caliope	(8	months	in	2018)	
•  CMAQ	b0a6	(2015)	
•  MONARCH	b007	(2015,	including	2	bugged	months)	

NB	:	AN	method	tested	only	with	modeled	features	(for	now)		



A	few	words	on	Analogs	
Same	distance	metric	as	used	in	
Delle	Monache	et	al.	(2011)	and	
Djalalova	et	al.	(2015)	:	

Test	on	:	
•  The	width	of	the	hourly	windows	for	temporal	trends	(t	tild)	:	±1h,	±2h…	
•  The	set	of	features	included	(with	similar	weight	for	all	of	them)	:		

o  Concentration	
o  2-m	temperature	
o  10-m	wind	speed	
o  wind	direction	
o  surface	pressure,	
o  PBL	height	



A	few	words	on	Analogs	
Example	of	AN	applied	on	O3	time	series	-	Results	(green	triangles)	are	shown	only	at	12	UTC	:	



Some	computational	information	
MOS	top	script	:		
•  one	job	launched	for	each	combination	of	pollutant/station/MOS_model	
•  to	avoid	overloading	the	queue	on	power9	:	max=800	jobs	running	in	parallel	
	

CALIOPE	(8	months	in	2018)	:	
•  Number	of	MOS	models	:	21		
•  Number	of	stations	with	at	least	1	observation:	396/482/270	for	O3/NO2/PM10	

	è	25.256	jobs	(5	crashed	jobs	à	$TMPDIR	(/scratch/tmp/<JOB_ID>)	not	found!!!??)	
	è	Maximum	job	duration	:	4	min	
	!	Total	duration	:	2	hours	

	

CMAQ	b0a6	(12	months	in	2015)	:	
•  Number	of	MOS	models	:	47		
•  Number	of	stations	with	at	least	75%	data	:	312/375/165	for	O3/NO2/PM10	

	è	40.044	jobs	(3	crashed	jobs)	
	è	Maximum	job	duration	:	6	min	
	!	Total	duration	:	2	hours	40	min	(including	potential	waiting	time	in	the	queue)	

	

MONARCH	b007	(12	months	in	2015)	:	
•  Idem	b0a6	

	è	40.044	jobs	(3	crashed	jobs)	
	è	Maximum	job	duration	:	6	min	
	!	Total	duration	:	2	hours	

	
NB	:	In	principle,	possibility	to	reduce	this	duration	in	MN4	where	max=2000	jobs	running	in	parallel		
BUT	first	tests	show	a	much	higher	number	of	crashed	jobs	



CALIOPE	results	–	O3	

è Consistency	between	the	different	KF	methods	
è Best	results	for	AN	and	KF,	but	not	so	far	from	MA	methods	(except	for	short	MA	windows)	
è AN	:	rather	low	influence	of	including	more	hours	

n	AN	
n	KFd	
n	KFs		
n	KFcaliope	
n	MA	

Distribution	of	RMSE	changes	over	all	stations	:	



CMAQ	results	–	O3	

è Consistent	results	
è KF	best	and	substantially	stronger	difference	with	AN	
è AN	:	relatively	low	influence	of	the	features	taken	into	account	

n	AN	
n	KFd	
n	KFs		
n	MA	



MONARCH	results	–	O3	

è Consistent	results	
è Note	that	a	given	MOS	method	can	give	quite	different	results	depending	on	the	

simulation	(ex	:	here,	ma1	reduces	very	slightly	the	RMSE,	compared	to	caliope	(-5	ug/
m3)	or	b0a6	(-15	ug/m3)	

n	AN	
n	KFd	
n	KFs		
n	MA	



Influence	of	the	temporal	resolution	–	O3	
RMSE	calculated	based	on	hourly/daily/monthly	mixing	ratios	(CALIOPE)	:	

è MA1	(persistant	error	over	1	day)	performance	evolved	from	worst	to	best		
è AN	shows	the	opposite	
è KF	offers	here	a	relatively	good	compromise	for	all	temporal	resolutions	

n	AN	
n	KFd	
n	KFs		
n	KFcaliope	
n	MA	



CALIOPE	results	–	NO2	

è The	relative	performance	of	the	different	MOS	methods	can	
change	from	one	experiment	to	another	

n	AN	
n	KFd	
n	KFs		
n	KFcaliope	
n	MA	



Results	–	PM10	

è Surprisingly	strong	improvement	on	PM10	with	AN	methods	in	b0a6,	much	smaller	
in	CALIOPE	or	MONARCH!	

n	AN	
n	KFd	
n	KFs		
n	KFcaliope	
n	MA	

[caliope]	 [b0a6]	 [b007]	



Illustration	PM10	(ES1386A)	–	AN	versus	KF	
Strong	erroneous	peaks	persist	
With	negative	corrected	forecasts	

But	some	events	
are	well	
represented	

è	Very	different	behavior	with	AN	method!	



Illustration	PM10	–	AN	versus	KF	
Statistics	of	mod/kfs/an		
•  RMSE	:	16/12/7	ug/m3	
•  BIAS	:	7/0.1/-0.5	ug/m3	

è KF	removes	the	bias	for	the	frequent	low	vmr,	but	increases	it	for	the	large	vmr	
è In	comparison	:	AN	reduces	slightly	less	the	MB	but	much	more	the	RMSE	of	the	frequent	

low	vmr.	However,	it	does	not	improve	the	high	vmr		



Illustration	PM10	–	AN	versus	KF	
Statistics	of	mod/kfs/an		
•  RMSE	:	16/12/7	ug/m3	
•  BIAS	:	7/0.1/-0.5	ug/m3	

è More	precisely	:	AN	
performs	much	better	when	
the	forecast	error	is	the	
strongest	(contrary	to	AN,	
KF	remains	intrinsically	
linked	to	the	initial	forecast)	

Other	issue	:	AN	smoothes	the	
variability	(as	previously	
pointed	by	Huang	et	al.	(2017)	
with	the	NOAA	NAQFC	PM2.5	
prediction	with	CMAQ)	
è Strong	limitation	for	

forecasting	episodes!	



AN	influence	of	the	choice	of	features	–	O3	

è Relatively	small	influence	of	the	choice/number	of	features	(more	impact	on	PCC	
than	on	RMSE	here)	

è The	concentration	feature	seems	to	bring	most	of	the	improvement	(test	without	
this	feature	to	be	done)	

n	AN	
n	KFd	
n	KFs		
n	MA	



Metrics	related	to	episode	detection		

•  Error	:	ERROR	=	(b+c)/(a+b+c+d)					complement	of	Accuracy	:	A=(a+d)/(a+b+c+d)	
	!	How	many	events	or	non-events	are	erroneously	classified?	

	

•  Probability	of	detection	:	POD	=	a/(a+c)	
	!	How	many	observed	events	have	been	well	predicted	by	the	model?	

	

•  Probability	of	false	detection	:	POFD	=	b/(b+d)	
	!	How	many	observed	non-events	are	erroneously	classified	as	events	by	the	model?	

	

•  Hit	rate	:	HR	=	a/(a+b)						complement	of	False	Alarm	Ratio	:	FAR	=	b/(a+b)	
!	Over	all	events	forecasted	by	the	model,	how	many	are	indeed	observed?	

	

•  Critical	success	index	:	CSI	=	a/(a+b+c)	
	!	If	we	ignore	the	(numerous)	non-events,	how	many	events	are	correctly	detected?	

	

•  Bias	:	B=(a+b)/(a+c)	
	!	Are	we	forecasting	the	correct	number	of	events?	(no	matter	when	they	occur	or	if	the	

are	correct)	

Event	observed	 Event	not	observed	

Event	forecasted	 a	 b	

Event	not	forecasted	 c	 d	



Ability	to	detect	pollution	episodes	–	O3	

è All	MOS	approaches	improve	the	raw	model	(whatever	the	metric),	but	deficiencies	
persist…	

è Larger	differences	between	MOS	approaches	at	higher	thresholds	

MDA8-O3	
[b0a6]	

n	AN	
n	KFd	
n	KFs		
n	MA	
n	mod	



Ability	to	detect	pollution	episodes	–	O3	

è Interestingly,	the	two		
uncorrected	CMAQ	simulations	
	show	consistent	results	despite		
different	configurations/periods	

è Better	results	with	MONARCH	(despite	2	
months	bugged…)	

è The	different	MOS	approaches	show	
comparable	results	between	the	different	
simulations	

[caliope]	

[b007]	

[b0a6]	

n	AN	
n	KFd	
n	KFs		
n	KFcaliope	
n	MA	
n	mod	



Ability	to	detect	pollution	episodes	–	NO2	
Hourly		
NO2	
[b0a6]	

n	AN	
n	KFd	
n	KFs		
n	MA	
n	mod	



Ability	to	detect	pollution	episodes	–	PM10	

Daily	hourly-
max		
PM10	
[b0a6]	

è	AN	outperforms	the	other	methods	for	FAR/HR/POFD	but	deteriorates	POD	in	return	

n	AN	
n	KFd	
n	KFs		
n	MA	
n	mod	



Ability	to	detect	pollution	episodes	–	PM10	
[caliope]	

[b007]	

[b0a06]	

n	AN	
n	KFd	
n	KFs		
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Comparison	with	CALIOPE	litterature	–	PM10	

Daily	
PM10	
[caliope]	

n	AN	
n	KFd	
n	KFs		
n	KFcaliope	
n	MA	
n	mod	

NB	:	CALIOPE	performance	for	POD	and	CSI	much	lower	than	in	Pay	et	al.	(2014)			
	(April	month	in	2013;	threshold	of	25	ug/m3;	100	stations	in	MAD-BCN-ANDALOUSIA)	

More	in	line	with	Borrego	et	al.	(2011)		
	(full	year	2010;	6	stations	in	PORTUGAL)	

2.2	



Conclusion		
•  Substantial	differences	of	performance	depending	on	:		

o  The	metric	
o  The	temporal	resolution	
o  The	simulation	
o  The	pollutant	

•  KF	often	remains	a	good	compromise,	but	AN	searched	over	a	very	short	period	(45	
previous	days!!)	

•  There	is	(large)	space	for	improvements	relatively	to	the	forecasting	of	high	
concentration	episodes!	

What’s	next?	
•  Investigate	further	the	results	
•  Develop	KFAN	method	(KF	applied	in	the	AN	space)	
•  Test	AN	methods	over	multiannual	dataset	:	

•  CAMS	regional	forecasts	
•  new	MONARCH	experiment	with	coarser	resolution	!	Cf.	Oriol?	

•  Investigate	the	origin	of	the	crashed	jobs	!	Cf.	support?	Kim?	
•  Explore	ML	algorithms	


