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Radio	Occultation	for	Data	Assimilation



1.		In	tropical	lower	troposphere,	may	exist	strong	irregular	fluctuation	of	atmospheric	
refractivity
2.		In	the	condition,	radio	occultation	(RO)	data	may	have substantial	negative	bias	

as	seen	from	idealized	simulations	(Sokolovskiy et	al.,	2003;	Gorbunov	et	al,	2015)

Need	to:
1.		Quantify	the	bias	in	realistic	RO	data
2.		Find	ways	to	reduce	impact	of	the	RO	bias	on	assimilation	and	forecast

Motivation
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Geographical	structure	of	LSW	of	COSMIC	RO

Locations	of	RO	@1.5km,	April	1-5	2012
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1.	Compare	COSMIC	RO	to	ECMWF	analysis	in	tropics
2.	Averaged	for	period	of	2008-2014,	in	0-1.5km

COSMIC	refractivity	and	bending	angle	bias	vs.	ECMWF	analysis

Large	negative	biases	up	to	-4%	and	-40%	at	high	LSW
SEM:	standard	error	of	the	mean/bias



1.	COSMIC	RO	with	LSW>35%
2.	Averaged	for	the	period	of	2008-2014	in	0-1.5km

Tropical	distribution	of	RO	biases	vs.	ECMWF	analysis

Negative	biases	(-2.5%	and	-24%)	over	equatorial	eastern	Pacific,	Atlantic,	and	Indian	Ocean



1.	Compare	RO/ECMWF	refractivity	to	the	co-located	radiosonde	(RS92)	in	tropics
2.	Average	of	the	period	of	2008-2014	in	0-1.5km

Quality	of	ECMWF	analysis	for	quantifying	the	RO	bias

ECMWF	analysis	has	much	smaller	bias	than	RO	vs.	radiosonde	at	high	LSW	
RO	bias	may	be	a	bit	under-estimated	vs.	ECMWF	analysis
SEM:	standard	error	of	the	mean/bias



Possible	quality	controls	based	on	LSW:
1.	Eliminate	the	RO	data	with	high	LSW	(Liu	et	al.,	2017a)
2.	Assign	larger	error	to	the	RO	data	with	high	LSW

LSW-derived	dynamic	errors	of	RO	data	(Liu	et	al.,	2017b)
3.	Apply	LSW-based	bias	corrections	to	the	RO	data

How	to	reduce	impact	of	the	RO	bias	on	assimilation?

RO	Ref	bias	vs.	radiosonde



• RO	errors	diagnosed	by	the	H-L	method	(Wee,	2016)
• The	RO	errors	and	LSW	show	similar	latitudinal	and	height	distribution	
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Latitudinal/height	distribution	of	LSW	and	the	
diagnosed	RO	errors	by	the	H-L	method



• We	found	the	diagnosed	RO	errors	increase	approximately	linearly	with	
respect	to	LSW/2

• It	is	proposed	to	derive	dynamic	RO	errors,	based	on	the	linear	relationship	
to	LSW
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Statistical	relationship	of	the	H-L	diagnosed	RO	errors	to	LSW	
in	1-1.5km

Correlation	=	0.95 Correlation	=	0.96

RO	errors	increase	approximately	linearly	with	LSW/2



N	error	=	coef1	*	LSW/2		+	coef2
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The	regression	for	deriving	dynamic	errors	of	RO	N/BA

Height	
(km)

coef1 coef2

1 0.15 0.53

2 0.12 0.58

3 0.14 0.50

4 0.17 0.38

5 0.20 0.38

Impact	
height	(km)

coef3 coef4

3 0.67 3.95

4 0.75 3.24

5 0.97 2.35

6 1.18 1.95

7 1.73 1.50

BA	error	=	coef3	*	LSW/2		+	coef4



• The	RO	errors	show	unprecedented	longitudinal	variations,	which	have	not	been	
seen	in	static	RO	errors
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Spatial/seasonal	distribution	of	the	LSW-derived	dynamic	RO	
N/BA	error	(0-1.5km)



Typhoon	Sinlaku	(2008)	case

Assimilation	experiments:	
CTL:	COSMIC	RO	Ref	using	a	static	error
QC2:	using	the	LSW-derived	error

GSI/WRF	with	conventional	observations
Period:	August	09.12Z	– 12.12Z,	2008

The	track	forecast	is	improved

Impact	of	the	LSW-derived	dynamic	errors	of	RO	data	on	forecast

Mean	of	typhoon	track	forecasts	initialized	
from	September	10-12.00Z,	2008.			
Red	line:						CTL
Green	line:		QC2	
Black	line:				BEST	track	observed



COSMIC	RO	refractivity/bending	angle	show	substantial	negative	biases	vs.	
ECMWF	analysis	and	radiosonde	in	the	situation	of	high	LSW

The	proposed	LSW-based	dynamic	errors	and	QCs	of	RO	show	potential	to	
reduce	impact	of	the	RO	biases	on	assimilation	and	forecast

Summary



How	to	reduce	impact	of	the	RO	bias	on	assimilation?

QC1.	Eliminate	the	RO	data	with	high	LSW
Truncation	threshold:		may	be	empirically	determined
General	guidance:	eliminate	the	RO	with	bias	>	assumed	RO	error	
e.g.,	for	assumed	RO	refractivity	error	of	~2%,	eliminate	RO	with	LSW>35%

RO	Ref	bias	vs.	radiosonde



Impact	of	the	LSW-based	QC1	on	WRF	analysis

Bias	in	WRF	analysis	of	water	vapor	vs.	
radiosonde	(Analysis	– Obs)

Assimilation	experiments:	
CTL/STQC:	(O-B)	outlier	check	of	RO	
QC1/LSWQC:	eliminate	the	RO	with	LSW>35%

GSI/WRF	with	conventional	observations
Domain:	northwestern	Pacific	area
Period:	April	1-15,	2012

Dry	bias	of	WRF	analysis	vs.	radiosonde	is	reduced



How	to	reduce	impact	of	the	RO	bias	on	assimilation?

QC2.	Dynamic	error	of	RO	data	derived	from	LSW	(Liu	et	al.,	2017b)


