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Topics covered (historical order):

1. Some basic considerations on Teleconnections and analysis methods
2. Tropical Atlantic influence on South Asian Summer Monsoon
3. Tropical Atlantic impact on Pacific and ENSO

4. Some current interests
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Interannual SST standard deviation (HadISST)

SST DJF Standard Deviation (1980-2020)
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Evaluate parcel properties with respect to its environment

thermals can
sometimes grow
into thunderstorms

penv, penv’ Tenv

thermal
cool cool
hot parcel of air
near ground : )
warm gh» vwam Buoyancy forces:
7 7 7 7 7 7 7 /
hot ground ow P

E = —%g P =P-Penv

Source: appollo.Isc.vsc.edu



Environment Criterion for instability of moist

(saturated) air:
(Environment quantities indicates with a bar)
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—2 for dry air:
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Temperature has to decrease with height faster than the critical limit.
Such a situation may be favored by high surface temperatures!



Unstable condition — negative static stability, Stable condition — positive stability
Mg <Tenv [¢> [env

Fe: DALR (parcel T follows this profie) | DALR — r _ 41 /g,

env

Atmosphere,
Environment

e - — —_—— - ———— -

[Menv =dTenv/dz
Atmosphere,
Environment

b ———— -

Tenv  Tparcel T Toarcel Tenv T
T <T_, >
Tenv < Tparcel y Penv = Pparcel , parcel env* Pparcel ~ Peny
Parcel continues to rise Parcel sinks to original position
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For small-scale air parcel scale motions (~ 1km): A parcel of rising air always cools

L p!Mys .
AT g (1 + ZR—WJZ> Assuming ascent;
— == . no heat exchange with its
dt D1 L}, mos environment while risin
4 o b8 g
¢pT? Ry

Note that as long as water vapor in parcel is not saturated we have
me,=0, and therefore the parcel cools as —wg/c,,.

Further, it can be shown that due to the decreasing temperature
as a parcel rises the relative humidity increases until condensation
occurs (Clausius-Clapeyron):

RH — Do _ iy
Puvus Mys
dRH My dMiys
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Note that there is a huge asymmetry between a rising and a sinking parcel:

A rising parcel loses all its water vapor (to rainwater that fall out) if rising
high enough, whereas a sinking parcel will evaporate the little cloud water it
may hold.

Therefore, the net effect of these rising and sinking parcels induced by static
instability will be an increase of atmospheric heating!

Reflection: The process of a rising parcel with condentational heating and
following sinking would be reversible (i.e. entropy conserving) if no rain is
falling out! It’s the rain falling out that make is irreversible and entropy
producing (just as luv-lee effect, see below)!

Es biden sich Walken
Regen oder Schree falt,.

Cie Wolaen
Kazen soh aul

Dig el trockers
Luft sinit ab

=5 entsteht
&in Yockanss,
: warmer Falmrd

D.65 aul 100 m
|

1 aut 100 m

.“-
T

1“auf 100 m




For large-scale motions (~ 100-1000km) this means:

AT RTdp

Pat podt
(o
o o U(?y

Stability parameter:

5=(La=T)/{py)

Always positive
in large scales

dm,,
~ V>0
A

First law of thermodynamics
Heat release by condensation
of rising parcels

lv

Re-formulated in pressure

y coordinates

) — Spw
p

Lapse-rate definition:

p

—dT/dz =T
Iy =g/ep

Note that the thermodynamic equation can also
be used to derive the powerful concept of
moist static energy conservation



In tropical regions, horizontal gradients and local time changes are small
compared to the other terms in the Thermodynamic Equation, therefore we
have approximately:

~0

5 8:B+U8_y

Jor  OT
) —Spw=—
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—Spw A Sppgw = —
Cp

Q@ 1 AQ 1

w = . Also anomalous: AW

Cp Sppg Cp Sppg

This means whenever there is convective heat release, we can expect
that this heating is compensated by large-scale rising motion!



Unstable condition — negative static stability
rd < renv

4, DALR (parcel T follows this profile)
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Atmospheric response to Equatorial heating

AQ 1
In Stratosphere: AW ~ Q— small, because S ( F)/(pg) Large!

¢y SpPg
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—dT /dz [=0
Tropopause ~ 10km \
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The air may be sinking somewhere
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Example: Atmospheric teleconnection between ENSO and ISMR

Sea Surface Temperature Anomaly (°C), Base Period

Equatorial Rossby and
Kelvin waves transport
12000 this signal

Week of 22 JUL 2015

In principle:

L - warmer SST
i,ﬁ ) ..
g =~ ® more instability

more rainfall
more heating
in atmosphere
| more upward
‘l motion to
compensate
heating

explain this:

Slide from Fabio Di Sante

—~ what comes up

B | must come down....

more sinking motion,
less moisture,
suppressed rainfall



Regression maps (OBS) of Nino3.4 (JJAS) onto 200 hPa velocity potential
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Note, however, that there are also other more complicated adjustment
processes.

Slide from Fabio Di Sante



Many mechanisms (perhaps order of several hundred publications)
have been proposed for the ENSO-monsoon relationship:

|. Dynamic:

a) Walker circulation adjustment sets up a local hadley cell adjustment in
Indian Ocean [e.g. Goswami (1998) and Krishnamurthy and Goswami (2000)]

b) Gill-type rossby wave response to sinking motion in maritime continent could induce
sinking motion over India [e.g. Wang et al. (2003)]

ll. Thermodynamic:

a) Awarm ENSO event warms the equatorial regions, including Indian Ocean (through
fast equatorial wave propagation; equatorial Rossby and Kelvin waves). This
reduces the tropospheric temperature gradient between relatively cool Indian Ocean
and warmer South Asian [e.g. Goswami and Xavier (2005)]



Focus on dynamic mechanisms

HadlSST Nino3 regression Aug 1980-2020

South Asian summer monsoon: ENSO impacts tropical Atlantic impacts
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Many AGCM simulations have confirmed the tropical Atlantic Indian monsoon
teleconnection; here results from a very idealised setting: Aquaplanet

a) CLIM
' A zonally symmetric world
made of water, no mountains!
(d) PERT — CLIM
BON
AGCM aquaplanet
30N simulations; 2 K SST
SST = perturbation added
to symmetric mean
305 1
state SSTs
60S 1
0 60E 120E 180 120w 60W 0

Hamouda & Kucharski (2018) , Ekman pumping mechanism driving precipitation anomalies in response to equatorial heating, CLIMATE DYNAMICS | DOI: 10.1007/s00382-018-4169-4



Understanding the upper-level response (note response is baroclinic and changes sign in lower levels)

9~ O ay W — —f I + &y — ng equation; again gradients

are small in tropics
5 2
g = v w -

B 91)9 (?ug dgfg ou a @va approximate vorticity

8ux 8UX Sverdrup balance in
+ = tropics (Rodwell & Hoskins)
Ox Oy

Note that responses
Vy = k % V¢ are baroclinic; i.e.

' change sign with height
200 hPa Velocity Potential X 200 hPa Eddy Streamfunction ¥

(c) Response Chi 200 hPa PERT — CLIM (d) Response eddy Psi 200 hPa PERT - CLIM

vy = VX
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Hamouda & Kucharski (2018) , Ekman pumping mechanism driving precipitation anomalies in response to equatorial heating, CLIMATE DYNAMICS | DOI: 10.1007/s00382-018-4169-4
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Note that also:

Surface zonal wind

b) Response SFC U PERT — CLIM
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ways holds! But sometimes AQ

AW

or rainfall is not the cause for the
results of vertical motions!

The low-level response

Ekman pumping

K
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Indexes used:

Nino3.4 : 190E to 240E, 5S to 5N
Nino3 : 210E to 270E, 5S to 5N
ATL3 :20Wto 0, 5S to 5N
STA : 30W to 10E, 20S to Eq.

We will often use composite analysis (e.g. ENSO) based on linear
regression. These will be calculated as follows:

, Lo X () |
Blx.y) = N;< )X F(xy,0)

That is the covariance of a normalized index (e.g. Nin03.4 or ATL3) with
a field of interest. This gives us an idea of how much of a typical

(1 standard deviation) anomaly of the index is related to a field (e.g.
rainfall); sometimes also a residual index is used from which the impact
of another index has been linearly removed:

Xres(t) = X(t) —-b XXrem(t)

Here : X,.,,(¢) is the index whose impact is removed (e.g. Nino3.4), while
X, es(t) is the index independent of Nino3.4 (e.g. ‘pure’ ATL3 impact).



Contrasting Eastern Pacific and tropical Atlantic influences on rainfall.

a) Reg SST-NINO3 50/74 d) Reg SST—tropAtl  50/99
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There are some interesting regional feattres, too! From: Kucharski et al. (2007),

Warm anomalies in Eq. Pacific and Atlantic have broadly J- Climate, 20, 4255-4266

very similar influences on Asian (and African) Monsoon!



Results from a Maximum Covariance Analysis between observed (Aphrodite)
Rainfall and tropical Atlantic SSTs (HadISST), leading mode

Figure from Syed and Kucharski

. ) (2016), published in Atmos. Sci. Lett. 17: 183-189
PC Regression (slp, low-level winds)
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Also Nazimur has looked
As we can see the result is a dipole structure! at this in Diploma thesis!



Aphrodite (1951-2007) g CRU (1951-2017)
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Hari, V., Pathak, A. & Koppa, A. Dual response of Arabian Sea cyclones and strength of Indian monsoon to Southern Atlantic Ocean. Clim Dyn 56,
2149-2161 (2021). https://doi.org/10.1007/s00382-020-05577-9

Also Nazimur has looked at this in Diploma thesis!



Focus on dynamic mechanisms

HadlSST Nino3 regression Aug 1980-2020

South Asian summer monsoon: ENSO impacts tropical Atlantic impacts
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Sliding correlation between Nino3 index and ISMR
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Sliding correlation between Atl3 index and ISMR
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Recently different impacts of 2 types of Atlantic Nino on South Asia have been discussed

Reg (SST & 850 hPa wind)
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Jin et al., 2026, Roles of central and eastern Atlantic Nifio in the interannual variability of Indian summer monsoon, Sci. China Earth Sciences,
doi.org/10.1007/s11430-025-1841-9



A 20-year running correlation of Atlantic Nifo (WAQ) and Pacific SST (DOJF1) in HadISST
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Jia et al., 2019, Weakening Atlantic Nifio—Pacific connection under greenhouse warming, Science Advances, DOI:10.1126/sciadv.aax4111
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Next topic: Tropical Atlantic impact on Pacific; Probably something like 200
papers on this topic in the period 2008-2026

How can the ‘small’ Atlantic Ocean impact variability in the ‘big’ Pacific Ocean?
Probably the Atlantic Ocean can provide some initial persistent forcing that

is amplified in the Pacific through positive feedback (e.g. Bjerknes feedback
and others). Some catalytic effect.

. Lot
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0° 2 =y
e /// ' Moder/ate
0L JOF 780° V4 /4 o°
- Pacific Forcing = Indian Ocean Forcing = Atlantic Forcing
Wang, J., and C. Wang, 2021: Joint Boost to Super EI Nifio from the Indian and Atlantic Oceans. J. Climate, 34, 4937-4954,




a) Atlantic zonal mode impact on ENSO
reg Atl3 SST OBS JJAS 1979-2001 [K]
/ ) 3 L' 7

] : “
20N+ ' z : i

EQ1p } P 0@1 EQ{p
. . ,'; g\

Yo 3 s
2051 - I N 2051 -

60 120 180 1200 60N 0 80 120F 180 1200 60N

reg Atl3 SST OBS DJFM 1979-2001
: : %o Y,

20N+ !

I I I I I I I
-05 -04 -03 -02 -01 O 01 02 03 04 05

reg Atl3 SST ENS JJAS 1979-2001 reg Atl3 SST ENS DJFM
o ! Iﬁﬁ*%&) B ' ‘{}ﬁ:ﬁ)@
) ﬁﬁ()[ QJKJ\ : 1;0 12I]W G(IW i ) UBI')E gm\ \ 1;0 12;0W

From Rodriguez-Fonseca et al. (2009) for period 1979 to 2001
‘Pacemaker’ Experiments done with SPEEDY coupled to an Reduced

Gravity Ocean model for the equatorial thermocline.



a) Atlantic zonal mode impact on ENSO; SPEEDY AGCM Atlantic Pacemaker simulations
Period: 1900-2010

a) Reg ATL3 (JJAS) SLP, winds ATL_VARAGCM (JJAS)
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R

— >

| | | |
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Also note impact on South Asian monsoon seen here!

Kucharski F, Parvin A, Rodriguez-Fonseca B, Farneti R, Martin-Rey M, Polo |, Mohino E, Losada T, Mechoso CR. The Teleconnection of the Tropical Atlantic

to Indo-Pacific Sea Surface Temperatures on Inter-Annual to Centennial Time Scales: A Review of Recent Findings. Atmosphere. 2016; 7(2):29.



b) North tropical Atlantic impact on ENSO;
SPEEDY-NEMO Atlantic Pacemaker simulations
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b) Reg NTA (FMA) SST ATL VAR (DJFM)
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Originally proposed by:
Ham, Y.-Y.; Kug, J.-S.;Park, J. Y.; Jin, F-F. Sea surface temperature in the north tropical Atlantic as a trigger for El
Nino/Southern Oscillation events. Nat. Geosci. 2013, 6, doi:10.1038/NGEO1686.

Kucharski F, Parvin A, Rodriguez-Fonseca B, Farneti R, Martin-Rey M, Polo |, Mohino E, Losada T, Mechoso CR. The Teleconnection of the Tropical Atlantic

to Indo-Pacific Sea Surface Temperatures on Inter-Annual to Centennial Time Scales: A Review of Recent Findings. Atmosphere. 2016; 7(2):29.



c) Atlantic Multidecadal Variability impact on Indo-Pacific

a) Internal and Forced Components of the North Atlantic SST index

1 1 | I 1 1 |

1 1 1 | 1 1 I 1 1 1 | |

b) AMV spatial pattern
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Topic still under
investigation!
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c) Atlantic Multidecadal Variability impact on Indo-Pacific

(a) AMO, HadISST
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c) Atlantic Multidecadal Variability impact on Indo-Pacific;
here correlations of AMO index with SSTs

ERSST HadSST3
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Sun, C., Kucharski, F., Li, J. et al. Western tropical Pacific multidecadal variability forced by the Atlantic multidecadal oscillation. Nat Commun 8, 15998
(2017). https://doi.org/10.1038/ncomms15998



b) Atlantic Multidecadal Variability impact on Indo-Pacific;
concentrating on Western North Pacific
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Sun, C., Kucharski, F., Li, J. et al. Western tropical Pacific multidecadal variability forced by the Atlantic multidecadal oscillation. Nat Commun 8, 15998
(2017). https://doi.org/10.1038/ncomms15998



b) Atlantic Multidecadal Variability impact on Indo-Pacific; focus on Western Pacific
Reg AMO SLP, Surf vvmds ATL VARAGCM
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c) Atlantic Multidecadal Variability impact on Indo-Pacific;
concentrating on Western North Pacific

Studies have confirmed this result in the meantime, even if the AMO signal

could be partially forced by Aerosol forcing. Rp—

EARTH AND
M\J N, space sciences

Geophysical Research Letters’ 0

RESEARCH LETTER Multidecadal Variations in the Tropical Western Pacific
10:102972023GL106795 Driven by Externally-Forced AMYV-Like Changes

Key Points: Minhua Qin"** ©, Renhe Zhang'* ©, Aiguo Dai* ©©, and Wenjian Hua’
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Qin, M., Zhang, R,, Dai, A., & Hua, W. (2024). Multidecadal variations in the tropical western Pacific driven by externally-forced AMV-like changes. Geophysical Research Letters, 51,
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Recent research interest with involvements of Adnan, Adrian,

Nazimur, Marco and Alessandro: Indian Ocean mediation of ENSO impacts or pure 10D
fD too simple, interactions of divergent wind with South Asian jet very important here to generate RWS!
ENSO and Indian Ocean impacts on Northwest South Asia winter precipication

0N §' ~ ~v) V¢ +j/5’ (Nazimur’s results)
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Why was this programme created?

IPCC AR7 assessment report to be delivered around 2028-2029

3 Working Groups and ~15-25 chapters per report

Each chapter coordinated by Coordinating Lead Authors (CLAs)

CLAs often rely on Chapter Scientists for research and technical support

In developing countries this support has historically been harder to access




What does the programme aim to achieve?
3 main objectives!

Capacity building
Training and

Supporting AR7
delivery
Increase operational
capacity of IPCC
chapter teams

Strengthening
participation
Support CLAs from
developing countries

experience for
early-career scientists
from DC/EITs




ICTP Support to Chapter Scientists:
How does the programme support CSs?

Scientific contract until
2029
Monthly allowance

Contribution for Health
Insurance

LAM meeting participation IT equipment grant
Travel support Incidentals grant

Training activities
Supervision framework
ICTP Global Science Portal

Research expenses
APC publication support




Programme data so far
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