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ABSTRACT

This study provides a conciss documentation of the current level of skill of the deterministic
NWE model during North East monscon 210 making detailed inter-comparison with daily rainfall
arslysis frem the uss of rsin gauge observations and satellite (TRMM) derived gquantitativa
pracipitation estimates (QPE) obtained from NASA web site: Modsl performance is avaluated for
day-1 to day-& forscasts of 24-h accumulated precipitation in terms of several accuracy and skiil
measures. Forecast guality and potential valus ars found to depend strongly on the verification
datase!, geographic region. and pracipitation threshold Precipitation forecasts of the modsal. when
accumulated over the whole ssason (October to December) reproducs the observed pattern
Howaver, the model predicted rainfall is comparatively higher than the obssrved rainiall over
mast partsof the NE Monsoon regjens during the-season The modal showed considarable skill in
predicting the daily and seasonal mean rainfall over southern peninsular India and alse aver five
braad regions (Tamiinsdu, Kerala, South Interior Kamataka, Boyalseema and Coastal Andra
Fradesh) of indjan North East monsoen areas. Varicus <kill scere and categerical statistics for the
daterministic global model of IMD GFS rainfall farecast for NE Monscon 2010 are prepared The
made| bias for rainfall prediction changes frem evarestimatien te underestimation at the thresheld
of 20 mm/day except for day-5 forecast Moedel skill falls dramatically for eccurrence rainfall
thrasholds greater than 15 mm/ day, This implies that the model Is much better at predicting the
accurrence of rainfall than they are st pradicting the magnitude and location of the peak values

Keywords: Global foregast systam, quantitative preaipitation estimatian, Indian summer monsoor,

raintall redretion skill

1. Introduction

large area of the Indian peninsular The states in
the northwesl and southzast get the least amount

The summer monsaon season (Juna through

eptember) is metearclogically most impertant for

ia because more than 80% of the land area gels
abnut 90% of iz annual precipitation during this
periad. In India. whese ralnfall ks seazonal and the
agriculturs s mostly rainfall dependent for planning
its day-io-day operations. The main cropsie rice
maize ars cultivated dunng this seasons. Howsver
during the autumn, the zone of maximum rainfall
migrates to sguthernmoest India. 56 Lanka and the
nelghboring seas Henee, the main seasan of rainfall
aver the seuthem paris of India is the noriheast
(NE) menscon during the October through o
Ozcember period This seasdn s slso termed the
relfeating (southwest) monsoon ssason ofr the
post-monsoon season. [t is a major period of rainfzll
in south peninsular India, in particular the south-
eastem paris: The rsintall in this season determines
the agricultural production in this area The @in
shadow dusto the Westem Ghatzs soreads over a

of rainfall. This entire region is shefterad by the
Wastsm Ghats (erographic bameralong the weast
caast of India) fram the full biast of the rain-bearing
winds ef tha southwest monsoon Thereiore, there
= not much rain over this reglon during the
southwest monsoon With the retreat of the
southwest monsoon and the reversal of the
pressune and wind distribution, which occurs at the
beginning of October, a trough of low pressurs
becomes established in the south Bay of Bengal
This type of situation forces eguatorial maritime air
in_suificient depth towards south India. causing
widsspread rainfall

Most of the NWP: performance studies ovsr
Iridia were carried during south westmonrscon. To
date: there have been no systematic studles on
deterministic mode! performance skill over India
during ME monsoen seasan in the shon to madium
range fime scale One of the most critical Issues in
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maodeling the glebkal atmosphers by Atmospheric
general circulstion models Is the simulation and
initialization of precipitetion procssses. The main
aimof this study is te 2valuata the rainfall prediction
skill ef deterministic NWE madel aver Indig in short
to medium range tims scale during NE monsoon
2010 Performance statistics for the precipitation
forecast ef many NWP models have bean
documented by various authors Mc Bridz and Ebert,
(2000}, Doswell el al (1930), ete.

2. NWP Model

The Globa! forecasting system (GFS) run at
IMD is a primitive squation sp=ctral global
detamministic modal with state of art dynamics and
physics (Kanamitsu, =t al, 1991 Moaorthi et al.
2001) This GFS model is conforming to a dynamical
framewark known as the Earlh System Madsling
Framework (ESMF) and #ts code was rastructured
fo have many options for updated dynamics and
physics Details about the NCEP GFS ate available
at hitp./fwww emc ncep noaa.gowERESidec php
The datafis about mods| physics and dynamics are
discussed jn the racent study by Bural and Hoy
Shewmik, 7014 Tha model physlcﬁ thanges from
its pravious version to cumant varsion al Ta74 are
mainly in radiaticn, gravity wave drag, piane?ary
boundary layer processes. shallew and desp
canvection schemes and an introduction of tracer
transport scheme in the verdical (Saha et al 2010)

The assimilation system (for GFS) i a global
3-dimensional variational technigue. based on
NCEP Grid Point Statistical Interpalatian (GS13 0.0
Kigist ef al 2009} scheme, which 5 the next
yenaration of Spectral Statistical Imerpolstion (S5,
David et al 1992). The T574 Global Data
Assimilation System (GDAS) use variational quality
control, flow depandent re-weighting of background
arror statistics. use of new version of Community
Radiative Transfar Model (CRTM 2.0.2), improved
tropical cyclens relocation algerithm. In the
operational mode at IMD, the GBAS cycle runs 4
times aday (00 UTC, 06 UTC, 12UTC and 18 UTC)
and GFS model runs 2 imas a day (00 and 12 UTC).
The analysiz and forzcast for ssven days are
performed using the High Powsr Computing

System (HPCS) installed in IMD Dethi. Datails of

data presently being processed for GFS.at IMD are
available at hitp //www imd gov infsactioninhad/
dynamic/daia_coverage pdi

3. Methodology
In this study rainfall verifications weare carried
gut for IMD GFS model runs at 00 UTC against

dally rainfall analysiz over Indian NE monsaon
regions e south peninsular India for the NE
Mensoon 2010 atthe resolution of 50 km besed on
the merged rainfall data combining griddad rain

gauge pbservations preparad by IME Pune for the

land areas and TRMM 3B42RT data for fhe Sea
areas (Mitra et al 2014). The quality of sataliite
asfimated rainfall over Indlan region is found to be
good and useful for valldation of NWP model
forecast (Duralet 21 2010),

Direct camparison can ba made of mean values
of seasonal rain rate and dally rain raie 301 se3s0n 3!
mean eror In addition to simple point by polnt
comparisans like root-mean-sguars ermor mesn
absolute error, and cosfficient of linsar correlation
betweaen forecast and analysis can be compulzd

In addition 1o these simple measuras. a number
of categorical statistics are applied The term
c3tegoncal refers to the yes/no naturs of the
forecast verification at each grid point. Some
thiesholdie 01,12 5 10,15, 35, 65 mmfdayr]
is considered to define the Iransition between rain
vErsus no-fain event Then at=ach grid point (at
the resglution of 50 km), each varification time is
scored as falling under one of the four categoriss
of correct no-rain forecasts (Z), false alarms (F),
miszes (M), ar hits (K] . A number of calzgorical
statistical skill measuras are vsed computed from
the slements of rain/no-rain contingency Table.1

_ TABLE 1
‘Rain contingency table applied at each grid
point
Obsarved | Predictad
Hain No Hain
Na Rain H F
M Z
They include bias score (bias)
F i
BS =4r>® )

The blas scors is equal te the number of rain
ferecasts divided by tha total number of
gbservations of rain Thus the biss score is a
measzure of the ralative frequency of rain foracasis
compared with observations

Threat score (critical success indsx):

¥ i
5= H-1I-F (2)

The thizal score (TS measures the fraction of
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ohssived and/or forecastevents that wete corvsetly
pradicted. o '

In additional to above three score, probability
of detection (POD and false alarm ratio (FAR) could
be generated easfly by defining,

Probabllity of detection (POD)

s W

POD = Toa7 (3)

The probability of detection (FOO) is equal to
tha number of hits divided by the-total number of

rain observations: thus It gives 2 simple measure

of the proportion of rain evants successfully
forecast by the model

4. Resuitsand Discussion
41 Characteristics of observed and model
predicted precipitation

In India. where rainfall Iz z=asonzl and ths
agriculturs Is mostly minfall dependent for planning
its day-to-day operations. The main crops i.e rice
iz cultivated over most pans of south paninsular
India. particularly in tamilnadu during Cctober to
December ie NE monsaon season YWe Begin with
a description of sbsarved cumuiative rainfall field
for the Indian NMorth East monsoon season (1
October — 31 December 2010) The cbsérved
rainfall (Fig 1 OBS) distribution during NE monsaon
2010 shovis a8 north south orented belt of heavy
rainfell along the East coast with a peak of mors
than 100 cm. Another heavy rainfall beit is ohsarved
aleng the kerala coast Fora numerjeal model of
the atmosphers to be successful in pradicting
monsoan piecipitation over India, thea firststep s to
reproduce the ohserved charackaristic pattems in
the szasanal accumulated valuss

MD—5T8 (dayih FTET Cimm Baistfell (o IWUD-GPS {shpd| POFY Com Bainsal L= HME-GFF (da] FORT v, Rabifoll feah

- W - o

s (gapt) PEEY Cum Maietadl (v=y DG OPE (dayh) POAT Cisr Salntall rm) Pteerved Cuni Faicliell () ddalyes

Chaw B b~ S S W -

e 1w = B Ber T

Ew § b= 20 e D
r 3 el T —

Fig 1 Spatial distribution of model pradicted cumulative rainfall based on GFS day-1 -to day-5forecasts
and abssrved (OBS) cumulative rainfall for the period from 1 Octobar to 31 December 2010
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The forecast figlds (day-1 to day-3) of
accumulated rainfall for the NE mensoon s2ason
2010 based on the medsl is shown in Fig 1. The
iorecasts by this model in gensral could
repreducs the heavy rainfall along the east coast
of Tamilnadu and alang the west coast of Kerala
The othzar large seasonal total pracipitation due to
dynamical forcing produced by the genaration of
cyclonic clrculations over the South eastarn Eay
oi Bengal reglon s also seen in the model
prediction. The regions of less precipitation lo the
north of Southerm Peninsular India are also noticed
in mode! forecasis: Howsver, seme spatial
variations in magnitude are noticad The spatial
distribution pattern of madel pradictzd rainfall =
closer to the carresponding ohserved field

The observed and model predicted NE
monseon seasonal (10ctober-31 Oecambear)
mean rain rate.(mmiday} ovar the entire Southem
Peninzular Indis and also over sub-divisions (Fig 2)
of Coastal Andra Pradesh (CAP), Tamllnadu fTN),
Kerala (KL), South Intarior Karmnataka (SIK)
Royalseema (RSM) based on the model day-1 to

day-5 forecasts for the NE monseon 2010 (1 Oct -
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Fig 3 Time series of daily domain mean observed versus corresponding day-1 to day-5 rainfall {(mm)
forecasis by GFS modsl ever Scuthetn Peninsular India and also aver five broad homogensaous
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31 Dec) Is plotted In Fig 3. It shows thal the model
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The t=mporzl coregiztion coefficient (CC)
between domain mean obssrved rainfall and
forecast raindall is more than 0.5 up to day-3
forecastand then it i= high in the day-1 forecastin
all the regiens over south peninsular India It alse
shows thatthe day-1, day-2 and day-5 forecast are
i phase with each other, indicating 3 consisiancy
in the modeiforacast

The comalation coafficient betwesn trends in the
forecast and ohservation s a measure of the.phasa
relationship between them. The CC between daity
domain mean observed and forecasted pracipitation
of day-11e day-5 for southermn Peninsular India and
for five broad regions Is shown In Fig 4 From Fig 4
it is seen that the all India domain mean CC for all
day-1 to day-5 forecasts has values grestsr than
0.80, with & higher valus 0.90 for day-1, followed
by 0.85 for day-2 and 0 75 for day-3 The inter
comparisen of domain mean CC of dayl-days
raintall for=casts by the model over five ragions of
India is more consistert with the daily rainfall time
serizs as shown in Fig4 The skill of the model Is
dependent on bath the time scale over which the
forecasis are bzing examined and the =spatial
coveraige of the rain itself | e itis saslerto pradict

with reasonable accuracy the probability ofit raining
over 3 largs area than a small ons, and when the
rzinfall is widegpread rather than localized.

4.2 Verification of precipitation forecast
The precipitation forecast skills are highly
d&pend&rj onthe re:sultﬂn:na of verified grids/boxes
(spatial} and time pariod {temporal), There s higher
skill if the verified grids/boxes are very large o the
time period s very long. The average of the farecast
gmmors. over a long periad of time ls a measure of
the systematic part of the forecasi error, while root-
medn-sguare emor (rmse) s 8 measure of the
random component of the forscast eror. The
correlation ceefficient between trands in the forecast
and obs=arvation is @ measuie of the phass
relationship batwean tham

Spatial distribution of roet mean 2rrors (rmsej
of ramiall for day-1 to day-5 forecasts by the mode!
tor NE monsean 2010 (Fig 5) shows that the
magniluda of mse is between 5 ta 15 mmiday for
all the day-1 to day-5 forecast over most parts of
the NE mansoon regions except over Sputh East
Bay of Bengal where it iz In the order of  15-20
mm/day

Domain Mean: CC :NE MON 2010

0.8 il

cc

0.2

DAY-1

DAY-2

DAY-3

—a— CAP —a— KL
—a— SIK ——TN
—s— RSM —a—SPINDIA

DAY4 DAY-5

Fig 4 The comrelation coefiicient (cc) betwean daily domain mean observed and ferecasted pracipitation
of day-1 ta day-5 for southern Peninsular Indis and for five broad homogeneous regions
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Fig 5 Spatial distribution of rost mean error {forecast-observed) rainfall (mm/day) basad on IMD GFS
day-1 to day-5 forecasts for the period from 1 Octoberto 31 Becember 2010
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The aspect of modsl behaviour I furthar
explored in Fig. 7. the bigs, Fig & probabllity of
detection (POD) and Fig 9 false-alarm rate (FAR)
forclasses with clasemarks of 6.1. 1. 2.5 1015
35, 65 mmiday are presented.

The bias of a model farecast is the ratio of the
pradicted number of occurrencas of an event to the
number of occurrences of the sames event actually
reafized in nature. |t measuraes the ratio of the
frequency of forecast avants te the frequency of
obsarved svents. |ndicates whether the foracast
system has 2 tendency to undar foracast (BIAS<1)
ar aver forecast fE!AS‘.h-'E:u avenls. |l does nol
measure how well the foracas! corresponds to the
ohzervations.  only measures relative
frequencies The day-1 bias (Fig 6) of the rmedel
certinuously over pradicts (bias =1) rainfall svent
in all the threshold ranges up to 85 mm, whilz, the
day-2 to day-5 bias over predict (bias <1) rainfall
eventonly up to 20 mm and abave 20 mm the bias
scare down to befow 1.0 And alsc. tha values of
day-1'bias ar= high as comparad to day-2 o day-5
bias in all the thresheld ranges. Ingeneral, the model
ralnfall forecasts (except day-1) over piredicts
events of a lowsr magnitude_ but the crossover te
under pradiction actuss at a higher value close to
26:mm.

The probability of detection (POR) s equal to
the number of hits divided by the total number of
rain obiservations, thus It gives a simple measure
of the proportien af rain events successiully
forecast by the mode From Flg 7, it is sesn that
tha probability of detection{PCD) is more than 50%
tor elass marks below 10 mm/day forday-1, day-2

and day-3 forecast, while itis further balow for day-.

Jand day-5 h}recas! From Flg 7 itis s2an that skill
is & sirang function of threshiold as well as faracast
lzad time (day-1 to day-5)  with the prabability of

detection (POD) (Fig 7) decreasing from about 80~

80% for rain/no raln (=01 mm/day) to about 20%
or 30% for raln amounts above 30 mmiday

Consistent with this the fatse alarm ratio increasss

with thresheld, from about 20 or 30% at low
threshold ta 70%:-80% at high thresholds

Threal scora (TS) also known as the eritical
success index (CS1 eg, Schasfer 1990), or
equitable threatscore (ETS) which Is 2 modification
of the threat score to account for the corract
forecasts due to chance (Gilbert. 1884) is for
verfication of the skill in pregipitation forecasting
The threat score (TS) is the ratie of the number of
cormact modsal prediction of an event to the number

of all such svents in both chsarvad and predictad
data It can be thought of as the accuracy when
cotrect negatives have been ramovad from

‘consideration. that is. TS is only concamed with

forecasts thal count It does not distinguish the
source of forecast error and just depends on
climatelogical frequency of events (poorer scores
for rarer events) since some hita can occur purely
due to random chance. The threat scere (Fig )
starts close to 0.65 for rainfall threshold of 0. 1 mm/
day and then decreases to 0.3 near the 10 mm
mark Interzstingly, the day-2 to day-5 threat scars
remains relatively canstant a5 a function af
threshield for low and modarale threshold valuss
and the day-1 scora iz slightly higher in all the
threzheold ranges

The ocbserved and model pr&d]ctnd seasonal
(10ctober-31Decembar) mean rain rate (mmiday)
over Southern Peninsular (SP) Indla and five
regions i.e CAP. KL. RSM.SIK, TN far tha NE
monscan 2010 is shown in Fig 9 Itis noticed from
figure. 5 that model overestimatz the seasonal
mean rainfall over all the regions of NE monsoan
arzas In all day-1 1o day-5 forecast An inter-
comparisan of time series of daily country mean
waskly (seven days) cumulative obsemved and
corresponding (seven days) fotecastad rainfall of
GFS over different regions of NE monrsoon regions
of India are presentad in Fig 10. The active and
weaak spell of rainfall activity is wall reflected in the
wes=kly rainfall of different of NE mensoaon arzas
of Indiz and alzo tha weekly rainfall pvarthe antire
south peninsular India The seven days cumulative
forecast of both GFS are in phase {active / waak
spell of rainfall) with the corresponding obssrved
rainfall, indicating the predictabifity of rainfall in
weskly time scale, The active rainfall activity
(positive anomaly) and weak or break conditlon of
rainfall activity (negative anomaly) is wall captured
by GFS in weekly scale

5. Conclusions

From the result presented above, the fellowing,
is concluded. (1) Modei day-1 to day-5 precipitation
forecasts, when accumulatad aver the whels
saason (1 October to 31 December), reproduce the
sbserved pattern (Fla. 1) with two large ar=as (zlong
the Tamiinadu Coast, Kerals coast) with a total
precipitation in excess of 100 cm The observed
variability of daily mean precipitafion ever NE
monsoon region is reproduced remarkably well by
the day-1to day-5 forecasis of the model This

188



TS : SPINDIA :NE MON 2010

—— DAY
o8 —— DAY-2
—e— DAY-3
——DAY4

01 25 ] 10 15 20 25 30 35 83
mm

Rainfall Threshold In mm

Fig 8 The Thread Scere {TS) betyween dajly demain mean chserved and forecasted precipitation of day-
1 te day-5 for southern Paninsular India during 10ctober -31 Dacambear 2010
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manseon 2010,

189



CIASTAL AF

—
v 3 o4 n o0 FOHE @M o2 43
woeshs | ) Eciber - 31 Decerbae 201 1)

u

ROFY AL REA

Pl i e

T2 3 A B B B U iy 12 D
Wilanke |1 Cichnbor A Dooomrhes 3001}

Ta ML MATL

160

T

Farrall i
z

' 3 5 T o on 13
Wi (1 Dudobsy - 31 Deveriber 2001)

Frarifall i e
=

SOUTH INTEROR MATPIL TR KA
—a— FE]
—— OS5

o rall (i siem

o 8B & 5 @ 7T & B o0y 4EF
Wikemin (1 Oicicber - 07 Doaambee 2011)

=11
i —a—FCET
= qm ‘E
5 1
-0 'y
.-
u m

T2 3 4
Wianks {1 Bclribor - 21 Tecarhar 20711 §

5 H TFHIHI‘!TI‘!H

SOUTH TS AR hrEn

15

1M1

T3 % 4 5 B T OB % W 2
Wigets | 1 Duloter - 31 Ssoerbe) Z10)

Fig 10 Weekly Domain Mean Observed and medel predictad Rainfall (mmiweek) over Southemn Peninsular

India and five broad hormo

eous fegions Le. Tamilnadu

), Kerala (KL), South Interior Kamataka

{S1K), Royaiseama (RSM! and Coastal Andra Pradesh (CAP) based on the model day-11o day-5

faracasts for the NE monscon 2010

implies that thouagh the shon- 1o medium-rangs
forecasis have emrors in the spatial distribution, the
spatial average of dally precipitation over the NE
Monseen region and over five broad regions of
Southem Peninsular India is in reasonable
agreament with that observed (2) The maodel has
a tendency to over predict the frequency of
gccurrence of precipitation events in the light and
meodzsrate categorizs and 16 under predict svents
in highar categories. The modei blas changes from
aversstimation to underastimation at the threshold
of 25 mmiday excep!t for day-1 farecast (Fig ) (3)
Model skill falls dramatically for eccurrence
ihreshaolds greater than 20 mm' day (Fig &) This
implies that the model Is much bettzer at predicting

the occwrrencs of rain than they are at pradicting
the:-magnitude and loeation of the peak during the
Morth East monseon seasen over India
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