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- Paradigm of Conventional Parameterization
*Issues of CFSv2 biases related to convection

* Recent approaches in dealing convection
parameterization in CFSv2

*High resolution GFS/GEFS

 Future plans
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Issues of cumulus Parameterization

The Cumulus Parameterization Problem: Past, Present, and Future

By Akio Arakawa, JOC, 2004, Arakawa et al. 2011, Arakawa and Wu 2013,
Wu and Arakawa 2014

* "Major practical and conceptual problems in the conventional
approach of cumulus parameterization, includes inappropriate
separations of processes and scales”.
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ISSUES

» CFSv2 T126 shows colder Tropospheric temperature bias and
colder SST bias

* CFSv2 T382 shows warmer Tropospheric temperature and warmer
SST bias

Inspite of contrasting bias, the rainfall bias in both the models are
similar

« CFSv2T126 & CFSv2 T382 both produce too much frequency of
lighter rainfall (drizzle) and shows dry bias over Indian land mass
but northward propagation is reasonable in both.

*CFSv2T126 & CFSv2 T382 both underestimates synoptic variance
and overestimates ISO variance

Diurnal Convective lifecycle is equally incorrect in CFSv2T126 &
CFSv2 T382. (Deep convection is lacking)



(a) Precip (mm/day): CFS_T126 — TRMM
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Abhik et al. Cli. Dyn. 2015,
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Standard Deviation of JJA Precipitation Anomalies
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el el B. B. Goswami et al.
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CFSv2 T126 (right panel) underestimates Synoptic variance
and overestimates ISO variance over global tropics
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Both the model do not produce deep convection consistent with too
much of lighter precipitation Ganai et al. 2015



T126 T382

(@) cFsva-T126_olr LOG[Power: 155-15N] (b) crsvz-Tas2_oir LOG[Power: 155-15N]
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Arakawa and Wu, 2013
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Attempts of Improving the biases of CFSv2
through Superparameterized CFS (SP-CFS)
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Superparameterized CFSv2-T62 (SPCFS) Analyses of 6.5 year free run

................ Convective tendencies are explicitly
simulated with a Cloud Resolving Model
running in each GCM grid column which
replaces the traditional cumulus
................ par‘ameTerizaTion Of The GCM
« Model integrated for 6.5 years and five
years are analyzed

Cloud-Resolving Convection Parameterization
or Super-Parameterization

Grabowski (2001), Khairoutdinov and Randall (2001)

Application of

a 2D CSRM within each column of a large-scale dynamical model (LSDM)
w with periodic lateral boundary conditions
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Concept and viewgraph from Akio Arakawa
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(b) SPCFS (contours)
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North box : 40-100E; 5-35N
South box : 40-100E;15S-5N
600-200hPa (Xavier et. al. 2007)

Right result due to wrong reason in CFSv2

Tropospheric Temperature (K)
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(a) CFSv2

(¢) Temp Profile(ave@30S:30N)
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Mean state in SP-CFS has improved due o improvement in moist instability and
convective coupling as evident in the subsequent slides
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(a) NOAA_olr LOG[Power: 158-15N] (C) CFS_olr LOG[Power: 155-15N] (e) SPCFS_olr LOG[Power: 15S-15N]
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Ratio of Synoptic to ISO variance.
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Arakawa and Wu, 2013
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Pros

» Superparameterized CFS (SP-CFS) demonstrates the
merits of resolving cloud processes in a GCM

* Can be a good test bed
e Short run to for extreme events feasible (Li et al. 2014)

Cons
« Operationally not feasible (ensemble will be a challenge)



Impact of Revising Subgrid scale convection only RevSAS
JJAS Mean precip

(a) JJAS rainfall : TRMM
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(a) JJAS CONV—RAIN (mm/day) : TRMM—3G68
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(a) TRMM (b) SAS (c) RSAS
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(a) Low cloud (%) over CI
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(a) MERRA-TRMM (b) sas
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CFST382 (RED line), CFST126 (BLACK line), TRMM & MERRA (Dotted BLUE line)
OLR (INSAT) from Mahakur et al.
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Diurnal variation of population of TRMM VIRS congestus
for different regions over Indian monsoon region
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ISCCP estimated low cloud (%) (black line) and high cloud (%) (Red line)
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Our results are supplemented by few recent
studies e. g.

Preconditioning Deep Convection with Cumulus
Congestus by Hohenegger and Steven, 2013

A climatology of tropical congestus using CloudSat by
Wall et al. 2013

othesis based on observation for northward propagation
SO (Abhik et al, 2013)
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To simulate better stratiformm clouds a spectrum of cumulus
clouds is necessary.

Model tuning via
coupled convective and
stratiform clouds
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Separation into stratiform and convective clouds, detraining
water from convective clouds is source for stratiform clouds =>
radiative effects

If convective clouds change so do stratiformx\ j

=
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Two-moment bulk stratiform cloud microphysics in the GFDL AMJ3
GCM: description, evaluation, and sensitivity tests

M. Salzmaunl'-i, Y. Hingz, J.-C. Golazz, P. A. Ginoux’, H. Morrison’, A. Gettellnau3, M. Kl‘ﬁlnel‘4, and L. J. Donner’

NCEP Initiative
Sun and Han, AGU 2014 "Zhao and Carr microphysics scheme has been
implemented into the NCEP Global Forecasting System (GFS) for many years. It
predicts total cloud condensate (cloud water or ice). We are testing several
sophisticated microphysics schemes from the Weather Research and Forecasting
Model (WRF) in the GFS. These schemes have more cloud species and more
physically-based parameterized processes.”

3074 JOURNAL OF THE ATMOSPHERIC SCIENCES WVOLUME 59

Interactions between Cloud Microphysics and Cumulus Convection in a General
Circulation Model

LAaUrRA D. FOWLER AND DAVID A. RANDALL

Department of Armospheric Science, Colorado Srate University, Fort Collins, Colorado

(Manuscript received 1 May 2001, mn final form 17 May 2002)
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GCMs with implicit and explicit representation of cloud
microphysics for simulation of extreme precipitation frequency

In-5ik Kang - Young-Min Yang - Wei-Kuo Tao
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A new prognostic bulk microphysics

scheme for the IFS

Richard M. Forbes', Adrian M. Tompkins®

-

and Agathe Untch’

Research Department
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Figure 1: Schematic of the IFS cloud scheme: (a) the Tiedtke scheme with three moisture related prog-
nostic variables operational from 1995 to 2010 (before IFS Cy36r4) and (b) the new cloud scheme with
six moisture related prognostic variables (Cyv36r4 onwards). Yellow boxes indicate prognostic variables.

Surface Precipitation

2.2 Numerical framework

The new scheme is a multi-species prognostic microphysics scheme, with m = 5 prognostic equations
for water vapour, cloud liquid water, rain, cloud ice and snow. The equation governing each prognostic

cloud variable within the cloud scheme is

dg; 1 d
= 5 ——(pV, . 1
+ 59z (PVigy) - (1)

ot
where g, is the specific water content for category x (x = 1 for cloud liquid droplets, x = 2 for rain, and
so on), S, is the net source or sink of g, through microphysical processes, and the last term represents

the sedimentation of g, with fall speed V.
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The Convective and Microphysical
Scheme Communication
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Revised Cloud-Convective-Radiation in
CFSv2 T126

radiation

convection (REV SAS)

—— >
ﬁ% 506
microphysics
(WSM6)

(SAM)

turbulence

\ & 4

dynamics

Clouds are the result of complex interactions between a large number of processes
SAM: System of Atmospheric Model



ICE

CloudSat measurements are sensitive
to multiple particle types:

=» cloud ice (~small particle), snow,
>/ graupel

=» cloud liquid (~small particle), rain

&

D
/]
Note that: The Micro Wave Limb Sounder
////// ////// (MLS) provides IWC estimates described as
/small ice particles at levels in the upper-

troposphere

Slide Courtesy: Frank Li, JPL
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Revised convection, modified microphysics and radiation is able to improve the
mean state and Intraseasonal variability of CFSv2T126
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Vertical distribution of clouds (JJAS) averaged over 80-90E
and 90 to 100E

CFS CFS-CR

100 BO_SE 100 B0—S0E

200 200 1

S0 SO0

gggj 400

il =

;gg A b 700

QGGP 200
100005 205 105 a 10N 20N 30M 900

100 30— 1 00E 1 D[}[}EDS

200 . 100

300 200

ggg 300+

B0 ADD-

00 SO0

800 B0

=] F00
10004 : : : : . A0 -

305 20% 105 0 10N 20N 30M QDD
1DDQHE =
Jun -- Sept. (2006 -- 2010)
(a) Vertical distribution of clouds
:Z 80-90°E ————— —-—W——:h.‘.“ Low CIOUd
j.. captured by
— 6 p "
E e o ) CFS-CR as seen
20 .
§18 90-100°E |n CIOUdSGT
2 ' observation.
5]
0 -20 -10 0 10 20 30
| Latitude (deg.) CGPTUI"C

| T. Narayan Rao, Aneeshkumar et al.



DJF

() b, me-quJ i) 20-20"E e} 40-80°E fal DJF, Langitude = 0-20°E b} 2040°E

LB

{e} BO-100°E i 100-120°E

—_ —b=

1
1
1

(d) 60-80°E (] B0-100°E M 100-120°E

-
DR Fe 000 O R g S o D P

A e o T

i} 140-160°E

o R

(=0 Y
d ki
O e T WD P

- e

i
O e OO0 D Rl oG S D Rede

B
&
|
B

40 20 90 0 10 20 3030 20 0 0 10 20 3030 20 0 0 10 20 3
Latiuda )

I 1 Mean Clond Frecton Comp




o N WM T—- O M~ W 0 M - N~ W oM - —
BB BBbIFT LTIl LRC w oM -
[ T T 1
() 1yEiey {unq) oy {un) wBeH {w) wBieH
H H H h R H i H h H
1 = H
w =
¢ : S : :
; : ; :
L) T T L) L) T T T T T T
g mmmmmm ERE §F %% §8 BEg 2 % ¥ AHRE §§ Big F R § 8 2 F FRE § 3
@8] 2BGOS| A8 DBAS! 8n8| auBG0S| 28| DY/EqES] jan@| oUBqOS| 48| 2UBqS|
(wy) 1yBieH (i) wibireH () WEeH {uny) 1ubiay () WBoH {w) wEeH
([
(Vp]re :
TR : e
'3 8 ¥
— T T T T T T T T 7T T B 1
B & FER 38 EER 38 B B RAE B G E BRE § 8 FRAR &
@8] ouegos| [angl apegos: |ang| ouegos| 28| 2/Bqos| ana| oUBGos| 8| oBqos
(w} 1Blar (uni) wibireH () wibiaH funi) wbien () By () wilien
| ’ |
2
3
E _-m- L &
Am B RS 8B EEE B % B EE DS mmmmmwm:m g 88 88 RrB3
J {uny) B1oH () JyBiop () WyEeH (wy) Wb
1 1 H 1 h . 1 L 1 h h 1 1
& -7 FE & FE - I -
: - : -
w
E m . .M-W B -m-m - w -m-w - - &
= - < - -
T T LI T T LI T T LI T T T * T T LI T T _.r_ T _’. T ’l-l T _IJI 1
& & 3R §F FEEE T F R EE §F EEE B B FRE 9B EEE T ® OB RGO OB BOER OB OB OREE OGR OBEE T P ORORG PR FROIG
@A8| 1BG0S| [2AB| DEqOS! 48| 2BG0S| [2AB| DJEQOS! BAg| OUEGOS| [2AB| DUEQOS!
(W) Wi {uuns) ga () __._._m: {uans) 4oy ) EEI () wiBian
H n H n 1 I _ M n L M i _ M n L H H
k - &+ &+ h -5+ n - HE
. * s
w =
/O. [ 2 m ’ Lz m 2 m Lad m L2
2 & P & g _ -
& & =] -
T T LI T T T 1 T T T 7T T T T T T L T T T 7T T T j T T T __ T T j T T T 1 L
{: & R ER §8 REE 8 & RAER § R OB B R RR §E BBE B % B BE OEF BEE OB OB OBEB OGE OBRE OB OB ORAA OBR OBOG
BA8| 2U1B0S| [ana| opeqos| @8] ouEqos| [ana| JuEqos| an8| oUBqOS| [ana| JEnos|
() Wiy {uuex) wyBron () e (uny) yfijey () wbrap () wifijey
A - IS S TS SN S U S SN S SR

‘ 1 Il

- e &
- - 9

CES

il N
;

=
o = LB E:
. L :4|3 ted3 L2418 L s g
g | : s ) |
T £ 888 88 BEf : 8 EAB E3 EEE E FP R R 3B EGE P % R ARG §8 REE % 8 RAG 3B EEE % % RAE EF Bl
Jena) suBgos) ang) aueqost e suegos) ang) aueqost [ SuBGOE| [ena) auegost



o O M~ WD
© n wWw

(w) ey

& 4 @ +

w

47

m —- o
n w0 <

{wey) wiBian
5

4 @ -
1 L

S

o ]

_

g g

888 § 8
|ana) IuEgos|
() 1yBiaH

15

LA
g R

T
BEg B B

§ 8 § FRE §8
[8Ag] D)Jeqos! |3%a| JUEGDS|
(1) WbieH () WEiaH

885 58 Big 3
B8] JUBGOS|
() 1By

- 15
ES
- 15

T 1T T
g a8 58 2

_.
ig ¢

g § k8 §8
1ang) apieqos: 1848] UGO8
{unf) whioH () 1iBia

- -

- 15

1 “ 1

{uny) whieH
]

a

“
"

EEE 8 8 ERE § R

[or@) o|/eqos]
{uni) 1biay

e = +

100-120W

4 - +

160-180W

N

T T LI

gEE 8 ® B RE §8 BEE 8 ¥ B RE ¥ Bis
W3] SUEGDS) |ana| JUeqos!
(L) BseH {ws) wbiay

|

20-40W

I
048] 2BqS|
{uny) 1o

- s

-u

140-160W

g 8 g 888 88 288
1BA3| HEBGOS| |ana) aUBqos
() wBro (s} o

- 18

4
e

3
i M b
TEIE P 8
, T T 1T LI | LI 1
— V () wBieH (et wBieH (uy) ey {uny) wbieH {u) e () BieH
H H i 1 : H 1 H | H 1 N h h 1 H i H 1 N H h 1 N
“ y ‘ l‘ _||r‘ vy
1 7 £ & 5 & &
. ‘ ® ' E__ *®
| _ : '
w
E m - 5 4 & W &
= -
T T LI T T L T T L) LI L T L T T LI T T L T L} T L T ’ T T T T T T LI T T T T
8 & § FEF §F BEE &8 ® B EE §§ P28 B B 3 RE O§E BEg 8 BER 8§88 BEE 8 8% § 8 BEE 8 8 ®EE §8§ Big
48] UEGOS| [9AG| DBGOS] 1343 2UBQOS| [ang) D)EqOS] 1343) JUEGOS| [9A3| DEGOS]
() wBeH (i) WbieH () WEeH {wnf) o (un) WleH {w) wEeH
| n H i n L H H | n H H n L 1 M n L ; i - L h i )
i ——— 7
k ih -5 & &
; - -
(Vp) & '
=
= =] *
=
F. R I &R by & &
’ o . o
C T T T L. T T T T T T L T T L T T L T T T T T T T T T L I
& B FREE B g & & R BE § 8§ BEE B OB R RGE OGB BBE OZ B ORAGR OES BBERE OE OB OBRGE OGOB OBONGZ E EBEE 88 B2G%
88| JUEQOS| [ang| alEqos| |88 JUEGOS| (o8| DEq0S| 188 JUEqOS)| [on8| DEqoS|
() whey {weg) wbieH () wBaH {wny) 1joH () o () jeH
n n h 1 n n 1 H n 1 H n n T H n n 1 I
4 Lz

T T T 7T T T T 7T T T TT T T L T T T T T T T T T Jll_ T T
g & 3§ 8% 3% RBEE 8 & BEE LS By ot B §RE 88 BEE B8 % R EE oz o3
ena) SuBgos) [ana| Sueges 8ns] SuEaos) jana| SuEqes




CTRL Non-Convective Cloud Fraction %
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Amount of total rainfall contributed by different categories
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Total cloud water path corresponding to different rainfall categories
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Less OSR

More DSW

Real World Hydrometeors and Radiation| Model Hydrometeors and Radiatic

Bridging the Gap 1
CFSv2 using modified
Microphysics: WSM6



SCHEMATIC OF GEFS (SL) T574 L64 RUNNING AT
II'TM

GDAS Ensemble Initialization method: Ensemble
) — Kalman Filter (EnKF) scheme.
EnKF - GSI Hybrid Data Assimilation
System The 6-hr forecasts from the previous cycle
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Tropical Storm Relocation (if storm is present)

Centering of the perturbations on the ensemble control analysis
(Distributes the spread around analysis instead of Ensemble Mean
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POST PROCESSING : 192 hr (8 days) forecast




SCHEMATIC OF GFS (SL) T1534 L64 RUNNING AT
II'T™

GDAS
EnKF - GSI Hybrid Data Assimilation System
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Recent very heavy rainfall over west coast predicted by
GEFS T574 (30 km) with the probability

Forecast Valid for 23 Sept 2016 1C:22
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Summary

Improvement of GCM through better representation of cloud
processes

Mean as well as Intraseasonal variability improved
Efficient in capturing the low clouds
GFES T1534 shows promise in capturing heavy precip

GEFS T574 efficient in providing probability of heavy rain
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