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A) Influence of tropical Atlantic on South Asian Monsoon and Indian Ocean

Results published in: Kucharski et al., 2007, J Climate, 20,
4255-4266, Kucharski et al., 2008, GRL, 35, L04706, Kucharski

et al, 2009, QJRMS, 135, 569-579, Wang et al., Meteorolog. Z.,
Aug, 2009, Barimalala et al., Clim Dyn, 2012, 38, 1147-1166,

Barimalala et al., 2013, J Marine Sys., 117-118, 14-30
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Sources of Monsoon Variability?

Equatorial Pacific North Atlantic

Snow cover; land processes

quatorial Atlantic?
Probably many many more processes.....

Slide taken from presentation of Mark Cane at TTA (:CTP)

International Centre
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The India Rainfall - ENSO connection
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Rainfall Data: Indian Institute of Tropical Meteorology (IITM).

SST Data: Kaplan NINO3 index from Optimal Smoother analysis of MOHSSTS monthly

sea surface temperature anomalies.
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Interannual SST standard deviation
SST DJFM Standard Deviation (HadISST
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Contrasting Eastern Pacific and tropical Atlantic influences.
a) Reg SST-NINO3

h]

60N

50/74 d) Req SST—tropAtl 50/99

40N 1
40N 1

20N - 20N
EQ A EQs
205

4051 - ‘ Q j’

505 : . ‘ . - : : i 7
306 BOE  90E 120E 1508 180 150W 120W SOW 6OW 30

2051

405 4

30E 60E 90E 120E 1S0E 180 150 120k 9OW 60W 308 0  30E  60E

0  30E 80E

: gl | [ | [ T

-1 -0.6 —0.4 —0.3 —0.2 —tl}.1 o|.1 0|.2\ o|.3 om -06 -04 05 -02 01 01 O£ 03 04 06

a) Reg NINO3—prec (CRY) 50/99 30 a) Reg prec—tropAtl (JRU) 50/99
Lo A= L - E IS S - f ~ B
30N /{/h/b JON w & ; i#
20N A e - & e ]

: ’ # 10N ; N . / : P A %

EQ ‘b‘ N L ‘N . ?
1054 ? { ﬁ . -ﬂa%
205 4 . 105 i z
308 \ T 205 /Q/\[h

20w B 208 408 60E 80F 1002 120€ 20F 40F BOE 80F 100E 120F

I |
-2 -1 —06-03-02-01 01 02 03 06 1 2

-1 -0.6-03-02-0.1 01 02 03 0& 1 2

There are some interesting regional features, too!
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Atlantic El Nino?
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Tropical Atlantic link has been noticed in Yadav, Clim Dyn, (2008), Rajeevan
and Sridhar, GRL, (2009), Li et al., GRL, (2008), Losada et al. (2009)
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Gill-type response (explain!) leads to upper-level cyclonic and low-level
anticyclonic response over South Asia, leading to low-level

divergence and reduced rainfall. Response is locally enhanced by

diabatic heating in monsoon region. Similar mechanism has been proposed
by Xie et al. (2009), J Climate, to a similar mechanism to physically
describe the influence of the Indian Ocean SST on the subtropical

The Abdus Salam
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Gill (1980) response to heating Q,

Tropopause
U (Z)
o
A E GILL
Qﬂ = Qﬁﬂp + QCDIW i the buoyancy equation.
ponse to steady forcing, dissipative processes must be included
enl is the so-called “Rayleigh friction’ and *MNewtonian cooling'
rator d/ér by &/0f+ £ The mathematics is simplest when the
ne as the one for cooling, so the steady-state versions of Eqs.
_ _dr
B —dyp = — i . . : (2.6)
_ _dp
g+ dyn = T . . : (2.7)
e d
;p+.31+3§- -g, : . : (2.8)
W= EJ:I'-I-E . \ . {2.’9]‘
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Gill (1980) response to heating Q_
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Lead-lag correlations between an IMR index (CRU-based) and Nino3 and
a south tropical Atlantic Index (period: 1950 to 2000)
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From Kucharski et al. J Clim., (2007) and Kucharski et al. GRL, (2008)
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eddy PSI 200 hPa doy 3-4

Time-evolution of Response (equatorial wave dynamics relevant also
here). Results from paper Kucharski et al., QURMS, 2009

a) Response eddy PSI 200 hPa day 1-2
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reg(sta,prec) CRU JJAS 1950-2000

reg(sta,prec) APHRODITE JJAS 1950-2000

@

reg(sta,sp) HADSLP JJAS 1950—2000
40N ———— T —

T Ty W
) %

305

30W

120E

0E

reg(sta,200hPawind) NCEP 1950-2000

From paper: Barimalala et al., Clim Dyn, 2012, 38, 1147-1166

Details of Teleconnection
Response to Eq. Atlantic

cooling

CRU, APHRODITE

CMAP, GPCP
(1980-2000)
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925 and 200 hPa NCEP winds

(CTP

The Abdus Salam
International Centre
for Theoretical Physics



Results from an AGCM (ICTPAGCM)

Prec SLP
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We take a look at how coupled models (CMIP3) models represent this

teleconnection

Why is it interesting to test this teleconnection in state-of-the-art models?
Because even though the Atlantic influence is not the dominant impact,
it is still important that models capture this teleconnection for predictability!

Selection of CMIP3 models with good monsoon
Climatology according to Annamalai, Clim Dyn, 2007

Model # of Resolution References
Members
GFDL-CM2.1 3 2.5 x 2°1.24 Delworth et al.
(2006)
MPI-ECHAMS 3 T63L31 Jungclaus et al.
(2006)
MRI 5 T42 Yukimoto et al.

UKMO-HadCM3

o

NCAR-PCMI -+

3.75° x 2.5°L19

T42L18

(2001)

Gordon
et al. (2000)

Washington et al.
(2000)

From paper: Barimalala et al., Clim Dyn, 2012, 38, 1147-116

(CTP
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How is teleconnection captured in Ensemble mean of 5 cmip3 models? Overall weak, but not bad!

Ensemble mean
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Would be interesting what happens in CMIP5 with thls

Teleconnection?

From paper: Barimalala et al., Clim Dyn, 2012, 38, 1147-116
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We have shown in that paper that the Atlantic warm bias has a role in weakening
the teleconnection (i.e. more Hadley cell like response compare to Walker circ. Type)

JUAS SST Biases GFDL-CM2.1 1950-2000 JUAS SST Bioses ECHAM5 1950-2000

SST biases,
:g.ér Atlantic problem

JJAS SST Biases CMIP3 £ns mean 1950-2000
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Did the equatorial Atlantic teleconnection also reduce the
ENSO-South Asian monsoon relation?

21-Yr Sliding Correlation between Indian Monsoon Rainfall
and NINO3 (JJAS)1871-2002

Correlation Coefficient

| | 1 | [l I 1 | L | |
0.8

1880 1900 1920 1940 1960 1980 2000
Central year of 21-yr window

from K. Kumar, Rajagopalan & Cane
Science, 1999



Did the equatorial Atlantic teleconnection also reduce the
ENSO-South Asian monsoon relation?

a) Reg SST=NINO3 50/74
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We can model the decline in ENSO-monsoon anticorrelation given that
Atlantic SST variability is included in the simulations

1950-90 1950-74 1975-99 \1_ 3-99 — 1950-74
CC (CRU, Nifio-3) —0.59 —0.69 —0.45
CC (ENS1gygy Nifio-3) —0.63 —0.79 —0.51
Mean CC (ENSI, Nifio-3) —0.42 —0.49 —0.33
CC (ENS2gysw» Nifio-3) —0.73 —0.74 ~0.72
Mean CC (ENS2, Nifio-3) ~0.49 —0.47 —0.48
1950-69 1980-99 1980-99 — 1950-69
CC (CRU, Nifio-3) —0.55 —0.41 0.15
CC (ENS1gygy Nifio-3) —0.73 —0.56 0.17
The Abdus Salam
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Indian Ocean Ecosystem is also influenced by tropical Atlantic Teleconnection

Mean Chlorophyll production = Change for 1K tropical Atlantic cooling
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In summer, this impact is as larger as the one from ENSO
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Physical Mechanism for Ecosystem changes

Wind stress and thermocline change for 1K tropical Atlantic cooling
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From paper: Barimalala et al., 2013, J Marine Sys., 117-118, 14-30
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Influence on 10 tropical cyclones:
ATL Nino - ATL Nino + Pottapinjara et al. JGR, 2014

<) | ' ' — d)

The genesis locations (red circle)
and tracks of monsoon depressions
(blue line)
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AZMcold | AZM warm La Nifia El Nifio Normal
(Pure AZM | (Pure AZM (Pure La (Pure El years
cold) warm) Nifa ) Nifo)
No of years 8 (6) 9 (4) 7(3) 7(4) 14
Total depressions 26 (15) 12 (2) 17 (10) 18 (5) 43
——_

Depressions per season Q(Z ) 1.3 (0.5) 2.5(3.3) | 2.6(1.25) 3.1
Average life of 4 (T —34) 2.9 (3.3) 3.13.2) 2.9

a depression in

days

(CTP)
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B) Influence of tropical Atlantic on Pacific

Results published in: Rodriguez-Fonseca et al., 2009, GRL,
36, L20705, Kucharski et al., 2011, GRL, 38, L03702, Kucharski
et al., 2014, Clim Dyn, in press., Polo et al., Climate Dynamics,

in review

The Abdus Salam
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What is known from obs and idealized Atlantic pacemaker experiments (e.g.

Rodriguez-Fonseca et al., 2009, GRL, 36, L20705, Polo et al., Clim Dyn, in

re\ <€
Wallker circulation

Mechanism: Atl Nino -> modif. Walker circ. -> sinking motion in central Pac. ->
easterly wind stress in central-west Pac. -> triggers upwelling Kelvin waves, propagation to
east Pac. -> Pac. La Nina



ALT3 leading | ALT3 lagging ALT3 leading | ALT3 lagging

ALT3 leading | ALT3 lagging

Observations: Lead-Lag correlations between ATL3 and
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NINO 3.4 (next year - MAMJ)

NINO 3.4 (next year - MAMJ)

NINQ 3.4 (next year - MAMJ)

-1.5

HadISST

ATL 3 (JJAS)

REYNOLDS

ATL 3 (JJAS)

Corr = 0,31

Corr = -0.b2

JJAS (year 0) ATL3 index versus
MAMJ (year +1) NINO3.4 index.
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Influence of Atlantic warm bias and ATL3 stdev on connection

Corr =-0.37

Corr = 0.36

Standard Deviation

0.2 0.1 0 0.1 02 03 ca 0.5 06
Sum of max correlation when ATLS is leading and lagging
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SST Trend (1980-2000 minus 1800-1920)
a) HadISST
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Consequences for tropical Pacific
mean state changes?

What about ‘trends’ in SST
in OBS and CMIP57?

We have learned that Eq. Atlantic
warming leads to Eastern Pacific
cooling.
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This has been shown to be the case in idealized Atlantic Pacemaker
experiments (e.g. Kucharski et al., 2011, GRL, 38, L03702)

OBS trend model trend (exp_co2+atl)
a) Reg ATLM SST 08S b) Reg ATLU SST ATL_C02
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SST change (1981-2000 minus 1900-1920): Eastern Pacific
{190-240°E, 5°5-5°N) minus Western Pacific (130-180°E, 5°5-5°N)
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85T change (1981-2000 minus 1900-1920): Atlantic region (290-380°E, 20°5-20°N) minus
Global (0-360°E, 50°5-50°N)
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Summary: _
- The tropical Atlantic has a secondary (compared to ENSO) but relevant
Impact on the Asian Monsoon.

- Atropical Atlantic warm anomaly leads to drying in most parts of South Asia,
(but to increased rainfall in some others).

- Physical mechanism related to modification of Walker Circulation and
Gill-type response.

- Many AGCMs are able to reproduce this teleconnection reasonably well,
CGCMs (CMIP3) have difficulties because of Atlantic warm bias.

- Also Indian Ocean ecosystem is influenced by the tropical Atlantic
teleconnection.

-Tropical Atlantic SST anomalies also influence ENSO. Mechanism is
also through walker circulation modification, and leads to anticorrelation
of the Atlantic and the Pacific basins.
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