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A simulation of an abrupt change in the atmosphere

To test the properties of the
retrieval a simulation i run.

Atmosphere is constant
equal to a priori until the
120th hour, when it is
doubled.

x̂ = xa + (KT S−1
ε K + S−1

a )−1KT S−1
ε (y − Kxa)

Instrument
ν0=22 GHz, Bandwidth = 1 GHz, ∆ν = 25KHz, 83
Channels, Noise T = 100 K, Opacity 0.5, Integration
time 3 hours, Calibration time 50%
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Specifying the a priori uncertainty

We need to specify the 2d-a
priori covariance matrix.
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It is the temporal correlation that allows us to improve the
retrievals!

NDACC Microwave Workshop 2012 How to average measurements from ground-based radiometers



Problem with choosing intergration times
Time series inversion -a simulated case

Retrieval matrices
Results from OSO

Conclusions

Specifying the a priori uncertainty

We need to specify the 2d-a
priori covariance matrix.

Sa =


S1,1
a S1,2

a · · · S1,N
a

S2,1
a S2,2

a · · · S2,N
a

.

.

.

.

.

.
. . .

.

.

.

SN,1a SN,2a · · · SN,Na



Vertical elements
Temporal elements

0 0.1 0.2 0.3
0

50

100

Element in Sa
A

lt
it

u
d

e
[k

m
]

Nat

Mean

It is the temporal correlation that allows us to improve the
retrievals!

NDACC Microwave Workshop 2012 How to average measurements from ground-based radiometers



Problem with choosing intergration times
Time series inversion -a simulated case

Retrieval matrices
Results from OSO

Conclusions

Specifying the a priori uncertainty

We need to specify the 2d-a
priori covariance matrix.

Sa =


S1,1
a S1,2

a · · · S1,N
a

S2,1
a S2,2

a · · · S2,N
a

.

.

.

.

.

.
. . .

.

.

.

SN,1a SN,2a · · · SN,Na


Vertical elements

Temporal elements

0 0.1 0.2 0.3
0

50

100

Element in Sa
A

lt
it

u
d

e
[k

m
]

Nat

Mean

It is the temporal correlation that allows us to improve the
retrievals!

NDACC Microwave Workshop 2012 How to average measurements from ground-based radiometers



Problem with choosing intergration times
Time series inversion -a simulated case

Retrieval matrices
Results from OSO

Conclusions

Specifying the a priori uncertainty

We need to specify the 2d-a
priori covariance matrix.

Sa =


S1,1
a S1,2

a · · · S1,N
a

S2,1
a S2,2

a · · · S2,N
a

.

.

.

.

.

.
. . .

.

.

.

SN,1a SN,2a · · · SN,Na


Vertical elements

Temporal elements

0 0.1 0.2 0.3
0

50

100

Element in Sa
A

lt
it

u
d

e
[k

m
]

Nat

Mean

It is the temporal correlation that allows us to improve the
retrievals!

NDACC Microwave Workshop 2012 How to average measurements from ground-based radiometers



Problem with choosing intergration times
Time series inversion -a simulated case

Retrieval matrices
Results from OSO

Conclusions

Specifying the a priori uncertainty

We need to specify the 2d-a
priori covariance matrix.

Sa =


S1,1
a S1,2

a · · · S1,N
a

S2,1
a S2,2

a · · · S2,N
a

.

.

.

.

.

.
. . .

.

.

.

SN,1a SN,2a · · · SN,Na


Vertical elements
Temporal elements

0 100 200
0

0.1

0.2

0.3

Hour
E

le
m

en
t

in
S

a

Nat

Mean

It is the temporal correlation that allows us to improve the
retrievals!

NDACC Microwave Workshop 2012 How to average measurements from ground-based radiometers



Problem with choosing intergration times
Time series inversion -a simulated case

Retrieval matrices
Results from OSO

Conclusions

Specifying the a priori uncertainty

We need to specify the 2d-a
priori covariance matrix.

Sa =


S1,1
a S1,2

a · · · S1,N
a

S2,1
a S2,2

a · · · S2,N
a

.

.

.

.

.

.
. . .

.

.

.

SN,1a SN,2a · · · SN,Na


Vertical elements
Temporal elements

0 100 200
0

0.1

0.2

0.3

Hour
E

le
m

en
t

in
S

a

Nat

Mean

N+M

It is the temporal correlation that allows us to improve the
retrievals!

NDACC Microwave Workshop 2012 How to average measurements from ground-based radiometers



Problem with choosing intergration times
Time series inversion -a simulated case

Retrieval matrices
Results from OSO

Conclusions

Specifying the a priori uncertainty

We need to specify the 2d-a
priori covariance matrix.

Sa =


S1,1
a S1,2

a · · · S1,N
a

S2,1
a S2,2

a · · · S2,N
a

.

.

.

.

.

.
. . .

.

.

.

SN,1a SN,2a · · · SN,Na


Vertical elements
Temporal elements 0 100 200

0

0.1

0.2

0.3

Hour
E

le
m

en
t

in
S

a

Nat

Mean

N+M

1D

It is the temporal correlation that allows us to improve the
retrievals!

NDACC Microwave Workshop 2012 How to average measurements from ground-based radiometers



Problem with choosing intergration times
Time series inversion -a simulated case

Retrieval matrices
Results from OSO

Conclusions

Specifying the a priori uncertainty

We need to specify the 2d-a
priori covariance matrix.

Sa =


S1,1
a S1,2

a · · · S1,N
a

S2,1
a S2,2

a · · · S2,N
a

.

.

.

.

.

.
. . .

.

.

.

SN,1a SN,2a · · · SN,Na


Vertical elements
Temporal elements 0 100 200

0

0.1

0.2

0.3

Hour
E

le
m

en
t

in
S

a

Nat

Mean

N+M

1D

It is the temporal correlation that allows us to improve the
retrievals!

NDACC Microwave Workshop 2012 How to average measurements from ground-based radiometers



Problem with choosing intergration times
Time series inversion -a simulated case

Retrieval matrices
Results from OSO

Conclusions

Averaging kernels

The averaging kernels
become 2D.

A =


A1,1 A1,2 · · · A1,N

A2,1 A2,2 · · · A2,N

.

.

.

.

.

.
. . .

.

.

.

AN,1 AN,2 · · · AN,N



The temporal averaging
kernels describe the
averaging at each altitude.

500 600 700 800 900

500

600

700

800

900

Element in A

E
le

m
en

t
in

A

NDACC Microwave Workshop 2012 How to average measurements from ground-based radiometers



Problem with choosing intergration times
Time series inversion -a simulated case

Retrieval matrices
Results from OSO

Conclusions

Averaging kernels

The averaging kernels
become 2D.

A =


A1,1 A1,2 · · · A1,N

A2,1 A2,2 · · · A2,N

.

.

.

.

.

.
. . .

.

.

.

AN,1 AN,2 · · · AN,N


The temporal averaging
kernels describe the
averaging at each altitude.

80 90 100 110 120 130 140 150 160

0

0.1

0.2

0.3

Hour

A
ve

ra
gi

n
g

ke
rn

el

Temporal AVK

28 km

36 km

44 km

52 km

60 km

68 km

76 km

84 km

92 km

100 km

0 10 20 30 40 50

40

60

80

100

FWHM [h]

A
lt

it
u

d
e

[k
m

]

Temporal FWHM

1D
N+M
Avg

NDACC Microwave Workshop 2012 How to average measurements from ground-based radiometers



Problem with choosing intergration times
Time series inversion -a simulated case

Retrieval matrices
Results from OSO

Conclusions

Averaging kernels

The averaging kernels
become 2D.

A =


A1,1 A1,2 · · · A1,N

A2,1 A2,2 · · · A2,N

.

.

.

.

.

.
. . .

.

.

.

AN,1 AN,2 · · · AN,N


The temporal averaging
kernels describe the
averaging at each altitude.

80 90 100 110 120 130 140 150 160

0

0.1

0.2

0.3

Hour

A
ve

ra
gi

n
g

ke
rn

el

Temporal AVK

28 km

36 km

44 km

52 km

60 km

68 km

76 km

84 km

92 km

100 km

0 10 20 30 40 50

40

60

80

100

FWHM [h]

A
lt

it
u

d
e

[k
m

]

Temporal FWHM

1D
N+M
Avg

NDACC Microwave Workshop 2012 How to average measurements from ground-based radiometers



Problem with choosing intergration times
Time series inversion -a simulated case

Retrieval matrices
Results from OSO

Conclusions

Retrievals from OSO

1. May 15. May 1. Jun 15. Jun
0.5

1

1.5

H
2
O

[%
]

52 km

1D
N+M
Avg

1. May 15. May 1. Jun 15. Jun
−0.5

0
0.5

1
1.5

H
2
O

[%
]

76 km

NDACC Microwave Workshop 2012 How to average measurements from ground-based radiometers



Problem with choosing intergration times
Time series inversion -a simulated case

Retrieval matrices
Results from OSO

Conclusions

Retrievals from OSO

1. May 15. May 1. Jun 15. Jun
0.5

1

1.5

H
2
O

[%
]

52 km

1D
N+M
Avg

1. May 15. May 1. Jun 15. Jun
−0.5

0
0.5

1
1.5

H
2
O

[%
]

76 km

NDACC Microwave Workshop 2012 How to average measurements from ground-based radiometers



Problem with choosing intergration times
Time series inversion -a simulated case

Retrieval matrices
Results from OSO

Conclusions

Temporal Averaging kernels from OSO

−2 −1 0 1 2
0

0.05

0.1

0.15

0.2

Days

A
ve

ra
gi

n
g

ke
rn

el

28 km

36 km

44 km

52 km

60 km

68 km

76 km

84 km

92 km

100 km

−2 −1 0 1 2
0

0.05

0.1

0.15

0.2

Days

NDACC Microwave Workshop 2012 How to average measurements from ground-based radiometers



Problem with choosing intergration times
Time series inversion -a simulated case

Retrieval matrices
Results from OSO

Conclusions

Temporal Averaging kernels from OSO

−2 −1 0 1 2
0

0.05

0.1

0.15

0.2

Days

A
ve

ra
gi

n
g

ke
rn

el

28 km

36 km

44 km

52 km

60 km

68 km

76 km

84 km

92 km

100 km

−2 −1 0 1 2
0

0.05

0.1

0.15

0.2

Days

NDACC Microwave Workshop 2012 How to average measurements from ground-based radiometers



Problem with choosing intergration times
Time series inversion -a simulated case

Retrieval matrices
Results from OSO

Conclusions

Summary and conclusions

Retrievals were expanded into the temporal dimension.

Allows for different temporal resolutions at different altitudes.

Takes into account noise in neighbouring measurements

Ideas

The method also allows for seamless optimal interpolation for
filling data gaps or regridding the data.

Can be used to retrieve instrumental data like baselines.
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