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ABSTRACT

Simulation end pradiction of Indian monseon rainfall at scales from daysta-season i 2 challenging
task for numerical madealling community worldwide Gridded estimates of daily rainfall data are
required for both land and oceanic regions for model validation, process studies and in \um for
model development Duzto recent developments in satellite meteorology, it has become poessibleto
produce realistic near real-time griddad rainfall datassts at operational basis by merging satellite
estimates with rain gauge valuss and other available in-situ gbservations: In this study, we show
the reprezentation of mansoon rainfall from = merged satellite-gaugs dataset deveiopad jointly by
ESB0-|MD and ESSO-NCMRWF st 0.5 =patial grids for three recent monsoan seesons These
daily merged gridded rsinfall datasets are avallable in real-time viz IMD. Pune website since June
2112, The merged rainfall datz are able to caplure the monsedn large-scale rainfall distributions
adeguately. For savers weather systems also. this marged datz set is found to be useful The intrs-
=zasonal variation shows realistic gbserved rainfall features In the merged datasst Very oon
improved multizatellitz sstimates from GPM cansteliation will be zvailable. which k= being planned
to be uzed in the current merged product in place of TRMM. More and nawer types of data from
radar, AWS and ARG will be incorporated in future version of thie dally merged rainfall analysis

product.
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1.  Introduction

Gridded rainfall data at various space-time
scales ars raquired in the research of weather
climate model verification/development hydrology
agriculture, ecology, and anvironmental sclences
The continuity of gridded rainfall data is critical for
climate studi==. For India monsoon season, rainfall
is the [ifeline: of the nation. The whole natien is
dependant on monsoon rainfall for agricufture, and
watsr related secie-sconomic activities Therafore
understanding and realistic prediction of monsoen
minfall from days-to-seasonal time scale is of vital
impartance to Ipdia. Al the same time. monsoon
weather/climate system I ane of the most complax

henomenons of the Earlth's Climate System
nitiglisation and simulation of mensoon rainfall in
nuemarical dynamical modelling framawork is &
challenging scientific task for world modealliing
community. Sovamment of Indla has initiated a
mizslon mode resaarch project named Natianal
Monsoon Misslon' to meet the goal efimproving the
=kill of monsoon fainfall farecasts from days-o-
season scale using dynamical models of the sarth
system Currently the medels perform pootly for
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mensear rainfall grediction. Indian regionsl
mansaon intra-seasonal rainfall varability is ss2n
a5 a source of prediciabliity in extended range and
finally contributing to skill development at seasonal
scalke

Ralnfall data in gridded form at daily scale
covering bath land and aczanic regions around India
iz of vital importance. Keeping this In view, IMD has
developed griddsd rainfall datasets at daily time
scales (Hajesvan etal 2006 Rajesvanand Bhate
2009). Recently, a further higher resolution daily

-gridded data for land region has been released by

IMD (Pal etal . 2014a) These rainfall datasels have
tesn found 1o be very useful in monsoon process
studies and other applications (Pal et al | 2014k},
However, for study of complete manseon sysiems.
which spread acioss ocsan and land regions il is
necsssary o prapare such gridded datasstz for
both land and ocean regions. With the-advent of
satellitz t=chnologies, high quality satellite rainfall
estimates arz available for oceanic and land regions
(Kucera stal , 2013) With developmentsin coupled
acaan-atmosphare models the skill in capturing
mensoon intra-seasonal miniall is improving, and



thare is'a good possibility that the couplad medsls
could be used in operational mode for extended
range prediction of mansoon rainfall incloding wet
and dry speiis within 8 monsoon ssason For this
monsean intra-seasenal rainfall studies we nead
raliable gridded rainfall data over both land and
gcean at dally time scales Msraing of satellite
information with rain gauge dats is a viable option
and many greups in the werld have siarted
producing this1ype of marged datassls There are
also some products named mult-zaiellite datasets
which arz calibratad with gauge and radardatassts
for a realistic representation of =atailite 2stimates
(Xie etal, 2007; Huffman et al, 2607; Kubota et
al 2007) With the availability of a varicty of griddad
datasets avaiuzlion of aach datasst for 2 parficular
geagraphiciclimatic enviranment at 2 particular time!
space scale is very impariant Fer indian mensoon
reglon at dally scele the TRMM Mulii-satelliie
FPrecipitation Analysis [TMPARVT sateliits estimats
is more reliable in tolality for modal verfication
purposes {Prakash =t:al . 2014, 2015a 2015b,
2015¢) Merged sateliita gaugs dally data for Indlan
reglon has been found to be superior compared o
other available daily datasets (Mitra st al . 2013b)
Al seagsonal time scale rzinfall datasets produced
by ather groups are mare reliable (Prakash et al
2015d; Rana etal, 2015) These Inter-comparizon
studles for any region and season are a continuous
process and has to be underiaken regularly
Reliablz rainfall gbservations for Indian monsoon
are also another important point for cimate model
validation madal develepment and hence climata
change studies (Coflinzs &t al . 2013 Mitra 2t al
2013a) In this study, we show the representation
of menzoon rainfall fram a2 mergad satelliitiz-gauge
dataset praduced joinily by ESSO-IMD and ESS0-
NCMRWEF-at 0.57 spatial grids for three racent
monsoon seasons. These mergad daily rainfall
datasets are produced inreal-time and s available
to user cammunity via IMD. Pune wabsits in real
time since June 2012

2. Merged Product Algorithm and Data

A successive correclion based algonthm was

used earlier to merge salellite rainfall with gaugs
data to obtain a daily gridded large-scala rainfail for
Indian monsoon region (Mitra et al | 19597, 2003
2009) Merged TRMM and gauge data have baen
produced by different cenires and regions using
succassive comection algenthm. This successive
carreciion algorithm is supetior to Just replacing box
averaged values and has bzen found satisfactory
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to produce large-scale daily mensoon raintall Inthis
distance-weighted approach, accuracy of
zstimalion varies with the number of nefghbourhood
obsarved points vsed Hence good number of

-gauges over |and is crucial fer the quality of the

gridded data In our present datasat. the sateliits
product used as 3 first guess is the TMPA-RT for
dally estimaies (Huffman et al. 2007) TMPA
provides a calibration-based scheme for combining
precipitation estimaies from multiple satellifes.

TMPA has two sub-products, the real-time (RT) and
the 3B42VE (TMPA research version) products:
The RT preduct was usad here jn real-time
preduction at IMD Pune The TRMM-based TMPA-
HT rainfall datais good in capturing the patterm and
phase of inlra-szazonal varabiiity of the Indian
monsoon The biases of the TRMM data can be
carrected by merging gauge based informatian

This oiginal TMPA-RT data are 3-hourly at 0 257

latitude/longitude grids. which Have been
accumulated over time and averaged overspacs
to represent daily (24 hours sccumulated) 0.57
latitudafongitude grids tohe usad forthe preparation
of new realtime merged dataset The other ground-
basad rainfall data used hers ks the gaugs
information from IMD This marged data product
described here is namsad as NMSG preduct in all
subsequeni plots. In this current NMSG algorithm,

the analysis resolition s 0 57 latiudalongitude This
resolution is approptiate to depict the large-scale
description of rainfzll pattams associated with the
mansaon The domain of analysis js between 50°E
and 110°E longitude and 30°S and 40°N fatituds,
covaring the Indian monseon region. The
successive correction method invelves the
successive modification of an initial guess fiskd
(salellite estimates ) based on obsarvad siation data
(rain gauge) Presumingthatthe gaugesare perdect,
the 2rror (bizs) carrection for the satellitz astimate
at-each gnd point 1= derived First the satelliis
astimates are interpolated to station location to form
a first guess Their differences from the observed
station values provide an emor estimate at the
station location This set of irregularly spaced
values is used to derive carrections at the dasirad
grid polnts, using slccessive iterative comections.
The detalls of the weights and interpoistions ars
described in Mitra =t al. (2003). During the
successive corrections. fourscan radil (15% 1. 3%,
1 1% and G.8%) are us=d Since the intention fs to
represent the cbserved large-scale monsoon
rainfall at0 5° latitude/ongitude grid boxes the scan
radil ware sslected In this way to account far the



continuity of large-zcale rainfall In relation to the
protesses occuiting in the nelghbouring grids. The
lasi scan represents the aclual scaleio be caplured

Thefirst guass usad in this daily rainfall analysis s

the TMPA-BT available at three-hourly time
ntervals at 0 257 latitudedongitude spatial resolution
{Huffman et al 2007 ) for the extanded trapical belt
in real-time. Hence, itis very sultable for the Indian
monseen regian From the three-hautly TMPA data,
the dally-accumulated (24-hour accumulated)
rainfall valld at 0300UTC s computed for the Indlan
region. which is compatible to the sccumulated 24-
rour (daily) rainfall values from the IMD gauges valid
at the same (300UTC. The original TMPA data at
0.25% resolution were biinearly interpolated to the
anaiysis arid of 0.5% resolutions. Al the time of
testing and Implemantation of the algorithm, areund
2000 station rainfall data were available Figure 1
shows the distribution of rainfall ebzervations on &
typical day. For gauge data. Inrealtime it goesto
quality control at IMD and during monrseoan 2014
season on an average around 2200 gauges were
usad daily in this real-time merged analysis product
Oue 10 operational requirament. as a backup plan
tha !ME&T}Hfbaseﬁ rainfall estimates ars used as
a first guess when TRMM-BT data ars not available
due to technical reasons On a continuous basis
critical evaluation of different realtime satellites
estimates of rainfall are being camied out to exarmine
the mosi suitable first guess to be used in our
merged algorithm (Prakash et al.. 20153, 2015b
2015c ). Until row TMPAVT-RT was the best real-
time astimate for our region in the evaluation studies.
and hencs this was us=d as 3 first gusss in the
merged product As the life of TRMM satzllite Is
almast over, from cument year we have to stard
using other avallable saizsllte estimales in the
marged producl - '
3. Discussion

On an aperational basis reai-time merged
rainfall data are prepared by IMD. Pune from 01
Juns 2012 opwards and these data are mads
avaflabls to uset community via IMD website inreal
tim=. This data has besn found very ussiul by
various users and researchers. Panels in Flours 2
show the total rainfall for the monsoan szasons
(JJAS) of 2012 to 2014 from merged product
TMPA-RT satellits only and the IMD gauge only
analysis It s clearly =sezn that the inclusion of
gauges madifies the satellite estimafesin the final
merged product Over land regions. the merged
groduct matches very well with IMD high reselution
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Fig.1 Surfat:e tr-situ rain observation distribution on
a typical day

gaugs only product The details of IMD gaugs enly
product is dascribed by Pai et al (2014a) Thers
are miner differances seen in the rainfall aver land
regions, which could he due to resalution of analysis
baing performed in merged product (5t 0.5 degres
grids) and the gauge only analysls (31 0 257 degrees
grid). Ancther reason could be due to updaiad
gaugs data usedin the IMD gauge only analysis in
its final telease. Figure 3 shows the time-latitude

«eress-section of both merged rainfall and the

satellite only data for monsoon 2012-2014 seasons:
The differance plot between margad and satellite
only data shows the impact of inclusion of gauge
information in the final merged product. The
differances are quite noticzable The merged data
show realistic intensities of rainfall in its northward
pmpagatiﬂn In the monsoon Intia-seasdanal
variations. Figure 4 shows the observed rainfall from
merged dala and the IMD gauge only aralysis during
three severe weatherconditions Two suchevenis
were the Uttarakhand and J&K deluge during June-
2013 and September-2014, respectively The other
svent was the very ssvare cyclonic storm
HUGHUD during Cciober 2014 There is.good
agresment between realtime merged produci and
the gauge only analysis The merged product has
extra infarmation from satellite estimates In the
neighbourhood of the severe weathersystems:
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Fig-2(a) Monsoon seasonal rainfall for 2012 from merged product, TRMM and Gauge based analysis
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Fig.2(b) Same as figure 2(a), but for 2213 monsoon season

JIAS rainfall for 2014 (mm dey™)
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Fig 2(c) Same as figurs Z{z), but for 2014 menzoen seaszon,
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JIAS—-2012 rainfall (mm day™) [75E—-B0E]
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Fig 3{a) Time-latitude cross-section of rainfall showing monsaon intra-s2asanal variations from merged
product, TRMM and their difference dufing monsoon 2012 season '
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JIAS—2012 rainfall (rnm day™') [75E-90E]
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Fig.3{b) Same as figure 3ia), but for monsoon 2013 season.



JJAS—2014 rainfall (mm day') [75E—80E]
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Fig 3(c) Same as figure 3(a), but for monsoon 2014 season,
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Rainfall for 16—18 June 2015 (mm day ')
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Fig 4{a) Total observed ralnfall from merged produci. TRMM and Gauge based analysis during a high
impact weathersystem - Uttarakhand Juna 2013 case. -

Rainfall for 08—15 October 2014 (mm day')
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Fig 4(b) Same as figure 4{a), but for Jammu and Kashmir September 2014.case:

Rainfall for 08—16 Octuber Z014 (mim day™)
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Fig.4(c) Same asfigure 4{a), hut for Ocfober2014 'Hudhud' Cyclone case in Bay of Bengal
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Fig 5 Real-times operational merged rainfall monitoring during very savere cyclonic storm PHAILIN in

October 2513

Due to tachnical reasons on rare accasions the
TRMM data were not available in real-time via ftp
One of such occasion was during October 2013
when a very severs cyclonic storm PHAILIN in Bay
of Benagal struck eastem part of India_ Al that time

du=to USshutdown TEMM data were not-aveilable:

in real-time-and monitoring the cyclone-related
rainfall on dally basis was very crucial At that time
the |IR-based rainfall estimates from INSAT/
KALPANA was used as 2 first guess in place of
TRMM-RT dats and we found the products very
usaful (Figure 5) Laterin archived data this margad
data produci were replaced with final product using
TMBA-RT after the evenl in reanalysis.

4. Summary and Plans

The merged rainiall data of IMD are combining

tha best informatien from satellite over oc=an and-

gauges ovariand regions The dally merged datasst

is able 1o capture the large-scale rainfall f2aturas:

of monsoan and is very useful for rnumerical

M

monsoon madel validation and in tun formansgon
modzal development related ressarch and
devalepment It is able to depict the rainfall
associated with severe weather systems
-adequately. Currently the merged rainfall analysis
in real-time is carried out at 0 5% latitudelongituds
resolution. As the number of gauges will increase,
the resolution of the merged analysis system will
beupgradedtod.250 latiiude/longitude resalution:
Large-number of AWS and ARG data aftersuitable
quality control has te be usad optimally in this
mergad analysis system. Many ocean-based rainfall
data from buoy. ships and othersources have also
to be used Oceanic rainfall i= sstimated from

satellite observations, but the values are subject to
significant Uncertainties due 1o the scarity of

calibrating observations and the physleal limitations
invelved. This is alse true for difficult and
unpopulated regions like mountains Special sfforis
are required to calibrate the satellite estimates for



these difficult and complex rainfall regimes. The life
of current safellite TRMM is supposad to be over
and it will be phased out any time shortly Therels
a brand new projec namad 'Global Pracipitation
Misslon” (GPM) which will soon be providing higher
guality multi-satzllitz rainfall zstimatas in reaktime
{Hou et al , 2014) The cument marged satalfite-
based algorithmwill switch over to this SPM based
product fo be used as the first guess in place of

TRMM. Our INSAT-3D based rainfall estimates:

haveto besvaluated and could be usedasa backup
daia for satsllite estimates Efforts al SACHSRO e
improve rainfall estimates from current-and
upcoming satellites will alse be useiul in this work
Therz it a plan from GPM project 10 re-sstimate
tha TRMM-2ra daia (starting 1558} to be derived
again using GPM algerithm Hsnce, the dally
merged products have to be reanalysed fo produce
wpdated high quality daily data from 1998 onwards
for research and modal development purpasss The
use of radar te provide rainfall estimates is
becoming more atiractive Inindia also the number
of radars from vargus erganisations is gradually
increasing. However. while radars give very good
spatisl representations of rzinfall they tend to
underestimate rainfall when compared to rain
gauges for some selected areas To Improve the
accuracy of radsr estimates they are usually
adjusted by comparing the radar and rain gauge
estimates These calibration and validation of radar
rainfall with gauges for varying ramfail intensitizs is
an impori work to be completed for Indian region
=5 that the radar data could be used in mefged
griddad products in real-tima in futura
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