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Coupling Processes
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2. Major problems with NUIST V1
in simulated monsoon precipitation
and MJO



Problems with NUIST v1 - Monsoon
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Problems with NUIST v1 - Monsoon

Global Monsoon Intensity and Domain

Comparison with CMIP5 Coupled models in terms
of the PCC skill and NRMSE of global monsoon
intensity (30S-40N,0-360)
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Possible reasons for the defects in V1 simulation

X SST Bias

- Warmer SST can make more convection

7/

< convection parameterization needs improvements

- Mass flux closure/entrainment rate/trigger function

- Convective tendency interacting with large scale circulation

Y/

< shallow convection needs improvements

- A new shallow convection based on TKE

- Enhanced shallow convection ahead of deep convection



Impact of SST bias on precipitation
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3. Major modification made to
cumulus parametrization schemes

A. Entrainment rate based on relative humidity
B. Convective trigger function - Tokioka constraint
C. Enhanced convective downdraft heating

D. Shallow convection based on TKE



Mass Flux Convection Scheme

A. Cloud budgetequation (cfoud modet)
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Mass flux-type convection scheme

+» Normalized equation (cloud model)
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«» convective tendency

1. Subsidence heating in the environment
2. Detrainment heating

3. Downdraft heating &
re-evaporation of precipitation

<+ Variables to be parameterized

My, : cloud base mass flux
€ : Entrainment

S1 &q4 : heat & moisture at cloud base
(Trigger Function)
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Entrainment rate based on RH

+ Modified entrainment rate
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Entrainment rate modeling

RH vs Precipitation
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Downdraft heating

+« Downdraft heating

* Downdraft heating : function of evaporation
* Evaporation makes lower level atmosphere cool and moist.
=> convection is suppressed after deep convection develops
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Triggering function for convection

Tokioka constraint

< Minimum cumulus entrainment rate
o D: PBL depth
Wiin = B : non-negative constant

Convection can be occurred in case of deep PBL depth™ 9 W
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Shallow convection based on TKE

IOId scheme ‘ L. Unification of diffusion and convection ’N ew scheme
II. Explicit/Multiple convection representation
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4. Impacts of the modifications
on monsoon and MJO simulation



Annual Mean precipitation

Comparison with CMIP5 Coupled models

Bias (NUIST v1) in terms of the PCC skill and NRMSE (40S-60N)
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The First Annual Cycle (Solstice Mode) of precipitation

Bias (NUIST v1)

Comparison with CMIP5 Coupled models
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The Second Annual Cycle (Equinoctial Mode) of precipitation

Bias (NUIST v1)

Comparison with CMIP5 Coupled models
in terms of the PCC skill and NRMSE (40S-60N)
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Global Monsoon Intensity and Domain
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MJO simulation



Problems with NUIST v1 - MJO
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What affects propagation of MJO?

* Air-sea interaction (Emanuel 1987)
— Higher SST will produce deeper convection, which may cause slower
propagation

* Frictional moisture convergence feedback (Wang 1988, Wang and Rui
1990):

* Enhanced interaction between shallow convection and BL convergence
can enhance eastward propagation.

* Moisture feedback (Wang & Chen 2016)
— Moisture feedback slows down propagation of MJO by enhancing Rossby
wave component

“Proper modification of convection scheme is needed for
improving MJO propagation”



Impact of SST on MJO
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Impact of Convective parameterization on MJO
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Role of shallow convection
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Performance of NUIST V2 (all modifications)
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What causes slow propagation of MJO

* Theoretical model (2 & half layer model with moisture effect, Wang & Chen 2016)

Fig. 11 Westerly relative intensity parameters as a
function of SST in B-M simulation (red solid) and Kuo
simulation (blue solid). The Westerly relative

E e intensity parameter is defined as the ratio of the
£ g maximum MJO westerly vs. the maximum MJO
= 2 easterly speed averaged between 5S and 5N. Also
= S5 shown is the corresponding propagation speed for
:,T g the B-M (red dash) and the Kuo (blue dash)
5 g simulations.
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Fig. 4 Zonal variation of regressed OLR(*0.1), 850-hPa zonal wind, and 850-hPa divergence (*30) onto OLR*(-1) at three
centers. 20-70 day filtered values were used.



Relative strength of the Rossby wave vs. Kelvin wave
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Stochastic Parameters

Physical ensemble approach



Stochastic Parameterization

» Add random values to cloud-base mass flux, buoyancy and entrainment rate

« Random function : same probability density for all range
+ Range of Random values : 1 -3 standard deviation of average of each parameter
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Errors

NRMSE

Stochastic Parameterization
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Physical ensemble simulation

» Two convective schemes - Tietke (1987) & RAS (1992) scheme

» Various weighted average of tendency and precipitation of two schemes

Case2
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“Physical ensembles does not always cancel model errors due to common
problems”



Summary

NUIST V1 overestimates precipitation intensity and poorly simulates MJO
propagation with a slower speed.

Proper suppression of convection by RH-dependent entrainment, convective
trigger connected with PBL properties, enhanced shallow convection, and cold
pool effect improves precipitation climatology and MJO simulation

When convection is connected with PBL properties, simulated monsoon over
Indian ocean can be further improved.

Enhanced shallow convection contributes to faster MJO propagation by
moistening lower atmosphere in front of the major convection.

Changes in simulated monsoon induced by Stochastic parameter tends to be
smaller than those induced by new physical parameterizations.



Thank you for your comments!



