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Introduction

« QBO: Alternating easterly and westerly shear zones near
the equator

Mean Period: 28 months

Pressure (hPa)
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* Oscillation also in temperature, ozone, & tropopause
height
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Why is QBO important?

* Influences residual circulation, temperature & chemical
transport

 Effects the strength of the polar vortex & NAO
« Strong observational evidence of QBO influence on MJO
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Avg Period: ERAI: 28 months
EAMv1/E3SMv1: ~18 months

Y
LR | zf)gn Amplitude: Much too strong in E3SMv1
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What’s needed to model the QBO?

1) Kelvin & Rossby-gravity waves
Often underrepresented ) 10
01+
: S L
2) Small-scale gravity waves | Pancry
(~ 10’s to 100s km) o i e @
. ratopause
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Tropical Waves:
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Resolved waves in E3SM
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Largely underrepresented
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GW Parameterization

* Lindzen (1981) GW propagation parameterization
- Two non-orographic sources: fronts and convection

» Convective Source spectrum parameterization:
Beres et al. (2004)

+ Based on linear theory of wave generation by thermal forcing
« 40 waves with -100 < ¢ < 100 m/s

M « Dominant phase speed related to h (depth of heating)

/\/\ . Wave Amplitude o Q2 (Q = heating rate from Zhang and McFarlane scheme)
\ (J « Wave spectrum impacted by wind in heating

¢ Tunable parameters:
CF: conversion factor from grid cell avg to that representative of
heating cell; Default: 20 (5%)
Efficiency: How efficiently is convection generating GWs?
Default: 0.4
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New vs Old QBO

a) ERAI
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Power Spectrum and Amplitude

Avg QBO Period:

ERAI: 28 months
E3SMv1: 18 months
E3SMv1l _MOD: 26 months
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(a) 1980-2009 QBO spectra
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QBO Driving

a) GWDRAG E3SMvl1

1 " ] \
\ ‘ \ \ A i
s 1 2 B\ . 4 i
g v Ul
= i 4 35
e | 3
Z . \ 2 30
g \ 3
& 25
A =420
1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995
Time (months)
b) DIVF E3SMv1
1 ) ! A ¥ 1Y BB 2 AR
’ ll ' ’ 1 \' | f A\ 1%Aa
= \ ; | 140
A M V. & H
< v ' # 35
e d . :
7 - \ 130
& 25
wi 20
100 B R A A -~ AN 4 e A A- a
1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995
Time (months)
‘10 08 06 04 02 00 02 04 06 08 10

m/s/day

E 3S M Energy Exascale
Earth System Model

Height (km)

Height (km)

Pressure (hPa)

Pressure (hPa)

GWDRAG E3SMv1_MODGW
1 1
e
— <
10 =
20
=
1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995
Time (months)
DIVF E3SMvl_MODGW
| . i,
X Y 45
40
358
10 b=
N 30.20
-
25
1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995
Time (months)
05 04 03 02 01 00 01 02 03 04 05
m/s/day
U.S. DEPARTMENT OF
o



BOLCAMS Exp 1 AGCM3—CMAM Exp 1
T ' I

A AAS ~ n
0 30 60 90 120 150 180 210 240 0 30 60 90 120 150 180 210 240
Time (months) Time (months)
1 AT = .
y

CESM1(WACCM—110L) Exp 1 ECHAMSsh Exp 1
| | | i i v U

(hPa)

K
Ennnrnd AL ANICA AMA s A AA AN AAAA MAAAN KA B
30 60 90 120 150 180 210 240
Time (months)

MIROC—-AGCM—LL Exp 1

E3SM with QBO mods
I \

1 E VITTT TN VI T o AT T T, T
| | | | \ \
;| R g (T i
% r —40_ a \ \ o | 1N H\w WA \H-10
b A \ \ v N\ \ \dsE E \ \ 3 VA AN AU | ‘ A _
2 10F\\ \ \ 8 A \ & : L o0 ° Wi |\ n2
H - ot I =§
. G2 ¢ g L
@ f N20 ; 0 -
1006 A PEDARN | NS AT i an LA nihandMaa N s a A\ A naa I -3
0 30 60 90 120 150 180 210 240 30 60 90 120 150 180 210 240 o 30 60 %0 1
Time (months) Time (months) Time (months; )
MRI-ESM2 Exp 1

1 ‘ | |
5 \
a |
) H
2 10
2
¢
a i ;

100 & 0 R N 3% YV
0 30 60 90 120 150 180 210 240

Time (months) Time (months)

UMGA7gws Exp 1

Left: QBOs in QBOIi models

PO 12 G VR
£ | et .
g 0 A\ 5 and ERAi (Bushell et al. 2019,
1o - in review)

0 30 60 920 120 150 180 210 240
Time (months) Time (months)
U.S. DEPARTMENT OF

-50 —-40 -30 -20 -10 [} 10 20 30 40 50 E N E RG

Zonal wind (m s™') T e—




Stratospheric U & T Changes DJF

DJF U E3SMv1_MODGW - ERAI

1980 — 2009 DJF Avg
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U Variability
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c) PSL E3SMv1_MODGW - ERAI d) TS E3SMv1_MODGW - ERAI
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Surface
Changes:
Variability
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Black Contour:
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QBO Impacts on the MJO: OBS

a

DJF OLR DJF OLR Variance
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QBO Impacts on the MJO: OBS
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MJO Propagation

OBS E3SMv1 MOD GW

1979-2011: DJF 1980-2008: DJF 1980-2008: DJF
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Summary & Future Work

We improved the representation of the QBO in E3SMv1

QBO Period & overall amplitude are now much closer to
observations

Easterly QBO phase still deficient

Kelvin & RG waves underrepresented

Modest changes to mean/variability of overall simulation
Richter et. (2019) in press

Will monitor changes to QBO as convection
parameterization changes occur

Looking at effects of QBO on MJO, but:

MJO not quite right: period too long; Variance too high
& doesn’t propagate properly
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Future Work

* Improvement of
momentum transport in
convection

 Verification of in-cloud
momentum transport

* Additional of mesoscale
convective momentum
transport
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