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ABSTRACT

In recent years several application areas, which include rediicing loss of life duge to severs wedther
gvents, agricullure walsr resoufce managemeni enargy, public health: tourism and sports and
transportation have posad a challengs to the metzorolaglcal community In India The expectations
from the user sectors shall Increase along with Increased awareness in coming years: Numerical
weather prediction (NWP) modsls now include many complex physical processes and ad¥anced
data assimllation schemies With the availzbllity t3 high performance computing (HPC) the NWF
models now feature very high horizontal and verticsl resolutions.

The National Centre for Medium Range Weather Forecasting (NCMRWF) has been 2 lead
centre In Indiz tor all weather and climate model relatad resesrch and aperations. NCMRWF
cutrently carries oul developmental work on thres modalling systems, pamely. NCMRWF Globzl
Forecast System (NGF3), NCMRWF Global Encemble Forecast System (NGEFS) and NCMRWF
Unified Model (NCUM] Although the recent sdvances have reflected In the improved forszast
skill in the NWP models, accurate prediction of extreme events Is still a chaillenge. The recent
developmental activities st NCMRWF on the next generstion weather and climate modelling

systems gre highlighted in the paper

Kaywords : Bainfail trend snnual and ssasanal vanations sxirems svents.

1. Introduction

Weather forecasis from days o season are
becoming increasingly impeortant for many
applications such as® reducing loss of life and
praoparty from high impact weather systems, water
resource managemeant sustainable agriceliurs
energy. public heaith, tourism and recreation
adventure sparis; transportation; elc

The refentless Incgrease In computing power
overine lastfew decades has led to & eorresponding
incraase in the resolution sperationsl global NWF
models, with resolutiens of around 10 km feasible
within the next few years The betterunderstanding
of the physical procasses couplad with bettar data
coverage (specially coming from satelliites) for
initializing the models has contributed to &
significant improvement in the forecast skill of NWP
models The benefits of the improved ferecast skill
have accrued to all seciors of Indian ecanomy and
socisty '

Ir general the NWP sysiems of leading global
NWP centres are improving by 1 day of predictive
skill pet decade. These canlres have been able to
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invesi adequate rescurces, both in terms of
computing power and manpower The impravament
is generally due to

1] Batter dbsarvations

2l Careful wuwse of forecast and
abservations, allowing for Lheir
information contantand errors-achisved
by variational assimllation

3) Moda! improvemants

4) Detter post-processing technigues

The National Canire for Medium BEange Weather
Forecasting (NCMREWF) has bean a lead centrain
India for all waather and climate mode! rzlated
research and operations. NCMRWF currently
carries out developmental work on 3 modelling
systems. namely, NCMRWF Global Foracast
System (NGFS), NCMRWF Global Ensemble
Forecast System (NGEFS) and NCMRWF Unified
Model (NCUM) The recent devalopmental activities
at NCMRWF on the next gepsration weather-and
climate: medelling systems are highlighted in the
following sections



2. Observational Data

A tremendeds growth In the velume of
ebservations has besn noticed in past few years
With continued efforts of NCMRWF. and with the
help of ESSC-IMD and other National ang
Intemational Matzoralogical Agencies. NCMRWF
is able to sustain the growth in accassing more
valume of observational data for assimilation
Volume of data reception both through GTS and
Internet Data Sarvice (1DS) has incrzasad
manifolds in the recent years as shown in Fig 1
Curing the last year thare was about (~10%)
increase intha observations received through GTS
and this growth is mainly due to reception of Asia-
Pacific RARS data and half- houtly receplion of
INSAT-3D Atmespheric Motion vector (AMV} wind
vectors. This year India became pariner in the Asia-
Pacific RARS community and starded geiting its
data through GTS and zlse started receiving
European RARS (E&RS) data through
EUMETCAST. With the help of these rzgional
services, NCMRWF is able to recelve regional
NOAS/METOP ATOVS data with very short time
delay [~ 30 min of reglonal reception) which is very
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uzaful for early forecast runs (with = 3 .00 hrs cut-
off) and also an alternative source (Fig 2] for global
NOAA and METCOP radianes data. Secondly there
is ~80% Incraase In the IDS (~90% malnly satellits)
data during 2014vis a vis these in 2013 Itis mainly
due to recaption of our own INSAT 3D sounder and
imager radianca data and also dus to reception of
NOAA NPE (CrlS and ATMS radiance atc ) data

from the new NOAA NDE (NESDIS Data

Exchange) setver.

Apart from this. NCMRWF also recsives about
t4 GB of radar cbsarvations from 17 Indian Radar
stations from IMD through |1DS resulting in total
volume of data received al NCMRWF to be arcund
~35GB/day The characterization of gquality of DWR
data iz essential before assimilating the data Into
NWP modelz. Tha characterization of guality of
DWR data Is essential before assimilating the data
into NWP modzls At NCMRWF the quality indicss
are genefated farthe =ffecis of beam breadening,
beam shielding, attenuation of ratar refleciivity in
rain and bright band, Fig. 3 shows the sample quality
index generated for the Patiala radar
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Fig 1 Volume of daia recelved at NCMRWF aver the years
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Dats Coverage: SAT HADIANCE (EARS+IMD RARS) (22108014 OOOOUTC +/- O3Hrs)

Total ’humhr of Observations Htﬂlud sl NCMRWF: 1416358
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Fig 2 Satellite radiance dais coverage on a typical day

M‘ iib!

{2)

Fia3is

(<)

im . i'tg:

&} Tapography of the place around Patiala, (b) Blockages in the vicinity of the radar, (c) Ql of the
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al'lreldirlg (d) Beam broadening QI, {a) Hadar Reflectivity {d5z) (16th Jure 2013 (11:22UTC}), [f)
Attznuaiion of the reflectivity in rain. {g) Q! of the attenuation factor and (h) Averagad QI due to all

affecis

2.1 INSAT-ID Products

NCMRWF receives the Atmospheric Metion
Vectars (AMVs) from different geostationary and
polarorbiting satelites through GTS, EUMETCAST,
NESDIS viz. AMVs from METEOSAT-7
METEOQOSAT-10. MTSAT (GMS). GOES-E. GOES-

W NOAA Aqua and Terma, Continuous afforts ars
on for the validation and assimitation of AMVs from
Indian satzlifes AMV= of Kalpana-1 were valldated
againsi In-sitU obsarvations and short term NWP
forecasts for maensoon 2011 It was found that their
Root Mean Square Vector Differences (RMSVD)



were higher as comparad to that of other
geostationary satellites [Das Gupta st al 2013),

One peossible reason was the height
asgignment of the denved winds using empirical
Genetic Algorithm method at the Spacs Application
Cantiz (SAC), India. Subsequenliy, AMVs were
derived using helght assignment based on IR-
windaw amd H20 intercept methodaleng with

modified quality contral technique (Bev &t al
2014 which resulted in generation of improved
praducts. Validation of INSAT-30-AMVs against
NCMRWE first guess as well as in-situ
obsarvations has shown large improvemeant in the
guality of winds. Fig 4{a).and (b) depict the speed
blas densily piots for IR lower levsl AMVs of
INSAT-3D and METEDSAT-T for September 2014

INSAT=3D AMV(IR) September 2014, Low Level
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Fig 4 Speed bles dansily plot of low leval IR AMVe for September 2014 {2) INSAT-3D (b) METEDSAT-T.

Further with the joint =ffort of SAC ang
NOCMBWF . the issues with INSAT-2D radiance
preducts were identified. ISRO recenlly supplied
to NCMRWEF the updaisd Sensor Response
Functions (SRFs) of beoth Imagar and soundar
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Undzar the MeES initiative, CRTM community
recomputed INSAT-3D sensor coefficients based
an the updated SRFs Bazed on NCMRWF
feedbacks |SRO has staried generating Clear Sky

‘Brightness Temperature (CSBT) radiances from

INSAT-3D.



Develspment works towards assimilation of
INSAT-3D sounder radiances data was carried out
by NCMRWF and started using the new CSBT
radiances The agreement petwasn maodel
simulated and satellite observed radiances has
increased with the improved INSAT-3D C5BT and
ihe giobal dats assiilation sysiem has:siaried
accepling the seunder radiance data

Further. NCMRWF made aperational an
observation monitoring system for various:
Satellite sensors health based on varfous
products from its Global Data Assimilation
forecasting system Fig 5 depicts a comparison
of some of thess parameters for GOES-15 and
that of INSAT-3D saunder These two sensors
are of similar type the GOES system Is
operaficnal since a long time where as INSAT-
3D sounder is the new addition It is clear from
Fig 5 that INSAT-3D sounder radiances are
now comparable to GDES-15 except a3t 18
usc

22  MeghaTropiques Products
Megha-Trapigues (MT)isan Inds-French joint
satellite mission for studying the waler cycls and
eriergy exchanges In the tropics It is orbiting the
Earth at fow orbit (~800 km) and has low inclination
(207) to provide higher sateliite repetivity at loawer
tatitudes It carries four payloads - SAPHIR
SCRAB. Radio Occultation Sounding of
Almosphere (ROSA) and MADRAS, and can

measure minfall, watar vapour and radiation
207 CSHT profuct
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Fig.5

SAPHIR Is g sounding instrument with &
channels near the abserption band of water vapar
at 183 Ghz. These channels provide relatively
natrow weighting functions from the-surface fo about
10 km, allowing reineving water vapar profiles in
the cloud fres troposphare: The scanning is cross-
track upto anincidance angle of 50 It is simllarto
Microwave Humidity Sounder (MHS) an beard of
NOAA and METOP Series except for the number
of Channels (Fig 6) It aiso does not have any
window channel The data assimilation system was
modified to monitor SAPHIR radiances and a
procedurs was daveloped 1o detect and zliminate
deep convective cloudy pixels folldwing Hong et
al {2005) The guality of cloud cleared SAPHIR
radiance data was found to be simllar to that of
operationally used MHS data (Fig. 7) Further,
OSEs with SAPHIR radiances clearly
demonrstrated improvemsnt in relative humidity
which varies from 0.1 to 4.5 % in day1 to day4 at
700 and 850 hPa(Singh etal, 2014) Onthe hasis
of these experimants, NCMRWF has started
assimiiating thesa radiances routinaly into its NGFS
system

2.3 Scil Moisture Initialisation

* Soll meistura is 2 key variable which describes
the exchangs of moisture and heat betwesn the land
surface and the atmosphers. So it is imporant to
initializa N'\WP modsls with realistic soll meistura.
In last few years, zatellite derived surface saoll
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Camparison of GOES-15 and INSAT-3D sounder radiances

23



— a0

{[i3 Tl o
a5 :‘j:.
W R
80 Ao

F4 z

S0 =500
- X
-8 (i
0D 000 o
120D | . . . , _ fin:

ag er o4 0B O& 10

nA 02 ©4 DA am L
Herm s

Normmkeed Yagning Functon Ve Fometion
Fig & Comparison of Wﬁigg functions of MT-
SAPHIR and METO S channels.

e ALY il
Hu‘rTﬂ-l. A e
RENEE | TEER!

-y

i m=ahisl
.ﬁ—q R T
R L ETiRE

Fig 7 Diffzrence between bias comrected simulated

MT-SAPHIR Channal 4 radiance and satallite-

ohsenved radiance for all assimilation eycles
for a day.

moisture information Is used by major NWF centres
o produce the soll molsture analysis

A =zoil moisture gssimilation schems based
“rudging technigue’ is usad at NCMRWF for the
preparation of soil molsiure analysis The sereen
ievel observations of humidity and temperature as
well as the ASCAT (Advanced SCATeromater
instrument in METOP Satelitz ) surfacs sallwetness
observations are used for the preparation of zail

molsturs analysis which s used to Initizlizz the
NCUM. Six hourly seoll mmoisture analyses are being

prepared at NCMBEWF routinaly. As soil moisturs
observations from different sources reprasent
against different independent cbservations (Fig8)
and it is found to match reasonably well To further
imprave the soil moisture analysis of all levals in
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Fig B(a&b)Surface soll molsturs (volumetric

"~ conteni) frem NCMBWF analysis and AMSR-

2 satellite observation for s typical day over
Indian region

the rodt zone. an assimilation technigue based on
=xtended Kalman filteris being implementad.
3. Atmospheric Modelling

The concept of a Unified Modelling system for
seamlzss prediction of weather and climate has

-gained in impertance and aceeptance during the

last few years. An Unifisd Moda! (UM) with a
harizontal resolution of about 25 km and 70 levels
in the vertical and the associated AD-VAR data
asalmllation sysiem have been successfully
implementsd 2t NCMRWF  Reglonal version of UM
at 12 km and 4 km horizontal fesolution & 70 verfical



levels has ai€o been implamented and tested for
{ew synoplic cases. Mare deialled short-rangs
forecasts are provided by this high-resolution
regional varsien of UM which have a more detailed
representation of eregraphy and other surface
features and are able to represant certaln
aitmospheric processes more accurately

A Nested UM sulte was recently implemanted
at MCMRWF which is an easlly relocatable ragional
vassion of UM a1 2 resolution of 1.5 km nasted In
the glabal UM. This configuration is tested for
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Fig 8 Oregraphy (m) of global UM and 1 5km
4 Rag%na U:'
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vatious demains namely, Jammu and Kashmir
Madhya Pradssh and Gujarat using oragraphy
generated from 80 metre SRTM topography. Fig.9
shows theHimalayan oregraphy for UM globaland
the high resclution regienaimede!. Fig 10 displays
the day -1, day-Z and day-3rainfall forecasis valid
for 3-5 September. 2014 during the period of JAK
floods by UM global and 1 5 km regional models
against gridded ralnfall analysis at 50 km resolution
The 1.5 km resalution regional model predictions
shows betler match with the observations in terms
of distribution more defalls and closer location of
rainfall pattams:

3.1 Probabilistic Quantitative
Precipitation Forecast (PQPFF)

& 20 member NGEFS system (T190L28)
operational since JJAS 2012 at NCMRWF Rainfall
forecasts 3l 2ach grid based on the ensemhbls
members are exprezsed in t2rms of probabifity of
rainfall exczeding different thresholds POPF forms
a very useful for forecasiers In decision making
since they provide value addition {o thedeterminlstic
modsl forecasts

Fig 10 Rainfall forecasts from global UM and 1 5-km regional UM for J8K ragion (3-5 September, 2014)



Panels in Fig.11 show the ensemble mean minfal
over J&K on 6th September 2014 lop leftiand the POPF
plats for thres rainfall thresholds 1-2cmiday (bottom
iaft), 2-5em/day (top right) and 5-1Ccmiday(bottom
right). The high prpE.abnip,r (65-85%) af 5-10cm/day
rainfall 5 days ahzad is predicted in the NGEFS
system. Such products are of immenses use for the
forecasters and disasisr managers Thase
forecasts are alzo made available to the Bhakra
and Beas Management Board (BBMB) for
mydrological assessment for potential flood hazard
over the river Jhalum tiver basin.

3.2 Ensemble Based Tropical Cyclone

Track Forecasts

Ensembie forecast system can be used Jor
forecasting the trapical cycione track based on the
ensamble members They produce an ensemble
of cyclons fracks. an average track and 3 map of
strike probabiliies around the mean track The
mracks {left) and strike probabiliies {right) forecast
for the recent very severe cyclone ‘Phallin’ from
(4-14 Cciober2013) are shown in Fig 12 The
ensambla membar tracks show Increasing spread
with Increasing forecast lead time. Strike prababllity
shaws likellrand of the forecast TC being witin

Mean Raintall (cm/day)
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Fig.12 NGEFS ensembls member tracks and
- gg;‘}hﬁiﬁgnbablliﬁsfﬂr Bay of Bengal Cyclonz
allin’.
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110 km of the meantrack. The ensamble maan track
has lower emror compared 1o the track bassd on
the detaministic model as shown inFlg 13

The NGEFS s further improved to provids more
real ime forscasl products using bias corraction
methods The calibratien (bias correction] of
ensemble farecasts is carred oot using mathoed of
"Momant Adjustment” for M3LP. Geopotential
Height, Wind and Temperature at all levels and
tested for the period May 2013 to February 2014
The calibrated forecasts show Improvament in the
forecastin f2rms of reduced fropical cyclons track
errors. On 2n average, the 24 hour forecast track
errors improves by about 49% after the blas
cerrection Bias correction technigues hava besn
implemenied aperationally for the NGEFS products

Aawrage Forecart Trach Bram for WEE5 Prindin
81 P 0wt 1)
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Fig 13 Forecast track error for Bay of Bepgal
Cyelong Phailin™

4. Verification of Model Forecasts

Thelast Syearrecord (2005-2014) of the RMSE
{againsi observations from Indian Radlesonds
siations) ofthe 3-day forecasts ef the vector winds
at B850 hPa level (Fig. 14) shows thal the prediction
ckill has improved by about 7-8 % This
improvement resulted from periodic increasa in the
resolution of the model and the capshility to
assimilate sakellite radiances The mest notable
feature of the aror variation Iz its szasonal cycle
with the winler months having least error and the
Southwest Monsoon having the largest error,

Verification_of tainfall forecasts Is routinely
carrizd oul at NCMRWF-using the rainfall analysis
over India. For spatiel venfication of rainfall forecasis
Contiguous Raln Areas (CRA) technigue is
adopted The CRA method is an object-ariented
verification procedure suitable for griddad
quantiiative precipitation forecasts (QPFs) In this
framework a weather system is defined as a region
boundad by a user specified Isopleth (entity) of

precipitation in the union of the forecas! and
ohserved rain fieid

For each entity that can be identified in forecast
and observations, the CRA methad uses pattem
matching techniguas to determing the location smor,
as well az emors in area, mean and maximum
intensity. and spatial pattemn The total errorcan be
decompased nto componenis due to location
volume. and pattérn error. CRA method of
verification allows one {0 separate the total emror
into components due toermors in locatien, volume
and pattern, Fig 15 presents the CRA verification
rezults forthe NCUM Day-] forecast The forecast
arror is malnly due to pattarn error (52%) and
displacemant emor (42%) with amall contribution
(2% ) from the valume eror
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Hog. 14 RMSE in the Day-3 foracast vactor wlnﬂ_s

at B850 hPa in the NGFS

5. Evaluation of Gridded Rainfall

Datasets for Monsoon Studies

Various rainfall datassts are being released by
reputed res=arch groups al various spatial-temporal
ranges Cantinuous evaluation of thess datasets
is required Lo select the most suitable for ourregion
and goal Six gridded rainfall data sets. comprise
those bassd solely on gauge observations and
those merging gauge data with sateliita-derived
products. werse compared against IMD gridded
rainfall d=ta sel at seasonaltimescale. Various skl
metrics were compuied for the Indisn region during
the summer monsoon season (June-Sepiember)
at all-india and subi-regionatl scales. The spatial
maps of clinmalofogical average rainfall in India
during the summer monsoon seazon from different
dats seis are shown in Fig 16 Inthe gauge-based
fland-anly) categary, APHRODITE and GPCC data

zets perform betier relafive to the others in larms

of & vatisty of skill metrics. Inthe merged calegory,
GPCP data set Is shown to perform better than
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Fig 15 CRA verification of NCUM Bay-1 rainfall foracast over Uttarakhand region on 17th Juna 2013
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Fig 16 Spatial distributions of mean seasonal rainfall during the JJAS southwest monsoon avaraged for
' the pericd 1979-2005 All-lndia mean valusgs are glvan in the paranthessas

CMAP for the Indlan mansoon Howsver there are The TRMM Multi-sateliite Pracipitation Analysis
significant differencas among data sets indicating  (TMPA) research monitaring product is ones of the
uncertainty in the observed rainfall in the reglen  most widsely used high-résolution merged
which ls cruclal when svaluating medel simulations precipitation products for varicus hydro-
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metsorological applications which takes
advaniages of the rich constellation of microwaye
and infrared satellite-home sersors slong with
avaiable rain gauge data over fand. The TMPA
resaarch version precipitation monitering product
version 7 (V7) was releasad In Decamber 2012
after retrospective processing of the various Inputs
with the new V7 algorithm and supposad ta be baitar
than existing version & (V&) product These two
successive varsions of the TMPA-3B42 research
monitoting product, V6 and V7, wers evaluated at
daily scale over India during the southwsas)
monseon with gauge-based data for 1998 to 2016
periad. The hias betwean V7.and V& and batween
both versions and the gauge-based dats ar= shown
in Fig. 17 Ovar typical monsoon rainfall zones
biases were improved by 5-10% in V7 over the
reglens of higher rainfall like the west coast
northeasiern, and central Indla Differsnt skill
metrics at all-india scale and over typical sub-
regions within India showed an overall improvement
of the monseon rainfall representation in V7 In
general, results indleated that V7 is considerably
improved over VB over India and can be used for
tha monsoon studies and numerical model cutput
verification

6. Coupled Modelling for Seamless

Prediction

NCMRWT incollaboration with Met Office, has

implemented the HadGEM3ZAOD (N95LE501LTS)
based coupled medel and is being further daveloped

Biags in JJAS rainfal

for Indian/monsoon conditions The atmesphare
componant UM has a horizontal resolution of
18750 % 1250 and has 25 layers in the vertical
going up fo &5 km. The Ocean component NEMO
1= configured at 1 ox 1 o resolution, but near equstor
its resolution 15 0:33 o It has 75 layers in vartizal,
with 35 layars in upper 300 mis (1 m nearsurface),
For Sea-lca. the CICE model of Los Almos Lab,
USA is integrated 1o the coupled system. The
coupled system will be upgraded te
N2 16L85025L 75 higher resalution on the new HPC.
In callaboration with Mat OfficeNCOF NEMOVar
Ocean initizlisafion schems Is also being
implemeanted st NCMRWF . This couplad model has
besn adoptad by MGES as part of the "National
Menrsoon Mission' to enhance the skill of monsoon
prediction from days to season in 8 seamless
context Fig 18 shows the mean rainfall from the
hindeast runs done at NCMRWF. The GA3.0 having
better physical parameterisation processes has
reduced rainfall hiases comparad to gider GAZ.D
version in UM

7. New Applications
7.1 Visibility Forecasts

Forecast of fog and visibility over most parts of
Indo-Gangetic plains are beceming mcreasingly
impartant in the winter seasen. High frequency of
accurrence of dense fog and reducad visibility has
signiificant secio-econamic impacts The life cycle
of fog is mainly controlled by different
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Fig17 ‘.‘Sgaﬂal distributions of bias over India during the southwast mﬁ.naaarl season forthe period 1558-
2010 from daily IMD rain gauge-based obhservations and TMPA-3842 VE and VT rainfall products.

25



matzorological factors and the microphysicall
chemical properizs of the pariiculate matier present
in the atmosphers. The present day numerical
weather prediction (NWF) modals of high spatial
resalution are able to ferecast situstions that are
favourable for the cccurmence of fog events with
reasonable accuracy few daysin advanca In the
NCUM, detemmination of atmospheric. visibllity
mainly depends on two crudial faciers. ane is the
relative humidity and second is the asrosol
concentration (Clatk et al 2008) The model visibiity
iz being verified against surface visibility
obsarvalions from metsgrological airport reporis
(METAR) (Fig 19) Vislbllity products are also being
verified against visible and IR based fog products
from INSAT-3D.

7.2 DustForecasts

Mineral dust is a major constituent of airborne
pariicles in the atmosphere Dust forecast medels
are designed 1o predict the almospheric cycle of

mineral dust. Since forecast of aitbome dustis very

imporiani espacially over the norih westam part of
the country, it is required to have the numerical

prediction capability of dust Dustforecast modeis
are becoming Integral parnt of the advancsd
numerical weather prediction (NWP) models and
NCMRWF Unifiad Modal has the dust forecast
scheme (Weedward 2001, 2011), Numerical
prediction of dust started at NCMRWF in 2013 Dust
forecast from NCUM is verifisd agalnst various
space and surface based observations for all
seasaons over Indian region. Dustforacastis mostly
useful in the pre-monsoon season aver Indian
region since the dust load as well as its tempotal
variability is high during this period. Dust forecasts
over wesiesrmn, ceniral and sastern part of India
verified separately. Forecast of Dust aerosal optical
depth (AOQD) I= mainly comparad against the
sbservations since ADD is the commaonly
measured paramaier from both satellies ffrom
CALIPSO, MODIS, MISR. OMI ete)) and ground
based (AERONET) measurements. The
compafison resulis shows that the modsl dust
forecast has good skill over the western partofthe
country in the pre-mensoon season (Table-1 &
Fig 20) Veriical distribution of dust coneantration
in the forecast ks studisd with the help of CALIPSO

Maan JJA rajifall (mm/day) IC-COMay
HodGEUE—A0 [542.0)

KHedGE

W3- A0 (LS AT

nk =

=1

-4

] I ¥ L] ] 1= 12 ]
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Fig 19 24, 48 and 72 hr forecas! of visibility from NCUM valid for 00 UTC16 December 2014 and
corresponding METAR visibility observations.

~ TABLEA _ _
NCUM day-2 forecast.and CALIPSO satellite observations of dust AOD
aver narth westsrn part of the country during April-May, 2014

Time Mean Root Mean Wilimott's Correlation Data

period Bias Square Error index of Coefficient paints
Error (BE) (RMSE) agreement {CC) (N]
(d)

April2014 01417 01734 08561 0.7033 5115

May 2014 0.0434 0 1780 06676 B.7071 5494
LM Ot 35 1 LTS w1104 N 0 e measuremenis This alsoindicates thal the model
W N o ——— m:;mﬂ has reasonably succeedsd In forecasting the
a) i | | e e e vertical distribution of dusteven in'cass of extreme
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Fig 20 NCUM day-2 forecast of dust AQD at
550nm and correspending AERGNET
abservations of total ard coarse mods
AOD at 550 nm at Jaipur during (a) April
and (b) May, 2014
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svEnis:

8. Future Plans

During this year, with the commissioning of
the 350 TE HPCS at NCMRWF, the herizontal
resolution of the deterministic made! (NCUM ) will
be upgraded to 17 km -A higher resehution
ensamble prediction system {33 km and 44
member) basaed on NCUM will also be
implamenizd Thers are also plans to implament
hybirid ensemble 3D and 4B Varistional dsta
assimilation systems High resolution models
require correspondingly high reseolution wind and
moisture dala for Initialisation, which radar
networks ars weil placad to deliver. Assimilation
of DWH data into regional UM will be undartaken.
A high resolution coupled model will be
implemented to sphance the skifl of monsoon
prediction from days fo s=ason In 3 seamless
context
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