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What is a Diagnostic Technique?

A diagnostic technique is a technique that helps to 
understand certain aspects.

Here:

ÅHow does the atmosphere (or more generally the 
climate system) works?

ÅWhat are the origins of problems in our forecasting 
system (observations, data assimilation and model)?
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Outline

üNumerical experimentation

üAdjoint techniques 

üError backtracking

üRelaxation experiments

ü Initial tendency technique (see Mark Rodwell)

üLinear inverse models
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Philosophy: Numerical Experimentation

Letôs change one aspect of the model and see 
what influence this change has on the forecast.
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Sensitivity to Horizontal Resolution: 

Flow Across Greenland I
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(a) Stratospheric PT: 20041226 FC+24 (T95)
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(c) Stratospheric PT: 20041226 FC+24 (T255)
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(e) Stratospheric PT: 20041226 FC+24 (T799)
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(c) Tropospheric PT: 20041226 FC+24 (T95)
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(d) Tropospheric PT: 20041226 FC+24 (T255)
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(f) Tropospheric PT: 20041226 FC+24 (T799)
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Sensitivity to Horizontal Resolution: 

Flow Across Greenland II
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(a) SLP and Turbulent Heat Fluxes: 20041226 12z FC+24h (T95)
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(b) SLP and Turbulent Heat Fluxes: 20041226 12z FC+24h (T255)
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(c) SLP and Turbulent Heat Fluxes: 20041226 12z FC+24h (T799)
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(d) SLP and Turbulent Heat Fluxes: 20050116 12z FC+24h (T95)
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(e) SLP and Turbulent Heat Fluxes: 20050116 12z FC+24h (T255)
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(f) SLP and Turbulent Heat Fluxes: 20050116 12z FC+24h (T799)
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Sensitivity to Model Formulation

Cy33R1 - ERA40 Cy33R1 Conv_Old - ERA40
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Summary: Numerical Experimentation

Å Very straightforward to do.

Å But it is not necessarily straightforward to find 
the ñright parameterò that, when changed, 
gives you the largest impact ( Ÿexpensive).

Å Understanding of the results is not necessarily 
straightforward, especially in long integrations.
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Adjoint Sensitivity Studies

ÅDefine a forecast aspect or so called cost function J.

ÅWe are interested to know the gradient or sensitivity
of J with respect to initial or forcing perturbations.

ÅHow to determine the gradient without running many 
experiments (evaluating all partial derivates explicitly)?



Training Course Presentation, 21 th April 2010 ïThomas Jung : Diagnostic Techniques .

Tangent Linear and Adjoint Models
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Mean Sensitivity Gradients: D+4 Europe SON 07
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