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Global NWP at DWD: ICON
Joint project by DWD and MPI-M (Hamburg)

I Unified framework for NWP and climate modeling, global/regional
I ICOsahedral-triangular (Arakawa C) grid, Non-hydrostatic core
I unstructured mesh, local refinement, self-nesting, 1- and 2-way nesting

(G. Zängl et al., doi:10.1002/qj.2378)

ICON Global NWP operational setup
I model top: 75 km
I det: 13 km @ 90 layers
I ens: 40 km @ 90 layers (×40)

Europe nest (2-way)
I det: 6.5 km @ 60 layers
I ens: 20 km @ 60 layers

Resolution upgrade (2022)
I det: 13(6.5) km @ 120(74)
I ens: 26(13) km @ 120(74)
I focusses on stratosphere,

ensemble forecast and DA
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Global NWP at DWD: Data Assimilation

Hybrid Variational / Ensemble Data Assimilation
I Deterministic analysis: Ensemble-variational system (“3D-EnVar”),

with background error covariance

B = αBEnKF + (1− α)Bclim (currently: α = 0.7)

F Bclim: climatological B matrix of 3D-Var

F BEnKF provides flow-dependent error covariances by ensemble

I Ensemble analysis: Local Ensemble Transform Kalman Filter (LETKF)
F Ensemble analysis used both in assimilation cycle background forecasts

and for EPS forecasts (singular vectors not yet available for ICON)

F Tuning of ensemble spread is a compromise between these uses and
may misrepresent short-range forecast error covariances . . . /
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GNSS Radio-Occultation Missions used

Metop-B,C

COSMIC-2a

TerraSAR-X, TanDEM-X, GRACE-FO (GRACE-C,D)

Kompsat-5

PAZ

FY-3D (restricted to below 35 km due to rising/setting biases)

Sentinel-6A (restricted to below 35 km due to rising/setting biases)

SPIRE (processed by EUMETSAT) since July 2022
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Impact of COSMIC-2a: Assimilation Cycle

Radiosonde T, zonal mean Radiosonde T, Tropics

Addition of COSMIC-2a in 2020 made a huge impact:
I Large reduction RMS(O-B) in upper troposphere and stratosphere;

mainly T, smaller still significant impact on wind, humidity
I Radiosonde temperature: reduction RMS(O-B) in tropical stratosphere

on the order of 8%!
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Impact of Assimilation of COSMIC-2a: Forecasts

Forecast error reduction, geopotential, zonal mean, T + 72 hours
I qualitatively similar significant impact out to day-5
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Observation Error?

Data assimilation (theory): linearized analysis equation

xa = xb + K(yo − H(xb)) with K = BHt(HBHt + R)−1

This assumes:
I No biases (model x or observations yo)
I Error covariances (B, R) are correctly specified
I The DA system can handle all correlations . . .

How enter diagnostic methods (e.g. Desroziers et al.) the game?
I Real systems are never optimal!

I Desroziers provides estimates for both R and HBHt , but the
estimators are not positive definite!

I Off-diagonal elements less reliable than the diagonals (variances)
F How can we trust estimates of correlations?

I Need to start from reasonable guess, but iterating may not converge
I Desroziers’ method provides static error estimates

F Real errors are situation-dependent (model and data)
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Observation Error: Practical Issues

What if e.g. B cannot be adjusted?
I K depends essentially on ratios of variances, suggests tuning of R

(similar to e.g. Desroziers and Ivanov, or Chapnik et al.)

F Cross-validation with independent data and forecast verification

Ensemble spread in DWD’s global DA cycle is mostly too large
(except in boundary layer)

I Desroziers-diagnosed observation error needs inflation anyway

I We do vertical superobbing (→ can’t use other people’s estimates!)
I Vertical observation error correlations currently not treated

F Error inflation factor depending on the satellite (and processing)

I Using smooth, parameterized form of observation error
F dependent on satellite, latitude/impact height, GNSS, . . .
F use only few parameters

I Manual intervention, not everything is fully objective . . .
(e.g. tuning primarily done for new data only)

F Re-tuning is costly if significant impact is to be shown for operations
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Observation Error Tuning, Example
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Current statistics (as of 2022) for Metop and COSMIC-2a, tropics
I Metop errors kept after EUMETSAT processing update (9/2021),

although data usage extended down to 5 km in the tropics
I Tuning for COSMIC-2a takes into account GNSS system

F Errors for Glonass higher than for GPS (+50 % in upper stratosphere)

I Similar tuning exercises for Sentinel-6A, SPIRE
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Bias Examples (where the data is to blame)
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Not always obvious who is biased (model or data), but cases exist
I “4d-collocation” via model: mission differences, rising vs. setting

Issues seen in trials with EUMETSAT’s initial processing of SPIRE
I Many biased data → cooling of lower troposphere (∼ 0.05 K @

700 hPa), suppressed convection in tropics → restrict data use!

Metop bias rising occultations in lower troposphere → use above 5 km
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Observation Modeling: Tangent Point Drift?

(control: no TPD)

Still using classic 1d operator for effective tangent point
I Previous tests with 3d-Var and “optimized” 1d operator for tangent

point drift gave mixed results, re-checking with current DA system

O-B stats better with TPD in stratosphere, but not in troposphere

/ Slight degradation in troposphere not yet understood (work in progress)
I Neutral to small positive impact on forecasts, so some progress
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Conclusions

Radio Occultations have significant impact on NWP forecast quality
I Addition of COSMIC-2 shows long-lasting impact even in the tropics!
I Adding more real data (e.g. SPIRE) shows that we are not saturated

Data selection and use based on quality assessment
I Data assimilation depends on “no bias” (observations and model)
I Observation error specification, based on diagnostics (e.g. Desroziers)

and subsequent tuning
I Error estimates may not be “portable” for various reasons, including

differences in contribution to observation error (e.g. representativeness),
but ideas are

Practical issues
I DWD still using classic 1d bending angle operator
I Tangent point drift – which is already used by several centers – finally

shows some benefit, but open questions
I 2d forward operator still of interest in the long term
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