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Monsoon Mission Phase-l|

Objectives
* To improve operational forecast skill over the country and develop relevant climate
applications for agriculture, hydrology and power sectors.
* To develop and improve a state-of-the-art dynamical modelling framework for improving
prediction skill of
»Seasonal and Extended Range prediction
»Short and Medium range (up to 2 weeks) predictions



Major Achievements

Highest resolution ensemble prediction system: Has been setup and operationalized, can capture extremes with
reasonable skill.

Extended range prediction system: Setup using coupled grand ensemble prediction system. The MME skill is as good as
ECMWF’s ERP skill.

In-house developmental activities (indigenous developmental activities): Considerable improvement in prediction skill
of ISMR (Skill Improvement from 0.49 to 0.70 > 40% improvement; > 20% more than what was envisaged).
Implemented almost all developmental modifications carried out by different scientists at IITM and Pls of sponsored
research in MM-|

Spectral cubic Octahedral grid is implemented in GFS model in collaboration with ECMWF and CCCR

Implemented weakly-coupled data assimilation (WCDA) system and analysis is being created in collaboration with UoM
Developed downscaling and bias correction techniques for extended range prediction.

Developed signal amplification techniques for ERP.

Coupled hydrology model to CFS to estimate river-runoffs to Ocean Model: improved air-sea interactions.

Agriculture and Hydrology applications are initiated.



New Development in 6FS

* New LULC (Land use Land Cover data from ISRO)
* New Scale Aware Convection (CS) in GFS
e New Microphysics (WSM6) modified with CAIPEEX data
(Collaboration with Ziad Haddad and Maithili Saran) in GFS
* New Dynamic Core T > Tc > Tco (In collaboration with
ECMWEF) tested in GFSTco765
Near future implementation

Stochastic Multiscale multicloud Parameterization in GFSSPPT
in GFS (similar to ECMWF)

ITM GFS T1534 : Rainfall (cm/day) IITM GFS (TCO) T765 : Rainfall (cm/day)
Forecast valid for 03Z16AUG2018 (IC=00Z12AUG2018) Forecast valid for 03Z16AUG2018 (IC=00Z12AUG2018)
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Tco765=T1534

Major Update in Dynamic Core

Spectral Cubic Octahedral grid
Conventional

Spectral grid:

* Notscalable /7 & )

+ 1/0 n

* Artificial '
diffusion
damping

* Negative tracer — -

Dual resolution (km)

Figure (adopted from ECMWF News Letter 146) demonstrates that the octahedral
mesh (right) has a locally more uniform dual-mesh resolution than the mesh (left).



e, GFS version 14
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GFS version 14 with CS convectiop scheme
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Rainfall (mm/day) time series over Kerala during 06-19Aug,

GFS with Modified LULC GFS with default LULC

2018

At 24hr lead, Chikira and Sugiyama (CS) convection scheme works better.

v With improved LULC, there is an improvement of
heavy rainfall forecast
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Improving Cloud Microphysics constrained with

Indian data (RAC reco)

Observation
based hypothesis

Jiang etal 2011
Abhik et al. 2013

Rajeevan et al.
2013

Impementation
of modified

Implementation

in GFS and WSMBG6 in CFSv2.
reproducing the Improvement of
observed mean state and

ISV
Abhik et al. 2017

profiles

Modification Higher CC and

Inetrannual

with CAIPEEX .
varaince

Ganai et al. 2019,
Clim. Dyn.

200

_ (a) RSAS—ZC (b} RSAS—WSM RSAS-ZC:
T %12 Rl o @%2 = Zhao and Carr (ZC)
- - cloud microphysics
scheme with
simplified Arakawa-
Schubert (RSAS)
convection scheme.
RSAS-WSM:
Six-class WRF single
moment (WSM®6) cloud
micro-physics scheme
with
Revised SAS (RSAS)
convection scheme.

Lag composite of CLW
(shaded) and CLI (red
contour, solid (+ve) and
dashed (-ve) ) during
strong event averaged
over 70E-90E,
corresponding rainfall
- T anomalies plotted in the
1035 “ 20N 195 Q 10N 20N bottom in each plOt.
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CFSv2 with RSAS-WSM is able to better simulate

v
v

v

The large-scale organized northwest-southeast tilted structure of rain band
Reasonable large-scale or stratiform rainfall associated with the northward
propagating strong BSISO events

The pressure-latitude profiles of cloud liquid water (CLW) and cloud ice (CLI)
show more realistic steady northward propagation



Development in ERPAS so far
Developed perturbation technique for Initial
conditions

Developed technique for boundary condition (SST)
bias correction

Developed CFS based MME

Develop better MISO and MJO monitoring techniques
for operational predictions

Develop better technique for onset, withdrawal, heat
wave forecast

Develop downscaling and bias correction techniques™
Develop signal amplification techniques *

* Not implemented yet



Task 3: Development of MME

An Example of IITM Ensemble Prediction System
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Task 4: MJO Monitoring and Forecast-IITM ERPAS

0.6 —
&)
IITM ERP system o
0.4 —
0.2 —
° 1|0' 2|0 3|0
Forecast Lead Day
1.0 feazzee._
_________ Fhece ] shan Phase 2 start
0.8 F
NICAM o = THC R,
2 \Baezmess, 270N
D04t il
Operational models / & .
02+ (sampled in Nov -Mar 2008-2012)
' Phase 8 start Overall
Blue solid plot shows the overall skill score (bivariate 8 12 16 20 24 28 3 36 40
correlation; COR) for all 54 simulations. Broken plots show (days)

COR for groups of simulations initialized at phase 8 (purple,
17 members), phase 1 (orange, 18 members) and phase 2
(red, 19 members).

Arrows indicate the durations COR>0.6 is maintained by
recent operational models

Miakawa et al., Nature Comm (2014).,5, doi:10.1038/ncomms4769

IITM ERP system has useful
prediction skill (bivariate CC) up
to around 22 days. Winter skill
is slightly higher than the
summer skill.

It is found that skill in
predicting MJO by IITM
model is at par with Very
High resolution NICAM
model.

MJO forecast is based on 44 ensemble member. Taking 11
member each from CFS (T126 & T382) and bias corrected
GFS (T126 & T382). Hindcast period 2001 -2016.



Task 6: Develop downscaling and bias correction techniques *

GOW resolution observed data)

PATTERNS
are selected

Composites in each
node are calculated
from the LOW resolution
observed data

Dynamical model
generated data is

projected into these
PATTERNS

h

Reconstruction of model
data by the LOW
resolution composites
from the respective
nodes

Y

Bias Correction
of the model
predicted rainfall

Composites in each
node are calculated
from the HIGH resolution
observed data
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Reconstruction of model
data by the HIGH
resolution composites
from the respective
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L
Downscaling of the
Bias Corrected
model predicted
rainfall

Downscaling of extended range forecast will help
to disseminate the regional forecast.

A Self Organizing Map based downscaling method
is proposed. The hypothesis is that the large scale
dynamical variables are captured better in the
model.

An empirical relationship between rainfall and
dynamical model generated variables can be
constructed based on which the rainfall estimate
can be improved.



Bias-correction and signal
amplification (BCSA) technique is,
indeed, improving the track

forecasts of selected cyclonic storm
cases with significant reduction in
track errors even at longer lead
times.

Track verification also shows that
forecasts from MME-BCSA
outperform MME for all lead days.
A weakness of this method is that it
considers ensemble mean as the
signal and if signal is there, it can
amplify it.

Even then, BCSA is a unique
postprocessing tool and
computationally less expensive as it
can be used on any number of
already available MME outputs.

(CFST126)
Mem1

(CFST382)
Mem1

Task 7: Develop signal amplification techniques*
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Saranya Ganesh et al., GRL, April, 2018

9-days average DPE- MME=206.7530834
9-days average DPE - BCSA=97.5024516
Percentage of Improvement = 52.84 %
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Proposed roadmap of thunderstorm nowcasting
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* Results presented in conference ICTLT2019, Bhubaneswar

Thunderstorm/lightning Modeling Team, Monsoon Mission, IITM, Pune, India
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Skill Improvements due to Developmental Activities

RUN (Ensembles) Hindcast Period Resolution AISMR (GPCP), (% 10D East Pole
improvement
over CTL)
0.53 0.70

CONTROL (10) 2003-2017 (2016) T126 0.33 (0.49, +9%)
NCEP CTL (10) 2003-2017 (2016) T126 0.42 (0.45) 0.57 0.76
CFS-NCEP (10) 1981-2017 T126 0.29

SAS2 (10) 2003-2017 T126 0.54 (+63%)

(f)

CFS-ALBEDO (10) 1982-2014 0.11 (-56%)
INCOIS-T382 (14) 2003-2017 T382 0.47 (+42%) 0.4
NCEP Multi Cloud MP (10) 1982-2014 T126 0.45 (+7%)

NCEP WSM6 (10) 1981-2012 T126 0.61 (+64%) NA

Runs carried out on Aditya indicated by *
All the runs are using INCOIS-NCMRWEF initial conditions, unless indicated by
Initialized with Feb. IC and skills are shown for JJAS

Core Time = 65 Years (567522 Hours)
T126 (6 Nodes: 9 months in 7 hours)
T382 (10 Nodes: 9 months in 40 hours)



Skill Improvements due to Developmental Activities

RUN (Ensembles) Hindcast Period Resolution AISMR (GPCP), (% Nino 3.4 10D East Pole

improvement
over CTL)

0.33 (0.49, +9%)

CONTROL (10) 2003-2017 (2016)

T126

NCEP CTL (10) 2003-2017 (2016) T126 0.42 (0.45)

CFS-NCEP (10) 1981-2017 T126 0.29

SAS2 (10) 2003-2017 T126 0.54 (+63%)

m CFS-ALBEDO (10) 1982-2014 0.11 (-56%)
INCOIS-T382 (14) 2003-2017 T382 0.47 (+42%) 0.4
m NCEP Multi Cloud MP (10) 1982-2014 T126 0.45 (+7%)
NCEP WSM6 (10) 1981-2012 T126 0.61 (+64%) NA

Runs carried out on Aditya indicated by * AISMR: All India Summer Monsoon
All the runs are using INCOIS-NCMRWEF initial conditions, unless indicated by #
Initialized with Feb. IC and skills are shown for JJAS Rainfall (Averaged over Indian Land Mass)

9% Improvement is achieved
due to indigenous ICs

Core Time = 65 Years (567522 Hours)
T126 (6 Nodes: 9 months in 7 hours)
T382 (10 Nodes: 9 months in 40 hours)



Skill Improvements due to Developmental Activities

RUN (Ensembles) Hindcast Period Resolution AISMR (GPCP), (% i . 10D East Pole

improvement
over CTL)

CONTROL (10) 2003-2017 (2016)

0.33 (0.49, +9%) . :
9% Improvement is achieved

due to indigenous ICs

NCEP CTL (10) 2003-2017 (2016) 0.42 (0.45)

CFS-NCEP (10) 1981-2017 T126 0.29 0.53

SAS2 (10)

2003-2017

0.54 (+63%)

60-90% Improvement is
achieved due to revised SAS of
Han & Pan (2011)

CFS-ALBEDO (10)

1982-2014 T126 0.11 (-56%) 0.64

INCOIS-T382 (14) 2003-2017 T382 0.47 (+42%) 0.4
NCEP Multi Cloud MP (10) 1982-2014 T126 0.45 (+7%)
NCEP WSM6 (10) 1981-2012 T126 0.61 (+64%) NA

Runs carried out on Aditya indicated by *
All the runs are using INCOIS-NCMRWEF initial conditions, unless indicated by

Core Time = 65 Years (567522 Hours)
Initialized with Feb. IC and skills are shown for JJAS

T126 (6 Nodes: 9 months in 7 hours)
T382 (10 Nodes: 9 months in 40 hours)




Skill Improvements due to Developmental Activities

RUN (Ensembles) Hindcast Period Resolution AISMR (GPCP), (% i . 10D East Pole

improvement
over CTL)

CONTROL (10) 2003-2017 (2016) 0.33 (0.49, +9%)

9% Improvement is achieved
due to indigenous ICs

NCEP CTL (10) 2003-2017 (2016) 0.42 (0.45)

CFS-NCEP (10) 1981-2017 T126 0.29 0.53

2003-2017

0.70

SAS2 (10) 0.54 (+63%)

60-90% Improvement is

____- achieved due to revised SAS of

Han & Pan (2011)

CFS-ALBEDO (10) 1982-2014 0.11 (-56%)

42-75% Improvement is
achieved due to increased
resolution

INCOIS-T382 (14) 2003-2017 T382 0.47 (+42%) 0.49 0.67

NCEP Multi Cloud MP (10) 1982-2014 0.45 (+7%)

NCEP WSM6 (10) 1981-2012 T126 0.61 (+64%) NA NA

Runs carried out on Aditya indicated by *
All the runs are using INCOIS-NCMRWEF initial conditions, unless indicated by
Initialized with Feb. IC and skills are shown for JJAS

Core Time = 65 Years (567522 Hours)
T126 (6 Nodes: 9 months in 7 hours)
T382 (10 Nodes: 9 months in 40 hours)




Skill Improvements due to Developmental Activities

RUN (Ensembles)

Hindcast Period Resolution AISMR (GPCP), (%
improvement

over CTL)
0.33 (0.49, +9%)

10D East Pole

CONTROL (10) 2003-2017 (2016)

NCEP CTL (10) 2003-2017 (2016) 0.42 (0.45)

CFS-NCEP (10) 1981-2017 T126 0.29 0.53

SAS2 (10) 2003-2017 0.54 (+63%) 0.70

CFS-ALBEDO (10)

1982-2014 0.11 (-56%)

INCOIS-T382 (14) 2003-2017 T382 0.47 (+42%) 0.49 0.67

NCEP Multi Cloud MP (10) 1982-2014 T126 0.45 (+7%)

NCEF VWJIvio (10) 1961-2017 1126

U.01 (70200

NA

9% Improvement is achieved
due to indigenous ICs

60-90% Improvement is
achieved due to revised SAS of

Han & Pan (2011)

42-75% Improvement is
achieved due to increased
resolution

Runs carried out on Aditya indicated by *

60-65% Improvement is
achieved due to In-house
Developments (LSM,
Microphysics, WSM6 and
Hydrology)

All the runs are using INCOIS-NCMRWEF initial conditions, unless indicated by
Initialized with Feb. IC and skills are shown for JIAS

Core Time = 65 Years (567522 Hours)
T126 (6 Nodes: 9 months in 7 hours)

T382 (10 Nodes: 9 months in 40 hours)




Improvement in seasonal prediction skill of ISMR

due to in-house LSM & cloud microphysics

ivities

development act

A multilayer snow scheme (up to a maximum of six
layers) is introduced in NOAH land model (SNOW)

Old Scheme

Single Snow Layer

Figure 1. Schematic diagram of the snow and soil layers in the original and modified Noah.

Six Snow Layers

CTL

New cloud microphysics scheme (MPHY)

0.56

New SNOW scheme 0.62

New microphysics scheme 0.71

SNOW+MPHY 0.63

Experiment names

« The model is initialized

Physical Control Modified convective microphysics Modified convective microphysics on every 15, 20, and 25
processesb (CTL) run (MCM) with SAS (MCMv.1) run (MCM) with new SAS (MCMv.2) run Februa r'y and 3 March
Convective Simplified Arakawa-Schubert Modified original SAS of Pan and Wu (1995) and Hong Same as presented in MCMv.1, but (four cyc lesin a day, 00,
process (SAS) (Hong & Pan, 1998; and Pan (1998). The partitioning of cloud water and modification carried out in new 06, 12, and 18 GMT) for
Pan & Wu, 1995) ice based on DeMott and Rogers (1990) and SAS (nSAS) of Han and Pan years 1981 to 2010
convective autoconversion as suggested by Wu (2011). (30 years)
et al. (2010). Detailed discussed in section 2
"Method.” . 1.6-merr'1ber ensemble
Microphysics Ice and warm cloud- Modified Ice and warm cloud-microphysics: Same as presented in MCMv.1. simulations
process microphysics, cold rain Addition of snow accretion in cold rain in original

followed by Zhao and Carr
(1997) warn rain is based on
Sundqvist et al. (1989).

Zhao and Carr (1997), Rain accretion is also added
in warm rain. Autoconversion in warm rain of
Sundqyvist et al. (1989) is modified following
Rotstayn (2000), based on CAIPEEX observation
(Konwar et al., 2012; Kulkarni et al., 2012) by IITM.
Details are presented in “Method” (section 2).

Saha et al. (2017), Hazra et al. (2017), Saha et al. (2019)



IITM CFS Model

v Improved simulation of pre-convection

T126 Atmospge;isc Model — f=—= warming and cooling during monsoon active
phase.

% .
Ice Model Closes the hydrological cycle v" Improved simulation of mixed layer heat

budgets and air-sea interactions at intra-

Add RTM to pass
runoff to MOM

1 degre%
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The model is initialized v" Overall improvement in ISMR simulation skill.
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Coupling Hydrology Model to CFS



Future/Ongoing Activities

* Coupling of GFS(SL) with MoM 5.0 and MoM&6.0 to prepare platform for seamless
prediction

e Strongly Coupled Data assimilation system
* Hydrology coupled CFS with interactive fluxes

* New flux parametrization schemes implementation (e.g: wave-wind-current
interactions)

* Implementation of Icosahedral dynamical core in CFS
* Implementing new version of Monsoon Mission model to be transferred to IMD
* GLDAS operationalization

* Continue with model developmental activities of convective parametrization,
microphysics, land surface model (continuing activity)



IITM-ESM for long-term climate change studies

Centre for Climate Change Research, Indian Institute of Tropical Meteorology, Pune

Atmosphere : GFS (Global
Forecast System)

T62 ; vertical: 64 sigma — pressure
hybrid levels

Resolution ~200 km
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Seasonal variability of
NINO3.4

(a) NINOS3.4
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teleconnection
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Seasonality of ENSO examined by
analyzing the standard deviation of
Nino 3.4 index from IITM-ESM
simulations and observation

Lead-lag correlation between ISMR and
NINO3.4 index from observation, CMIP5
models and IITM-ESM (red line). IITM-
ESM captures the observed concurrent
negative simultaneous correlations
between monsoon and ENSO as well as
lead-lag relationship.
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CMIP6 Schematic: Participation in the 6%
Intergovernmental Panel for Climate Change (IPCC)

Initial proposal for the CMIP6 experimental design has been released

Clouds /
Chemistry / drculation Ocean /
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Land use prediction

Carbon Regional climate /

cyde 'Geo- extremes
engineering

CMIP6 Concept: A Distributed

Organization under the oversight
of the CMIP Panel

IITM ESM will participate in
the climate modeling CMIP6
experiments for the IPCC
6t Assessment Report

Improved representation of Arctic sea-ice and AMOC in
IITM-ESM.

Sea-ice concentration
IITM ESMv2
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Spatial patterns or change In surrace Spatial patterns of change in JJAS
air temperature (°C) computed from  precipitation (mm dayl) computed
trends during 1900-2014 (a) from trends during 1950-2014 (a)
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Changes in spatial patterns of surface temperature and
precipitation (JJAS) for the historical period (1900-2014) based on
IITM-ESM historical simulation.

Increasing surface temperatures over most of the continental region with fastest
warming over Arctic. The anthropogenic warming trend is reasonably well represented
in ITM-ESM historical simulation.

The precipitation pattern shows large spatial variability over the tropical regions. IITM-
ESM captures the recent observed decline in the summer monsoon precipitation over
central India and Peninsular Indian region

Courtesy: Swapna



Surface temperature and precipitation response in ITM-ESM (SSP8.5) — CMIP6
Near-term (2041-2069) minus PI-CTL (1850-1900) Long-term (2071-2099) minus PI-CTL (1850-1900)

TAB(SAPoon N IM) TAS (SSP585,LTM)

Precip (SSP585,LTM,

——

JIAS)

[T

-2 —-1.2 —04 04 1.2

[TTTITTTITTTTT]
o | 0 1

Changes in spatial patterns of surface
temperature and precipitation (JJAS) for the
long-term period (2071-2099) w.r.t pre-
industrial period (1850-1900)

Changes in spatial patterns of surface temperature and
precipitation (JJAS) for the near-term period (2041-2069)
w.r.t pre-industrial period (1850-1900)

Courtesy: Swapna
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MONSOON MISSION

A Targeted Activity to Improve
Monsoon Prediction across Scales

IITM CFS Model:
Seasonal Prediction

Atmospheric Model
GFS
T382 L64 levels

Ice Model
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I 1Ctm
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OCEAN INITIAL CONDITIONS
FROM GODAS
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Initial conditions for Hindcast runs are
obtained from CFSR
| (Original model is adopted from NCEP) |
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The Monsoon Mission is a national program that has nurtured a system to provide skillful

Indian summer monsoon predictions, benefiting society and advancing global science.
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Unparalleled skill of 0.63 for seasonal
prediction of the Indian monsoon (for the
period 1981-2010) in a high-resolution

Extended-range predictions by a CFS-
based grand multi-model ensemble
(MME) prediction system

(~38 km) seasonal prediction system
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Standardized Deviations (Normalized)

oo @wianen - Improvement in seasonal prediction skill of ISMR due to

o i indigenous ICs
e T A I
100 | e ' Monsoon Report 0.96 0.89 0.92
INCOIS 0.56 0.40 0.49
0.75 NCEP 0.43 0.47 0.45
Monsoon Report 0.95 0.89 0.91
0.25 INCOIS 0.47 0.26 0.47
NCEP 0.45 0.46 0.47

0.00

* It has been identified that quality of ocean ICs had gone bad since
2017. INCOIS confirmed that the data buoys after 2016 November
are were not assimilated into the analysis due to switching over to
NCMRWE GTS data and TAC to bufr.

* Theissue is being rectified.

Pillai et al., (2019)



~108 km (T126) with 64 levels.
ocean 0.25° at the equator, extending 0.5°
beyond the tropics

Coupling of atmosphere and ocean during the
Coupling generation of the 9 hour guess field

Resolution

Ocean Data MOM - LETKF
Assimilation
Atmosphere GFS — LETKF

Data

Assimilation

Assimilation scheme is flow dependent for
both atmosphere and ocean

Limitations Ocean-atmosphere interactions are not used
directly. Rather the information is used for
background information. The actual reanalysis

is uncoupled.

Observations Conventional ocean and atmospheric profiles
assimilated

‘ Weakly Coupled Data Assimilation System

Saha et al., (2010), Sluka et al., 2016
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Hydrology applications

Usablllty of Cllmate mformatlon for Reservoir Management Practices

The meteorological data is
obtained from CFS
seasonal prediction runs.

Reservoir Inflow Weekly analysis
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Skill Improvements due to Developmental Activities

RUN (Ensembles)

Hindcast Period Resolution AISMR (GPCP), (%
improvement

over CTL)
0.33 (0.49, +9%)

10D East Pole

CONTROL (10) 2003-2017 (2016)

NCEP CTL (10) 2003-2017 (2016) 0.42 (0.45)

CFS-NCEP (10) 1981-2017 T126 0.29 0.53

SAS2 (10) 2003-2017 0.54 (+63%) 0.70

CFS-ALBEDO (10)

1982-2014 0.11 (-56%)

INCOIS-T382 (14) 2003-2017 T382 0.47 (+42%) 0.49 0.67

NCEP Multi Cloud MP (10) 1982-2014 T126 0.45 (+7%)

NCEF VWJIvio (10) 1961-2017 1126

U.01 (70200

NA

9% Improvement is achieved
due to indigenous ICs

60-90% Improvement is
achieved due to revised SAS of

Han & Pan (2011)

42-75% Improvement is
achieved due to increased
resolution

Runs carried out on Aditya indicated by *

60-65% Improvement is
achieved due to In-house
Developments (LSM,
Microphysics, WSM6 and
Hydrology)

All the runs are using INCOIS-NCMRWEF initial conditions, unless indicated by
Initialized with Feb. IC and skills are shown for JIAS

Core Time = 65 Years (567522 Hours)
T126 (6 Nodes: 9 months in 7 hours)

T382 (10 Nodes: 9 months in 40 hours)
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IIT™M CFS Model
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Ice Model
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Add RTM to pass
runoff to MOM
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Ankur et al., (2019, under preparation)
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