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Concept of Model Error Simulation
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𝑋: Prognostic Variable

Simulation of the model error 𝜼𝑿 using

 a stochastic partial differential equation (SDE)

 spatially correlated noise (García-Ojalvo et al., 1992)

A-priori correction of forecast tendencies

𝛥𝑋

𝛥𝑡
𝑥, 𝑡 =

Δ𝑋

Δ𝑡
𝑥, 𝑡 𝑝ℎ + 𝜂𝑋(𝑥, 𝑡)
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𝜕𝜂𝑋
𝜕𝑡

= −𝜸𝜂𝑋 + 𝜸𝛻 ⋅ 𝝀𝟐𝛻𝜂𝑋 + 𝝈ξ

𝜸: Relaxation coefficient

𝝀: Diffusion coefficient to guarantee spatial correlation

𝝈: Standard deviation of the stochastic noise term ξ (“Gaussian noise“)

𝜂𝑋 = 𝜂𝑋(𝑥, 𝑡), 𝜉 = 𝜉 𝑥, 𝑡

𝜆 = 𝜆 𝜏𝑋 , 𝛾 = 𝛾 𝜏𝑋 , 𝜎 = 𝜎 𝜏𝑋 , 𝜏𝑋 =
𝑑𝑋

𝑑𝑡
(𝑥, 𝑡)
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 Parameters of the stochastic differential equation are estimated offline 

dependent on the predictor variable, model run, model height, and

member ID, but also region and surface type. 

 2-dimensional perturbation fields applied at 3 discrete model levels

(90,80,70) and vertically interpolated to levels 90-65.

 Perturbations are induced at each complete slow physics time step

=> tested setting: every 6 model time steps (36 minutes).

Stochastic Ensemble Perturbations in ICON 

ICON-EPS COSMO-D2-EPS

Training tendencies Δ𝑡 6-hourly 1-hourly

Reference analysis analysis ensemble deterministic

Surface type distinction land/ocean no distinction



Experimental Setup

Ensemble System: ICON-EPS (experimental branch with SEM)

Model resolution: 40 km, 90 levels

Ensemble size: 40 members

Time period: October 2018, 00/12 UTC main runs (no ass.)

Full verification: not yet finished, but test case studies available

2 Setups:

1. ICON-EPS + fixed parameter perturbations (operational setup)

2. ICON-EPS + stochastic error model
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Test Cases with Ensemble Perturbations
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10 m Temperature (surface layer)

Simulated Member #1: +120 h

Parameter Perturbations only Stochastic Error Model



10 m Temperature: Spatial mem-statistics of param. pert.
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10 m Temperature: Spatial mem-statistics of SEM pert.
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10 m Temperature: EPS Spread by SEM after 24h
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10 m Zonal Wind: EPS Spread by SEM after 24h
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Summary and next steps

Summary:

 The stochastic EM is implemented into the ICON model code.

 First ensemble test experiments show an additional increase of

ensemble spread which has to be investigated in full experiments.

Next steps:

 Run ICON-EPS experiments w/o stochastic EM.

 Run ICON-EPS experiments with stochastic EM w/o parameter

perturbations in order to evaluate the impact of both types of

ensemble perturbations.
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