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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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Moncrieff et al, 2012, BAMS
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The organized systems exhibit hierarchical coherence: (i) mesoscale systems consist of families of cumulonimbus; (ii)
cumulonimbus and MCS are embedded in synoptic waves; and (iii) the MJO/MISO

is an envelope of cumulonimbus, MCS, and superclusters.

The upscale effects of convective organization are not represented in traditional climate models.
The mean atmospheric state exerts a strong downscale control on convective
structure, frequency, and variability. Mesoscale convective organization bridges the scale gap assumed in traditional
convective parameterization.

()
(ii)
(iii)

SCM/CRM resolves cumulus, camulonimbus, mesoscale circulations, but the computational domain is small
(~100 km) and simulations short (~1 day).
Two-dimensional CSRMs in superparameterized global models permit MCS-type organization and mesoscale
dynamics.
High-resolution global numerical prediction models may crudely represent

large MCS (superclusters). (iv) MCS, and other mesoscale dynamical systems,
are absent from traditional climate models—organized convection is not parameterized.



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 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)



CFSv2 T126 bias
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Seasonal mean bias in a) precipitation (mm day-1), b) SST S°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, DOT 10.1007/s00382-015-2769-9



Fig. 4 Probability distribu-
tion function (PDF) of daily
rainfall (mm day ") during all
JJAS seasons with a bin width
of 5 mm day ! in percentage
over a central India (CI). b Bay
of Bengal (BoB), ¢ Arabian
Sea (AS) and eastern equato-
rial Indian Ocean (EEIO). The
regions are marked by white
boxes in Fig. 3b
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Abhik et al. 2015
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Fig. 8 a b Longitude versus lag correlation and ¢, d latitude versus EEIO (10°S-5°N, 75°-100°E) for observation and CFS T382. For
lag correlation of 20-100-day filtered precipitation (shaded) and Ugg, longitude-lag (latitude-lag) plot data are averaged between 70°E and
(contour) with base 20-100-day filtered precipitation time series over 90°E (10°S and 10°N)



Goswami
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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)




Daily Scale

(@) Observation (b) T62
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Scatter plot of OLR vs Precipitation for JTAS monsoon zone India. OLR is taken from
NOAA and precipitation from TRMM



\ Diurnal Issue \
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Both the model produces shallow convection throughout the day
consistent with too much of lighter precipitation Ganai et al. 2015




Climatology of JJA Precipitation Kinfer efal 2013
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Adopted from Emilia Jin, Athena Wotkshop, ECMWE, 7-8 June 2010




Standard Deviation of JJA Precipitation Anomalies
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ROUTE I Arakawa and Wu, 2013
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FIG. 3. Two routes for unifying the low- and high-resolution
models.

Route IT with 2D MMF: accomplished in IITM through
development of SP-CFS



Attempts of Improving the biases of CFSv2
through Superparameterized CFS (SP-CFS)

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
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Super-parameterization-New
Approach of treating cloud in GCM

Single-Column (of GCM) Modeling (SCM) 1.8°
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The Concept of Superparameterization

CRM GCM
timeline timeline
- Requirement for CFS for
Leap-Frog
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About Superparameterization

« The concept first put forward by Grabowski (2001,
JAS) and Khaidrotdinov and Randal (2001, GRL). KRO1
has coined the word 'Super parameterization’

« Randal et al (2003, BAMS) GCM

Simulated e Parameterized

large-scale «— Processes
dynamics

SCM/CSRM

Observed e Parameterized
large-scale processes
dynamics or CSRM

A typical gr'ld in super pamme’rer‘lza’r’rlon

3D CRM

Randal et al. 2003, BAMS



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
parameterization of the GCM.

L] * Model integrated for 6.5 years and five
<l years are analyzed
-~ < T62 >

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
y
Atthe e points the LSDM /‘
and the domain-average
of the CSRM interact. %H/H%%
z
/'.'%“—%"*ﬂ/
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Concept and viewgraph from Akio Arakawa
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Annual Cycle of Rainfall (mm d™)
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Annual cycle of the climatological mean rainfall (mm day') averaged
over the area: 15°N-25°N; 75°E-90°E.
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Joint distribution of rainfall (mm day!), along y-axis, and OLR (W m-2), along x-axis, computed
for each grid point, (a) & (b) over the monsoon domain bounded by 15°S-30°N and 50°E-110°E and
(c) & (d) over the entire Tropics within 15°S-15°N, for the 5 boreal summers (JJAS). For
observation we have taken TRMM rainfall and NOAA OLR. Model simulated values are contoured
and overlaid on observation (in shading). The values are in multiples of 100.



North box : 40-100E; >-35N Right result due to wrong reason in CFSv2
South box : 40-100E;15S-5N

600T-200hl?a (Xavier et. al. 2007)

Tropospheric Temperature (K)

40N % . z : c:::-;;.:s TT Gradient (North—South)

30 usf B e0E & S 105 (ms z — ;er North Box
2381 —— NCEP

Improvement in tropospheric :A

temperature biasis seenin TT -

gradient. Even though the Gradient 24

looks reasonable in both CFS and e

SPCFS, but the bias is seen when we T R T T S TR CR T T

see the North and South boxes ] [——

TR . ) 28] —— spers South Box

individually. The TT-gradient in a 27 NCEP

cooler background in CFS perhaps is ﬁi__//_\b ==

consistent with reasonable circulation g

pattern (Fig-12 in manuscript) but e [ o

deficient moisture (Fig-13b in iar

manuscript) leading to dry monsoon. B T R R R CR T T



(o) CFSv2

(¢) Temp Profile(ave®30S;30N)
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Boreal summer (JJAS) climatological Tropospheric temperature bias of (a)
CFSv2 and (b) SP-CFS, relative to NCEP. (Averaged between 600hPa-300hPa).
(c) Vertical profile of JTAS mean climatological temperature for tropics
(30°S-30°N; 0°E-360°E).




Mean state in SP-CFS has improved due to improvement in moist instability and
convective coupling as evident in the subsequent slides
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Space-Time spectra (Wheeler-Kiladis diagram [Wheeler and Kiladis, 1999]) of OLR
showing the symmetric component for (a) NOAA OLR, (c) CFSv2 and (e) SP-CFS
and the anti-symmetric component for (b) NOAA OLR, (d) CFSv2 and (f) SP-CFS.



Ratio of Synoptic to ISO variance.
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SP-CFS has improved the bias in synoptic and ISO variance



Super-parameterized GCMs

* 2001: SP-CAM
* 2007: SP-fvGCM: NASA GSFC (Wei-Kuo Tao)
®* 2010: SP-WREF: (Stefan Tulich)

® 201 1: SP-CFS: Indian Institute of Tropical Meteorology
* 2014: SP-IFS: ECMWF

Slide Courtesy: Dr. Marat Khairoutdinov Global status of Superparameterization



What is the use of SP framework apart from demonstrating the

role of resolving the cloud processes in the GCM?

"Super-parameterization™ A better wa

extreme precipitation?, by Li et al., JGR 2012
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detrainment

\

“cumulus-
induced”

entrainment Subsidence

grid size

Arakawa et al. 2011, ACP

O is the fr‘ac’rfonal area c;overed
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. he
existence of such an area is
one of the basic assumptions
of this paper.” In reality, the
GCM ﬂrid cells are not large
enough and, at the same time,
not small enough.

Arakawa and Wu, 2013
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Revised SAS

A revised version of SAS deep convection scheme
following Han and Pan (2011) 1s tested and evaluated.

For deep convection, the scheme 1s revised to make
cumulus convection stronger and deeper to deplete more
instability 1n the atmospheric column.

Large eddy simulation (LES) studies by Siebesma and
Cuypers (1995) indicate that the fractional entrainment and
detrainment rates are one order of magnitude larger than the
values used 1n most existing deep convection schemes.

The GFS used 1n this test has 64 vertical sigma-pressure hybrid layers
and T126 horizontal resolution (about 100 km at the equator). The CFS
run was 1nitialized at 0000 UTC 16 December 2002 and ran for 45 days.
The CFS forecasts during the preceding 15 days (a spin up period) have
been discarded from the analysis, and forecast results during the
remaining 1-month period are presented. An evaluation using a longer
CFS run would be desirable, but will be left for a future study.




Default SAS

Revised SAS

SAS suffers from
underestimating the
entrainment/detrainment
rates by one order of

Maximum allowable cloud
base mass flux (M, ,,) IS
increased by defining a criteria
proposed by Jacob and

magnitude. Siebesma (2003).
Entrainment Entrainment is considered to | Entrainment is allowed above
take place at levels below the the cloud base also
cloud base only
Detrainment from the cloud top only for all the levels.
Entrainment uniform below the cloud base | in sub-cloud layer is inversely
rate proportional to the height

Han and Pan (2011), Pattnaik et al (2013), W. C. de Rooy et al. (2014),
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FiG. 7. Schematic picture of the turbulent mixing mechanism of a
shallow cloud ensemble. In the case of the standard values of € and
9, the scheme behaves approximately as a nonleaking funnel with
massive detrainment at cloud top. When using the enhanced values
of ¢ and 8, as suggested by the LES results, there is more intense
lateral mixing and a decreasing mass flux with height due to the fact
that 6 > € and hence little massive detrainment at the top.

Model Impacts of Entrainment and Detrainment Rates in Shallow Cumulus Convection

A. P. SEeBESMA AND A. A. M. HOLTSLAG*

JAS, 1996



Impact of Revising Subgrid scale convection only RevSAS
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124 (@) Averoged over BOX (74E~B3E, 18N~-26N)

10{ ——— CFS_RevSAS
g{ — CFS_Oidsas
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30N
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C=0.853 | & CC=0.844 i) Nt
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( a) The area averaged smoothed (first 3 harmonics plus mean) annual c¥cle of climatological
rainfall (mm dc%—l) averaged over CI from TRMM (black line), CFSv2 with old SAS (red Tine)
and revised SAS (blue line) scheme. Time-latitude section of rainfall (mm day-1) from b
CFS2 with revised SAS, (<é) CFSv2 with old SAS scheme and Sd )TRMM averaged over 70°E-
90?‘_ER. NE;\\AASE and pattern CC is calculated for revised SAS (b) and old SAS (c) with respect
to
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Convective Rain
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Convective-rain O1dSAS Convective-rain-RevSAS
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(@) MERRA-TRMM (b) sas
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Joint probability distribution function of rainfall (mmday!), along the
y axis, and column integrated (surface to 100 hPa) MS %x 107 Im-2),
along the x-axis, over CI region for (a) observation (TRMM and
MERRA), CFSv2 with (b) SAS and (c) RSAS scheme during JTAS.
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To simulate better stratiform clouds a spectrum of cumulus
clouds is necessary.

Model tuning via
coupled convective and
stratiform clouds
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Revised Cloud-Convective-Radiation in CFSv2 T126
(To enhance the grid scale variability)

. radiation
convection (REV SAS)

(SAM)

>
feee,

(WSM6)
turbulence

dynamics V

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




Fig. 8 Percentage of pre- I Convective I Stratiform

cipitation (averaged over 100
SAM region, 10°N-30°N and
70°E-100°E) explained by 80
convective (red bars) and strati-

form (blue bars) types in the 60

historical simulations of the 16
CMIPS5 models along with that

from observations (TRMM) 0
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Why ensemble mean projection of south Asian monsoon rainfall
by CMIP5 models is not reliable? C. T. Sabeerali - Suryachandra A. Rao -
A. R. Dhakate -K. Salunke - B. N. Goswami, Cli. Dyn. 2015




Revised convection, modified microphysics and radiation is able to improve the
mean state and Intraseasonal variability of CFSv2T126
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More DSW

Bridging the Gap 1
CFSv2 using modified
Microphysics: WSM6



Summary

 Superparameterization is promising in improving grid scale
varialgi}i’ry and could be explored for high spatio-temporal ranfall
variabiltiy.

* Improving the convective closures with better observational
constraint.

* Robust microphysical schemes help improving the mean and
intraseasonal variablity of the model.
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