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Tipping elements are components of the Earth System that are sub-
continental in scale. A rapid and often irreversible qualitative change

its state might have dramatic consequences on the system as a whole
[Lenton et al. 2008].
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What does the term 'tipping' mean?

One of the definitions of tip
e overbalance or
e cause to overbalance

“The hay caught fire when
the candle tipped over.....”

v' The candle is an origin of the problem — a tipping element
of the system.

v' The time when the candle tipped over is a tipping point.

v" An open window which gives the direction of flame

propagation is the second tipping element of the system.3



Advance and withdrawal of monsoon
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How far in advance can the monsoon be realistically predicted?

The Eastern Ghats (20N, 80E)

is the Tipping element of the
ISM where we deliver our

forecast of monsoon onset on
May 6.

Kerala state is the region
where the IMD delivers the

forecast of onset of monsoon
on May 15.

Stolbova V., Surovyatkina E., Bookhagen B.,Kurths J., Tipping elements of the
Indian monsoon: prediction of onset and withdrawal. GRL, 43, 1-9, April 20, 2016



The theories of monsoon

Differential ITCZ fluctuations
heating theory | ”'.cheory

Mausim - season

1686 - English astronomer and

L !‘ A ‘."_;lj.._ ot e e e e gy o
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mathematician Edmond Halley gave J: e ; *\’3,‘:‘{%’% \
first explanation of the monsoon. . R i **-’"x,/:y
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The Intertropical Convergence Zone (ITCZ) is the area encircling the

earth near the equator where the northeast and southeast trade
winds come together.


http://geology.about.com/od/biographies_dh/a/halley.htm

«The onset of monsoon.. Is not a transition from a regime
of no rain to rain; It iIs a!i ransition from a regime of

sporadic rainfall to spatially organized and temporally

sustained rainfall...»

R. Ananthakrishnan and M.K. Soman, 1990



Critical transition in the Nonlinear Oscillator
dU

Pre-bifurcation
owth of fluctuati

Pitchfork Blfurcation

How the growth of fluctuation depends
on the distance to the bifurcation point?



Critical phenomena

Pre-bifurcation growth and saturation of fluctuations
Kravtsov Yu.A., Surovyatkina E.D., Phys. Lett. A 319 (3—4), (2003) 348.

Surovyatkina E.D., Kravtsov Yu. A. and Kurths Ju., Phys. Rev. E, 72, 046125
(2005)

Pre-bifurcation rise and saturation of the correlation time of
fluctuations

Surovyatkina E.D., Phys. Lett. A 329, (2004) 169.

Rate—depended critical phenomena

Majumdar Apala, Ockendon John , Howell Peter and Surovyatkina Elena.
Transitions through Critical Temperatures in Nematic Liquid Crystals. Phys.
Rev. E. 88, 022501 (2013)



"We do not yet have an example where early warning signals
were used to avert an upcoming shift (they have been used in
models, experiments or retroactively)".

Early Warning Signals of Ecological Transitions: Methods for Spatial Patterns.
[Kefi et al.(2014)]

In our study, we make a step forward in this direction. In
contrast to traditional approaches to use precursors for a
prediction of the time of the critical transition, we use precursors
to find regions where conditions for a critical transition originate.

 Where (geographically) do critical conditions
originate?

« How do the critical conditions propagate Iin
Space?
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Growth of the variance of fluctuations, A.:

Tipping elements and prediction of monsoon
DATA: ERA40: near —surface air temperature, 0.25 °__/O.25° resolution, (1958-2001)
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e Stolbova V., Surovyatkina E., Bookhagen B.,Kurths J., Tipping elements of the Indian monsoon:
prediction of onset and withdrawal. Geophysical Research Letters43, 1-9, 2016, 2016

e Surovyatkina E.D., Kravtsov Yu. A. and Kurths Ju., Phys. Rev. E, 72, 046125 (2005)
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Networks analysis Temperature &
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A: Pre-monsoon K\ L B: Monsoon %% 200 A: 28 May - 1 June B:2 -6 June
g y & AT :

NN
= z ——
SUDN / 150 ] \ < _“‘-‘-‘- o 6
: 2 3 - 1
3 £
\ s
B Z
20°N el = 0 5 SRO—F N Y~
E N -
§ 3 [ — ’, ’\
—— c
= 50 = 7 &‘7>
10°N 1 /‘ Ol ;
/f/ o =
C:10 - 14 June D: 21 - 25 June i
& o0 _ Flas
— z N =70 -
— ] =) s, Z
30°N e % “HA 3
2 =
. Al 5 g
B J
20°N 4 “ 05 474
E
E =z /
AN » = =
10°N i &
\\\\\ /// . 70°E  80°E  90°E 70°E  80°E  90°E
0°E BOE orE 20E 8OE SOE e — - SA-T’ a I —
298 300 302 304 306 308 310 312 314
Figure 3. Links between a set of 153 reference grid Figure 4. Wind fields and near-surface temperature:
points to other grid points and surface wind vector before, during and after the onset of monsoon
mean 1998-2012. 12

DATA: NCEP/NCAR reanalysis, 2.5 °, near —surface air temperature, (1951-2015)

How can we use obtained result for the predictability of the onset of monsoon?



PREDICTION OF INDIAN SUMMER MONSOON
for Eastern Ghats (20N, 80E), 2016
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PREDICTION OF INDIAN SUMMER MONSOON
for Eastern Ghats (20N, 80E), 2016
Onset Date Forecast: June 13+/-4 days Actual Onset Date: June 17
Prediction made on May 6, 2016 (40 days in advance)
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PREDICTION OF INDIAN SUMMER MONSOON
for Eastern Ghats (20N, 80E), 2016
Withdrawal Date Forecast: October 5 +/-5 days ~ Actual Withdrawal Date: October 10-12

Prediction made on July 27, 2016 (70 days in advance)
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Indian Summer Monsoon - 2017 <pe

The PIK- monsoon onset monitor news -. {/{i >
May 08, 2017 b

Forecast of the Onset date of the Indian Summer Monsoon - 2017 over the
central part of India

The Indian Summer Monsoon (the Southwest Monsoon) is likely (with a 73%
probability) to set over the central part of India, the Eastern Ghats region
(20°N,80°E) on or around 18th June (+/- 4 days).

The region of our forecast locates in the central part of India in the area of the
Easter Ghats (EG).

June 18, 2017

Successful earliest forecast of the onset of Southwest Monsoon 2017 over
the central part of India

The Indian Summer Monsoon (the Southwest Monsoon) has set in over the
central part of India, the Eastern Ghats region (20°N,80°E) 16-th June 2017.
Hence, our prediction made 40 days in advance was correct.

https://www.pik-potsdam.de/services/infodesk/forecasting-indian-monsoon
16



The Evidence for successful PIK-Monsoon onset forecast - 2017
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German modelling to crack monsoon code

lIT-Madras associates itself with Potsdam Institute for Climate Impact Research's project, IMD kept in the loop

Eastern Ghats, North Pakistan serve as
tipping elements in monsoon prediction
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A team of researchers led
by the Potsdam Institute for
Climate Impact Research
(PIK) in Germany has iden-
tified two regions — the
Eastern Ghats and North
Pakistan — that serve as
tipping elements in accu-
rately  predicting the
arrival and departure of
southwest monsoon.

As per their research,
analysing air temperatures

® The key to their
research is in finding
the regions where
conditions for an
occurrence of Indian
monsoon originate

monsoon, Once it is onset,
it’'s difficult to change,”
said professor  Elena
Surovyatkina from
Russian  Academy  of
Sciences’ Space Research
Institute.

“This year, we predicted

that monsoon will onset
over Kerala on June 7,” she
said.

“We predicted well before
30 days when monsoon
would hit central India. It
will surely help the farmers
in these regions. Based
on our method we can pre-
dict the withdrawal of mon-
soon by July 15 based on the
observations from the same
regions,” she added.

The key to their research
is in finding the regions
where conditions for an

to predict places where the
critical transition origi-
nates. We take air surface
temperature and calculate
fluctuation.”

“We applied our method
for data from 1957 to 2015.
Our prediction about the
onset of monsoon was 74
per cent successful and
withdrawal of monsoon 84
per cent correct. Even for
El Nino years our predic-
tions were nearly 60 per
cent correct,” she said.

When asked whether they

THOG SRpthEr. athd |29k ws&@:‘!‘.\ﬁ SiSoren
Yol eldhuforr eamchanth. eoil HGed S

and relative humidity in

as early as May 6 that mon-
these areas predict the soon will hit India on June soon originate.
arrival and departure of
the monsoon earlier. “The days. India Meteorological
tipping point is critical to Department
predicting the onset of announced only on May 15

13 with plus or minus four

occurrence of Indian mon- had discussions with the

IMD about using their new

“We can see a pattern method to predict the
before the onset of mon- southwest monsoon she

had soon. We use the precursors  said formal discussion is

IN[BIVAY

not to predict the time but  vet to take place.

Thursday, Ao | 21
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Germans develop new method to predict India’s monsoon

AFP
Beriin

limate mesearchers in

Germany =aid yesterday

they had foumd a way
to more accurately predict the
Indian monsoon, which counld
help maximize the subconti-
nent's food and hydro-power
supplies.

Improved forecasts of when
the heavy summer rains start
and end could help milions of
farmers plant crops at the right
time, and allow energy providers

INMITATIONS. NOW, 4 EFOUup ol SC1er-

to estimate when dams and res-
erwirs fillup, they zaid.

Glohal warming already af-
fects monsoon stability and will
make acourate forecasting ever
mome important, a2 deviatioms
can spartk droughts and floods,
zaid the Potsdam Institute for
Climate Impart Research (PIE).

“The timing of Indian summer
monsoons, on which the hiveli-
hoods of many millions of peo-
pk depend, is likdy becoming
more ermtic zaid pmoject leader
Juergen Firths. “This makes
early and acmmte forecasting
E%er more crucal !

aras. "HOWeVer we are glai to get

The scientists said they had
developed a movel predictiom
method based on a network
amalwi of mpgional westher
data, and would propose their
midel to the Indian Meteoro-
logical Department .

"We can predict the begin-
ming of the Indian monsoom
two weeks earlier, and the end
of it even =ix weeks eadier than
before = which is quite & break-
through, given that for the
farmem, ewery day counts," said
Veronila Stolbova of PIK and
Zarich University.

"We found that in Morth Pa-

kistan and the Eastern Ghats, a
mountsin mnge closze to the In-
dian (cean, changes of tempera -
tures and mmidity mark a criti-
cal transition to monsoon,” said
Stobovain astaternent.

Usually the forus has been on
Kemlamgion,said Stolbova, lead
mthaor of the study publishedin
the scientific journmal the Geo-
physical Research Letters.

The team =aid it nsed an ad-
wanced mathematical approach
called network ansdlysis of com-
plex non-linear systems, com-
bhined with subtle statistical
malyses of the eady warming

CALlon On Varlous sectors 11Ke ag-

signals for the monsoon onset
and withdrawal.

“These precursor phenom-
ena are often buried by mge
piles of weather data and hence
get overlooked,” said PIK guest
grientist Elena Surovyatkina of
the Russian Academy of Sd-
ences' Space Kesearch Insti-
tute.

Earths =aid they had looked
at the climate system “as a net=
work, just like the socdal net-
works s0 many people are nsing
in their everyday life",

“Om Facebook or Twitter,
vou can follow how news is

HUWHE‘F tne maost [E'IE"L-HIIE 1I'.IICIF'

spreading, one posting leading
to many others. In the climate
system, nmot people but geo-
graphical regions are comim -
nicating - admittedly in a quite
complex wag."

Lile Facebook postings or
tweeats that get shared again and
again, the sdentists explained,
tempemture and humidity get
tmansported from one place to
another by astmospheric flows
such as winds.

Information sbout monsoon
timing iz key for ndian farmers,
who nsually growr sl -important
crops like rice, soybean and cot-

tom during the June-September
0 TS0 0N 5838071

The scientists =aid they had
tested their method with histor-
ical monsoon data and achieved
correct predictions inmore than
TR of cases for the start of the
monsoon, and inmore than B0
for its withdrawral

Theauthors zaid their method
could improve the time horizom
of monsoon prediction com-
pared to that now used in India
= both during melatively normal
times, and in years when the E
Mino phenomenon affects the
mainy seasom.

LRIaLuan ova aliu oay v ol ngal j



The Indian Summer monsoon case

1. We have developed a prediction scheme for long-range
forecasting (30+ days) of onset and withdrawal dates of
the monsoon.

 The proposed scheme allows to predict onset dates 40
days in advance with a range of 7 days.

» Also, it allows to predict the withdrawal date 70 days in
advance with a range of 10 days.

e Qur results show that our method allows predicting a
future monsoon, and not only retrospectively or
hindcast.

2. Our general framework for predicting spatial-temporal

critical transitions is applicable for systems of different

nature. It allows predicting future from observational data
only, when the model of a transition does not exist yet.

19
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Performance of prediction scheme
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