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Outline

. Microphgsics schemes in the current giobal sgstems in the major

centers

s Current available MP oPtions for Zhao and Carr (1997)

* NGGPS cloud Piﬁgsics Priorities and recommendations from the

Previous moist Phgsics worksiiop
s Current status of individual MPs and testing Plans in the FVA NGGPS

» Interactions between the cloud micropiwysics and other Phgsical

schemes
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Current MPs at major centers

—for global sgstems

* Environment Canada: The cloud and LS Precipitation scheme is based on

Sunclc]vist (1988) and was modified to Predict rain. Cloud cover is cliagnosecl.

+ NCEP GSM: The cloud and LS Precipitation scheme is based on Zhao and Carr
(1997) and Sunclqvist et al (1989). Cloud coveris cliagnosecl (Xu/Randall, 1996).

» ECMWF IFS: The cloud and LS Precipitation is based on Tiedtke (199%), but was
signiﬁcantlg modified. The Prognostic variables include cloud lic]uicl water, cloud

ice, rain, snow, and cloud cover. No assumPtion 10 s 150

s UK MetUM: The LS Precil:)itation is based on Wilson and Ballard (1999) (which was
based on Rutleclge and Hobbs, 198%). The Prognostic variables include cloud liquicl

water, rain, and frozen water. Cloud cover and LS condensate are Preclictecl 139
using |HE 2 (Wilson et al 2009). Assumed PSD for rain and frozen water.
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Available MP oPtions
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The NGGPS Priorities in cloud MPs

+ Advance the sophistication of the micropiigsics

Paramcterization, which should include a
double moment cal:)abilitg for some species and

an oPtion for couPIing with aerosols.

— NGGPS Plﬁysics Overview (August 4 2016)

bg James Dogle (NRL), Bill Kuo (NCAR),
Shrinivas Moorthi (EMC)
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Moist workshop
recommendations (01/2015)

o The most Promising treatment of moist Phgsics at or near the
current state-of-the-art that rough19 100 US and international

scientists agreecl Oon:

* “Two moment microphgsics with multiple categories of ice habits.
This imPIies that all Particles are Preclictecl (not cliagnosed) and
fall with finite velocitg”.

. “Utilizing these aPProaches, esl:)eciang the two-moment
microphysics, Places demands on other components of the
model inclucling clgnamics (esl:)eciang advection schemes) and

aerosol representation”
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Current status

—MG MFP

Prognostic rain and snow number and

mass with T62 and T760. Diagnose&
rain and snow was tested with T2460.

lmplemented and tested the

Produced reasonable global
Precil:)itation and cloud Pa’r:tern and
nice Sandg track from T20446.

Tuning~ul:> and bugs~1cixing for the
global ice and water mixing ratio and

low~, miclc”e, and high~|eve! cloud
fraction with the Para”el scripts.

Future work: coupling with other
Phgsical processes such as SHOC

and CS deep convective scheme.

Courtesg of Anning Cheng/ Yutal Hou
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A - Reduced reflectivity in stratiform anvils "

B - Increased reflectivity & rainfall below anvils

C - Improved dBZ (from objective verification) 3
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Interactions between the MPs and other Phgsical schemes

— Coordinated activities

. MicroP ﬁysical consis’cencg between 5ub~grid and grid~reso!ved cloud schemes

S low the use of more coml:)lex microl:)hgsics in a mass-Hux scheme

o Evaluate the sensitivitg of a consistent microl:)hgsics treatment between

5ub~gricl and grid~reso|ved cloud schemes to assumed vertical distribution
o1C cletrainecl cloucl conclensate

5 Phgsica”y consistent treatment of clouds in cloud-radiation interaction

o Cloud Pro[:)erties cliagnosis/ inPut consistent with microphgsics assumptions

. Phgsica”g—-based treatment of clouds in stochastic Phgsics Parameterizations

o Allow stochastic Perturbations in all the Parameterized microphgsical
processes

e —

12



The Plan de
The tests wi

Forecast on

1%

Testing Plan

~ends on when the FV3 s available in NEMS (assuming Q2/FY17).
| be conducted in the NEMS framework with FV3 (NGGPS).

Yy experiments or full data assimilation exPeriments need to be

conducted in both summer and winter. The experiment Periods need to be long

enough for solid Pemcormance evaluations.

Timelines

. Finish cleveloping/tuning/testing of the MP schemes in the GMTB SCM and
the NEMS or the GFS before FV3 s available in the NGGPS.

. lmplement the MPs into NGGPS for further tuning with the FV» and other

Phgsics

(Q2/FY17)

Deliverables : MPs for the NGGPS with FV».



Gaps

* What is the best strategy to test individual MPs with FV3in the NGGPS? What are the other Phgsical

Parameterization schemes (For example) convection, etc) to choose, oPerational schemes 7
* Computer resources for the tests of the MP schemes
» What is the strategy to choose a MP scheme for the NGGPS
* EMC glo]:)al evaluation metrics
» Global energy and mass conservation

. Precipitation skill score (ETS), and bias score, cloud related fields, cloud radiative
exq;ects, 500mb AC scores, etc

s Other metrics (climate, storm scale metrics, etc)

* |Interactions with other Phgsical Parameterization schemes

* Scientific basis

I
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Cloud macrophgsics

* CIOUCI EEINCS sc:hemcs available 2

* Diagnostic schemes: Xu/Randall (1996), Sundqvist (1988), simple uniform
PDF, triangular PDF and Double Gaussian PDF schemes.

* Prognostic schemes: Tiektdk (199%) Thompsins (2002), and PC2 (Wilson
et al 2009)

* Cloud water condensation ancl evaporation :

- Sunclqvist et al (1989) simple uniform EIDE: triangular PDF and Double

Gaussian PDF schemes

* Prognostic schemes: Tiektdk (199%) Thompson’s (2002), and PC2 (Wilson
et al 2009)

1




Discussion questions

How to determine the MP scheme into NGGPS
What metric to use for the evaluation

How to test the schemes? Is it necessary to go

througlﬁ the entire hierarchg of tests ?

What is the realistic 5trategg for the aerosol
indirect eHect

16
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1 Jan 2017 1 Jul 2017 1 Jan 2018 1'Jul 2018 1 Jan 2019
| ———————

NGGPS Physics Team Plan

18

GFS Upgrade Timeline

New Dycore Operational

Current capability ( SAS, RAS, Hybrid EDMF)

% >
! GFSIV16 GFS’V17
Two-Stream Strategy E i <
! 1
Operational Physics (Evolved) : —> Advanced Physics >
! 1
Cloud Microphysics SWG E :
1
! > >
1 4 1
1 1
1
1

Double-Moment Cloud and Aerosol Aware Microphysics (Primdry Thrust)

L m——— e— |
Evaluate/Adapt Advanced Microphysics Schemes Using NOAA-HMT Obs (Bao/Ci
(Compare bulk microphysics schemes; Develop budget analysis procedure

to compare parameterized microphysical processes; Establish hiérarchy of
evaluation platforms (1-D to 2-/3-D idealized/real case studies) !

dates, decision points |
1

- Deliver effective solution to alleviating physically inconsistent interaction between

subgrid and grid-resolved cloud parameterizations at the resolutjon of the NGGPS
1

- Complete analysis of microphysics schemes (names?) and prese'nt findings to support
selection of new scheme for NGGPS (timing?) '

—>
e

Thompson’s MP (Ruiyu Sun, Greg Thompson, and others)

Y.

- Next step(s)? Testing thru EMC/TEG or GMTB? Implementationiin GFS (timing)?

- Path(s)/timeline(s) for above to transition to ops?

I ies for achigving?

s, testing responsil:'iilities,

- Other cloud m
gaps?

What are pri
evaluation/test
- Development,

~ where applicable

ng timeline?

1 Jul 2019

Legend: Red text = unfunded; (add colors to indicate funding source?) Red = Phys Dev; Blue = DTC; Green = EMC

1 Jan 2020

Need to adjust/add timelines/
responsibilities (use colo} bar)

testing, transition addressed for each SWG?
1

1 Jul 2020

icrophysics activities need:ed to address high priority

1
ary candidate schemes and where do they fit in the

1 Jan 2021
18
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Moist worksiiop
recommendations (01/2015)

* Several themes emerged from the WOY‘(SI’!OP time and time again:

* NGGPS represents an oPPortunitg for dramatic progress that will be
available once a decade or even less trec]uentlg. There was a
strong sense that ENMEG NCEEP and NOAA should make the most of
this opportunitg. As one Participant put it: “This is no time for small
steps. Be bold.”

s The representation of moist processes is a suite of inter-connected
Pieces, and careful attention is rec]uireci due to the way the various
components interact. This Probiem IS more concel:)tual than
technical, i.e. adciressing code interfaces is necessary but

insufficient. In the words of one Participant, “It’s the package that’s hard

L




