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What future satellite data could better
constrain climate models?

Field campaigns à LES à SCM

CALIPSO

Global data à ESM tuning

GMAO/cubed-sphere

ACTIVATE Flight RF13
1 March 2020
mixed-phase cold-air outbreak
(Tornow et al., in prep)

?
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What kind of questions would ESM OCs answer? 

• Mission design process
– what coverage and dynamic range is optimal for climate model constraint?
– what are optimal temporal, spatial, or spectral resolution?
– how are observational data streams related to capabilities to answer leading 

mission science questions?
– enable evaluation of added value of mission design investments
– quantify and demonstrate observation-to-parameter constraint pipeline

• How to implement
– use more than one US climate model for each study
– studies must be embedded with each Decadal Survey mission lifetime



Things I took away from the discussion



Main message: To constrain climate response with observations, we need to
systematically identify which observations provide a constraint.



State and sensitivity

1. Cloud state and cloud feedbacks are fundamentally
controlled by different model parameters

2. Models are a tangle of compensating process errors can
be combined in different ways to give a similar state, but all
have different sensitivities to perturbations – equifinality

3. Constraining cloud state (e.g., CRE, SLF) is likely not
enough to constrain the feedback

Tsushima et al. (2020); Regayre et al. (2018); Lee et al. (2016); von Bertalanffy (1950)
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State and sensitivity, clouds and aerosols
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▶ Both cloud and aerosol parameters
contribute to clear-sky and cloudy-sky
radiative fluxes

▶ . . . differently for base state and for
anthropogenic forcing!

Tsushima et al. (2020); Regayre et al. (2018); Lee et al. (2016); von Bertalanffy (1950)



Corollary: constraining base climate may require different observations than constraining
perturbed climate



What does this mean for AMSG?

▶ Global modeling community can provide essential input into design of observations
(where, when, what?)

▶ Climate OSSEs as an objective and quantitative way to evaluate AMF proposals?

▶ Can’t ask every proposal to design and execute a global model PPE!

▶ But can the global modeling, process modeling, and observations communities come
together to provide this capability?
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