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Background and Motivation

Hence, under the “National Monsoon Mission” Project
of Govt. of India, IITM has adopted Climate Forecast
System (CFS) coupled model from NCEP for seasonal
and extended range prediction of Indian summer
monsoon under Indo-US collaboration.




BaCkground and Motivation Some kind of averaging is required to
remove the high frequency weather
noise, prediction on pentad scale
extends the skill
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Development, Testing, tuning and reliability of Ensemble Prediction System (EPS)

It has the potential to generate infinite number of ensembles.
s> Amplitude of perturbation can be adjusted by changing the tuning factor.
s»Sensitivity of perturbing each Individual variables can be evaluated.
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Background

SST Bias from Long Simulation

Sahai et al (2013)
Current Sciences
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Optimization of the EPS and Strategy for real-time prediction
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GFSv2bc Seasonal (JJAS)
Climatology is better
than CFS126

Spatial pattern of T382 | ™

seasonal climatology
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Model evaluation is done for both Actual Pentad mean rainfall averaged

over 5 Homogeneous region as well as for large scale MISO
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Hit rate
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Optimization of Low frequency component over Indian region
RMM-===mmmeeeeem - BSISO---------- - MISO--- (Suhas et al., 2013, Goswami et al., 2013)

Eight Phase evolution of MISO
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Bias Correction as well as High Resolution

U The dry bias over the Indian land region slightly reduced in all lead
pentads in the bias corrected GFSv2 compared to CFSv2T126. While
T382 run exhibit large reduction in climatological biases ... But no
significant operational usefulness of CFST382 forecast over T126
forecast of MISO.

O The pentad lead prediction skill of ensemble mean deterministic and
probabilistic forecasts from GFSv2bc is significantly higher than
CFSv2, both T126 and T382, for all lead pentads.

O GFSv2 is superior to CFSv2 in predicting large-scale low-frequency
components of MISO and is clearly an artifact of correcting the SST
bias. Biases are similar in T126 and T382 resolutions.

0 The real-time dissemination of extended range (~3 weeks) forecast
in the high resolution NCEP CFSv2 framework could be a
challenging task for the operational forecasters, owing to time

constraints and computational management. N



Monitoring of MISO and verification
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Observed and Predicted percentage anomalies are shown

for 2013 over Monsoon Zone
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Inter-annual variation in skill of individual models
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CFS Grand Multi Model Ensemble (CGMME) Prediction System

Towards the development of
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Preliminary results from MME:
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Relative operating characteristic (ROC) Curve
Central India Pentad lead 1 Forecast (Below Normal)
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Standard Forecast Verification: Bivariate correlation and RMSE
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CFSv2_T126

GFSv2_T126

Real Time forecast based on 0824 2012
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R/F (mm/day) & U850 (m/s)

Monsoon Onset over Kerala

Highlights of 2014 Real-time prediction
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Progression of ISM
from 0S June 2014 IC

NCEP/TRMM
Analysis

MME, Forecast Valid Time = 00Z06JUN2014
Rcinfclll (shaded mm/day) & 850hPa winds (vector,207)
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OBS, Forecast Valid Time = 00Z26JUN2014
ReVlval Of ISM fl'()m Rainfall (shaded mm /day) & 850hPa winds {(vector,Z207)
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Verification of area averaged rainfall over homogeneous regions predicted by MME

MZI

YNN EBN
T EpEmgem T T T

.A';l:ategory
- “mll".“----‘---'---
hali ™
LT

HHHi!!!:i::;1IIT1IITT Hiii“ir::iii;:llf1llﬂ

_
_
_
_
_
_
0 |
Qo __ |
o> u
© |
£ [ |
Hm |
.m 1 1
ot |
(18
[
_-__-d_-uqd—- _—_ -—_ -_—-_——_— —_d -—- __-
o0 ©o o ©o o0 ©o o o
d04dd% d404dd%

€1-60d3dS
vc-0conv
vo-Leanr
SL-LNC
Gc-keNnr

GO-LONNP

€1-60d3S
ve-02onv
vo-Leanr
SL-LNC
Ggc-keNnr

Go-LONNP



. oy
='ﬁ§g@f ,
i TS

- s 3 __‘ .1 ’;. .t'\‘ : -

. - 8, . L -
’ v Ny g Vo g - *oby (LR A5 e~
= . i = -

MME, Forecast Valid Time = 00Z31JUL2014
Rainfall (shaded, mm/day) & 850hPa winds (vector,20)

Vquv,ﬁrA“r,v >y > > A F v |

rfffay.a‘, ’.‘ .“.7
\\4"&\\\An».> ) A ;\ v -:g&_.
\\NR(\NK‘.‘<‘ . " =,

\x\\\\\x« ; AN =, S
\\\\&kk&@&-(—‘_q_\'\ T et
N N N U S
v \\ﬁ\\\\\&\@*\k\ek¢¢1{($
ASANAE UL LR N NP a4k y

7

‘//‘,\\\\’J.‘—?'>p~¥y“‘.<r‘ f//?/"*\\&*.‘,‘
f” V""“'“K

f}/ 4
Kk kT e e S

40E 60E 80E 100E 120E 140E

—_]
2 35

P




History of Evolution of the ERPS at lITM

2011: Implemented the EPS using CFSv2T126 in real-time for internal
experimental prediction.

2012: Started issued the CFSv2T126 forecasts to IMD on
experimental basis

2013: The forecasts with CFSv2T126 and GFSbc were made available
publicly in our web-site. Several user agencies started using the
products in real-time mode.

2014: Implemented the CGMME in the operational mode and the
forecasts are made available in http://lwww.tropmet.res.in/erpas/
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Pentad wise rainfall predicted by MME

MME Actual Rainfall (mm/day)
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Highlights of 2013 Real-time prediction

Forecast of Monsoon Onset over Kerala

Based on 16 May 2013: 29 May 2013
Onset declared by IMD: 15t June 2013

Onset date forecasts are

90 obtained from each 11
30 i'i i ‘ | | J ‘ l‘t ll||l|h ‘ member of CFSv2 45 day
20 J 1 ‘ J J forecast. Then ensemble
104 Illl l‘l mean is given as the final
43 ~ forecasted onset date.
Y axis on each panel is in
30 I ‘lll I I || I H I | I mm/day for rainfall
20 * Lk v 1ML "ll (bars) and m/s for
g l.,'lllf " |||b Ill,r »_Hl,llg’. " 850hPa wind(green line).
0— ' Red circle is the onset
40 > £ £ € .
s g 3 3 3 date and also written at
] u l ‘ I‘ u € © 2 &  thetop of each panel
20 PRSAREY || J | l
g Onset date: 29 May
107 1] |‘|,l |I |I SD: +/- 1
0 —
> O c = > e c o > = = o=
T =) = o=} (] 3 = = ] 3 pe= | =
= 3 38 2 8838 3 = 8 3 3
N - « N - « N - «



Rapid advancement of Analysis Time = 00Z06JUN2013
monsoon was well- N I '
predicted from 5 Jun IC )

NCEP/TRMM

Foe o | Analucic

65° 0 75 80 85 90 95 100 0] B b IS a0

8 w 95 10
j | | j | 1 1 [
,_‘—-"l' ". K
e NORMAL DATES ADVANCE OF
\ \ i
. I
j 1{]»' ws e FOR SOUTHWEST MONSOON 2013 | |,
m w1 qUlY 7|
TN oy v & ¢ |0NSET OF SOUTHWEST MONSOON . Actisal - = == Normal
\ !
’ tn i
o ;I SW Mensoon covered
Al on 16t June 2013
16 Fot Sandeman % %
pee  CLH I N A 0, CiH | A »
= Tl ’ ; 5 R
%5\4“": |Trees g \ ’“éu"e'v Tie 27.14 L"e o b,
i Ngw Mot n r' RS
O T 4°K?\M«u ne‘Z,;! \ 4 10June x ? i
| o T \ % . ( ﬂ'm:m : %O?""" !
',‘ L;[WPRA E‘N . A ‘/- 0 c Tigar 14 ;)
.‘“‘ m.mZ: °wy 1N 0 ," A6 :?5'9"'\0, él [ﬁulu y of; Q o ‘
o T e ; %, et : EIKAMc o, i 5
e L o ¥ , e = o y
| FRApESH Wm A - : o 3k o
MYANMAR " Awadin: &R 1 3
) | i L R p 0 MYANMAR
& é‘?ﬁJu’neN \%91 Yita A e 10 .ﬂ': > 80 A 0 i
kY & iy . i R, Pl A [owog! June ;
N I £ ol $ o e - o
£ b s
Ao 2ok S swil—{o | [ARABIAN SEA [T eieledl XU e [ty ¥ Sdune -
| 2 : Mloes [ 25 Ma w
,5 ‘.3 BJgnJ [ B 75 = 4 Oél ug /' £i6 My ¢ L %
Y ¢ 47 Jupe 10 June | & ¥ il ! : LA
> Vssmb&'wn I » \. y
'(ny Nakads a\"“P ZO;May WV fod. Q?V.--—:.... ’
Q(é Vamhmam“ es‘ o t W Yo% ; il f ‘\ | i -’\
&0 ,\9 ’ ¢ \ 15 o o
5 4 4 3 R o .
{g/ @?‘ o 3 15 é‘ . 15
Tovey * i
DAMAN 1
! -2 Jurle el
= 1 =
& ooy
i 18t
-~
Rl e d=| o : 4 __zoz_‘!,s . 1o
X ] ! ! S
¢ S & ‘ o It %Q.
A Y & | B @“ e°6\ b [ '
! il e | . hf AL
B % 100 1y i b ;| i 7-49 May ' .




. OBS, Forecast Valid Time = 00Z06JUN2013
PrOgreSSIOH Of ISM Rainfall (shaded mm/day) & SSOhPa winds (vecfor,?ﬁ')

30N

from 05 June 2013 IC : :’ ~F "' PR T

20N

ION

NCEP/TRMM f ff “ (oL, + Dy
. 7 1"’ - ‘:' f - a4 N ev. % = & H
Analysis EQ | ?:,::\ » ‘,ffnﬁ” ‘:; O

\kk;&\\RnAq‘c
105 4 \\\\\“mx&.&ts:&ng¢ Lkék"h—“‘-{—!—-"‘-

\\\ K<.v.<!\t(kk.~‘u,4

ANPGRS AR PRSI S, S
b SURL R R R R
f Th K e s w e v

20$ 71‘]'\‘”5‘ LR QPRI “H—«-t::\j\ x )
(% f Bhn hd v b LY Y & g A
/.,//,//,év/:ﬂ-”**ésuu*‘\av.zzyzrm—‘\:\\& v e

Qgsq Wy ey
MQ\»\)Q\Q\\&LJ“JKW\R\ RN A Sy y

30$ ;y’/ e e e SN \'\'5,;9;«‘-“" “*"77’—”*‘—“\\,\‘\_‘\‘ W
Suwwu T ; gt

+0E ‘ 100E 1 20E I 40E 160E

MME, Forecast Valid Time = 00Z06JUN2013

— I I [ T T e
Rainfall (shaded mm/day) & 850hPa winds (vector, 20~ 2 4 8 12 18 25 35
- A4 y€ 4 4% DR k4 7 AN L 4
4y > Q»:yxkpk‘p K\(_‘:"
7oA A4 oA f“/ fvv<<.,‘
A e N
"\KQ4,'
’*‘g oy <:| MME
N — R
EQ' f)' ¢,,,,-frf1u'¥ \ t"“ﬁ-& \\K
\kk\'\\',‘_,A»R\\q.‘.
NA K v R RNR KR ¢ oo v N A

10S 1
AN NS - 1"'\'\‘\\4_“&'{\'\\\\ v

N "o RR L ‘,._‘_'\W_st\‘\\\\'\ IS
208 4 \ « h pw R o, “sq_*w*_tl\'\‘\\\\\

rfﬂqVAp‘
‘1PV‘¢(‘—<—.——<—"‘
f A

Ev\'\\k‘x‘\\\w e xR RN

40E 60E € 120E 40 160E




Progression of ISM
from 0S June 2014 IC
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How MISO is computed:
(ref: Suhas etal., 2012)

» Extended EOF analysis is carried out similar to Wheeler and Hendon
2004 using standardized rainfall anomalies up to lag -15 days, averaged
between 60-95E for the latitudes -12 to 30. The rainfall anomalies for
the lag days are appended side by side to create the extended data
matrix.

» The EOF analysis is carried out using IMD-TRMM merged data from
1998-2011. The real time data for 2013 is projected onto the EOFs
created from the 14 years of past data.

» The amplitude of EOF1 and EOF2 (PC1 and PC2 ) are plotted in a PC1/
PC2 phase space similar to Wheeler Hendon 2004 to get an idea of the
evolution of ISO and its strength.



Strategy and highlights of 2013 Real-time prediction

Model has been integrated for 45 days for each 11 ICs at five day intervals
starting from 16th May (Eg: 16May, 21May, 26May, 31May, 05Jun........ etc) at

CFS T126 resolution and bias corrected SST from CFSv2 has been used to
force GFSv2bc.

Forecast & Verification

» Monsoon Onset over Kerala (MOK) was predicted well from 16 May initial
conditions (29 May 2013).

» Rapid advancement of 2013 monsoon and the incidence of Uttarakhand

heavy rainfall event was predicted well in advance by the models from 05
June initial conditions.

> Prediction of reduced rainfall activity in the end of August helped Pune
Municipal Corporation in planning their road-repairing works.

> The revival of monsoon was well predicted from 08 September initial
conditions, which helped IMD in declaring the withdrawal of monsoon.

> The extended range forecasts were widely utilized by Agromet Division of
IMD to prepare the fortnightly agromet advisory bulletins

33




