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Central US summer rainfall right as a multi-scale
challenge for next generation climate models
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In the GCM, there are only 2 space-time modes of
convective heating variability in the lee of the Rockies.
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In the MMF, there is another diurnal mode
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This is an improvement relative to nature.
SPCAM is simulating episodic propagating convection.
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The propagation episodes in SPCAM are triggered by the
appropriate synoptic forcing.
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Episodes associated with low pressure, high vapor
content, and nocturnal jet-like vapor transport.

All-event synoptic anomaly
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Organized condensate “meta-structures’ transcend the
MMF grid separation scale.

Each subplot is an x-z snapshot of the embedded CRM

255 E 257 5E 260 E 2625 E 265 E 2675E 270 E

R
T

, P e
- B

GCM longitude

)
.
2
]

(q]
—
2>
O
O




Each subplot is an x-z snapshot of the embedded CRM
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This result was a surprise.

We had good reasons to think that MMFs should not
admit this level of multiscale physics:

|) Isolated, periodic CRMs

2) Two dimensionality in CRM

3) Lack of momentum scale coupling




We were used to thinking about the scale separation
interface as in normal climate models
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The GCM scale interaction is self contained in space and time




It is tempting to think of MMFs as simply switching out
the module that does the sub-grid calculation
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But the scale interface wiring is also radically different

CRM state from
end of prev loop

initial
condtns

.} CRM: |5 mins of
“resolved” 2D
plume motions

@ 20 s timestep

The MMF scale interface is not self-contained in time.

It contains memory in its smallest resolved scale. ICs for

next step




An example of how SPCAM propagation could occur

4. CRM convection is
triggered if plume memory
from t; is convectively
susceptible to the GCM
perturbation.
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3. Non-local CRM feels GCM
perturbation via tendency

BCs and nudging terms.

2. Perturbation propagates on GCM
grid by resolved advection, diffusion,
and wave radiation, momentum
generation.

Dual-scale budget calculations could track actual mechanism




