The Challenge of Predicting the South
Asian Summer Monsoon : A Way Forward
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Outline

“*Why is predicting the ISM a Grand
Challenge ?

“*Potential Predictability: Climate Noise- a
Game spoiler

“*Origin of Climate Noise : Leading Role of
Monsoon Intra-Seasonal Oscillations (MISO)

**The Monsoon Mission : Attempt to scale the
potential predictability barrier!

“*Some important model developments at IITM

P




What is the Indian Summer Monsoon?

A manifestation of seasonal northward
migration of the Rain Band or Tropical
Convergence Zone (TCZ)

P
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Rainfall Climatology of July (mmda
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Indian monsoon rainfall correlates strongly with
food production & GDP

Corr=0.76

Impact on FGP (as % departure)
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Gadgil
s

% departure of ISMR

Variation of ISMR and its impact on
food grain production ; drought
and excess rainfall years are

respectively.
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Variation of ISMR & its impact
on GDP; drought and excess
rainfall years are
respectively.

and Gadgil, Economic and Political Weekly, XLI, pp.4887—4895,2006.




The Problem!
While skill of prediction of seasonal mean rainfall by

climate models have improved over Tropics,
over the Asian Monsoon region has been poor.
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Why has the skill of Asian monsoon prediction remained poor
while models are doing very well in other parts of tropics?

How far the skill could be pushed through improvement of

p_%ion system?

: . |
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5I4 O>
* Wang ¢t al. (2005)
CC between the observed and MME hindcast June-
August precipitations (1979-1999)




(Charney and Shukla, 1981; Shukla, 1981, 1988; Lau, 1985).

tropical climate is more
predictable

than extra-tropics

Sperber and Palmer 1996, Sugi et.al.1997, Brankovic and
Palmer 1997, Brankovic and Palmer 2000, Sperber et. al.

2001, Kang et. al. 2002 .




Limit on Potential Predictability of monsoon

Predictability of the seasonal mean

AA-Monsoon

External (slow process )
I

(o Coupled Ocean -
Atmosphere Interaction
* | and Surface process
(soil moisture, Tibetan

\plateau Eurasian snow)

T

|AV of the Monsoon
Annual Cycle (MAC)

!

Internal (fast process)

-

A

Monsoon
Annual Cycle

\

AA monsoon system

H Summer ISO j

&
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Modulation of ISO's by
slow oscillation ?

Atmospheri
Dynamics

Internal

i

Air-Sea
Coupling

)

Goswami, Wu
and Yasunari,
2006, J.
Climate




Estimates of potential predictability

F = ‘total’ /'internal’ interannual variance

JJAS zonal winds at
850 hPa from NCEP
reanalysis

Goswami and
Ajayamohan,2001

60E 90E  120E  150E 180  150W  120W  90OW 60W
JJAS Precipitation

SON 5 from 5 ensemble

20N A simulations of 20

10N - years by LMD
Q11 model

10S -

20S - Goswami and

308 Xavier, 2005
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With F>>2 in large part of tropics, predictability high in tropics!



Estimates of potential predictability

F = ‘total’ /'internal’ interannual variance

JJAS zonal winds at
850 hPa from NCEP

‘! .reanalysis
4 i

= Goswami and

| ,ﬁ

e Over Asian

90E 120E Monson
region

Fr~2 ‘ 50% or more of IAV is governed by Climate Noise!
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DAILY RAINFALL AVE(72E—87E,10N—25N)
1972 : : : - Seasonal rainfell 79.7 cm

Where does the Climate

Noise or ‘Internal’ IAV of [EuEEEY " [ TSI SR
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Lag composite of MISO: 25-90 day (GPCP JJAS)

T % A MISO evolution
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And Convectively Coupled...
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F1G. 2. Wavenumber—frequency spectral power of observed
precipitation and 850-hPa zonal winds anomalies averaged over
the latitude band 5°-25°N. The y axis left ordinate is frequency (in
cycles per day, cpd) and right ordinate 1s period (days), while the
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Amplitude

St Why MISO are

Important?

. They

> /I represent a
Amplitude [ T s | verylarge

of IAV of ! | » " Qg signal and

Seasonal ] T Ly SEEPE once
Mean a7, ' potentially
predictable!
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How does the MISO modulate the Seasonal Mean?

A common mode : Intraseasonal & interannual variability

30N

Structure of dominant ISO mode
20N -

Active-Break composite of
precipitation from NCEP BI'M

From 10-90 day filtered precip. EQ-
Between 1 June-30 Sept., 1949-
2002

60E 80E 100E 120E

Structure of dominant ISV mode

Strong-weak monsoon
composite of precipitation from
NCEP

From JJAS precip. Between
3iie] 949 and 2002, 6 strong and 4
s weak monsoon years.

80E 100E 120E



How does the ISOs influence the seasonal mean
and IAV ?

> We have shown that the spatial structure of the
summer ISOs have certain similarity with that of
the summer seasonal mean. A common spatial
mode of sub-seasonal and interannual variability.

> Seasonal mean of ISO anomaly can influence
seasonal mean if frequency of occurrence of active
and break phases are different.




Frequency distribution of ISO
anomalies of P over 70E-90E,

10N-30N

Goswami ,Wu and
Yasunari, 2006, J.
Climate

‘strong’ Indian

'‘weak’ Indian

monsoon years

MOoNso0on years

(A) 10-20 days (D) 10-20 days

Anomaly of seasonal mean
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Sfaascrgl mean IS0 anomaly? Seasonal mean 1SO anomaly
Figure 13. Scatter plot of interannual anomalies of
scasonal mean versus seasonal mean of intraseasonal
anomalies of precipitation (mm day ') from (a) 10—
20 days band, (b) from 30-90 days band and (c) from
10-90 days band at all grid points in the domain 70° -
100°E, 10°-30°N. (d, e, f) Similar to Figures 13a, 13b, and
13¢, but for U8S50. Correlation values are given in the
respective panels.

Goswami and Xavier, 2005, JGR




A Nonlinear Mechanism: Interaction between vigorous ISQO’s
and the Annual Cycle gives rise to ‘internal’ interannual variability

A toy model for Atmospheric-Fluctuations under an
Annually varying forcing

X=-Y2-22-aX + F &= soarforcing

Y = XY - bXZ - cY + G e== Land-ocean
contrast

Z = bXY + XZ —cZ

F = F, + F,cos(nt/1),

X-> Zonal mean, Y,Z-> wave
component,a,c-> dissipation

P




_F0=7.62, F1=0.0. G=1.18
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Based on these research,

What is needed to improve South Asian Monsoon Prediction *

»The Asian monsoon Annual Cycle:
»Models must simulate mean monsoon climate with high
fidelity

»ENSO-Monsoon Teleconnection:
»Models must simulate the ENSO-Monsoon teleconnection

correctly in phase and amplitude

»Internal Dynamics:
»Models must also simulate the ‘Internal Dynamics’

contri

pution to seasonal mean correctly. This means that
s must simulate the Monsoon ISO (MISOs) correctly

plitude and northward propagation ! I

P



A way forward!

The Monsoon Mission:

A mission mode project to deliver quantifiable
improved forecast of Seasonal mean monsoon
rainfall

of
The Ministry of Earth Sciences, Govt. of India
To be led and coordinated by IITM

P




The Context

»Any deterministic chaotic system like the Indian
monsoon climate (seasonal mean) has a Theoretical Limit

on Predictability

> The skill of a Prediction System, with a prediction model
and data assimilation is generally lower than the
theoretical limit but strives to reach it!

»The Monsoon Mission dreams of pushing the present
skill of models to reach the limit of predictability!




Basis for Optimism for improvement of
seasonal prediction of monsoon!

» Current skill of models fall far short of the
limit on potential predictability.
» And there 1s indication that the skill of
dynamical models are improving!
»How can we push the skill to reach close to
limit?

‘ Goal of Monsoon Mission

|

P
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: Skill of ISMR prediction
Krishna Kumar et al , 2005, GRL by ENSEMBLES models
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Fig. 13 PDFs of the correlation skill of ISME based on a theoretical
“perfect model™ analysis (red curve) and based on the actual skill

compared to the observed ISMR (black cwrve). a for the period
19601979 and b 1980-2005

Rajeevan et al. 2011,
Climate Dynamics




Correlation Coefficients between the observation and
prediction of precipitation using Multi models

Earlier version models Latest models (ENSEMBLES)
1979-1999 1979-1999

30N 1
20N -

10N{Y)’
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10S -

20

80E 1206 160E  160W| 120  80W AR

40E

-0.2 0.2

Poor skill Improved

High skl skill High skill



T382L64 Skill of Rainfall

180 150W 120W

4

%, GPCP /S CFSv.2 T382, latest model at IITM j !




Fine Tuning the Mission Objectives..

On seasonal time scale, only large scale like All
Indian Summer Monsoon Rainfall (ISMR) is
predictable and is useful for policy makers as a
severe drought still influences the GDP by 2-5%

However, ISMR is not useful for hydrological
purposes and for farmers as seasonal mean
rainfall is highly spatially inhomogeneous except
in extreme cases!

Hence, in addition to prediction of ISMR,
predlctlon of something more useful to farmers is




Extreme Years : Seasonal mean anomaly homogeneous

Normal Years : Seasonal mean
anomaly inhomogeneous
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DAILY RAINFALL AVE(72E—87E,10N—25N)

Indian monsoon-is
characterized by the

Active-break spells (cycles)

Daily rainfall (mm/day)
over central India for

0
1Jdun

Seasonql rainfall 79 7 cm

1972

18Jun 1Jul 18Jul 14ug 15ep 16Sep

three years, 1972, 1986
and 1988

The smooth curve shows
long term mean.

Red shows above normal

dry spells

1986 - Seasonal rainfaoll 91.0 e¢m

184un 1Jul 18Jul 1Aug 16Aug 1Sep 16Sep

‘Seasonal rainfall 112.8 cm

................................................

18Aug 1§ep 18éep




Potential Predictability of MISO

Rain gauge data
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FIGURE 6.4: Same as Fig.6.3A, but for high resolution gridded daily rain gauge data (Rajeevan et al.,
2006) for the JJAS season of 1951-2003, averaged over 70°-90°E, 18°-30°N.




Therefore, the Goal of the Monsoon Mission....

»To set up and improve a Dynamical Seasonal
Prediction System in India as well-as to set up and
improve a System of Dynamical Extended Range
prediction of the Active-Break spells of MISO

Target

> To achieve correlation between observed and
predicted ISMR of 0.7!

»>To achieve lead time of 25 days for 0.6 correlation
_between observed and predicted MISO index! |

P




Seasonal and Extended Range Prediction
Model Selection

¢ Through the NOAA-MoES MoU Institutional
support from NCEP will be available.

“*For predicting monsoon rainfall, skill.of no
coupled model 1s good. However, amongst the
existing model systems, skill of CFS seems to
be on the better side. It also has a reasonable
monsoon climatology

“* Appears to be a system upon which future

developments could be built

P




Land Rainfall
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Good simulation of MISO by CFSv.2

Lead lag correlation plot: Ref. series: 70-90E,12N-22N

gpcp | | jias cfs_freerun jjas
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However, the model has significant dry bias over
Indian land mass and cold SST bias!

[R)SET dilf ((levE-ERSST

TN
1% S
l...l'.

-8

Last 20 years JJAS climatology difference
between CFSv2 and Observation




Difference in Tropospheric Temperature between model
simulations and observations

DJFI_F_ Control — MNE EF |-|_|_ A00—-H500 hF]?.E-.H
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Cold bias throughout the troposphere!




High Resolution CFSv.2 improves cold bias

over India substantially!.
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mproving Prediction o
Seasonal/Extended &
hort /MEdium RE] e[ 1t is important

hat all development work
should be done on

Cou pled V] ode operational model

CFS v2.0

Model Development &
Improvement in
Physical Parameterization

Basic
Research

Data
Assimilation




Implementation Strategy

**To forge an working relationship with the
Academic Community and engage the
Community on improving the Operational
Forecast System through an

to

*Reduce the biases of the CFS model

**To improve skill of prediction of seasonal mean
monsoon as well as MISO

**To carry out some basic research for improving

physical processes in the Forecast model




Implementation Framework

IMD

INCOIS




Deliverables

**An Indian Model with improved skill
for

“*Seasonal and Extended Range Prediction
“*Short and Medium Range Prediction
**To train a substantial group of young
Indian scientists on Model Building.

P




Support of Proposals

“* Proposals Submitted: 50

¢ Proposals rejected: 16

¢ Proposals funded: 25

USA
m UK
B Europe
H Japan
B India
Canada

Australia




Major areas of support

¢ Data assimilation (EnKF):1

¢ Model Development (LSM, Ocean,
AGCM): 10

¢ Cloud Parametrization: 3

¢ Model Diagnostics: 5

** Regional Downscaling: 3

¢ Applications (Hydrology): 1
*Model Code development: 2
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First time in the country, we shall have
Petafloop computing capacity at MoES!

Combined
capacity of
MoES >1PE
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Time lines-of the Monsoon Mission
Identify the strengths and weakness of the model and
20 1 1 - 20 1 2 define the problems for further investigation. Invite the project
Proposals and distribute the work
2012-2015
2012-2015
2015-2016

2017

Carryout research on identified problems together with national/
international partners and review the progress made by external
experts committee

Implement the experts suggestions in the proposal and carryout
the model development activities and test the model’s skill

Expected to have an intermediate model, whose skill will be
better than model adopted at the initial stages.

Review the progress made by the national mission
A New Indian Model and Prediction System

d



Real time Seasonal Forecasts
by the IH'M Model
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(a) 2014 Rainfall Anomaly mm/day
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(a) 2014 Rainfall Anomaly
I |




2014 JJAS
Rainfall
anomaly (Indian
Landmass)




Departure  AIR: 95.75%
I

% departure of 2014
all India JJAS
Rainfall

Monsoon
performance IS
95.75%




(@) 2014 SSTA
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2014 JJAS SST anomaly (Indian Ocean)




Evolution of EIOD box SST anomaly




Evolution of NINO3 box SST anomaly
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Probabilistic Forecast based on CFS V2 T382

96-104% | 104-110% | >110%

Probability  20% 4% 3% 10% 3%

Forecast
(54
Ensembles)




__long climate variability studies

Some Important developments at lITM.

Model Development

. Some major biases of CFSv.2 are hypothesized to be due
to poor microphysics parameterization in the SAS scheme
in the model. Starting from basic principle, the
microphysics of ice and mixed phase processes improved
significantly in the model leading to improvement of
biases (will be presented by Anupam Hazra)

. A superparameterized version of CFSv.2 (SP-CFS) has
been successfully established and integrated for 3 years.

. The land surface scheme in CFSv.2 is being improved
. A completely new IITM coupled climate developed for

P




In House Developments - I

aaipinmeo = NN ER) (] VEQ)R eleln

simulation by CFSv.2 by

fundamental improvement in
the cloud parameterization in
the model

P
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Model Deficiencies

»>Too dry over Indian
continent

»Compared to Obs.
Produces too little
stratiform clouds and too
much convective ones

CFSv2

40°E

BO°E

el

100°E




>
ol

Exercise =1
Exercise - |l
Exercise - lll

Pisep = Generation rate of cloud ice
by deposition. (On-going)
Ps4ep = Generation rate of snow by
deposition. (On-going)
P...i= Generation rate of snow by
collection of ice by snow. (modified

the Existing formulation)

P...t = Generation rate of snow by
auto-conversion. (modified the
Existing formulation)

P...t = Generation rate of rain by
auto-conversion. (modified the
Existing formulation)

P.acw = Generation rate of snow by
accretion of cloud water (newly
added)

P..cw = Generation rate of rain due
to collection of cloud water (rain

accretion). (newly added)
A
Ziﬁt
1_{_

Modified cloud microphysical scheme
(An Approach)

Dynamics Radiation

Cloud water
(qc)

Modified
Newly Added

On-going

Thermo
dynami
CcS
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Improves Tropospheric
temperature gradient greatly

Improves precip over
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India by about 15%




In House Developments - II

A super-parameterized
: £ CESv. 2 witl

atmosphere at T62L64

resolution has been
developed and integrated for
3 —years (SP-CFS)

P




Systematic Biases of NCEP CFS
... Motivation behind superparameterizing CFS

Crsvlie . d e S T Chsyd

60°E  BOE  100°E W0F 80t
Seasonal (JJAS) averaged climatological mean rainfall (mm day?) deviation from GPCP
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Seasonal (JJAS) averaged climatological mean tropospheric temperature (degree C)
deviation from NCEP
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Sahaet. al. 2013
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Temp Profile over Tropics (ave@30S:30N)

Altitude (hPa)

BLACK line is NCEP

GREEN line is SP-CFS

BLUE line is CFSv2-T62

200 210 220 230 240 250 260 270
Temperature (K)

-3
-2.5

605 30S

|
—25 —20 —15 —10 -5 0




BLACK line is NCEP

GREEN line is SP-CFS

BLUE line is CFSv2-T62

Annual Cycle of Precipitation (mm day™)

SPCFS
CFS62

*  Winter wet bias is reduced significantly in SP-CFS_RAD

* However there are 2 peaks in the annual cycle.
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Frequency (cpd)

Frequency (cpd)

The simulation of tropical waves improve significantly

In SP-CFS

SP-CFS_olr LOG[Power: 155-15N] NOAA_olr LOG[Power: 15S-15N] CFSv2_olr LOG[Power: 15S-15N]
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Space-time spectra of precipitation around the Eq. (15S 15N). (top) the
symmetric component and (bot) antisymmetric component




Towards Improving NOAA
LSM in CFSv.2
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Observed Snow Data
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* Snow from Historical Soviet Daily Snow Depth data (observed stations).

* The Eurasia is divided to 3 regions and they are

-> Region | (50-70N,20-100E, high snow depth, 129 stations)
-> Region Il (60-75N,100-140E, low snow depth, 24 stations)
-> Region Il (60-70N,140-180E , high snow depth, 10 stations)




Observed & Simulated Snow Depth

Strong Accumulation
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~ CFS as well as stand-alone Noah LSM has tendency to accumulate more snow

~ As the stand-alone LSM is forced with observed 2m air temperature, melting is
controlled by forcing and hence it is close to observation



Development of Snow Physics in NOAH LSM

Old NOAH New NOAH

11cm € Maximum 5 layer snow

One layer Snow

ﬂZSZ ZEHGW 'ﬂzl 'ﬂZz_ﬂ.z3'ﬂZ4
z =100 cm

SNow

[ Netenergyat surface is givenby |
FNET,,=(1-a)S{,+L{,-0T *-G-H-LH
Where a is albedo, S\, is downward shortwave, L\, is downward longwave, oT_*
is longwave emitted, G is ground heat flux, H is sensible heat flux, LH is latent
heat flux.




Preliminary Result from Stand-Alone Noah LSM

QOld Noah New Noah
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~ New snow scheme shows reduction in winter/spring snow depth as compared
to the old scheme

~ Modified stand-alone model needs to validate extensively (ongoing)

~ Modified LSM needs to put in CFS for further testing (ongoing)




In House Developments - IV

An Indian Coupled Ocean-

Atmosphere Model Developed

In a land-mark development, the CCCR at IITM has
developed a new indigenous Coupled Ocean
Atmosphere model and integrated it for more than
100 years simulating the observed mean climate and
its variability. This has put India in the league of
advanced climate modeling countries of the world.
The model will be very useful for attribution and
projection of monsoon in the warming world.
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B O (GFCE) Precipitation
B ESM
(10N-30N; 70E-100E)

Indian (land +Ocean)
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The Model simulates Annual
Cycle of monsoon
precipitation well (left) as
oL well as'the amplitude of
i h interannual variability

(below).
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Precipitation

B Obs (GPCP)
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Precipitation B_ESM
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Analysis Time = 00Z17MAY2013
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Rapid advancement of Analysis Time = 00ZOBJUN2013
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Uttarakhand Heavy Rainfall event is captured 10-12 days in
advance from- 05 June Initial Condition

(a) CFS126
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