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» Why stochastic parameterization?
» Parameterization specifics
> Results

» Summary
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» As GCM resolution increases ...

The quasi-equilibrium hypothesis in conventional deterministic
deep convection schemes likely will not be valid anymore.

Deterministic Stochastic
ensemble average Realization 1 Realization 2
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Deterministic: represents the mean of convective ensemble
( Stochastic: represents an individual realization of a PDF
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Stochasticity of Convection
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—1 s <N,,>"e~<Nm>
P(m)dm p— e dm DN, (n) : 12

Assume non-interacting clouds: Assume clouds are initiated randomly in
cloud mass flux follows Boltzmann distribution space, triggering n clouds follows Poisson

distribution

<N> T
n = = ——e <m>
pdn(m) (n 1) - e <m>dm

e The probability of triggering one cloud with mass flux
— 505, D€tWEEeNn m and m+dm
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N> T

Pdn(m) (n=1) = $e <m>dm <N> = <M>/<m>
1. large-scale state is obtained by performing spatial (over 9 nelghborln |
boxes) a oral averaging (over preceding 3 hours at eac Step) of
grid-scale variables. ——

ed variables are used

(i.j)
in closure only

2. The mean total mass flux <M> is obtained from the Zhang-McFarlane closure
and used to scale the Boltzmann distribution for m.

3. The probability is compared with a random number to determine whether a cloud
with mass flux (m, m+dm) is generated.

4. Tendencies of grid-scale variables are computed by summing up all clouds
launched this way.
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@ Model: EAMv1

A Configuration: AMIP (6 years each)

a_q. CTL: Standard Model
% - EXP: Stochastic Parameterization
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20191006.Control_L72.ne30_oEC.cori-knl (yrs 2-6)
Precipitation rate mean= 3.10 mm/day

CTL

20191006.Stcconv_L72.ne30_oEC.cori-knl (yrs 2-6)

Precipitation rate mean= 3.13 mm/day

EXP

GPCP

Precipitation rate mean= 2.67 mm/day

GPCP
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PDF of Daily Precipitation (Tropics)
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PDF of Daily Precipitation (Tropics

(E3SM
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FREQ: STOC - EAMv1 %
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a) Xie-Arkin (mm/day)>  b) TRMM (mm/day)?
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a) Xie-Arkin (mm/day)>  b) TRMM (mm/day)?
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Synoptic-scale Variance
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20191006.Stcconv_L72.ne30_oEC.cori-knl (yrs 2-6)
Precipitable water

ANN

mean= 24.05 mm

Min = 0.23 Max = 56.21
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20191006.Control_L72.ne30_oEC.cori-knl (yrs 2-6)

Precipitable water mean= 23.77 mm

Min = 023 Max = 54.34
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20191006.Stcconv_L72.ne30_oEC.cori-knl - 20191006.Control_L72.ne30_oEC.cori-knl

mean= 0.28 mse = 0.53 mm

Min= -2.15Max = 244
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20191006.Stcconv_L72.ne30_oEC.cori-knl (yrs 2-6)

Total grd-box cloud LWP mean= 44.90 gm’

N,

20191006.Control_L72.ne30_oEC.cori-knl (yrs 2-6)

Total grd-box cloud LWP mean= 49.10 g/m’

201910086.Stcconv_L72.ne30_oEC.cori-knl - 20191006.Control_L72.ne30_oEC.cori-knl

mean = -4.20 rmse = 7.69 g/m’

Min = -28.81 Max = 18.33
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Shortwave CRF Longwave CRF
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mean = 0.65 rmse = 3.08 percent

==

Min = -15.34 Max = 13.27

hounzm8888

mean = -0.15 rmse= 1.86 percent

Middle

mean = -1.77 rmse = 2.87 percent

Low
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ANN: SPACE-TIME

Reference Grids Used
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» Incorporating a stochastic convection scheme significantly
improves the pdf of precipitation intensity, alleviating the problem
of “too much drizzle and too little intense rain”.

» Frequency of convection with low precipitation intensity is
reduced globally.

» Intraseasonal and synoptic-scale variances are also improved.

» Mean states do not change much, which means less work for
retuning if/when used in E3SM.
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