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Model Errors in Simulating Diurnal
Cycle of Precipitation

Summertime Diurnal Cycle of

Problems larger over land than over Precipitation at ARM SGP Site
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Deficiencies in Model Convective

Trlggers Problems with CAPE-based trigger
CAPE vs. Precipitation
CAPE-Based Trigger (e.qg., ZM, _ _

CAPE>70 J/kg),where CAPE is
calculated from an air parcel
originating from the PBL
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How to Improve the Convective
Trigger?

Two key areas:

U How to prevent convection from being triggered too
frequently?

0 How to capture elevated nocturnal convection,
which occurs from moist conditionally unstable
layers located above the boundary layer?
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The DCAPE Trigger (Xie and Zhang 2000)

Xie and Zhang (2000) introduced a dynamic CAPE generation rate (DCAPE)
to control the onset of deep convection (tested in CAM2, Xie et al. 2004 and
being used in JMAG6s bperational NWP model

DCAPE vs. Precipitation
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New Trigger: CAPE>0 & DCAPE>0

Convection can only be triggered when the large-scale forcing is making a positive
contribution to the existing CAPE. Links convection directly to the large-scale
dynamic forcing, such as lower level convergence.
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DCAPE may not work for some
elevated nocturnal convection cases

(CAPE, DCAPE) vs. Precipitation

Event : the 3rd day An elevated nocturnal case
2T 0.1 rain(mm/day) selected from the ARM M3CE
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No CAPE and DCAPE are detected if the convection starting level is limited in the
PBL, as assumed in several deep convection schemes including the ZM scheme
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Unrestricted Launch Level (ULL)

(Wang et al. 2015)

Unrestricted Launch Level (ULL):

The ULL method defines an air parcel launch level to be level where the
maximum MSE is found below 600 hPa with searching from the surface.

A Allows air parcel launching

above PBL to capture
elevated convection
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A Modified Convective Trigger

A A modified trigger combined the DCAPE trigger with
the ULL concept: (CAPE>0 & DCAPE >0) + ULL

(CAPE, DCAPE) vs. Precipitation over
different climate regimes

10 M (a) MC3E

MC3E initati
Selected Nocturnal Precipitation Case
= =~ (a) event : 3rd day (
O.1*rain(mm/day)
— C AP EMB(KJ/KQg)
—— DCAPEMB(hJ/kg/hr)
— = CAPESRF(KJ/Kg)
— == DCAPESRF(hJ/kg/hr)
6
4
2
o o — -—
20
m 3Z -2
10 Mg o on 2 2.5 3 3.5 4

days from 2011-04-22

Lawrence Livermore National Laboratory ‘I



Application to EAMv1
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EAMv1

EAMv1 starts from CAM5.3 + Spectral Element (SE) Dycore (EAMvO0), but with increased
horizontal and vertical resolution, as well as notable changes to its physical parameterizations,

particularly in aerosols, clouds, and convection. Similar to CAM6

U Resolution

Standard version: 1° in horizontal and 72 layers
with top at ~ 60km, better resolved vertical
structures

High-res version: 0.25%in horizontal and 72
layers, better resolved both horizontal and vertical
structures

07
0ol L2

6 E
¥ 8 b
.a: 1 L]
S 2 ]
W 3 8 w1
A 4 &
i 5 [ 2
4 "_‘E:‘:J , 8 r ]
E 0.3 4 i % F
"
104 'ﬁ F n? E:l
i . .'3 »
0 L 0.0 T T T T

01000 2000 3000 4000 5000 600 0 30 8 9% 120 150 180

A7 (m) AZ (m)

(] Physics Physics: EAMv0 - EAMv1 i

- Zhang-McFarlane (1995) (ZM) for deep = =y
convection b N\

- CLUBSB for a unified treatment of shallow ”; I ”'\ o
convection/turbulence/macrophysics - E3

i MG2 for microphysics with improved ice mm\ m\ / -
micriophysics Ze— i

- MAM4 with Improvements in treating aerosols N oo /

- Simple Ozone (linearized production and loss)
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Experiment Design

Model resolution is 1 deg and 72 levels. 11-yr AMIP run; 2-11 year
simulations are analyzed

Convective Trigger

Control Default lowresolution CAPE ¥0 J/kg
(1°) EAMv1
DCAPE+ULL Control with the 1) DCAPE >0
proposed new 2) Allow unrestricted parcel launching

convective trigger level (ULL) below 600mb
DCAPE Control with the DCAPE >0

DCAPE trigger only
ULL EAMv1 with ULL only Same as Control, but allow unrestricte

parcel launching level (ULL)
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Annual Mean Precipitation

Control - GPCP
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