Examining Chaotic Convection with
Superparameterization Ensembles

. \l

\ »

Presented by Todd R. Jones

July 19,2016 3
CoRP Science Symposium
Fort Collins, CO




Forecasting with GCMs

Large Scale Small Scale

Parameterized

Advective Forcing >
Convection

Microphysics
Radiation
Turbulence

Heating & Drying




Deterministic Non-Deterministic

Expected Values Individual Realizations
- something like - with
Ensemble Means Sensitive Dependence on Initial Conditions



Limits of Convective Parameterizations

* Issues with SDIC, sample size, false scale separation, memory
and time scales limit deterministic parameterizability.

* We confront this by pro dip;g tl
& ar

— Ensembles

— Stochastic parameterization .«

— Superparameterization :

e Non-deterministic due to SDIC on the convective scale

— e Al -



Limits of Convective Parameterizations

 Many determlnlstlc parameterizations yield convection that acts

ariability in GCM
| may limit their ability
to SImuIate Téw freqqemy Iagge- ales of climate
variability.

— Poor intraseasonal variability, MJO, QBO



Large-scale feature are improving.
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Values > 60 indicate useful forecasts. Bauer et al., Nature, 2015



Better Skill ———>

Precipitation forecasting is quite difficult...
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Obs

SP-CAM

...particularly intense precipitation.
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We Wonder...

* Does the large-scale need to feel “jagged,” stochastic
tendencies!?
* Is it possible for a smoothed, more deterministic tendency to
yield the same gains?
* Can we explore the range of possible realizations at the same
time!?
-
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Superparameterization

Parameterized

Advective Forcing >
Convection

Microphysics
Radiation
Turbulence

CAM

< Heating & Drying

Parameterized

=== Advective Forcing = === Advective Forcing ==

Microphysics
Radiation
€ Heating & Drying == Turbulence

SP-CAM

€— Heating & Drying =

32 x 4-km curtain




Superparameterization

—————

Solves equations of motion - No closure assumption - No triggers
Mesoscale organization - Convective memory - SDIC

Computationally Expensive




More Deterministic, Multiple Realizations

MP-CAM

Ensemble

Heating & Drying s3>
Averaging

Heating & Drying

See the same GCM state - Slightly different initial conditions - Running independently




— 10 clone CPMs :
— 4 years of 3-hourly data

— 2 days every GCM time step
e SP-CAM Ensemble “Forecast,” 10 days




EMO, Global Mean = 2.95 ) EM1, Globa' Mean = 295 ) EM2, Global Mean = 2.96 . EM3, Global Mean = 2.95 EM2, Global Mean = 2.95

soN |

oy T
EQ “%
305
L)
NS

TADWTZOW BOW a BOE 120 180

1N BOW @ BOE  120E  U80E 1

EM7, Global Mean = 291

EM3, Global Mean = 2.90

cos P
w05
WWOE 1MOW 120W BOW 0 GUE 120 1BOE

tm miday]

120E 180E 180W 120W 60w 0 60E 120E 180E
Zonal Means
» a0 SON
[=4
3 36
© 5.2l BON
0004081216202428323640 280 4N
cov 24
. 20H eqf
Single Day
12 308
Oct 3
oall 6051

Precipitation o B

mm/day -ar- COV] 180W 120W GOW 0 G0E 120C 180E



Ten realizations at a tropical point
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A more deterministic superparameterization

Did we really create one!?



A more deterministic superparameterization

Standard deviations of averages are smaller than
standard deviations of individual time series.
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How do the climates of SP and MP differ?
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Total precipitation frequency, 2d, [-]
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Vertically-integrated low cloud, 2d, [fraction]
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Vertically-integrated high cloud, 2d, [fraction] Upwelling longwave flux at top of model, 2d, [W/m2]
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. Locating Strong, Unpredictable Convection

e Exploring, and potentially exploiting, the range of possible
realizations using identical large-scale states.

e Use spread measures as indicators of predictability |
— Coefficient of variation (standard deviation/mean, noise/signal) -
— Proportional variability (mean ratio of all combinations of data pairs) !
e Look for associated large-scale properties B
— Since we can better predict the large-scale, perhaps we can predict
potential predictability.




Locating Strong, Unpredictable Convection

Data: 3648 days ANN, precip > 5 mm day’ re, = 0.788,r. = 0.907, r,, = 0.465, ry,.. = 0.511
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ocating Strong, Unpredictable Convection

Data: 2133 days ANN, precip > 10 mm day’ e, = -0.445, 1, = -0.083, r,,, = -0.452, 1y = -0.576
Grid box averaged cloud liquid amount [g kg'], 600 mb Proportional Variablility Local Temporal Gorrelation (sig @ 95%)
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Quasi-Conclusions

Deterministic parameterizations produce weaker, more
frequent precipitation.

This leads to more high cloud, weaker OLR, and lower
precipitation amounts.

Deterministic parameterizations may be able to represent
intraseasonal variability. (Even while degrading some statistics)

Spread around the response is not simply proportional to the
mean, has spatial structure, and is associated with L-S features.

We have useful tools to explore these issues.
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