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What	“products”	can	we	expect	from	MWR?	

conHnuous	data	in	all-sky	
condiHons:	resoluHon	of	
seconds	to	minutes	

path-integrated	cloud	
liquid	water	

(most	reliable	method	
overall)	

low	resoluHon	water	
vapor	(H)	profile,	but	

excellent	path-
integrated	values	

temperature	(T)	
profile	of	the	PBL,	low	
resoluHon	profile	

above	

rel.	humidity	

Measurement	focus:	PBL	
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Microwave	region:	
ExHncHon	=	
AbsorpHon	

 
3 

InformaFon	from	atmospheric	thermal	emission	
	

Kirchhoff‘s	law:	
absorpHon	is	directly	

proporHonal	to	
emission	(LTE)	

à	Brightness	temperature	spectrum	
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Microwave	TB	spectrum	
standard	atmosphere		

oxygen	

water	
vapor	
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TB@	
51	–	

58	GHz	

  MWR	Measurements	at	JOYCE		
11	June	2013	

TB@	
22	–	

31	GHz	

cloud	liquid	
signal		
increases	
strongly		
with	frequency	

water	vapor	
signal		
is	strongest	at	
22	GHz	line		
center	

strongly	
temperature	
dependent	
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Forward	problem	
Describe	dragon‘s	track			

But	now:	what	about	the	dragon	
when	you	only	know	the	track?	

Bernhard	Mayer,	
LMU	München	

	Ambiguous	correct	answers:	A,	B,	
C	or	D	??	

Inverse	Problem	I	

X 
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Track	=	Brightness	
temperatures	

€ 

y = F(x,b)+ε
Inverse	Problem	II	

Forward	problem	=	
RadiaHve	transfer	 Dragon	=	

Atmosphere	 Uncertainty	of	
track	

measurement	
and	F	So:	what	to	do	if	the	answers	to	our	

measurements	are	ambiguous?		
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Retrieve	only	a	limited	number	of	
parameters	
Integrated	Water	Vapour	(IWV)	
	
	
	
Liquid	Water	Path	(LWP)	

10	kg	m-2	correspond	to	
a	liquid	column	of	1cm	

à	both	integrated	
column	amounts	

IWV = ρWV dz
z=0

z=TOA

∫

LWP = ρliquid dz
z=0

z=TOA

∫
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Retrieval	of	IWV	and	LWP	

IWV	=	a1	+	b1*TB24	–	c1*TB31	
LWP	=	a2	–	b2*TB24	+	c2*TB31	

standard	atmosphere		

LWP=250	gm-2	

TB	Amplitude	of	H2O	line	is	
proporHonal	to	IWV		

Clouds	lead	to	a	TB	increase,	
mainly	in	window	channels	

Water	vapor	leads	to	a	TB	
increase	mainly	at	H2O	line		
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StaFsFcal	correlaFons	TB	vs.	IWV/LWP	

IWV	

LWP	

clear	sky	

cloudy	

IWV	

IWV	

IWV	 LWP	

IWV	=	a1	+	b1*TB24	–	c1*TB31	
LWP	=	a2	–	b2*TB24	+	c2*TB31	
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IWV	&	LWP	Retrieval	
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TB	Hme	series	of	
mulHple	frequency	
channels	on	the	

right	side	of	the		22	
GHz		line	

What	about	humidity	profiles?	

Frequency / GHz 

TB
 / 

K
 

more WV 
contribution from 
higher levels at 
line center 

relatively higher WV 
contribution from lower 
levels at line shoulder 

However: contributions in different channels highly correlated 
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Typical:	TB	Hme	series	of	7	
frequency	channels	on	the	
right	side	of	the		22	GHz		line	

Water	Vapor	WeighHng	FuncHons	

2-3	degrees	of	freedom	for	signal	

What	about	humidity	profiles?	
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Example	Humidity	Profile	
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	 	Temperature	Profile	Retrieval	

O2	absorpHon	
complex	

O2	has	a	constant	mixing	raHo	with	height	
à	TB	only	a	funcHon	of	temperature	and	

pressure	

Atmosphere	saturated	
(~black	body)	à	
Temperature	

informaHon	from	lower	
levels	

The	further	away	from	
the	absorpHon	complex	

center,	the	more	
informaHon	originates	
from	higher	levels	in	
the	atmosphere	

cloudy 

clear 
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	 	Temperature	Retrieval	

surface	temperature	

Typical:	TB	Hme	series	of	7	
frequency	channels	on	the	leb	

hand	side	of	the	60	GHz		
absorpHon	complex	

TB@	
51	–	

58	GHz	
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TB	@	57	GHz	≈	
Temp.	in	100	m	

	 	Physical	temperature	–	TB	at	57.3	GHz	correlaFon	

Brightness	Temperature	/	K	 Brightness	Temperature	/	K	
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TB	@	55	GHz	≈	
Temp.	in	2	km	

	 	Physical	temperature	–	TB	at	55	GHz	correlaFon	

Brightness	Temperature	/	K	 Brightness	Temperature	/	K	
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19	

Which	Channel	Contributes	from	which	Heights?		
•  Strong	redundancy	in	all	channels	
•  How	can	the	height	informaHon	be	
made	visible?	

à	WeighHng	FuncHons	

~3	degrees	of	freedom	for	signal	
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addiHonal	temperature	profile	
informaHon	in	opHcally	thick	
case	

Microwave	radiometer	elevaFon	scanning	
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Elevation Angle [DEG] Elevation Angle [DEG]

Temperature [K] Temperature [K]

need	to	assume	horizontal	
homogeneity	
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ABL	Development	
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	 	PotenFal	temperature	retrieval	
PotenHal	temperature	

works	also	in	
cloudy	
condiHons	
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RepresentaFve	data	set	(radiosonde)	

Cloud	diagnosHc	model	

Atmospheric	profiles		
p(z),	T(z),	q(z),	LWC(z)	

RT-Model	

TB(ν)	

Inverse	model:	e.g.	
mulHvariate	regression,	NN	

RT-Model	

TB(ν)	

Algorithm	

Training	 Test	

EvaluaHon	

Retrieval	
Design	

T	(e.g.	@	z	=	1	km)	 T	(e.g.	@	z	=	1	km)	

	

T(z=1km)	=	a(z)	+	b(z)·TB1	+	c	(z)·TB12	+	d(z)·TB2	+	e(	z)·TB22	+	..	
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ObservaHons:	
Brightness	temperature	

TB	from	HATPRO	

“OpFmal	
EsFmaFon”		

a	priori	atmospheric	profile:	
climatology	or	model	

forecast	

OpHmized	
atmospheric	profile	

Is	atmospheric	profile	
consistent	with	the	

observaHons?	

+	

Need	to	be	given:	Correlated(!)	
uncertainHes	of	TB	and	a	priori	profile	

Repeat	iteraFvely	unHl	
convergence	criterion	is	met	

Advanced	VariaFonal	Approaches	
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Profile	of	the	
previous	
iteraHon	

SoluHon	increment,	if	à	0	convergence	is	reached	

„Pulls“	soluHon	towards	a	
priori	profile;	how	
strongly	is	determined	
through	weighHng	with	
Sa-1	

Makes	soluHon	physically	
consistent	with	
observaHon;	how	
strongly	is	determined	
through	weighHng	with	
Se-1,	KT	transforms	from	y	
to	x	space	

WeighHng	of	the	whole	
soluHon	update	by	weighHng	
with	the	sum	of	observaHon	
and	a	priori	uncertainty	

If	the	errors	of	observaHon	and	a	priori	are	esHmated	correctly,	the	
diagonal	components	of	S	will	give	the	expected	random	error	at	
each	height	

( ) ( )
11 1 1 1

1 ( ) ( )T T
i i a i i i a i aFε ε

−− − − −
+

⎡ ⎤= + + − − −⎣ ⎦ix x S K S K K S y x S x x

18.	Juni	2012								25	

OpFmal	EsFmaFon	EquaFons	

y:	ObservaHon	vector	(TB)	
F:	Forward	model	(radiaHve	transfer	
operator)	
K:	Jacobian	(∂F/∂x)		
xa:	a	priori	profile	
Sε	:	Error	covariance	matrix	
Sa	:	a	priori	covariance	matrix	
S	:	Error	covariance	soluHon	

Updated	profile	

S−1 = Sa
−1 +K i

TSε
−1K i( )
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To	what	would	you	invert	this	K-band	signal?	

Thank’s	for	you	akenFon!	


