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Tssues of Representing clouds in climate models
including NCEP CFSv2 (operational model in India)

* Recent New paradigms in dealing cloud and
convection parameterization in climate model

* Summary
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Scales of Motions

Atmospheric motions have
different scales.

fronts
hurricanes
mountain & lake
disfurbances

— Climate model resolutions:
- Regional: 50 km
Global: 100~200 km

Sub-grid scale processes:
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Characteristic scales
of atmospheric
processes

Physical parameterization:
To represent the effect of
sub-grid processes by using
resolvable scale fields.



Length scales in the atmosphere
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No single model can encompass all relevant processes
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CMIP3/CMIP5 precipitation biases

o CMIP3 and CMIP5 models show large dry biases over
India but wet biases over the WEIO and Maritime

Continent in boreal summer.
.d) CMIPS MMM 0.90 1) CMIP5 MMM — GPCP

Sperber, Annamalai, Kang, Kitoh, Moise, Turner, Wang and Zhou (2012)
Climate Dynamics.



IFS T2047
10 km

TRMM
25km

NICAM
7 km
fz,o‘"" %“’a
% el 45

Climatology of JJA Precipitation <nter etal 2013

SLIFS T1279
Sl 15km

IFS T1511
39km

IFS T1159
125 km

Adopted from Emilia Jin, Athena Workshop, ECMWE, 7-8 June 2010



CFSv2 T126 (~100km) bias CFSv2 T382(~38km) bias

(a) Precip (mm/day): CFS_T126 — TRMM
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(b) SST (deg C): CFS_T126 — OISST
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(c) UB50 (m/s): CFS_T126 — NCEP aom
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(d) TT (K): CFS_T126 — NCEP
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Seasonal mean bias in a) precipitation (mm day-1), b) SST (°C), ¢) zonal wind at
850 hPa (m s -1 ) and d) tropospheric temperature (TT, K) relative to TRMM,

TMI and CFSR respectively
Abhik et al. Cli. Dyn. 2015, DOI 10.1007/500382-015-2769-9



(a) GPCP : SYN/TOT Variance (%)
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a) Ratio of synoptic scale (2-10 day bandpassed) variance to total variance in GPCP; b) ratio of
ISO scale (10-90 day bandpassed) variance to total variance in GPCP; c) ratio of ISO scale
variance to synoptic scale variance in GPCP; d) ratio of synoptic scale variance to total
variance inCFSv2. e) Ratio of ISO scale variance to total variance in CFSv2; f) ratio of ISO
scale variance to synoptic scale variance in CFSv2 (the values are given in percentage)
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too much of lighter precipitation
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o <<]
detrainment
“cumulus- arid-saale
md'-'lced updraft
entrainment Subsidence

grid size

Arakawa et al. 2011, ACP
o is the fractional area covered
by all convective clouds in the
grid cell
AS ‘Consider a horizontal
area - large enough to contain
an ensemble of cumulus clouds
but small enough to cover a
fraction of a large-scale
disturbance. The existence of
such an area is one of the
basic assumptions of this
paper.” In reality, the GCM
grid cells are not large enough
and, at the same time, not
small enough.

Arakawa and Wu, 2013
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F1G. 9. A simplified view of the cloud microphysical conversions
included in the CRM simulation used in this paper. See text for



Arakawa and Wu, 2013

ROUTE 1l
Q3D MMF

4

uoneziialawesed jo aaibaqg

/
> ROUTE |
2 Unified Parameterization
+ W= | | ]
10%km 10%km 10 km 1km

Horizontal resolution

F1G. 3. Two routes for unifying the low- and high-resolution
models.

Route IT with 2D MMF: accomplished in IITM through development of
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Superparameterized CFSv2-T62 (SPCFS) Analyses of 6.5 year free run

Convective
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Bidyut B. Goswami, R. P. M. Krishna, P. Mukhopadhyay, Marat
Khairoutdinov, and B. N. Goswami, 2015: Simulation of the Indian
Summer Monsoon in the Superparameterized Climate Forecast
System Version 2: Preliminary Results. J. Climate, 28, 8988-9012

tendencies are explicitly

simulated with a Cloud Resolving Model

running in each GCM grid column which
replaces the traditional cumulus

parameterization of the GCM.

* Model integrated for 6.5 years and

five years are analyzed

2.5° ~ 300 km
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32-64 CEM columns x 4k

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)

with periodic lateral boundary conditions

) 4
Atthe e points the LSDM

and the domain-average /
of the CSRM interact. / .,M,.../

Concept and viewgraph from Akio Arakawa



Ratio of Synoptic to ISO variance.
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GCMs with implicit and explicit representation of cloud
microphysics for simulation of extreme precipitation frequency

In-Sik Kang * Young-Min Yang - Wei-Kuo Tao
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Vertical cloud structures of the boreal summer intraseasonal

variability based on CloudSat observations and ERA-interim

reanalysis

Xianan Jiang * Duane E. Waliser * Jui-Lin Li -

Christopher Woods
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Hypothesis based on observation for northward propagation BSISO
(Abhik et al, 2013)
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A new prognostic bulk microphysics
scheme for the IFS

Richard M. Forbes', Adrian M. Tompkins®
and Agathe Untch'

Research Department

TECMWF “ICTF, Htaly

Saptembar 2011
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a Previous cloud scheme b New cloud scheme
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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 IF'S Cy36r4) and (b) the new cloud scheme with
six moisture related prognostic variables (Cy36rd 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

a@'x o li
> —5_r+paz (PViqy) (D

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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where n = [n,., n, n,, N, n, N, ] represents the concentration of rain, ice crystals,
snow, graupel, cloud water, water vap.



Revised convection, modified microphysics and radiation is able to improve the
mean state and Intraseasonal variability of CFSv2T126
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Fig. 8 Percentape of pre-
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Why ensemble mean projection of south Asian monsoon rainfall
by CMIP5 models is not reliable? C. T. Sabeerali - Suryachandra A.

CMCC-CM2

A. R. Dhakate -K. Salunke -

CHRAM-CMS
GFOL-CM3
MIRCC-ESk
CanEsk2

EMLI-ESM

MPI_ESM_LA
HFI_EEM-MF
GFDOL-ESM2G
GFDL-ESMEM
NROC-ESM-CHER

B. N. Goswami, Cli. Dyn. 2015

HNorESA1.M

FGOALSg2.0

GEIRC-MIIE.D

ACCESSYO
ACCESS13

Rao




GCM CLoUD IcE WATER CONTENT (IWC)
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Cloud Ice Water Content
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Cloud Ice Water Content @275 hFPa
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Spatial distribution of ISO
scale (20-90 day
bandpassed) variance for (a)
TRMM,

(b) CTRL, and

(c) CFSCR;

Spatial distribution synoptic
scale (2-20 day bandpassed)
variance for (d) TRMM, (e)
CTRL, and (f) CFSCR.

All of the variances are
computed for JJTAS daily

rainfall anomalies (mm day?).

30N . "« 7 |a) Observation
15N =t ~ sk
0 N”‘Ti’ ” -
= ~ . -
158 o RS i)

2- ~ = b):CT

- SN
A ;

30N 8

15N Rl

158

30N ==

>
15N HEEE

158 4

60E 90E 120E 150E 180 150W 120w

12 14 16 18 20 22 24 26 28 30 40
30N eSS R e W A o o bservati
3 Ry . e " ¢ - I % -‘*_» ; A : A5 ’, D o AT
15N + B \Eed e BRI % et ‘. G &-_‘lb

60E 90E 120E 150E 180 150W 120w

70 72 74 76 78 80 82 84 86 88 90



_ ~  New Par'adilgm
Stochastic modelling in Climate Forecast System (CFSsmcm) Model
Convective tendencies are explicitly simulated in each GCM grid column which
replaces the traditional cumulus parameterization of the GCM.

A Framework for the implementation of the Stochastic model in CFS

Stochastic nature in the convective process
*Existence of different clouds

Distinguishing different clouds and organizing
*Resolution awareness and dynamic switching
off in convection

GCM grid
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Global ensemble forecast system (at highest resolution 12km) : IC 7 June 2018 00Z: forecast

valid for 10 June 2018 00Z (+72h forecast)
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IHigh Resolution global 12.5 km model gives better skill (The skill of GFS
T574 with 3 day lead is now extended to 5 days with T1534 ~12.5 km
global GFS
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Summary and Conclusion

Improvement of cloud and convective parameterization has
significantly reduced the systematic biases of the model
Improved Cloud process parameterization has reduced the
convective rainfall bias of model

CFSCR has showed better synoptic scale variance and
improved convectively coupled equatorial wave and
propagations.

Recent approach of stochastic multi cloud model approach has
been able to improve the variance of tropical waves.

All these physics improvement tested in coarser version of
T126 will now be put in the high resolution GFS T1534 for
improvement of Ensemble prediction system at 10 days time
scale
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