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Status of monsoon prediction
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« Basis for seasonal prediction & statistical
Implementation

« Climate model performance for the Asian monsoon
« The monsoon-ENSO teleconnection

+ Role of coupling

« Impact of mean-state biases

«» Awareness of long-term variations

« Flavours of El Nifno

+ Climate change and monsoon-ENSO

« Seasonal prediction status
« Benefits of other factors in seasonal prediction

B8 Readi ﬁ"gf //J JEJU Uinguns WCRP-&

NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN

World Climate Research Programme



National Centre for
Atmospheric Science
uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu

Monsoon prediction

BASIS FOR MONSOON
SEASONAL PREDICTION
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Indian monsoon fOI"ecaSting @ Atmospheric Science
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» Some of the earliest attempts at statistical seasonal
forecasts were by the
(H.F. Blanford, 1886)

+ Since then IMD have refined their statistical models

+ These forecasts reflect the potential predictability of
tropical rainfall anomalies implied by slow variations In
lower boundary conditions (Charney & Shukla, 1981)

+ The IMD summer monsoon forecast is one of the best
known and eagerly anticipated operational statistical
forecasts — the forecast can significantly affect the Indian

stock market
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Monsoon-ENSO co-variation

All-India Summer Monsoon Rainfall, 1871-2003

(Based on IITM Homogeneous Indian Monthly Rainfall Data Set)
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Indian monsoon statistical forecasting @ Aemaspheric Science

The IMD model uses power regression:

R:CO+§CiXiF’i
=1

An Initial forecast Is issued In April, using a variety of
parameters (some of which are SST, some are
atmospheric and one is land surface)

A revised forecast is made at the beginning of July (one
month into the monsoon) changing some parameters
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(V. Old) Indian monsoon statistical @
forecasting

The 10 parameters (and their correlation coefficients with AIR*) are:

1. (Jan and Feb) 0.55

2. (Dec) -0.46

3. (Jan) 0.46

4, (Jul-Sep previous year) 0.42

5, (Mar) 0.47

6. (Feb and Mar) 0.61

7. (Jan) -0.51
8. 0.42

9. South Indian Ocean 850 hPa zonal wind (Jun) -0.45
10. NINO3.4 SST tendency (between Jan and Jun) -0.46

*AIR = All India Rainfall
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Statistical forecast performance @ Atmospheric Science
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115 .
From Rajeevan et al.

"7 (2004) Current
5 105 Science

: 8 § 3 g $§ § 8 8 8 & &
2 Performance of the ' IMD model (16 parameter

power regression)

« Note the gradual deterioration in skill and the failure to
predict the 2002 drought
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Statistical forecast construction @
& model testing
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Performance of the IMD model (8 parameter power regression)

through the development period (1958-95) and test period (1996-2002).
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Statistical forecast redesign

National Centre for
Atmospheric Science

NATURAL ENVIRONMENT RESEARCH COUNCIL

Table 1 Detals of predictors used for the frst stage forecast (SE'T-1)

N Farameter

Fenod

Spatial domain

L with ISME
[ 14955 —R10)

A1 Morth Atlantc 551 anomaly

Al Equatonal SE Indian Occan 351 anomaly

Al East Azia surface pressure anomaly

Ad Europe land surface air temperature anomaly

A5 Morthwest Europe surface pressure anomaly tendency

Ab WWY anomaly

December + January
February + March
February + March
January

DE(0) — 500N (-1)
February + March

ZOMN-30M, 1T00W-80W
25110, TINE-1HE
35MN—45M, 120E-130E
Five stations
G5MN-TSM, HIE-E
555N, 120E-80W

.45+
(L52%+
(.36
(L42%*

0,40+

. 32¢

¥Sigmificant at and above 5% level

¥¥sipniticant at and above 1% lewel

Yet another change to the forecast methodology in 2005! This new model uses ensemble

multiple regression (Rajeevan et al., 2006, Clim. Dyn.)

3

Table Z Details of predictors used tor the second stage forecast (SET-11)

Mo Parameter

Penod

spabal domamn

L wath ISME
[ 14958 AN}

J1 Morth Atlantc 551 anomaly

42 Equatonal SE Indian Ocean 55T anomaly

13 East Asia surface pressure anomaly

44 Mimo-3.4 55T anomaly tendency

43 Morth Atlantic surface pressure anomaly

16 Morth Central Pacitic zonal wind anomaly at 550 hPa

December ++ January
February ++ March
February ++ March
MLAMI(D) — DI
May

May

DM N, T W—RI0W
Hs—1008%, 100 E-1HIE
5N ASN, THE-130E
555N, 1T0W-1HW
5N AASN, 30W-10W
SM-15M, 1BIE-150W

L5
(L52%*
(. 36*

L4

142

{155

¥sigmificant at and abowve 5% level

¥s1pmibicant at and above 1% level

University of

Reading

/2 JEJU NATIONAL
UNIVERSITY

W JEJU

WCRP

World Climate Research Programme



Statistical forecast redesign
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Table 1 Details of predictors used for the first stage forecast (SE'T-1)

Mo.  Parameter Period Spatial domain OC with ISMR
(19552000

Al Morth Atlantc S5T anomaly December + January  20N-30N, 100W-80W  ).45%¢*

A2 Equatorial SE Indian Ocean 55T anomaly February + March 205-105, 1E-120E (L.52%*

Al
a4 Fig. 1 Geographical

. ‘ ‘ el B 3 wummuvmﬁ&‘{"
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J2 o
J3 East Asia surface pressure anomaly February ++ March
J4  Mino-3.4 88T anomaly tendency MAM(0) — DJF(0)
15 Morth Atlantic surface pressure anomaly May
Ja Morth Central Pacific zonal wind anomaly at 850 hPa  May

J5MAASM, INE-130E (.36%
555N, 1TTW-1H0W i
5N AASM, 30W-10W L
SM-15M, 1BIE-150W —{1L.55%*

*Significant at and above 5% level
*+Significant at and above 1% level
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Current Pacific WWYV & ENSO @ National Centre for

Warm Water Volume (5°N-5°S, 120°E—-80°W)
and NINO 3.4 55T Anomaly
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www.pmel.noaaa.gov/elnino/upper-ocean-het-content-and-enso
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The gradual deteriorationin skill of the old IMD model highlights several problems
with statistical techniques:

« The correlations between predictors and predictands
are not necessarily stationary in time

« When the forecast fails (e.g. 2002) you don'’t
necessarily know why

« The method requires high frequency variability
(“noise”) to have a small impact compared to the
low-frequency predictable “signal”
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«» Dynamical models (coupled ocean-atmosphere
GCMs) are beginning to be used for seasonal
forecasting of the monsoon

<« But they still retain large biases compared to
observations — even in the most recent
models...
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Monsoon prediction

CMIP MODEL PERFORMANCE
FOR THE ASIAN MONSOON
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Monsoon precipitation biases @ Atmospheric Science
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Large range of
skill at simulating
the mean
monsoon
precipitation In
CMIP3 and CMIP5 ..
models

'b) CNRM-CM5 0.85 ) CNRM-CM5 — GPCP

| | e R — g
B Ll L=l = 138 =

Mean JJAS precipitation <) MIROC-ESM 0.62 ) MIROC-ESM — GPCP

(left) and bias versus GPCP
obs (right)

See Sperber et




Multi-model mean monsoon @ National Centre or
° ° ° ° ° mospheric odcience
prec I pltatlo n blases I n C M I PI5 NATURAL ENVIRONMENT RESEARCH COUNCIL

« Large biases in CMIP3 and CMIP5 models

Mean JJAS precipitation (left)and bias versus GPCP obs (right)
d) CMIP5 MMM 0.90 i) CMIP5 MMM — GPCP

| _IIIIIII_
] 15 ] ) ] 5 ] 0.5 i s

e) CMIP3 MMM ﬂ 86

See Sperber et
al. (2013)
Climate
Dynamics
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Multi-model mean circulation biases in @
CMIP3/5

<+ Weak Somall Jet in CMIP3 and CMIP5

Mean JJAS 850hPawinds (left) and bias versus ERA-40 (right)
d) CMIP5 MMM 0.98 1) CMIP5S MMM — ERA40
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Relationship between circulation and
precipitation biases in CMIP3/5
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Scatter diagram of
pattern correlations of
simulation of JJAS
precipitation & 850hPa
winds

See Sperber et
al. (2013)
Climate
Dynamics
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Precipitation JJAS Pattern Correlation
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0.6

- ==CMIP3 MMM

W NCEP 61-99/CMAP
B NCEP 79-07/CMAP
JRA 79-07/CMAP

® CMIP5 Models

- 4-CMIP5 MMM

— CMIP5 Fit (t=7.27)
® CMIP3 Models

— CMIP3 Fit (t=7.05)

0.6

0.7 0.8 0.9
850hPa wind JJAS Pattern Correlation

< Strong evidence for connection between biases in
monsoon circulation and precipitation
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Biases in the monsoon onset

« Onset pentad using method of
Wang & Linho

« Delayed onset in CMIP3 and
CMIP5 models

From Sperber et al. (2013) Clim. Dyn. (also see
Sperber & Annamalai (2014) Clim. Dyn.)

Onset
(a) GPCP (1979-2007)
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CMIP models for forecasting? @ Aemaspheric Science

<+ In practice we would want to use Initialised
models for forecasting, not free running climate
models

< But It Is still useful to understand their biases...

« Now let's take a step back to monsoon
predictablility
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Monsoon prediction

IMPACT OF OCEAN-
ATMOSPHERE COUPLING
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Impact of ocean-atmosphere coupling @ Aemaspheric Science
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« Examination of importance of ocean-atmosphere
coupling by Krishna Kumar et al. (2005)

« Other works by Bin Wang etc. and many others

GEOPHYSICAL RESEARCH LETTERS, VOL. 32, LOST04, doa:10. 1029/ 2004GL0O21979, 2005

Advancing dynamical prediction of Indian monsoon raintall

K. Krishna Kumar,' Martin Hoerling," and Balaji Rajagopalan'~

Received 11 November 2004, revised 6 January 2005; accepted 2 March 2005; pubhished 21 April 2005.
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Monsoon predictability " * *, *

« Krishna Kumar’'s approach ; 3- :
used AGCM ensembles to 5 = :
simulate the monsoon in £ 5
response to observed SST ¢ :

=+ 10 different AGCMs each ol
with several ensemble i _
members R — ? .

0.4 0.2 0.0 0.2 0.4 0.6 0.8 10

Correlation

+ Red shows the perfect model approach: PDF based on
correlating each member with mean of all other members

« The common factor Is the SSTs used, suggests around 40%
variability potentially could be explained by SST

From Krishna

University of /2 A
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Monsoon predictability “”

= — AGCH s Obs
o = AGCMs AGCH

= = DEMETER

« Krishna Kumar’'s approach ; 3-
used AGCM ensembles to
simulate the monsoon In
response to observed SST

<+ 10 different AGCMSs each
with several ensemble |
members I — ?" .' -

0.4 0.2 0.0 0.2 0.4 0.6 0.8 10

Frobability Density
05 10 186 20
| | |

0.0
|

Correlation

<+ Blue shows PDF of the correlations between rainfall in each
member and observations

« Implies essentially no real skill

From Krishna
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Lack of coupling
problem

< Warm minus cold

ENSO composites
based on 1950-1999

<+~ AGCM ensemble

3

gets entirely the
wrong sign of
correlation

From Krishna

Universityof  kKumar et al. (2005)
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Figure 2. Monsoon season warm minus cold ENSO
climate signals of, (a) ensemble mean rainfall (mm/day)
from NCAR/CCM3 AGCM, (b) same as A but for surface
temperatures (°C), (c¢) same as A but for satellite estimated
rainfall derived from outgoing long-wave radiation (OLR)
(d) same as B but for observed temperature. Note that SSTs
have been prescribed in the AGCM. Period of analysis is
1950-1999, except 1975-2002 for OLR.
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Benefits of a coupled ocean

. . A
Showing instantaneous |
summer correlation between , ;
Indian rainfall and SST 3 s

405 1

< |In Krishna Kumar’s 30E 60F 90% 120F Gﬁ?%ao_ﬁmw 60W
framework, replacing most
of the prescribed SST with
a mixed later model (and g
prescribing SST only in the
central/east Pacific) gives a
much more faithful
reproduction of the ENSO
teleconnections to the
monsoon

From Krishna
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Monsoon prediction

IMPACT OF COUPLED SST
BIASES
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Example coupled SST bias

158
30S

0 30E 60E 90E 120E  150E 180  150W 120W 90W  60W
276 284 292 296 300 304 310

From Turner et al.
(2005) QIRMS 272 280 288 294 298 302 306

Vv 0 30E 60E 90E 120E  150E 180 150W 120W  90W ¢
-2 -1 0 1 2 3

-0.5 0.5 1.5 2.5
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especially on the equator...

SSThb
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Mean summer (JJAS) 850hPa winds
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From Turner et al.
(2005) QIRMS
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Mean summer (JJAS) precipitation

©
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«» SST biases are also couple to biases in the circulation,

especially on the equator...and In rainfall

W‘ - 30N
\ ;'La ~
- - 15N
- ,‘h A ;
@ AN/ Fl—, EQ
AP
il " 155
dCM3 -
1 T T T T T T 305
0 30E 60E 90E 120E 150E 180 150W  120W 0w BOW
From Turner et al. 0 1 5 15
(2005) QIRMS I I I I I [ N
05 3 i 12
30N
"1
15N 2
EQ
155 LOos .
30S | T 1 T T
W 0 30E 60E 90E 120E 150E 180 150W 120W 0w £
-6 -4 -2 -0.5 0.5 4 6
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Impact of tropical Pacific mean state

SST on monsoon-ENSO teleconnection

D4FT —T JAN-1

I —ERA4Q e

r —HadChM3 T APR

0.2 —HadCM3IFA 7] MAY

I —-AIR 1 JUN

I 7 JuL
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|_ D"D SEP

= ocT
_-E | NOV —
_ DEC 0 ——
% 0.2 I N 3
5 ®

La

-0.4

JUN
JuL

-0.6f

SEP

oy
_D_B i | 1 L | " PR [ TR T N S T (N SHN SN N T | .

— I I I DEC+1
Aug—1 Nov—1 Feb Moy Aug Nov Feb+1 May+1 Aug+1 12E 150 180 {SW 1204 OW " 120E 150E 180 15OW 120W oOW

lag month [ [
297 30

299 302

NOV

« By using heat flux adjustments to correct equatorial SST
biases, Turner et al. (2005) showed that the monsoon-ENSO
teleconnection could be improved in HadCM3

«» Composite El Nino events show the warmest waters to move
further east in the flux corrected model
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Impact of tropical diabatic heating on
teleconnection in the CMIP3 models
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(a) OBS

(b) NCAR_PCM

(¢) GFDL_CM 2.1
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FIG. 4. As in Fig. 3 but for precipitation anomalies: (a) observations, (b) NCAR_PCM, and (c) GFDL_CM_2.1. Positive values are

shaded progressively while negative values are shown in contours with an interval of 2.0 mm day .

«» Annamalai et al. (2007) showed importance of the correct
location of diabatic heating anomalies in the equatorial
Pacific to simulation of the monsoon-ENSO teleconnection
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The importance of the mean state: @
summary

« Coupled models can resolve the approximate sign and
timing of monsoon-ENSO teleconnection

« Systematic biases in the tropics contribute to poorly
resolved monsoon-ENSO teleconnection

« Cold bias leads to incorrect placement of diabatic
heating anomalies during El Nino

« Further evidence that models must capture the full
spectrum of monsoon variability

B Reading //J JEJU Lo WCRP-#~
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Monsoon prediction

AWARENESS OF LONG-TERM
VARIATIONS IN
TELECONNECTIONS
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Modulation of the ENSO-monsoon @ National Centre for
. . Atmospheric Science
teleconnectlon: apparent weakenlng? uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu

correlation r

Moving correlation between AIR
and Nino-3 SST during JJAS +« The monsoon-ENSO

o ————————————————————— teleconnection has been
- characterized by apparent

-02f recent weakening, but...

~0.4f + Considerable interdecadal
_ variability in the past

-0.6F

1 < Recent El Nino events

0.8} - (2002, 2004, 2009) have

N again been related to

1881 1895 1909 1923 1936 1950 1964 1978 1992 monsoon droughts of (81%,
central year 87%, 78% LPA AIR)

Is recent “weakening” related to warming (e.g. Krishna Kumar et

al.,1999)?
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Decadal variability in the monsoon- @
ENSO teleconnection

21-year moving correlation between Indian rainfall (JJAS) and Nifio-3 SST anomalies
0.0 ' ' ' ' ' ' ' ' ' ' ' '

-0.2 1

-0.4 1

correlation

[+]

HadISST
observations
ISVECASA V.

Dashed line shéws ;che éorrélatibn recalculated without 1997
(largest El Nifo on record).

/U JEJU S WCRP-&

World Climate Research Programme
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ENSO variance and variations in the
mohnsoon-ENSO teleconnection

National Centre for
Atmospheric Science

= Ability of ENSO .

to vary
Internally

< Modulation of

ENSO variance

can alter
teleconnection

0.4 (a) R=-0.37
0.2 1

_Drz -
—0.4
—0.61

—0.8 1

Correlation Coefficient
o
=
=5
‘ —
ql-"
S —

(b) CM2.1 PI control simulation

10 20 [u, Wittenberg (2009) GRL

10 20 30 40 50 60 70 80 90 100 20 30 40 50 60 70 80 90 100

—— C.C(DMINino3) Fo0.9
—— S0 Ninod

Chenetal. (2010) GRL

COUIN @S

< remember: negative
correlation=strong mk
0.4 teleconnection
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Monsoon prediction

FLAVOURS OF EL NINO
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December - February

-

Warm

g oy ‘ From Krishna
. K "4 Wet Wet & Cool Kumar et al. (2006)

wi . i Science

Dry & Warm Wet & Warm

June - August

Dry & Cool

High Resolution Images can be found at: IAL

http://www.cpc.ncep.noaa.gov/products/precip/CWIink/ENSO/ENSO-Global-Impacts/ o

World Climate Research Programme
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Effect of different types of El Nino event @
on occurrence of monsoon drought

2"d mode of tropical Pacific SST variability is related to E/W
C

‘1 PC1 & Nifno-3 ‘
3 -
2 I f
) |
0 \l ' { v W
14 A bl v
-2
2054

13CE 140E 150E 160E 17CE 180 170\ 60W 150W 140W 30W 120W 110W 100W 30W BOW 1950 1955 1960 1965 1979 1975 1980 1985 1990 1995 2000

D

Adbh ioapwson
R s — ) L2l T el |

I PC2 & TNI

1950 1955 1960 1965 1979 1975 1980 1985 1990 1995 2000

Fig. 3. (A) The first leading pattern of the tropical Pacific SST variability. (B) Same as (A) but for the second leading pattern. (C) The first leading
temporal pattern (black line) overlaid with the monthly NINO3 index (red line). (D) The second leading temporal pattern (black line) overlaid with the
trans-Nino index (TNI) (red line).

.
S O




National Centre for
Atmospheric Science

NATURAL ENVIRONMENT RESEARCH COUNCIL

Effect of different types of El Nino event @
on occurrence of monsoon drought

A

fZE <+ Krishna Kumar et al.
10N (2006) looked at the
= difference between
Vo N drought and non-
w0s{ drought monsoons
168] , during EIl Niho
01305 140E 150 160 170E 180 170W 160W 150W 140W 130W 120W 110W 100W 90W ébw

« Severe droughts

occurred during central
Pacific events

50N —
4ONY E e A5,
30N
20N
10N+
EQ
1081
205-
308
4051
508

150W  120W  SOW 60W

. ] ==
3 26 2 <15 -1 05056 1 16 2 25 3
Fig. 2. (A) Composite SST difference pattern between severe drought
(shaded) and drought-free El Nifio years. Composite SST anomaly pattems
of drought-free years are shown as contours. (B) Composite difference .
pattern between severe drought and drought-free years of velodty potential \.RP
(contours) and rainfall (shaded). (C) PDF of all-India summer monsoon T W¥Rrch Programme
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Monsoon prediction

CLIMATE CHANGE AND
MONSOON-ENSO
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Decadal variability in the monsoon-
ENSO teleconnection

/7
0‘0

Long control integrations show much

variability in monsoon-ENSO relationship

despite absence of external forcing

«» Phase of correlation change in CMIP3
20c3m integrations does not match that

correlation r

In observations

opservatuon year

1992

1882 1904 1926 1948 1970
0.0 1 1 I

- observations

[ model 1xCO,

-0.2 model 2xCO,

-04F 7 \\

-0.6

-0.8F

- Turner et al. 2007a
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Fic. 13. Shown are 21-yr sliding correlations between AIR and
Mifo-3.4 55T anomalies (JJAS) for the individual realizations: (a)
GFDL_CM_2.0, (b) GFDL_CM_2.1, (c) MPI_ECHAMS, and (d)
MREIL. In {a)—(d), results from the observation are also shown. The
horizontal line shows the 5% significance level.
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Monsoon prediction

SEASONAL PREDICTION
STATUS
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Older multi-model seasonal forecasts @ P here Sciomce
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(a) Correlation of Observed and ENSEMBLES Multimodel Rainfall
JUAS(1980-2001)

+ Rajeevan et al. (2012)
show some agreement with
observed anomalies In
monsoon region
(interannual correlation N
1980-2001) T ey

s » 8 B B B 8
= = = = = =

+ Example: exceeding 0.4 =2 | s
over parts of India ST UL
% Much stronger and more “

spatially consistent over the
Maritime Continent

a B
= =
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Seasonal prediction model SST bias P here Sciomce
p

NATURAL ENVIRONMENT RESEARCH COUNCIL

« Reminder that coupled models suffer SST biases,
even a month or so after initialization

Fig. 1 Climatological summer MODEL-0BS
mean (JJA) bias (model- a
observation) of (top) SST ( )SYS4 SST —2% (b) CFSvé SST

(K) and (bottom) precipitation
(mm/day) for (a, ¢) SYS4 and
(b, d) CFSv2

-1.5 -1 -06 -04 -02 02 04 06 1 1.5

From Kim et al. (c)SYS4 PRCP (d) cFsv2 PRCP

(2012) Clim. Dyn. 60N

JON

£Q £Q

305 305

90W

x] University of )

World Climate Research Programme
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More recent seasonal forecasts

Fig. 4 Correlation coefficients (a) SYS4: SST (b)CFSv2: SST
for (first line) SST (second line) 3 o pr— . ; - 7 g
precipitation and zonal wind at
850 hPa with (third line) ERA
interim and (fourth line) CFS
reanalysis for (left) SYS4 and
(right) CFSv2. Solid black
(gray) line represents statistical
significance of the correlation
coefficients at 99 % (95 %)
confidence level

These are interannual
correlations of predicted
JJA-mean quantities
with obs

Clim Dyn (2012) 39:2975-2991
DOI 10.1007/500382-012-1470-5

Asian summer monsoon prediction in ECMWF System 4
and NCEP CFSv2 retrospective seasonal forecasts
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Violeta E. Toma
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More recent seasonal forecasts @ P here Sciomce

% Interannual variations in tropical SST
generally well predicted (inherent o (FSRGR
longer time scales of variation than in “ oS
the atmosphere)

« Especially for the monsoon regions,
models perform better at interannual
correlations of circulation (U850)
than precipitation

- An inherently large-scale field (less
noisy)

— Still huge problems and model diversity
In parametrizing tropical convection

Universityof ~ From Kim et al. 2 N L - 15
@ Reading (2012) Clim. Dyn. /J JEJU uuiversiry e e Ll

World Climate Research Programme
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ENSO composite comparisons

Composite: PRCP and 850hPa wind anom.
(a)oBs: EI Nino (d) OBS: La Nina
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Skill of circulation vs. precipitation |IAV @

Fig. 5 Monsoon indices: ()WY index
- 8YS4(78,63) - CFSv2(74,63) = ERA CFSR

(a) WY index (b) IM index and
(¢) WNPM index from 1982 to
2009 for ERA interim (black),
CFS reanalysis (gray), SYS4
(red) and CFSv2 (blue).
Numbers indicate the temporal
correlation coefficient
(multiplied by 100) compared

with (left) ERA interim and
(right) CFS reanalysis

=682 1954 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008

Interannual variations of @ index
circulation (top, bottom)  ,|svs«eesn crsveres)
show much better skill J

than regional rainfall b
(India, shown middle) - /

_?m 1984 1986 1988 1990 1092 1894 1996 1998 2000 2002 2004 2006 2008
(C) WNPM index
SYS4(77,76) CFSv2(57,63)

Universityof ~ From Kim et al.
@ Reading (2012) Clim.Dyn.
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Impact of ENSO amplitude on

prediction skill

National Centre for
Atmospheric Science
NATURAL ENVIRONMENT RESEARCH COUNCIL

Fig. 10 Anomaly pattem
correlation for (a) global region
and (b) Asian Monsoon region
of the zonal wind at 850 hPa for
SYS4 (red). CFSv2 (blue) and
persistence prediction (green).
The gray bar represents the
ENSO amplitude for boreal
summer. Numbers indicate the
mean correlation coefficient
over 28 years

Here “skill”’ is

measured by the

spatial pattern

correlation of u-
wind for each year

Universi}y of
@ Reading

Correlation
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0.24

0
-0.24
~0.4

(a)Global region

- SYS4 (r=0.31)
~——— CFSv2(r=0.24)
- PERS(r=0.09)

ENSO amplitude

T
nN

ENSO Amplitude
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(b) Asian Monsoon region

o

SYS4 (r=0.52)
CFSv2(r=0.31)
PERS(r=0.16)

From Kim et al.
(2012) Clim. Dyn.
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Impact of ENSO amplitude on @
prediction skill

o Monsoon prediction skill

£ T, Now showing the pattern
2" correlations taken from
g the below plot, as a

% 50 function of ENSO

§ % amplitude (the grey bars)

206 165 122 81 60 43 36 33 28 24 20
ENSO amplitude

Nicely illustrates that (b)Asian Monsoon region
in the absence of a ] JE4 fr=0.08)

08- CFSv2(r=0.31)

strong driving ) LAY
forcmg (ENSQO) then .. Ly
there is far more )]

noise o4y _NByBY0. Dy RRRRRVEN_ Y RONI]
1982 1984 1966 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008

Universityof ~ From Kim et al. 2 —_
@ R'g\;fi'mog (2012) Clim. Dyn. ( z) JEJU Lilsh WCRP-#
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JJA seasonal forecast biases in MetUM

(a) Ensemble mean JJA precipitation and 850 hPa winds (b) Ensemble mean JJA SST and wind stress
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Performance in the MetUM GloSea5s @ P here Sciomce

« As In the CFS/EC models of Kim et al., MetUM shows
more signal in Asian monsoon region for circulation

(b) JJA zonal vertical wind shear
| | |

(a) JJA precipitation
| | | |

| | | | | | | | | | | | | | | | | | | | | |
0 30E G0E 90E 120E 150E 180 150W120W 90W 60W 30W O 0 30E G0E 90E 120E 150E 180 150W120W 90W 60W 30W O
I I I [ [ e
0.00 025 0.50 1.00 2.00 4.00

Signal-to-noise ratio

S/N defined as ratio of variance of interannual timeseries of ensemble
mean to time-mean of variances of ensemble for each year

Universityof From Johnson et al. 2 N -
@ ng\gﬁlinog (2016) Clim. Dyn. /J JEJU uvniversiy WERP

o "#‘E
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Performance in the MetUM GloSea5s @ P here Sciomce

« As In the CFS/EC models of Kim et al., MetUM shows
more signal in Asian monsoon region for circulation

(a) JJA prec.p.tatmn { D ; JJA zonal vertical wind shear (850 hPa - :m-u hPa)
| | |
; ! !-"' I i\h& .-I iy
I
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Cormrelation

Fig. 3 Grid-point anomaly correlations of GPCP JJA precipitation and ERA-Interim JJA vertical wind shear with their GloSea5-GC2 ensemble
mean equivalents. Significant skill (0.44, p < 0.05) is shaded, while lower skill is contoured at (.2 and 0.4
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Performance in the MetUM GloSea5b
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Large-
scale

circulation
measures
outperform

localized
rainfall

From Johnson et al.
(2016) Clim. Dyn.
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All India rainfall anomaly (mm day )
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Monsoon prediction

ENSO FLAVORS IN SEASONAL
FORECASTING
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Mean state representation #1 (precip,SST) @ A horie Seitnce
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1992-2005

00 05 i0 20 40 60 80 120 160 200 240 30.0 40(

» Indian precipitation pattern
‘reasonable’

» Clear westward bias in mean
state SST (JJA): confined
warm pool and extended
cold tongue
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Mean state representation #2 (circulation) @ Atmospheric Science
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« Trade winds too strong in the western Pacific in GloSea4d
«» Mean Walker circulation contains slight westward bias
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Regressions onto Nifio-3 #1 @ Atmnospheric Science
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« Initially, hindcast precipitation response over India does not
look unreasonable

«» However, largest signals are west of the coast and over the
Himalaya and may not be reflected in observed AIR

« As we shall see, response in some individual cases is not
ideal
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Regressions onto Nifio-3 #2 @ Atmospheric Science

NATURAL ENVIRONMENT RESEARCH COUNCIL

1992:2005 | . 1992:2005 |

Model

LS /\\ \
035 025 -0.15 -005 0.05 0.15 0.25 0.35
-l T T T T T T <@l O[T T -
25 20 15 10 05 -02 02 05 10 15 20 25 -040 030 -020 -0.10  0.00 0.10 0.20 0.30 0.40
hindcast JJA surface temp regression (K) hindcast JJA vp200 anom regression (x10° m'/s)

+ Evidence of westward bias of SST and perturbations to the
large scale circulation
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Case studies for 1997 and 2002 in GloSea4 @ P here Sciomce

« 1997 and 2002 chosen owing to their diversity and
unusual effects on the monsoon (hence a tough test
of the seasonal forecast model)

«» 1997: large, east Pacific El Nifio, normal monsoon
(102% AIR)

<+ 2002: more moderate, central Pacific El Nino,
monsoon drought (81% AIR)
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Case studies: 1997 (SST & vp200 anomalies) @

National Centre for
Atmospheric Science
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National Centre for
Atmospheric Science
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Case studies: 2002 (SST & vp200 anomalies) @

HL)N

» Warm El Nino anomalies again extend too far west

* Anomalous subsidence over Indian is shifted too far west, as
far as East Africa
//J JEJU Manioua



Case studies: 1997 (daily equatorial SST

National Centre for
Atmospheric Science
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National Centre for
Atmospheric Science
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Case studies: 2002 (daily equatorial SST @
evolution)
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National Centre for
Atmospheric Science
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Coupled model seasonal forecasting: @
summary

« Initialized coupled seasonal forecasting systems show
reasonable skill at predicting monsoon |IAV

« Perhaps not yet reaching predictability limit
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National Centre for
Atmospheric Science
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Monsoon prediction

ADDED BENEFIT FROM OTHER
FACTORS
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|mpaCt Of SNOwW initialization @ Atmospheric Science
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« Early ideas of Blanford (1884) on role of Himalayan
snow in weakening the meridional temperature
gradient

« Various modelling studies (Bamzai; Barnett; Fasullo
etc.)

« A fairly simple and unsurprising mechanism

« The following shows an idealised AGCM set up with
climatological SST (i.e., there are no ENSQO, IOD etc.)
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(a) From Turner & Slingo (2010) Clim. Dyn.
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Fig. 8 Ensemble mean differences in various ammosphenc and
surface fields between HimTPpos and HimTPneg HadAM3 ensemble
experiments in April (left), May (centre), June (right). Top snow
amount (kg m™ "), middle surface temperature (°C), bottom April and

May 500 hPa geopotential height (m) and 200 hPa winds (m s "),
June 850 hPa winds (m s ). Stipples on surface temperature indicate
significance at the 95% level



Himalayan snow reduces rainfall during

onset period

National Centre for

Atmospheric Science
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« Himalayan snow weakens the
meridional temperature contrast

< But what about a non-idealised

framework?
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Impact of initialized surface @ National Centre for
o o o . Atmospheric Science
observations in H|ma|aya region = N\ wnmom onmenT nesean

ECMWF group showed that initializing snow-related
fields in April results in some (but marginal)
Improvement in monsoon onset forecast

Clim Dyn (2016) 47:2709-2725
DOT 10.1007/s00382-016-2993-y CrossMark

Impact of springtime Himalayan-Tibetan Plateau snowpack
on the onset of the Indian summer monsoon in coupled seasonal
forecasts

Retish Senan'*® - Yvan J. Orsolini** - Antje Weish eimer™® - Frédéric Vitart® -
Gianpaolo Balsamo® - Timothy N. Stockdale® - Emanuel Dutra® -
Francisco J. Doblas-Reyes™™” - Droma Basang'™"!
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Impact of initialized surface @ National Centre for
o o o . Atmospheric Science
observations in H|ma|aya region = N\ wrmemommromocona

Comparison of series 1 (initialized) with series 2 (snow-
related fields in Himalaya-TP region randomized)
suggests minor improvement in skill relating to snow

Day of Monsoon Onset Series 1 Series 2 ERA-Interim

r=0.77 0.63

From Senan et al.
(2016) Clim. Dyn.
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SO i I Mo iStu re @ Atmospheric Science
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Strong coupling between land and atmosphere on
seasonal and subseasonal time scales implies potential
to enhance prediction skill using soil moisture
initialization

Land-atmosphere coupling strength (JJA), averaged across AGCMs
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Benefit of land surface initialization

National Centre for
Atmospheric Science
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Koster et al. demonstration of improvement in surface
temperature and precipitation forecasts on subseasonal-
to-seasonal time scales when land surface is initialized

1b. AIR TEMPERATURE FORECAST SKILL (r” with land ICs minus r* w/o land ICs)
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Dates for conditioning vary w/location
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From Koster et al.
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Surface flux observations

National Centre for
Atmospheric Science
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s Few regions of the tropics
have adequate sampling of
surface fluxes, soil moisture

etc.
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Indian Ocean @ National Centre for

« | haven’'t mentioned the Indian Ocean (dipole) at all...

« Summer SST anomalies In 1997 suggest that |IOD+
may play a role in counteracting impact of El Nino on
the Indian monsoon
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End of Part | @ National Centrefor
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Thank you!

a.g.turner@reading.ac.uk
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