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Observation impact: Definition

Data denial impact of observations d′ with respect to complete set of observations d

J′(d′) = |edf |
2 − |ed−d′

f |2

Example
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|2

(c) J =

1
2

(
|edf |

2 − |ed−d′
f
|2
)

Algorithm

ekf fof/ekf
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Approximation by ensemble perturbations

LETKF update equation

xaj =Xbj P̃a(j)Yb
ᵀR−1(j)(yo − yb) + xbj

Data denial observation impact

J′(d′) =|edf |
2 − |ed−d′

f |2 =
(
edf + ed−d′

f

)(
edf − ed−d′

f

)

Direct approach [Kalnay et al., 2012]
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)
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Taylor expansion [Sommer and Weissmann, 2015]

J′(d′) = J′(0) +
d

dd ′
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Verification in observation space

Verification with analysis [Kalnay et al., 2012]

ef = xf − xa

J′(d′) ≈ 2edf

(
1

K − 1
Xd
f (XbWd)ᵀR−1d′

)
|ef |2 =

∑
gridpoints

1

2
(uf − ua)2 +

1

2
(vf − va)2

+ Homogeneous in space and time

Verification with observations [Sommer and
Weissmann, 2015]

ef = H(xf )− yo

J′(d′) ≈ 2edf

(
1

K − 1
Yd
f (XbWd)ᵀR−1d′

)
|ef |2 =

∑
observations

H(xf )− yo

σ

+ Independent of forecast

+ Computationally cheaper
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DWD Convective-scale assimilation and forecasting systems

Kilometer-scale Ensemble Data Assimilation (KENDA)

Localized Ensemble Transform Kalman Filter for use with COSMO-DE (in development)

Consortium for Small-scale Modelling (COSMO)

Operational limited-area model of Deutscher
Wetterdienst

Grid point model of non-hydrostatic
equations

Horizontal resolution: 2.8 km; 50 vertical
levels Figure : COSMO-DE domain (≈ 1300 km × 1200 km)

Experimental settings

Test period: 10 June 2012 12:00 UTC – 13 June 2012 15:00 UTC

Initialization every 3 h

Forecast length 6 h

40-members ensemble

Observations used:
AIREP (Aircrafts): U,V ,T
PROF (Wind profiler): U,V
SYNOP (Ground stations): U,V ,T ,RH
TEMP (Weather Balloons): U,V ,T ,RH
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Number of assimilated observations per station
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Example: Timeseries of AIREP impact

AIREP observations
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Observation impact = Forecast error difference

Data denial result well reflected by approximation
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Impact per observation type
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Impact per observed variable
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Spatial impact distribution

Impact per ident
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Temporal impact distribution

Observation time vs impact
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Distribution of impact values

Histogram of individual impact values
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Distribution of impact values

Verification with TEMP observations
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Distribution of impact values

Verification with TEMP observations
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Dependence on verification

Verification with conventional obstypes
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Dependence on verification

Verification with individual variables

U V T RH
−4

−3.5

−3

−2.5

−2

−1.5

−1

−0.5

0

0.5

Im
pa

ct

 

 

Verif. w. U
Verif. w. V
Verif. w. T
Verif. w. RH

Martin Weissmann and Matthias Sommer Estimating observation impact 15 / 17



Dependence on verification

Verification with ALL ACTIVE (no PS)
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Summary

Main progress steps

Verification in observation space.

More accurate formula for data denial approximation.

3-days experimental period give more robust results.

Optionally use ekf-files for verification.

Application to VIS/NIR radiances and data from MeteoSwiss.

Outlook

From mid-2015: PhD working on observation impact.
Relative impact of observation at different stages.
Impact on unobserved variables.
Impact time.
Ensemble sensitivity analysis.
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