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Resources

Data

*Historical Atmospheric Data sets from
ECMWF and NCEP Reanalyses

*Real-time High-Resolution ECMWF
operational analysis

*Real-time medium range forecasts
from several operational centers
across the world

*Real-time TRMM, SSM-I, IR, CMORPH,
Stage-1V and other rainfall products

sSpecial observations from field
campaigns (CAMEX, INDOEX, TEXMEX
etc.)

Tools

State-of-the-art High-Resolution
FSU Global Spectral Model
(T255L28) and Nested Regional
Spectral Model (~25km)

FSU Coupled Ocean-Atmosphere
Global Spectral Model (T63L14)

High-resolution MM5 and WRF
mesoscale models

Data Assimilation (3D-VAR, SSI)
and Physical Initialization

IBM SP4 Architecture Super
Computing; NCAR Computing
resources and Linux clusters
Visualization and graphics
software - GrADS, IDL, Vis5D, NCL
etc.




Multimodel Superensemble For NWP

Participating Models Training Data

ECMWEF

NCEP GFS

JMA GSM

CMC GEM
FNMOC NOGAPS
BMRC GASP
FSUGSM

ECMWEF Data Sets for
u,v, T and z, and the
surface parameters

TRMM based rain
rates for precipitation
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The interactions among different processes in a NWP model (taken
from ECMWE).




Superensemble based Climate Studies

Global Seasonal-Climate Hindcasts based on
multimodel (atmospheric and coupled ocean-
atmosphere) superensemble

Variants of classical superensemble technique
(synthetic approach)

Huge data base consisting DEMETER (forced by

ECMWF ERA-40), BMRC, CMC and 4 versions of
FSU models

Couple Ocean-Atmosphere model for studying the
MJO, ENSO and 10D

Observed climatology based on ERA-40, NRA, X-A
and Reynolds data sets.




Multi Mode Synthetic Ensemblée/

Superensemble for Seasonal
Climate

-Provides highly skillful deterministic and
probabilistic forecasts for seasonal climate.

-Potential applications include understanding
the climate variability and predictability
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Atmospheric Component

Oceanic Component

HName Model Resolution Initial Condition Model Resolution Initial Condition
{Source)
FSUGSM with Arakawa- ECKWEF with < g 3 B Rk
AR Schubert comvection and new T63L14 Physical HOPE global 5 ll:'lngmlde, 0.5-5 Coupled assnm]atmnll
(FSU—:I radiation (haml mndel) Initialization latltl]ﬂE, 17 levels relazed to ohserved S5T
FRUGSM with Aralawa- :
AOR Schubert convection and old At Ecglwfc;“h HOPE global | 5 longitude, 0.5-5¢ | Coupled assimilation,
(FS1) radiation L latitude, 17 levels | relaxed to ohserved ST
(emissiv it y/ah sorp tiv ity hased ) Initialization
KNR | FSUGSM with Kuo comvection | 5o B i gl B slohal | 5 longitude,0.5-5° | Coupled assimilatior:
(FSU) | and new radiation (hand model) WL ! latitude, 17 levels | relaxed to ohserved SST
Roit | USRS e ELh 5 longitude, 0.5-5° | Coupled assimilatior
SU) B dpalla Fhisieal HOER QIO | e 17 leals | st 1o ohsaried ST
(F (emfschiiv/absorptiv ity hased) Initialization :
{Iﬁgﬁ} CCM 3 atmospheric model T&3118 ECMWEF SOM 240 x129 240 Coupled assimilatior
From latest From ocean assimila tion
POAMAL BME C Atmosp heric Model atmosphere and 2051525 which was hased on
P R47L17 *P ACOM?2
Anstralia (BAMI) ocean conditions levels timum interpolation
( ) op 1p
from GASP {01} technigue.
Céfifgs ARPEGE T631.31 ERA4D OPAS2 | 2°x2°,31Levels | Forcedhy ERA4D
ECMAWEF 1.4°%0.3%1.4°% 20
IFS iy ’
(i) T95L40 ERA4D HOPE-E Jevel Forced by ERA40
INGY 2°x05°15%31
ECHAM 4 : i
(Ttaly) T421.19 Coupled AMIP type OPAS.1 Rt Forced by ER.A40
Ll IFS T95L40 ERA40 OPA82 | 2°x2°3llevels | ForcedhyERA4D
{(France)
MFPI Coupled run relaxed 25°%0.5%25% 23 | Coupled run relaxed io
{Germany) ECHAM-= i to ohserved SS5T i levels ohserved $8T
MetFr 182 x 152 GP, 31
ARPEGE 3 :
rnes) T&31L31 ERA4D OPA B0 lovel Forced by ER.A40
zloSea
1.25°x 0.3%1.25"
TEMO 25x3.75,19 OGCM .
ARPEGE d
Exiglaniy losdla ERA4D HadCM3 40 levels Forced by ERA40
hased




Total forecast data sets for the present study

Model

Each of 4 FSU Models (ANR,

AOR,KNR, KOR)

CCM3

POAMAIL

Each of 7 DEMETER Models
(CERFACS, ECMWTF, INGV,

LODYC, MPI, MetFr, UKMO)

Forecasts

Per Month

Length of Forecast

(in Months)

3 (Starting every moth)

3 (Starting every month)

9 (Starting every month)

6 (Starting every 3 months)

Total Forecasts during

1989-2001

(13x 12 x3 =) 468

(13x12x3=) 468

(13 x 12 x 9 = ) 1404

(13 x4 x9x6=)2808

TOTAL Forecasts = 23400

(= 468 x 5+ 1404+ 2808x 7)






RMSError in Meridional Wind Forecasts, JJA, Indian region







Continued to nex
















SST Anomaly (K) Over Tropical Pacific Ocean, March-May 1999




Observational/Diagnostic Studies

MJO/ISO Energy Exchanges in the

frequency domain and Predictability
studies

Moisture Transport in the Monsoon Region
Ozone distribution in the INDOEX region
Hurricane Intensity issues

Superanalysis
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Data

« ECMWEF Re-Analysis Data (ERA 40): 2.5 degree
resolution Interpolated to T63 spectral res’'n
(1.875 degrees)

— Employed once daily data consisting of new in-situ and
remotely-sensed measurements (i.e. Data from
HIRS/MSU/SSU/SSMI- instrumentation available post
1979)

— 300 hPa, 850 hPa and 30 hPa (QBO)
— Variables: Temperature, U/V winds, vertical velocity




Data — Cont.

e Relevant Time-scales of Maintenance

— MJO time-scale (30-60 days) — centerpiece

— Synoptic (3-7 days)

— Semi-annual (170-190 days)

— Annual

— ENSO (3-7 year)

— Decadal and beyond (10 years +)




e Does the Re-
Analysis data
contain MJO
time-scale
feature at 300

hPa?

300 hPa
llustrates upper
tropospheric
structure of
MJO




e 850 hPa

signal of MJO
— clearly seen
In filtered Chi

field
















Eastward passage of
the Madden Julian
Oscillation.  Result
taken from a 90-day
coupled model run

during summer
1996. 200 hPa wind
anomalies (ms?)
shown here are
averaged  between
5°S and 5°N.
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A schematic diagram illustrating regions on a frequency ‘r’ versus frequency ‘s space
wher e the synoptic time scales can interact with the MJO time scales

area denoteswhere s-r or r-scan amplify the MJO time scalesvia triad interactic
















Some Recent Results on Monsoon
ISO using ERA-40 data sets and “daily
Data” based Superensemble forecasts
Of seasaonal climate.




Ozone Transport and Dynamical
Variability

Pollution emitted in one area can be transported half way around
the globe in a matter of a few days and affect the air quality in
that region. Transport and chemical transformation of optically
active trace gases modify the largescale distribution of chemical
species and their global budgets, which can have important
implications for the chemical composition of the atmosphere and
Its radiative properties. Along with CO, CO2, NOx, CFC®, and
CH4, ozone plays an important role in the climate system by

being a main atmospheric oxidizing component and optically-
active constituent.

Develop a four-dimensional Eulerian model to assimilate the
vertical distribution of ozone from satellite derived total ozone.

Develop tropospheric ozone season and annual climatology.

Assimilate the elevated ozone plume documented at Kaashidhoo
Climate Observatory, and assess the role of dynamic features in
the formation of this high ozone event.

Use assimilated ozone fields to study the intercontinental
transport of tropospheric ozone.



« Data: TOMS, ERA-40, NRA, ECMWF 3D-VAR assimilated
Ozone (TOMS+SBUV), No, and CO from Max-Planck
(MATCH-MPIC), GOME-NO, and INDOEX observations,
BADC Monthly mean gridded ozone

Comparison of Vertical Model computed Vertica
Profiles of Ozone of Ozone at K aashidhoo




10-day back- 10-day back-
trgectories at 500 hPa tragjectories at 700 hPa

10-day forward 10-day forward
trajectories at 300 hPa trajectories at 700 hP




Phase Locking as evidenced through
ERA-40 data sets for the year 2001.

The data here consists of u,v,T,RH,W,

Z, surface and PBL fluxes of heat,
Moisture and momentum.

Chakraborty and Krishnamurti, JAS 2005




Variations in different
parameters during the
active and break phases
of monsoon activity over
the Central Indian
Region, from the ERA-40

data sets.




Hurricane Intensity Issue

High Resolution Modeling of Hurricanes Bonnie
and Isabel

Combining TRMM, CAMEX and ERA-40
observations to initialize the model

Angular Momentum budgets

Energy exchanges (scale interactions) in local
cylindrical coordinates: Clouds interacting with
Hurricane Scale Motions

Energy exchanges during an Explosive Growth
situation (e.g., Hurricane Isabel




Observed and model predicted trackso
Hurricane Bonnie







Red - Inner Area
Green - Fast Winds
Blue - Outer Area
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Operational Data
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Data Assimilation
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CORE High Sensitivity Studies
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Krish’'s lab at FSU has been
actively engaged in many areas of
research in weather and climate
for the last three or more decades,
and we largely depend on the
Datasets from NCAR SCD for
these research studies.

The support from SCD in terms of

data distribution, storage and
computing can not be overstated.
The inclusion of ERA-40 Datasets
(particularly the “corrected”
gridded u, v data sets) have
provided us with more choices and
added confidence to our efforts;
we anticipate more aggressive use
of these data sets in many of our
ongoing projects.
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