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Outlook – using sensitivity fields to guide 

design of future observational networks

Plans addressing methodological questions

regarding the ESA  

… in the so-called global explicit specification [1], [2], [3], [4]

requirements: pre-comp. ensemble (𝛿𝑿0 , 𝛿𝑿𝒇), assumptions on observations (𝑯, 𝑹)

steps: 1. define response function q, apply at forecast time → forecast metric spr. 𝛿𝒋
  2. assume sensitivity s  of 𝛿𝒋 to 𝛿𝑿0 (𝛿𝒋 ≈ 𝒔𝑇 𝛿𝑿0 ), calculate it (regulariz. [7])

  3. update 𝛿𝑿0 to 𝛿𝑿0, update by assimilating [8] hypothetic. network (localiz. [9])

  4. project the change in 𝛿𝑿0 onto the change in 𝛿𝒋 using s  to quantify impact

ESA – ensemble sensitivity analysis method First ESA observational impact results
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visualization of global explicit ensemble sensitivity analysis based on [1], [2], [3], [4] using graphics from [6]
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How to design future observational networks 

for physical and data-driven convection-permitting weather prediction?

motivation: improve (high impact) weather forecasts of current and future models 

by effectively adding observations

set-up:  - 180 member-ensemble [10] based on convection-perm. ICON-D2 [11]

             - two summer afternoon cases (2020-08-17/18, assimilation at 13 UTC)

             - ground-based water vapor profiling network with 13 WV-DIALs as

               planned by German Meteorological Service (vert. range 1200 m) [5], [12]

             - metrics: ∅ IWV/ ABL humidity over 200 km boxes, lead times up to 3 h

open issue: first results qualitatively checked (train-validate split for test cases’ 

 sensitivities consistent) but method doesn’t seem to generalize well 

 in this set-up to other metrics → see below for details and plans
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concept: sensitivities forecast metric 𝑗 to state variables (𝑥0)𝑖 at initialization 

     time and different grid points

                   here: ∅ IWV in box 

                     after 3 h

            here: water vapor 

            mixing ratio

𝜕𝑗

𝜕(𝑥0)𝑖
 

further characterization of issue: sampling noise in 180 member-ensemble and

         overfitting to it suspected – especially harmful for 

        metrics with weak signals

suggestion: use adaptive regularization strength 

  determined from method such as

  (generaliz.) cross-validation [13]

goals: 1. stabilize method in current set-up

  2. test general applicability when using 

      adaptive regularization → use in study 

      for future network design guidance?

observations: 25 Doppler 

lidars measuring at 5 

heights + 95 SYNOP stations
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Figure 10 c), [2]
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application: use these sensitivity fields to determine where to install which new 

  measurements [3], [4], e.g.
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