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Outline: part II @ o Connter

« Decadal time scales & the global monsoon

« Linking Interannual and intraseasonal time scales
« Societal need for subseasonal prediction

« Challenges ahead
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Monsoon prediction

DECADAL VARIABILITY & THE
GLOBAL MONSOON
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Introduction @ National Centre for

« The regional monsoons, perhaps as part of the global
monsoon, exhibit important decadal variations with
potential large socio-economic impacts

« Recent studies have highlighted interdecadal
variability in:
< The various regional monsoons

< Features embedded in the monsoon, such as tropical
cyclones and monsoon depressions

< The strength of monsoon teleconnections, impacting the
prospect for seasonal prediction
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Decadal outline @ National Centre for
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« Context: anthropogenic greenhouse gas forcing
and the role of aerosol

< Decadal drivers of the Asian monsoon
« Coherent drivers of the global monsoon
<+ Modulation of teleconnections
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Anthropogenic greenhouse forcing...
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oo .and the I"Ole Of aerOSOI @ Atmospheric Science

% Sulphate aerosols causing negative trends in 20™
century South Asian monsoon (Bollasina et al., 2010,
Science) or early withdrawal of EASM (Guo et al.,
2013, ACP)?

« Black carbon EHP strengthening early monsoon
rainfall (Lau et al., many studies!) or Asian Brown
Cloud (Ramanathan et al., 2005)

«+ We can't ignore anthropogenic drivers when
measuring observed decadal variability in the
monsoon
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Pacific Decadal Variability and the @
teleconnection

Combination of e
ENSO and decadal
Pacific impacts on
monsoon In a Walker
Circulation

framework: ety

Interdecadal SST +ve
& EI Nifio

=20

PDO may affect
monsoon-ENSO
teleconnection In
addition to direct
Impact on mean state

(b)
Interdecadal SST +ve
& lL.a Nifa
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Krishnamurthy & O Interdecadal
Goswami (2000) .23 Interannual
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The AMO as a driver #l hosing exps.
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The AMO as a driver #2 observations @ P here Sciomce
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« Alteration of Tropospheric Temperature gradient
(longer season in warmer AMO period)

+ AMO+ - corresponding warming over Eurasia
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Atlantic multi-decadal variability: via the @
Pacific

+ NAtl freshwater flux - weakened THC (c.f. water

hosing earlier in Zhang & Delworth; cooler NAtl SST)
- stronger ENSO variance -> stronger
teleconnection with monsoon

« Long integration analysis composites on AMO = show
AMO+ weakening the Pacific trades, deepening the
thermocline and damping ENSO

Chen et al. (2010)
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Tropical Atlantic modulation of the
monsoon-ENSO teleconnection
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+ Going back to the weakening teleconnection
from earlier: JJAS Nino-3 regressions of rainfall
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Tropical Atlantic modulation of the @
monsoon-ENSO teleconnection

) Reg SST NINO3 50/74 b) Time—mean 200 hPa eddy psi (ENS1)
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Coherent drivers of the global monsoon

N

o Northern tropics wind shear as an

o Varies on decadal time scales w

Mega ENSO
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Coherent drivers of the global monsoon @

The mega-ENSO / IPO

SST, T2M (shading), SLP (contour) & 850—-hPa winds 1ms”
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o Potentially added value here: anthropogenic global

drivers (climate sensitivity and hemispheric thermal
contrast)

o Addition of internal dgcadal modes (AMO, PDO)
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Prediction opportunities offered by @
. o Atmospheric Science
decadal hindcasts: the Indian Ocean? = N\ wwmomomommmncone

Initialised decadal hindcasts in CMIP5

o Kim et al. (2012, GRL) 10-year hindcasts every 5 years from
1960: “all models show high prediction skill for surface
temperature up to 6-9 years over the Indian Ocean” (7mods)

o Comparison in Guemas et al. (2013, GRL) between initialized
and uninitialized runs suggests no added bonus for initialization

In Indian Ocean (SmOdS) b) Forecast times : 6-9 years

Correlation between
observed and model

nolnit
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Opportunities offered by decadal @
hindcasts: the decadal modes

Reasonable skill for AMO out to 4-7 years ahead, but not for PDO.
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Decadal prediction outlook @ Aemospheric Science
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Modulation of the mean South Asian monsoon

« Internal decadal modes (AMO, PDO) may tell us
something about long-term monsoon variability but
need to be considered against external drivers (GHG,
aerosol)

« Comparison with the global monsoon can be
considered if used with caution

Modulation of teleconnections by decadal drivers may
prove more useful: PDO, AMO, tropical Atlantic

+ Real mileage will lie in understanding relationships
between decadal drivers and ISV/synoptic variability

< Utilize decadal forecasts

|
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Monsoon prediction

LINKING TIME AND SPACE
SCALES
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Space and time scales in the monsoon @ Atmospheric Science
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climate change

climate variability

weather S
S

Increasing temporal and/or spatial scale

hours days weeks months years decades centuries

Diurnal cycle MJO/BSI GHG
Thunderstorms SO emissions

Monsoon Monsoon/ PDO & AMO Aerosol

: emissions
depressions annual cycle
Ice melt?
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Monsoon prediction

LINKING INTERANNUAL &
INTRASEASONAL SCALES
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Palmer’s vision of the monsoon as a
Lorenz attractor
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] (a)
< Monsoon with

active and break
regimes

« Can boundary
forcing
predispose the
system to spend
more time In
either regime?

Proc. Indian natn. 3ci. Acad., 60, A, No. 1, 1994, pp. 57-66.
© Printed in India.

CHAOS AND PREDICTABILITY IN FORECASTING
THE MONSOONS

T N PALMER
ECMWEF Shinfield Park, Berkshire RG2 9A- X, Reading, England

University of _
Reading Fig I Phase-space evolution of an ensemble of initial points on the Lorenz attractor. for three sets
of initial conditions, superimposed on the Lorenz attractor




Palmer’s vision of the monsoon as a

Lorenz attractor
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Palmer’'s COLA
model picture shows
resemblance between
IAV and ISV patterns
of monsoon rainfall

COLA Ensemble JJA 88-87 Precip (mm/day)
AT AN 3

...'1 g \.' ‘0,- ,. '
o - Tl ’ / ©¥’\_1- s @':&-'_‘J /
o 00 ) % ,“ =2
Yo 2N
\\---.._‘.-

208

One of the principal testable hyp'othesés of such a paradigm is that the
patterns of interannual fluctuations in monsoon rainfall, should correspond to
patterns associated with the active and break spells.

@ University of
Reading
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Indian monsoon: @
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Dalily All-India Rainfall 2007
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Comparison of monsoon variation on
ISV, IAV time scale
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Comparison of monsoon variation on

ISV, IAV time scale

National Centre for
Atmospheric Science

NATURAL ENVIRONMENT RESEARCH COUNCIL

40N : v 7ty
Ly~ =~

20N

EQ

W-ke—o—q—rro—-\\&0—0-0—0—0-—@1——4’///#
it et S ] N e e e e abe - N
NN TN N
208+ T v t o -

60E 80E 100E 120E

T I

D i e e

20S

408 F————1—
20E 40E

— —— — : .
60E 80E 100E 120E 140E 160E

Figure 3. Difference of seasonal mean (June-September) composites of (a) 850 hPa wind, and (b) rainfall
(mm day ') based on strong-weak years of all-India rainfall in Fig, 2(b) using 0.5 and 0.5 standard-deviation
thresholds to define extreme years. In (b) negative contours are shown dashed and positive values are shaded

progressively.
L e

NATIONAL
UNIVERSITY

2

d) EOF-4

Y YR s U T
e R R R D e T
I R I L T S W s o m R
Tl M-—v:’j}km-—;ux:-—uhk
e A B e " "I L
_{r"\_ 1_ e e | Yoo
TR T, 5 b B ..-m—rrf
Em—-.r.r-.-—‘..—t-.-. -ic"’ A
. = A - LU, T
Al B
~ b

PC—4

_m [ H L
TesE 1083 TR

1{::JE !E’DE
o4 Sperber et al.

(2000) QJRMS

173 1978 1983 1988 19
Year



Comparison of monsoon variation on

ISV, IAV time scale
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Comparison of monsoon variation on
ISV, IAV time scale
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Co-variation of daily Indian rainfall and
PC3

National Centre for
Atmospheric Science
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ISV vs. |IAV

PDFs
constructed
from the daily
PC-time series

« The dally
PC3 mode
more/less
prevalent
under
different
seasonal
mean rainfall
conditions

Universi.ty of
@ Reading
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Figure 10. Probability distribution functions (PDFs) of the principal component (PC) time series of EOFs 1-4

given in Fig. 6. Each of the PC time series was standardized before calculating the PDFs. The solid line is the

PDF based on all years of data. The thick dashed line is the PDF for years when the observed all-India rainfall

(AIR) was above normal (220.5 standard deviation in Fig. 2(b)), and the thin short-dashed line is the PDF for years

when the observed AIR was below normal (£ —0.5 standard deviation in Fig. 2(b})). A vertical reference line at
0.0 standard deviations is also given.
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Linking intraseasonal and shorter time @
scales (monsoon depressions)

bl/ Break

S0N - 30N -

25N B 25N -
20N - 20N -
15N - 15N -
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65E 70E 75E 80E 85E 90E 95E 65F 70E 75E 80E 85E 90F 95E

F1G. 2. (a) Active phase composite (red dots) and (b) break phase composite (blue dots) of depression-days.
Each dot represents the location of the depression for a day (or depression-day). The composites were constructed
for all active and break days during JJAS 1901-70. (c) Lagged active phase composites (red) and lagged break
phase composites (blue) of depression-days for the period JJAS 1901-70. Lag 0 corresponds to the midpoint of

cach active or break phase.  £ram Krishnamurthy & Shukla (2007) J. Clim.



Monsoon prediction

SOCIETAL NEED FOR
SUBSEASONAL PREDICTION &
CHALLENGES AHEAD

P Re AT WCRP.€
d . UNIVERSITY e
Rea I ng ""J World Climate Research Programme



Indla’n monsoon:. @ National Centre for
o o oge Atmospheric Science
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Dalily All-India Rainfall 2009
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Indian monsoon: @ National Centre for
° ° ege ° Mospneric science
I ntraseaso nal varlabl I Ity I n 2009 NATURAL ENVIRONMENT RESEARCH COUNCIL
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Indian monsoon: series of breaks

contributing to reduced seasonal total
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Atmospheric Science
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Cumulative all-India rainfall 2009
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Active-break cycle: animation @ ooty

A composite cycle of monsoon intraseasonal variability, courtesy Ken
Sperber, PCMDI, USA

AVHRAR wia COC with corractions Fit for mean=-0.4422E+03 sigma=0.3323E+405
fitmean_p1_sd Longwave Radiation at the Top 20-100 day 100 wt Lancozs wimez N0 16.56:44
Meaan 0146644 Max 727681 Min -6.49382 Time Lag =-25

b )

Univer:
Reac

| Programme



Example current subseasonal
predictability
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Abhilash et al. (2014)
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BSISO in the Met Office GloSea5 model @

National Centre for
Atmospheric Science

NATURAL ENVIRONMENT RESEARCH COUNCIL

3

The GloSea5 coupled initialized seasonal
forecast model shows good representation of aNig serielation

guadrature relationship between
Intraseasonally filtered SST and precipitation

over the Bay of Bengal (black curves,

0.80

. . . 0.40
comparing solid observation and dashed :
model lines) % 56
Air-sea interaction over the equatorial Indian = ° -
Ocean is poor (red curves) ' g
-0.80
-20 -10 0 10 20
Time(days)

Boreal summer sub-seasonal variability of the South Asian monsoon in the Met
Office GloSeab initialized coupled model. A. Jayakumar, A. G. Turner, S. J.
Johnson, E. N. Rajagopal, Saji Mohandas and A. K. Mitra. Climate Dynamics,

2016
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Courtesy:  South America summer MJO-related

Alice

cimmganomalies In frequency of extreme events
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LN
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central-east South Americathere aretwice more extreme rainfall eventsin MJO phase 1.
In southeast South America,theyincrease by afactor 1.6 in phase 3.
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Mid-latitude interactions as another @
driver on subseasonal time scales

Case of the Pakistan floods, July/August 2010
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Large biases that develop rapidly

d) CMIP5S MMM 0.90 i) CMIP5 MMM — GPCP

See Sperber et
al. (2013)
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Large uncertainty in parametrizing @
tropical convection

UM JJIAS prec.lpltat|.0n and 850 hPa Bias: GPCP and ERA Interim Ml-d-level and Deep Entrainment
circulation increased by a factor of 1.5

40N

s
30N fhiy

4 NN
20N 4 4

10N -1# 5

»

1)
\ﬁ‘.t‘\\(s\ 8 ‘- \

_as -
/ ) » 5 el E e I
¥ . : +7! i3 3 e,
A s : <
»> ey E / o -
L - - ™ . - > S 4 v
4 b . 5 y ¥ ~/ & > ~ '
cgey -,
\,. ' xS - > ¥ ,
\\\\ - 0S4 S mmanas P
e s \ ' \ ?mt. .- PR B R R 2mis b
,. '--M\ \\'1 PR ANNNNNN - =
- /evw“.\ . -~ 0{ \\\\\\\ VA ’
L)

208 \\L\l\\\\ 'lll//'

160E 180E 60E 80E 100E 120E 140E 160E 180E

10S +

—

208 -

| [ | [ —— Y EEED ESEEEEESDEEE Ol AT TS T T 1T T TI0 T >
0.0 05 1.0 50 10.0 15.0 50 40 30 20 10 00 10 20 30 40 50 50 40 -30 20 -10 00 10 20 30 40 50
Precipitation {mm/day) mm/day Pracipitation (mm/day)

« Increasing the convective entrainment rate tends to improve
ISV (e.g. Klingaman et al.; Hirons et al., 2012; Del Genio et al.,
2012)

« Increasing convective entrainment globally decreases several

biases while increasing others (Kim et al. 2011): WEIO versus
India versus WNP/Maritime Continent
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The S2S database as a resource
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S2S Database - Models and Specs
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The S2S database as a resource @ Atmospheric Science
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S2S Database

* Now 10 models out of 11 in some form - content varies greatly
though

* Web page to generate near-real-time S2S forecast plots (maps
and indices): http://www.ecmwf.int/en/research/projects/s2s/

charts/s2s/

— 6 S2S models available on the plot page (BoM, CMA, NCEP, UKMO,
ECMWEF, JMA) every Thursday starting from 7 January 2016.

Slide courtesy Paul
Dirmeyer GMU/COLA
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Example S2S maps available

Please visit the S2S Product page in ECMWF at

- | | f
S e 55 S B A http://www.ecmwf.int/en/research/projects/s2s/charts/s2s/
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National Centre for
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« Potential for prediction on a number of different time and
space scales for the monsoon

< Some evidence of skill at these different scales
« Numerous challenges

< Convective parametrization

< Coupled model drift from initialization, introducing coupled
biases

< Detalled analysis needed for process understanding

< Detalled observations needed to challenge the representation
of these processes in models (chiefly for ISV time scales)
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Thank you!

a.g.turner@reading.ac.uk
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